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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 absolute and relative benefits and risks of
those procedures and therapies can produce helpful guide-
lines that improve the effectiveness of care, optimize patient
outcomes, and favorably affect the overall cost of care by
focusing resources on the most effective strategies.

The American College of Cardiology Foundation (ACCF)
and the American Heart Association (AHA) have jointly
engaged in the production of such guidelines in the area of
cardiovascular disease since 1980. The American College of
Cardiology (ACC)/AHA Task Force on Practice Guidelines,
whose charge is to develop, update, or revise practice
guidelines for important cardiovascular diseases and pro-
cedures, directs this effort. Writing committees are
charged with the task of performing an assessment of the
evidence and acting as an independent group of authors to
develop, update, or revise written recommendations for
clinical practice.

Experts in the subject under consideration have been
selected from both organizations to examine subject-specific
data and write guidelines. The process includes additional
representatives from other medical practitioner and specialty
groups when appropriate. Writing committees are specifically
charged to perform a formal literature review, weigh the
strength of evidence for or against a particular treatment or
procedure, and include estimates of expected health
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outcomes where data exist. Patient-specific modifiers, co-
morbidities, and issues of patient preference that might
influence the choice of particular tests or therapies are
considered, as well as frequency of follow-up and cost
effectiveness. When available, information from studies on
cost will be considered; however, review of data on efficacy
and clinical outcomes will constitute the primary basis for
preparing recommendations in these guidelines.

The ACC/AHA Task Force on Practice Guidelines
makes every effort to avoid any actual, potential, or per-
ceived conflict of interest that may arise as a result of an
industry relationship or personal interest of a member of the
Writing Committee. Specifically, all members of the Writ-
ing Committee, as well as peer reviewers of the document,
were asked to provide disclosure statements of all such
relationships that may be perceived as real or potential
conflicts of interest. Writing Committee members are also
strongly encouraged to declare a previous relationship with
industry that may be perceived as relevant to guideline
development. If a Writing Committee member develops a
new relationship with industry during their tenure, they are
required to notify guideline staff in writing. The continued
participation of the Writing Committee member will be
reviewed. These statements are reviewed by the parent task
force, reported orally to all members of the Writing Com-
mittee at each meeting, and updated and reviewed by the
Writing Committee as changes occur. Please refer to the
methodology manual for ACC/AHA Guideline Writing
Committees further description of relationships with indus-
try policy, available on the ACC and AHA World Wide
Web sites (http://www.acc.org/qualityandscience/clinical/
manual/manual%5Fihtm and http://www.circ.ahajournals.
org/manual/). See Appendix 1 for a list of Writing Committee
member relationships with industry and Appendix 2 for a
listing of peer reviewer relationships with industry that are
pertinent to this guideline.

These practice guidelines are intended to assist health
care providers in clinical decision making by describing a
range of generally acceptable approaches for the diagnosis,
management, and prevention of specific diseases or condi-
tions. Clinical decision making should consider the quality
and availability of expertise in the area where care is
provided. These guidelines attempt to define practices that
meet the needs of most patients in most circumstances.
These guideline recommendations reflect a consensus of
expert opinion after a thorough review of the available,
current scientific evidence and are intended to improve
patient care.

Patient adherence to prescribed and agreed upon medical
regimens and lifestyles is an important aspect of treatment.
Prescribed courses of treatment in accordance with these
recommendations will only be effective if they are followed.
Since lack of patient understanding and adherence may
adversely affect treatment outcomes, physicians and other
health care providers should make every effort to engage the

ACC/AHA UA/NSTEMI Guideline Revision el51

patient in active participation with prescribed medical reg-
imens and lifestyles.

If these guidelines are used as the basis for regulatory/
payer decisions, 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
health care provider and patient in light of all the circum-
stances presented by that patient. There are circumstances
in which deviations from these guidelines are appropriate.

The guidelines will be reviewed annually by the ACC/
AHA Task Force on Practice Guidelines and will be
considered current unless they are updated, revised, or
sunsetted and withdrawn from distribution. The executive
summary and recommendations are published in the August
7, 2007, issue of the Journal of the American College of
Cardiology and August 7, 2007, issue of Circulation. The
tull- text guidelines are e-published in the same issue of the
journals noted above, as well as posted on the ACC
(www.acc.org) and AHA (www.americanheart.org) World
Wide Web sites. Copies of the full text and the executive
summary are available from both organizations.

Sidney C. Smth, Jr, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

1. Introduction

1.1. Organization of Committee and
Evidence Review

The ACC/AHA Task Force on Practice Guidelines was
formed to make recommendations regarding the diagnosis and
treatment of patients with known or suspected cardiovascular
disease (CVD). Coronary artery disease (CAD) is the leading
cause of death in the United States. Unstable angina (UA) and
the closely related condition of non-ST-segment elevation
myocardial infarction (NSTEMI) are very common manifes-
tations of this disease.

The committee members reviewed and compiled pub-
lished reports through a series of computerized literature
searches of the English-language literature since 2002 and a
final manual search of selected articles. Details of the
specific searches conducted for particular sections are pro-
vided when appropriate. Detailed evidence tables were
developed whenever necessary with the specific criteria
outlined in the individual sections. The recommendations
made were based primarily on these published data. The
weight of the evidence was ranked highest (A) to lowest
(C). The final recommendations for indications for a diag-
nostic procedure, a particular therapy, or an intervention in
patients with UA/NSTEMI summarize both clinical evi-
dence and expert opinion.

Classification of Recommendations

The schema for classification of recommendations and level
of evidence is summarized in Table 1, which also illustrates
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Table 1. Applying Classification of Recommendations and Level of Evidencet

Circulation

August 14, 2007

SIZE OF TREATMENT EFFECT

CLASS lla CLASS llb.
Benefit > > Risk Benefit > Risk :
focused objectives needed
IT IS REASONABLE 1o per-
form procedure/administer
treatment
-
b LEVELA = Recommendation In favor
8 Multiple (3-5) population of ireatment or procedure
; risk strata evaluated* g :
: General consistency of :u il 'I ol
: direction and magnitude trials or meta-analyses
= of effect
=
c
-3 LEVEL B = Recommendation in favor
E Limited (2-3) population of treatment or procedure
= risk strata evaluated* being
= = Some conflicting
& evidence from single
> randomized trial or
b nonrandomized studies
=
Y eveLc = Recommendation in favor
v of Ireatment or procedure
& WEedwnmsin s being useful/effective
Ll  population risk sirata
o evaluated* m Only diverging expert
; opinion, case studies,
= or standard-of-care
H
Suggested phrases for should is reasonable may/might be considered is not recommended
writing recommendations” s recommended can be useful/effective/beneficial ~ may/might be reasonable is not indicated
s indicated is probably recommendad usefulness/effectiveness is should not
is useful/effective/beneficial or indicated unknown/unclear/uncertain is not useful/effective/beneficial
or not well established may be harmful

#Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as gender, age, history of diabetes, history of prior myocardial infarction, history of heart
failure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines do not
lend themselves to clinical trials. Even though randomized trials are not available, there may be a very clear clinical consensus that a particular test or therapy is useful or effective. TIn 2003, the
ACC/AHA Task Force on Practice Guidelines developed a list of suggested phrases to use when writing recommendations. All guideline recommendations have been written in full sentences that express
a complete thought, such that a recommendation, even if separated and presented apart from the rest of the document (including headings above sets of recommendations), would still convey the
full intent of the recommendation. It is hoped that this will increase readers’ comprehension of the guidelines and will allow queries at the individual recommendation level.

how the grading system provides an estimate of the size of
the treatment effect and an estimate of the certainty of the
treatment effect.

A complete list of the thousands of publications on
various aspects of this subject is beyond the scope of these
guidelines; only selected references are included. The
Committee consisted of acknowledged experts in general
internal medicine representing the American College of
Physicians (ACP), family medicine from the American
Academy of Family Physicians (AAFP), emergency med-
icine from the American College of Emergency Physi-
cians (ACEP), thoracic surgery from the Society of
Thoracic Surgeons (STS), interventional cardiology from
the Society for Cardiovascular Angiography and Inter-
ventions (SCAI), and general and critical care cardiology,
as well as individuals with recognized expertise in more
specialized areas, including noninvasive testing, preven-

tive cardiology, coronary intervention, and cardiovascular
surgery. Both the academic and private practice sectors
were represented. This document was reviewed by 2
outside reviewers nominated by each of the ACC and
AHA and by 49 peer reviewers. These guidelines will be
considered current unless the Task Force revises them or
withdraws them from distribution.

These guidelines overlap several previously published ACC/
AHA practice guidelines, including the ACC/AHA Guide-
lines for the Management of Patients With ST-Elevation
Myocardial Infarction (1), the ACC/AHA/SCAI 2005
Guideline Update for Percutaneous Coronary Intervention (2),
the AHA/ACC Guidelines for Secondary Prevention for
Patients With Coronary and Other Atherosclerotic Vascular
Disease: 2006 Update (3), and the ACC/AHA 2002 Guide-
line Update for the Management of Patients With Chronic
Stable Angina (4).
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1.2. Purpose of These Guidelines

These guidelines address the diagnosis and management of
patients with UA and the closely related condition of
NSTEMI. These life-threatening disorders are a major
cause of emergency medical care and hospitalization in the
United States. In 2004, the National Center for Health
Statistics reported 1,565,000 hospitalizations for primary or
secondary diagnosis of an acute coronary syndrome (ACS),
669,000 for UA and 896,000 for myocardial infarction (IMI)
(5). The average age of a person having a first heart attack
is 65.8 years for men and 70.4 years for women, and 43% of
ACS patients of all ages are women. In 2003, there were
4,497,000 visits to US emergency departments (EDs) for
primary diagnosis of CVD (5). The prevalence of this
presentation of CVD ensures that many health care provid-
ers who are not cardiovascular specialists will encounter
patients with UA/NSTEMI in the course of the treatment
of other diseases, especially in outpatient and ED settings.
These guidelines are intended to assist both cardiovascular
specialists and nonspecialists in the proper evaluation and
management of patients with an acute onset of symptoms
suggestive of these conditions. These clinical practice guide-

ACC/AHA UA/NSTEMI Guideline Revision el53

lines also provide recommendations and supporting evi-
dence for the continued management of patients with these
conditions in both inpatient and outpatient settings. The
diagnostic and therapeutic strategies that are recommended
are supported by the best available evidence and expert
opinion. The application of these principles with carefully
reasoned clinical judgment reduces but does not eliminate
the risk of cardiac damage and death in patients who present

with symptoms suggestive of UA/NSTEMI.
1.3. Overview of the Acute Coronary Syndromes

1.3.1. Definition of Terms

Unstable angina/NSTEMI constitutes a clinical syndrome
subset of the ACS that is usually, but not always, caused by
atherosclerotic CAD and is associated with an increased risk
of cardiac death and subsequent MI. In the spectrum of
ACS, UA/NSTEMI is defined by electrocardiographic
(ECG) ST-segment depression or prominent T-wave in-
version and/or positive biomarkers of necrosis (e.g., tropo-
nin) in the absence of ST-segment elevation and in an
appropriate clinical setting (chest discomfort or anginal
equivalent) (Table 2, Fig. 1). The results of angiographic

Table 2. Guidelines for the Identification of ACS Patients by ED Registration Clerks or Triage Nurses

Registration/clerical staff

Patients with the following chief complaints require immediate assessment by the triage nurse and should be referred for further evaluation:

«Chest pain, pressure, tightness, or heaviness; pain that radiates to neck, jaw, shoulders, back, or 1 or both arms

«Indigestion or “heartburn”; nausea and/or vomiting associated with chest discomfort

« Persistent shortness of breath
+Weakness, dizziness, lightheadedness, loss of consciousness

Triage nurse

Patients with the following symptoms and signs require immediate assessment by the triage nurse for the initiation of the ACS protocol:

«Chest pain or severe epigastric pain, nontraumatic in origin, with components typical of myocardial ischemia or Ml:

© Central/substernal compression or crushing chest pain
O Pressure, tightness, heaviness, cramping, burning, aching sensation
© Unexplained indigestion, belching, epigastric pain
© Radiating pain in neck, jaw, shoulders, back, or 1 or both arms
«Associated dyspnea
+Associated nausea and/or vomiting
- Associated diaphoresis
If these symptoms are present, obtain stat ECG.
Medical history

The triage nurse should take a brief, targeted, initial history with an assessment of current or past history of:

+CABG, PCI, CAD, angina on effort, or M|
*NTG use to relieve chest discomfort

«Risk factors, including smoking, hyperlipidemia, hypertension, diabetes mellitus, family history, and cocaine or methamphetamine use

*Regular and recent medication use
The brief history must not delay entry into the ACS protocol.
Special considerations

Women may present more frequently than men with atypical chest pain and symptoms.

Diabetic patients may have atypical presentations due to autonomic dysfunction.

Elderly patients may have atypical symptoms such as generalized weakness, stroke, syncope, or a change in mental status.

Adapted from National Heart Attack Alert Program. Emergency Department: rapid identification and treatment of patients with acute myocardial infarction. Bethesda, MD: US Department of Health and

Human Services. US Public Health Service. National Institutes of Health. National Heart, Lung and Blood Institute, September 1993. NIH Publication No. 93-3278 (6).
ACS = acute coronary syndrome; CABG = coronary artery bypass graft surgery; CAD = coronary artery di ECG = electt

= nitroglycerin; PCl = percutaneous coronary intervention.
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Management Prior
to UA/NSTEMI

Presentation Ischemic Discomfort
Acute Coronary Syndrome

T4
N 4 |

e «—No ST Elevation—» ST Elevation
& lﬁ [«—Non-ST ACS—»]
Biomarker UA NSTEMI
Unstable Mpyocardial Infarction
Fiowd B Angina NOMI Ow MI

Figure 1. Acute Coronary Syndromes

The top half of the figure illustrates the chronology of the interface between the patient and the clinician through the progression of plaque formation, onset, and complica-
tions of UA/NSTEMI, along with relevant management considerations at each stage. The longitudinal section of an artery depicts the “timeline” of atherogenesis from (1) a
normal artery to (2) lesion initiation and accumulation of extracellular lipid in the intima, to (3) the evolution to the fibrofatty stage, to (4) lesion progression with procoagu-
lant expression and weakening of the fibrous cap. An acute coronary syndrome (ACS) 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).
After disruption of a vulnerable or high-risk plaque, patients experience ischemic discomfort that results from a reduction of flow through the affected epicardial coronary
artery. The flow reduction may be caused by a completely occlusive 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. Among patients with ST-segment elevation, most (thick white arrow in bottom panel) ulti-
mately develop a Q-wave MI (QwMI), although a few (thin white arrow) develop a non-Q-wave MI (NQMI). Patients who present without ST-segment elevation are suffering
from either unstable angina (UA) or a non—-ST-segment elevation MI (NSTEMI) (thick red arrows), a distinction that is ultimately made on the basis of 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 spectrum of clinical presentations ranging from UA through NSTEMI and STEMI is referred to as the acute coronary syndromes. This
UA/NSTEMI guideline, as diagrammed in the upper panel, includes sections on initial management before UA/NSTEMI, at the onset of UA/NSTEMI, and during the hospital
phase. Secondary prevention and plans for long-term management begin early during the hospital phase of treatment. *Positive serum cardiac marker. Modified with permis-
sion from Libby P. Current concepts of the pathogenesis of the acute coronary syndromes. Circulation 2001;104:365 (7); © 2001 Lippincott, Williams & Wilkins; The Lancet,
358, Hamm CW, Bertrand M, Braunwald E. Acute coronary syndrome without ST elevation: implementation of new guidelines, 1553-8. Copyright 2001, with permission from
Elsevier (8); and Davies MJ. The pathophysiology of acute coronary syndromes. Heart 2000;83:361-6 (9). © 2000 Lippincott, Williams & Wilkins. CK-MB = MB fraction of
creatine kinase; Dx = diagnosis; ECG = electrocardiogram.
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and angioscopic studies suggest that UA/NSTEMI often
results from the disruption or erosion of an atherosclerotic
plaque and a subsequent cascade of pathological processes
that decrease coronary blood flow. Most patients who die
during UA/NSTEMI do so because of sudden death or the
development (or recurrence) of acute MI. The efficient
diagnosis and optimal management of these patients must
derive from information readily available at the time of the
initial clinical presentation. The clinical presentation of
patients with a life-threatening ACS often overlaps that of
patients subsequently found not to have CAD. Moreover,
some forms of MI cannot always be differentiated from UA
at the time of initial presentation.

“Acute coronary syndrome” has evolved as a useful
operational term to refer to any constellation of clinical
symptoms that are compatible with acute myocardial isch-
emia (Fig. 1). It encompasses MI (ST-segment elevation
and depression, Q_wave and non-Q_wave) and UA. These
guidelines focus on 2 components of this syndrome: UA and
NSTEMLI. In practice, the term “possible ACS” is often
assigned first by ancillary personnel, such as emergency
medical technicians and triage nurses, early in the evaluation
process. A guideline of the National Heart Attack Alert
Program (6) summarizes the clinical information needed to
make the diagnosis of possible ACS at the earliest phase of
clinical evaluation (Table 2). The implication of this early
diagnosis for clinical management is that a patient who is
considered to have an ACS should be placed in an environ-
ment with continuous ECG monitoring and defibrillation
capability, where a 12-lead ECG can be obtained expeditiously
and definitively interpreted, ideally within 10 min of arrival in
the ED. The most urgent priority of early evaluation is to
identify patients with ST-elevation MI (STEMI) who should
be considered for immediate reperfusion therapy and to rec-
ognize other potentially catastrophic causes of patient symp-
toms, such as aortic dissection.

Patients diagnosed as having STEMI are excluded from
management according to these guidelines and should be
managed as indicated according to the ACC/AHA Guide-
lines for the Management of Patients With ST-Elevation
Myocardial Infarction (1,10). Similarly, management of
electrocardiographic true posterior MI, which can masquer-
ade as NSTEMI, is covered in the STEMI guidelines (1).
The management of patients who experience periprocedural
myocardial damage, as reflected in the release of biomarkers
of necrosis, such as the MB isoenzyme of creatine kinase
(CK-MB) or troponin, also is not considered here.

Patients with MI and with definite ischemic ECG changes
for whom acute reperfusion therapy is not suitable should be
diagnosed and managed as patients with UA. The residual
group of patients with an initial diagnosis of ACS will include
many patients who will ultimately be proven to have a
noncardiac cause for the initial clinical presentation that was
suggestive of ACS. Therefore, at the conclusion of the initial
evaluation, which is frequently performed in the ED but
sometimes occurs during the initial hours of inpatient hospi-
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talization, each patient should have a provisional diagnosis of
1) ACS (Fig. 1), which in turn is classified as a) STEMI, a
condition for which immediate reperfusion therapy (fibrinoly-
sis or percutaneous coronary intervention [PCI]) should be
considered, b) NSTEMI, or ¢) UA (definite, probable, or
possible); 2) a non-ACS cardiovascular condition (e.g., acute
pericarditis); 3) a noncardiac condition with another specific
disease (e.g., chest pain secondary to esophageal spasm); or 4)
a noncardiac condition that is undefined. In addition, the
initial evaluation should be used to determine risk and to treat
life-threatening events.

In these guidelines, UA and NSTEMI are considered to be
closely related conditions whose pathogenesis and clinical
presentations are similar but of differing severity; that is, they
differ primarily in whether the ischemia is severe enough to
cause sufficient myocardial damage to release detectable quan-
tities of a marker of myocardial injury, most commonly
troponin I (T'nl), troponin T (TnT), or CK-MB. Once it has
been established that no biomarker of myocardial necrosis has
been released (based on 2 or more samples collected at least 6 h
apart, with a reference limit of the 99th percentile of the
normal population) (11), the patient with ACS may be
considered to have experienced UA, whereas the diagnosis of
NSTEMI is established if a biomarker has been released.
Markers of myocardial injury can be detected in the blood-
stream with a delay of up to several hours after the onset of
ischemic chest pain, which then allows the differentiation
between UA (i.e., no biomarkers in circulation; usually tran-
sient, if any, ECG changes of ischemia) and NSTEMI (i.e.,
elevated biomarkers). Thus, at the time of presentation, pa-
tients with UA and NSTEMI can be indistinguishable and

therefore are considered together in these guidelines.
1.3.2. Pathogenesis of UA/NSTEMI

These conditions are characterized by an imbalance between
myocardial oxygen supply and demand. They are not a
specific disease, such as pneumococcal pneumonia, but
rather a syndrome, analogous to hypertension. A relatively
few nonexclusive causes are recognized (12) (Table 3).
The most common mechanisms involve an imbalance
that is caused primarily by a reduction in oxygen supply to
the myocardium, whereas with the fifth mechanism noted
below, the imbalance is principally due to increased myo-
cardial oxygen requirements, usually in the presence of a

fixed, restricted oxygen supply:

e The most common cause of UA/NSTEMI is reduced
myocardial perfusion that results from coronary artery
narrowing caused by a thrombus that developed on a
disrupted atherosclerotic plaque and is usually nonocclu-
sive. Microembolization of platelet aggregates and com-
ponents of the disrupted plaque are believed to be
responsible for the release of myocardial markers in many
of these patients. An occlusive thrombus/plaque also can

Downloaded from circ.ahajournals.org by on August 14, 2007

el55


http://circ.ahajournals.org

el56

Circulation August 14, 2007

Table 3. Causes of UA/NSTEMI*

Table 4. Three Principal Presentations of UA

Thrombus or thromboembolism, usually arising on disrupted or eroded plaque

« Occlusive thrombus, usually with collateral vesselst
« Subtotally occlusive thrombus on pre-existing plaque
« Distal microvascular thromboembolism from plaque-associated thrombus

Thromboembolism from plaque erosion
« Non-plaque-associated coronary thromboembolism

Dynamic obstruction (coronary spasmi or vasoconstriction) of epicardial and/
or microvascular vessels

Progressive mechanical obstruction to coronary flow
Coronary arterial inflammation
Secondary UA

Coronary artery dissection§

*These causes are not y ive; some have 2 or more causes. tDeWood MA,
Stifter WF, Simpson CS, et al. Coronary arteriographic findings soon after non-Q-wave myocardial
infarction. N Engl J Med 1986;315:417-23 (13). $May occur on top of an atherosclerotic plaque,
producing missed-etiology angina or UA/NSTEMI. §Rare. Modified with permission from Braunwald E.
Ui ble angina: an eti ic app! h to Circulation 1998;98:2219-22 (12).

UA = unstable angina; UA/NSTEMI = unstable angina/non-ST- i y ial i i

cause this syndrome in the presence of an extensive
collateral blood supply.

e The most common underlying molecular and cellular
pathophysiology of disrupted atherosclerotic plaque is
arterial inflammation, caused by noninfectious (e.g., ox-
idized lipids) and, possibly, infectious stimuli, which can
lead to plaque expansion and destabilization, rupture or
erosion, and thrombogenesis. Activated macrophages
and T lymphocytes located at the shoulder of a plaque
increase the expression of enzymes such as metallopro-
teinases that cause thinning and disruption of the plaque,
which in turn can lead to UA/NSTEMI.

e A less common cause is dynamic obstruction, which may
be triggered by intense focal spasm of a segment of an
epicardial coronary artery (Prinzmetal’s angina) (see Sec-
tion 6.7). This local spasm is caused by hypercontractility
of vascular smooth muscle and/or by endothelial dysfunc-
tion. Large-vessel spasm can occur on top of obstructive
or destabilized plaque, resulting in angina of “mixed”
origin or UA/NSTEMI. Dynamic coronary obstruction
can also be caused by diffuse microvascular dysfunction;
for example, due to endothelial dysfunction or the ab-
normal constriction of small intramural resistance vessels.
Coronary spasm also is the presumed mechanism under-
lying cocaine-induced UA/NSTEMI

o A third cause of UA/NSTEMI is severe narrowing without
spasm or thrombus. This occurs in some patients with
progressive atherosclerosis or with restenosis after a PCL

o A fourth cause of UA/NSTEMI is coronary artery
dissection (e.g., as a cause of ACS in peripartal women).

e The fifth mechanism is secondary UA, in which the
precipitating condition is extrinsic to the coronary arterial
bed. Patients with secondary UA usually, but not always,
have underlying coronary atherosclerotic narrowing that
limits myocardial perfusion, and they often have chronic
stable angina. Secondary UA is precipitated by conditions
that 1) increase myocardial oxygen requirements, such as

Class Presentation

Rest angina* Angina occurring at rest and prolonged, usually greater

than 20 min

New-onset angina New-onset angina of at least CCS class Il severity

Increasing angina Previously diagnosed angina that has become
distinctly more frequent, longer in duration, or lower
in threshold (i.e., increased by 1 or more CCS class

to at least CCS class Il severity)

*Patients with non—-ST-elevated myocardial infarction usually present with angina at rest. Adapted
with permission from Braunwald E. Unstable angina: a classification. Circulation 1989;80:410-4
(14).

CCS = Canadian Cardiovascular Society classification; UA = unstable angina.

fever, tachycardia, or thyrotoxicosis; 2) reduce coronary
blood flow, such as hypotension; or 3) reduce myocardial
oxygen delivery, such as anemia or hypoxemia.

These causes of UA/NSTEMI are not mutually exclusive.
1.3.3. Presentations of UA and NSTEMI

There are 3 principal presentations of UA: 1) rest angina
(angina commencing when the patient is at rest), 2) new-
onset (less than 2 months) severe angina, and 3) increasing
angina (increasing in intensity, duration, and/or frequency)
(Table 4) (14). Criteria for the diagnosis of UA are based on
the duration and intensity of angina as graded according to
the Canadian Cardiovascular Society classification (Table 5)
(15). Non-ST-elevation MI generally presents as pro-

longed, more intense rest angina or angina equivalent.

1.4. Management Before UA/NSTEMI and Onset of
UA/NSTEMI

The ACS spectrum (UA/MI) has a variable but potentially
serious prognosis. The major risk factors for development of
coronary heart disease (CHD) and UA/NSTEMI are well
established. Clinical trials have demonstrated that modifi-

Table 5. Grading of Angina Pectoris
According to CCS Classification

Class Description of Stage

| “Ordinary physical activity does not cause ... angina,” such as
walking or climbing stairs. Angina occurs with strenuous, rapid,
or prolonged exertion at work or recreation.

Il “Slight limitation of ordinary activity.” Angina occurs on walking or
climbing stairs rapidly; walking uphill; walking or stair climbing
after meals; in cold, in wind, or under emotional stress; or only
during the few hours after awakening. Angina occurs on
walking more than 2 blocks on the level and climbing more
than 1 flight of ordinary stairs at a normal pace and under
normal conditions.

1] “Marked limitations of ordinary physical activity.” Angina occurs
on walking

1 to 2 blocks on the level and climbing 1 flight of stairs under
normal conditions and at a normal pace.

v “Inability to carry on any physical activity without discomfort—
anginal symptoms may be present at rest.”

Adapted with permission from Campeau L. Grading of angina pectoris (letter). Circulation
1976;54:522-3 (15).
CCS = Canadian Cardiovascular Society.
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cation of those risk factors can prevent the development of
CHD (primary prevention) or reduce the risk of experienc-
ing UA/NSTEMI 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 physicians, cardiologists have an important leader-
ship role in primary (and secondary) prevention efforts.

1.4.1. Identification of Patients at Risk of UA/NSTEMI

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 symptomatic CHD should be calculated
for all patients who have 2 or more major risk factors to assess
the need for primary prevention strategies (16,17). (Level of
Evidence: B)

3. Patients with established CHD should be identified for secondary
prevention efforts, and patients with a CHD risk equivalent (e.g.,
atherosclerosis in other vascular beds, diabetes mellitus, chronic
kidney disease, or 10-year risk greater than 20% as calculated by
Framingham equations) should receive equally intensive risk factor
intervention as those with clinically apparent CHD. (Level of Evi-
dence: A)

Major risk factors for developing CHD (i.e., smoking,
family history, adverse lipid profiles, diabetes mellitus, and
elevated blood pressure) have been established from large,
long-term epidemiological studies (18,19). These risk fac-
tors are predictive for most populations in the United States.
Primary and secondary prevention interventions aimed at
these risk factors are effective when used properly. They can
also be costly in terms of primary care provider time,
diversion of attention from other competing and important
health care needs, and expense, and they may not be
effective unless targeted at higher-risk patients (20). It is
therefore important for primary care providers to make the
identification of patients at risk, who are most likely to
benefit from primary prevention, a routine part of everyone’s
health care. The Third Report of the NCEP provides
guidance on identifying such patients (18). Furthermore,
the Writing Committee supports public health efforts to
reach all adults at risk, not just those under the care of a
primary care physician.

Patients with 2 or more risk factors who are at increased
10-year and lifetime risk will have the greatest benefit from
primary prevention, but any individual with a single elevated
risk factor is a candidate for primary prevention (19). Waiting
until the patient develops multiple risk factors and increased
10-year risk contributes to the high prevalence of CHD in
the United States (18,21). Such patients should have their
risk specifically calculated by any of the several valid prog-
nostic tools available in print (18,22), on the Internet (23),
or for use on a personal computer or personal digital
assistant (PDA) (18). Patients’ specific risk levels determine
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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
educational intervention to motivate lifestyle changes (24).

The detection of subclinical atherosclerosis by noninva-
sive imaging represents a new, evolving approach for refin-
ing individual risk in asymptomatic individuals beyond
traditional risk factor assessment alone. A recent AHA
scientific statement indicates that it may be reasonable to
measure atherosclerosis burden using electron-beam or mul-
tidetector computed tomography (CT) in clinically selected
intermediate-CAD-risk individuals (e.g., those with a 10%
to 20% Framingham 10-year risk estimate) to refine clinical
risk prediction and to select patients for aggressive target
values for lipid-lowering therapies (Class IIb, Level of
Evidence: B) (25).

1.4.2. Interventions to Reduce Risk of UA/NSTEMI

The benefits of prevention of UA/NSTEMI in patients
with CHD are well documented and of large magnitude
(3,21,26-28). Patients with established CHD should be
identified for secondary prevention efforts, and patients with
a CHD risk equivalent should receive equally intensive risk
factor intervention for high-risk primary prevention regard-
less of sex (29). Patients with diabetes mellitus and periph-
eral vascular disease have baseline risks of UA/NSTEMI
similar to patients with known CHD, as do patients with
multiple risk factors that predict a calculated risk of greater
than 20% over 10 years as estimated by the Framingham
equations (18). 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 use tobacco should be encouraged to
quit and should be provided with help in quitting at every
opportunity (30). Recommendations by a clinician to avoid
tobacco can have a meaningful impact on the rate of
cessation of tobacco use. The most effective strategies for
encouraging quitting are those that identify the patient’s
level or stage of readiness and provide information, support,
and, if necessary, pharmacotherapy targeted at the individ-
ual’s readiness and specific needs (26,31). Pharmacotherapy
may include nicotine replacement or withdrawal-relieving
medication such as bupropion. Varenicline, a nicotine ace-
tylcholine receptor partial antagonist, is a newly approved
nonnicotine replacement therapy for tobacco avoidance
(32-35). Many patients require several attempts before they
succeed in quitting permanently (36,37). Additional discus-
sion in this area can be found in other contemporary
documents (e.g., the ACC/AHA 2002 Guideline Update
for the Management of Patients With Chronic Stable
Angina [4]).

All patients should be instructed in and encouraged to
maintain appropriate low-saturated-fat, low-trans-fat, and
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low-cholesterol diets high in soluble (viscous) fiber and rich
in vegetables, fruits, and whole grains. All patients also
should be encouraged to be involved with a regular aerobic
exercise program, including 30 to 60 min of moderate-
intensity physical activity (such as brisk walking) on most
and preferably all days of the week (3,38). For those who
need to weigh less, an appropriate balance of increased
physical activity (i.e., 60 to 90 min daily), caloric restriction,
and formal behavioral programs is encouraged to achieve
and maintain a body mass index between 18.5 and 24.9
kg/m? and a waist circumference of less than or equal to 35
inches in women and less than or equal to 40 inches in men.
For those who need lipid lowering beyond lifestyle mea-
sures, the statin drugs have the best outcome evidence
supporting their use and should be the mainstay of phar-
macological intervention (21). The appropriate levels for
lipid management are dependent on baseline risk; the reader
is referred to the NCEP report (http://www.nhlbi.nih.gov/
guidelines/cholesterol/index.htm) for details (17,18,39—-41).

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) (42,43). 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
hypertensive patients, as should a regular aerobic exercise
program (44—47). Most patients will require more than 1
medication to achieve blood pressure control, and pharma-
cotherapy should begin with known outcome-improving
medications (primarily thiazide diuretics as first choice, with
the addition of beta blockers, angiotensin-converting en-
zyme [ACE] inhibitors, angiotensin receptor blockers,
and/or long-acting calcium channel blockers) (42,48). Sys-
tolic hypertension is a powerful predictor of adverse out-
come, particularly among the elderly, and it should be
treated even if diastolic pressures are normal (49).

Detection of hyperglycemic risk (e.g., metabolic syn-
drome) and diabetes mellitus should be pursued as part of
risk assessment. Lifestyle changes and pharmacotherapy are
indicated in individuals with diabetes mellitus to achieve a
glycosylated hemoglobin [HbA1c] level less than 7% but to
avoid hypoglycemia (3,50,51).

Aspirin prophylaxis can uncommonly result in hemor-
rhagic complications and should only be used in primary
prevention when the level of risk justifies it. Patients whose
10-year risk of CHD is 10% or more are most likely to
benefit, and 75 to 162 mg of aspirin (ASA) per day as
primary prophylaxis should be discussed with such patients
(29,38,52-55).

1.5. Onset of UA/NSTEMI

1.5.1. Recognition of Symptoms by Patient
Early recognition of symptoms of UA/NSTEMI 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 laypersons are generally aware
that chest pain is a presenting symptom of UA/NSTEMI,
they are unaware of the other common symptoms, such as
arm pain, lower jaw pain, shortness of breath (56), and
diaphoresis (57) or anginal equivalents, such as dyspnea or
extreme fatigue (56,58). The average patient with NSTEMI
or prolonged rest UA (e.g., longer than 20 min) does not
seek medical care for approximately 2 h after symptom
onset, and this pattern appears unchanged over the last
decade (58—60). A baseline analysis from the Rapid Early
Action for Coronary Treatment (REACT) research pro-
gram 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 patients who came to
the hospital by ambulance (58). In the majority of studies
examined to date, women in both univariate- and
multivariate-adjusted analyses (in which age and other
potentially confounding variables have been controlled)
exhibit more prolonged delay patterns than men (61).

A number of studies have provided insight into why
patients delay in seeking early care for heart symptoms
(62). Focus groups conducted for the REACT research
program (63,64) revealed that patients commonly hold a
preexisting 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 symp-
toms often increasing in intensity. The ambiguity of
these symptoms, due to this disconnect between prior
expectations and actual experience, resulted in uncer-
tainty about the origin of symptoms and thus a “wait-
and-see” posture by patients and those around them (62).
Other reported reasons for delay were that patients
thought the symptoms were self-limited and would go
away or were not serious (65—67); that they attributed
symptoms to other preexisting chronic conditions, espe-
cially among older adults with multiple chronic condi-
tions (e.g., arthritis), or sometimes to a common illness
such as influenza; that they were afraid of being embar-
rassed if symptoms turned out to be a “false alarm”; that
they were reluctant to trouble others (e.g., health care
providers, Emergency Medical Services [EMS]) unless
they were “really sick” (65—67); that they held stereotypes
of who is at risk for a heart attack; and that they lacked
awareness of the importance of rapid action, knowledge
of reperfusion treatment, or knowledge of the benefits of
calling EMS/9-1-1 to ensure eatlier treatment (62). Notably,
women did not perceive themselves to be at risk (69).

1.5.2. Silent and Unrecognized Events

Patients experiencing UA/NSTEMI do not always present
with chest discomfort (70). The Framingham Study was the
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first to show that as many as half of all MIs may be clinically
silent and unrecognized by the patient (71). Canto et al.
(72) found that one third of the 434,877 patients with
confirmed MI in the National Registry of Myocardial
Infarction presented to the hospital with symptoms other
than chest discomfort. Compared with MI patients with
chest discomfort, MI patients without chest discomfort
were more likely to be older, to be women, to have diabetes,
and/or to have prior heart failure [HF]. Myocardial infarc-
tion patients without chest discomfort delayed longer before
they went to the hospital (mean 7.9 vs. 5.3 h) and were less
likely to be diagnosed as having an MI when admitted
(22.2% vs. 50.3%). They also were less likely to receive
fibrinolysis or primary PCI, ASA, beta blockers, or heparin.
Silent MI patients were 2.2 times more likely to die during
the hospitalization (in-hospital mortality rate 23.3% vs.
9.3%). Unexplained dyspnea, even without angina, is a
particularly worrisome symptom, with more than twice the
risk of death than for typical angina in patients undergoing
cardiovascular evaluation (56). Recently, the prognostic
significance of dyspnea has been emphasized in patients
undergoing cardiac evaluation. Self-reported dyspnea alone
among 17,991 patients undergoing stress perfusion testing
was an independent predictor of cardiac and total mortality
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and increased the risk of sudden cardiac death 4-fold even in
those with no prior history of CAD (56).

Health care providers should maintain a high index of
suspicion for UA/NSTEMI when evaluating women, pa-
tients with diabetes mellitus, older patients, those with
unexplained dyspnea (56), and those with a history of HF or
stroke, as well as those patients who complain of chest
discomfort but who have a permanent pacemaker that may
confound recognition of UA/NSTEMI on their 12-lead
ECG (73).

2. Initial Evaluation and Management

2.1. Clinical Assessment

Because symptoms are similar and the differentiation of
UA/NSTEMI and STEMI requires medical evaluation, we
will refer to prediagnostic clinical presentation as ACS,

defined as UA or MI (NSTEMI or STEMI) (Fig. 2).

RECOMMENDATIONS

CLASS |
1. Patients with symptoms that may represent ACS (Table 2) should

not be evaluated solely over the telephone but should be referred to
a facility that allows evaluation by a physician and the recording of

A | SYMPTOMS SUGGESTIVE OF ACS |

[

B1 | B2 | B3 | LB
l Noncardiac Diagnosis | | Chronic Stable Angina ‘ | Possible ACS | Definite ACS
l - » Ca - "
c1 | Treat t 55 Indicated See ACCIAHA No ST-Elevation | ST-Elevation
by alternative diagnosis Guidelines for Chronic
Stable Angina
D1 Nondiagnostic ECG ST and/or T wave changes
Normal Initial serum ;
cardiac biomarkers Ongoing pain
/ Positive cardiac biomarkers
E1 Hemodynamic abnormalities
Observe v D3
12 hours or more from symptom onset Evaluate for
T reperfusion therapy
F1 ¥ ) F2
No recurrent pain; negative Recurrent ischemic pain or
] .. : See ACC/AHA
follow-up studies positive follow-up studies Guidelines for
1 Diagnosis of ACS confi ST-Elevation
P Myocardial
G1 Stress study to provoke ischemia \adartion
Consider evaluation of LV function if
ischemia is present (tests may be performed
either prior to discharge or as outpatient)
/ \ H2 H3
H1 Negative Positive Admit to hospital
Potential diagnoses: ni f = schem
nonischemic discomfort; low- ,:f: Cﬁk el MaTEde ¥ Soe L
risk ACS or highly likely

n
| Arrangements for outpatient follow-up

Figure 2. Algorithm for Evaluation and Management of Patients Suspected of Having ACS

To facilitate interpretation of this algorithm and a more detailed discussion in the text, each box is assigned a letter code that reflects its level in the algorithm and a num-
ber that is allocated from left to right across the diagram on a given level. ACC/AHA = American College of Cardiology/American Heart Association; ACS = acute coronary

syndrome; ECG = electrocardiogram; LV = left ventricular.
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a 12-lead ECG and biomarker determination (e.g., an ED or other

acute care facility). (Level of Evidence: C)

2. Patients with symptoms of ACS (chest discomfort with or without
radiation to the arm[s], back, neck, jaw or epigastrium; shortness of
breath; weakness; diaphoresis; nausea; lightheadedness) should
be instructed to call 9-1-1 and should be transported to the hospital
by ambulance rather than by friends or relatives. (Level of Evidence: B)

3. Health care providers should actively address the following issues
regarding ACS with patients with or at risk for CHD and their
families or other responsible caregivers:

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

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

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

d. A plan for appropriate recognition and response to a potential
acute cardiac event, including the phone number to access
EMS, generally 9-1-1 (74). (Level of Evidence: C)

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

5. Health care providers should instruct patients with suspected ACS
for whom nitroglycerin [NTG] has been prescribed previously to take
not more than 1 dose of NTG sublingually in response to chest
discomfort/pain. If chest discomfort/pain is unimproved or is wors-
ening 5 min after 1 NTG dose has been taken, it is recommended
that the patient or family member/friend/caregiver call 9-1-1
immediately to access EMS before taking additional NTG. In pa-
tients with chronic stable angina, if symptoms are significantly
improved by 1 dose of NTG, it is appropriate to instruct the patient
or family member/friend/caregiver to repeat NTG every 5 min for a
maximum of 3 doses and call 9-1-1 if symptoms have not resolved
completely. (Level of Evidence: C)

6. Patients with a suspected ACS with chest discomfort or other
ischemic symptoms at rest for greater than 20 min, hemodynamic
instability, or recent syncope or presyncope should be referred
immediately to an ED. Other patients with suspected ACS who are
experiencing less severe symptoms and who have none of the
above high-risk features, including those who respond to an NTG
dose, may be seen initially in an ED or an outpatient facility able to
provide an acute evaluation. (Level of Evidence: C)

CLASS lla

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

2. It is reasonable for health care providers and 9-1-1 dispatchers to
advise patients who tolerate NTG to repeat NTG every 5 min for a
maximum of 3 doses while awaiting ambulance arrival. (Level of
Evidence: C)

3. It is reasonable that all prehospital EMS providers perform and
evaluate 12-lead ECGs in the field (if available) on chest pain
patients suspected of ACS to assist in triage decisions. Electrocar-

diographs with validated computer-generated interpretation algo-
rithms are recommended for this purpose. (Level of Evidence: B)

4. If the 12-lead ECG shows evidence of acute injury or ischemia, it is
reasonable that prehospital ACLS providers relay the ECG to a
predetermined medical control facility and/or receiving hospital.
(Level of Evidence: B)

Patients with suspected ACS must be evaluated rapidly.
Decisions made on the basis of the initial evaluation have
substantial clinical and economic consequences (75). The
first triage decision is made by the patient, who must decide
whether to access the health care system. Media campaigns
such as “Act in Time,” sponsored by the National Heart,
Lung, and Blood Institute (NHLBI), provide patient edu-
cation regarding this triage decision (www.nhlbi.nih.gov/
actintime). 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 min at most, before
calling 9-1-1 (76,77). Campaign materials point out that
patients can increase their chance of surviving a heart attack
by learning the symptoms and filling out a survival plan.
They also are advised to talk with their doctor about heart
attacks 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 (78) and
Spanish (79), as well as a free wallet card that can be filled
in with emergency medical information (80). Materials
geared directly to providers include a Patient Action Plan
Tablet (81), 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 (82), including a PDA version (83);
and a warning signs wall chart (84). These materials and
others are available on the “Act in Time” Web page
(www.nhlbi.nih.gov/health/public/heart/mi/core_bk.pdf)
(77).

When the patient first makes contact with the medical
care system, a critical decision must be made about where
the evaluation will take place. The health care provider then
must place the evaluation in the context of 2 critical
questions: Are the symptoms a manifestation of an ACS? If
so, what is the prognosis? The answers to these 2 questions
lead logically to a series of decisions about where the patient
will be best managed, what medications will be prescribed,
and whether an angiographic evaluation will be required.

Given the large number of patients with symptoms
compatible with ACS, the heterogeneity of the population,
and a clustering of events shortly after the onset of symp-
toms, a strategy for the initial evaluation and management is
essential. Health care providers may be informed about
signs and symptoms of ACS over the telephone or in person
by the patient or family members. The objectives of the
initial evaluation are first to identify signs of immediate
life-threatening instability and then to ensure that the
patient is moved rapidly to the most appropriate environ-
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ment for the level of care needed based on diagnostic criteria
and an estimation of the underlying risk of specific negative
outcomes.

Health practitioners frequently receive telephone calls
from patients or family members/friends/caregivers who are
concerned that their symptoms could reflect heart disease.
Most such calls regarding chest discomfort of possible
cardiac origin in patients without known CAD do not
represent an emergency; rather, these patients usually seek
reassurance that they do not have heart disease or that there
is little risk due to their symptoms. Despite the frequent
inclination to dismiss such symptoms over the telephone,
health care providers, EMS dispatchers, and staff positioned
to receive these calls should advise patients with possible
accelerating angina or angina at rest that an evaluation
cannot be performed solely via the telephone. This advice is
essential because of the need for timely evaluation, including
a physical examination, ECG, and appropriate blood tests
to measure cardiac biomarkers.

Patients with known CAD—including those with
chronic stable angina, recent MI, or prior intervention (i.c.,
coronary artery bypass graft surgery [CABG] or PCI)—who
contact a physician or other appropriate member of the
health care team because of worsening or recurrent symp-
toms should be instructed to proceed rapidly to an ED,
preferably one equipped to perform prompt reperfusion
therapy. When the discomfort is moderate to severe or
sustained, they should be instructed to access the EMS
system directly by calling 9-1-1. Patients who have been
evaluated recently and who are calling for advice regarding
modification of medications as part of an ongoing treatment
plan represent exceptions.

Even in the most urgent subgroup of patients who
present with acute-onset chest pain, there usually is ade-
quate time for transport to an environment in which they
can be evaluated and treated (85). In a large study of
consecutive patients with chest pain suspected to be of
cardiac origin who were transported to the ED via ambu-
lance, one third had a final diagnosis of MI, one third had
a final diagnosis of UA, and one third had a final diagnosis
of a noncardiac cause; 1.5% of these patients developed
cardiopulmonary arrest before arrival at the hospital or in
the ED (86).

Every community should have a written protocol that
guides EMS system personnel in determining where to take
patients with suspected or confirmed ACS. Active involve-
ment of local health care providers, particularly cardiologists
and emergency physicians, is needed to formulate local
EMS destination protocols for these patients. In general,
patients with suspected ACS should be taken to the nearest
appropriate hospital; however, patients with known STEMI
and/or cardiogenic shock should be sent as directly as
possible to hospitals with interventional and surgical capa-
bility (1).

The advent of highly effective, time-dependent treatment
for ACS, coupled with the need to reduce health care costs,

ACC/AHA UA/NSTEMI Guideline Revision

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 biomar-
kers, serial ECGs, echocardiography, myocardial perfusion
imaging, and multidetector (e.g., 64-slice) coronary CT
angiography (CCTA), in an attempt to avoid missing
patients with MI or UA. The most successful strategies to
emerge thus far are designed to identify MI patients and,
when clinically appropriate, screen for UA and underlying
CAD. Most strategies use a combination of cardiac biomar-
kers, short-term observation, diagnostic imaging, and pro-
vocative stress testing. An increasing number of high-
quality centers now use structured protocols, checklists, or
critical pathways to screen patients with suspected MI or
UA (87-99). It does not appear to matter whether the
institution designates itself a chest pain center; rather, it is
the multifaceted, multidisciplinary, standardized, and struc-
tured approach to the problem that appears to provide
clinical, cost-effective benefit (100,101). One randomized
trial has confirmed the safety, efficacy, and cost-effectiveness
of the structured decision-making approach compared with
standard, unstructured care (102).

Regardless of the approach used, all patients presenting to
the ED with chest discomfort or other symptoms suggestive
of MI or UA should be considered high-priority triage cases
and should be evaluated and treated on the basis of a
predetermined, institution-specific chest pain protocol. The
protocol should include several diagnostic possibilities (Fig.
2) (103). The patient should be placed on a cardiac monitor
immediately, with emergency resuscitation equipment, in-
cluding a defibrillator, nearby. An ECG also should be
performed immediately and evaluated by an experienced
emergency medicine physician, with a goal of within 10 min
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 min (1).
For cases in which the initial diagnosis and treatment plan
are unclear to the emergency medicine physician or are not
covered directly by an institutionally agreed-upon protocol,
immediate cardiology consultation is advisable.

Morbidity and mortality from ACS can be reduced
significantly if patients and bystanders recognize symptoms
early, activate the EMS system, and thereby shorten the
time to definitive treatment. Patients with possible symp-
toms of MI should be transported to the hospital by
ambulance rather than by friends or relatives, because there
is a significant association between arrival at the ED by
ambulance and early reperfusion therapy in STEMI patients
(104-107). In addition, emergency medical technicians and
paramedics can provide life-saving interventions (e.g., early
cardiopulmonary resuscitation [CPR] and defibrillation) if
the patient develops cardiac arrest. Approximately 1 in every
300 patients with chest pain transported to the ED by
private vehicle goes into cardiac arrest en route (108).
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Several studies have confirmed that patients with ACS
frequently do not call 9-1-1 and are not transported to the
hospital by ambulance. A follow-up survey of chest pain
patients presenting to participating EDs in 20 US commu-
nities who were either released or admitted to the hospital
with a confirmed coronary event revealed that the average
proportion of patients who used EMS was 23%, with
significant geographic difference (range 10% to 48%). Most
patients were driven by someone else (60%) or drove
themselves to the hospital (16%) (109). In the National
Registry of Myocardial Infarction 2, just over half (53%) of
all patients with MI were transported to the hospital by
ambulance (105).

Even in areas of the country that have undertaken
substantial public education campaigns about the warning
signs of ACS and the need to activate the EMS system
rapidly, either there were no increases in EMS use (58,110—
113) 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 REACT
study (63) and an increase from 27% to 41% in southern
Minnesota after a community campaign (114). Given the
importance of patients using EMS for possible acute cardiac
symptoms, communities, including medical providers, EMS
systems, health care 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
symptoms will be able to access 9-1-1 without barriers, to
secure their timely evaluation and treatment (115).

As part of making a plan with the patient for timely
recognition and response to an acute event, providers should
review instructions for taking NTG in response to chest
discomfort/pain (Fig. 3). If a patient has previously been
prescribed NTG, it is recommended that the patient be
advised to take 1 NTG dose sublingually promptly for chest
discomfort/pain. If symptoms are unimproved or worsening
5 min after 1 NTG dose has been taken, it also is
recommended that the patient be instructed to call 9-1-1
immediately to access EMS. Although the traditional rec-
ommendation is for patients to take 1 NT'G dose sublin-
gually, 5 min apart, for up to 3 doses before calling for
emergency evaluation, this recommendation has been mod-
ified by the UA/NSTEMI Writing Committee to encour-
age earlier contacting of EMS by patients with symptoms
suggestive of ACS. While awaiting ambulance arrival,
patients tolerating NT'G can be instructed by health care
providers or 9-1-1 dispatchers to take additional NTG every
5 min up to 3 doses. Self-treatment with prescription
medication, including nitrates, and with nonprescription
medication (e.g., antacids) has been documented as a
frequent cause of delay among patients with ACS, including
those with a history of MI or angina (65,116). Both the rate

Patient experiences chest
pain/discomfort

¥

Has the patient been previously prescribed NTG?

Is Chest Discomfort/Pain Unimproved or Worsening
5 Minutes After It Starts 7

[No| |Yca|

Take ONE NTG Dose Sublingually

|

Is Chest Discomfort/Pain Unimproved or Worsening
5 Minutes After Taking ONE NTG Dose Sublingually?

Notify Physician CALL 9-1-1
IMMEDIATELY

!

Follow 9-1-1 instructions

[Patients may receive instructions to chew aspirin (162-325 mg)® if not
contraindicated or may receive aspirin® en route to the hospital]

For patients with chronic stable angina, if symptoms
are significantly improved after ONE NTG, repeat
NTG every 5 min for a total of 3 doses and call 9-1-1
if symptoms have not totally resolved.

Figure 3. Patient (Advance) Instructions for NTG Use and EMS Contact in the Setting of Non-Trauma-Related Chest Discomfort/Pain

If patients experience chest discomfort/pain and have been previously prescribed NTG and have it available (right side of algorithm), it is recommended that they be
instructed (in advance) to take 1 dose of NTG immediately in response to symptoms. If chest discomfort/pain is unimproved or worsening 5 min after taking 1 NTG sublin-
gually, it is recommended that the patient call 9-1-1 immediately to access EMS. In patients with chronic stable angina, if the symptoms are significantly improved after tak-
ing 1 NTG, it is appropriate to instruct the patient or family member/friend/caregiver to repeat NTG every 5 min for a maximum of 3 doses and call 9-1-1 if symptoms have
not totally resolved. If patients are not previously prescribed NTG (left side of algorithm), it is recommended that they call 9-1-1 if chest discomfort/pain is unimproved or
worsening 5 min after it starts. If the symptoms subside within 5 min of when they began, patients should notify their physician of the episode. (For those patients with new-
onset chest discomfort who have not been prescribed NTG, it is appropriate to discourage them from seeking someone else’s NTG [e.g., from a neighbor, friend, or rela-
tive].) *Although some trials have used enteric-coated aspirin for initial dosing, more rapid buccal absorption occurs with non-enteric-coated formulations. EMS = emergency

medical services; NTG = nitroglycerin.
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of use of these medications and the number of doses taken
were positively correlated with delay time to hospital arrival
(65).

Family members, close friends, caregivers, or advocates
should be included in these discussions and enlisted as
reinforcement for rapid action when the patient experiences
symptoms of a possible ACS (74,117,118) (Fig. 3). For
patients known to their providers to have frequent angina,
physicians may consider 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
NTG. In many of these patients with chronic stable angina,
if chest pain is significantly improved by 1 NTG, it is still
appropriate to instruct the patient or family member/friend/
caregiver to repeat NTG every 5 min for a maximum of 3
doses and to call 9-1-1 if symptoms have not resolved
completely. Avoidance of patient delay associated with
self-medication and prolonged reevaluation of symptoms
are paramount. An additional consideration in high-risk
CHD patients is to train family members in CPR and/or to
have home access to an automatic external defibrillator, now
available commercially to the public.

The taking of aspirin by patients in response to acute
symptoms has been reported to be associated with a delay in
calling EMS (109). 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 (119). Alternatively,
patients may receive an aspirin as part of their early
treatment once they arrive at the hospital if it has not been
given in the prehospital setting (117).

Providers should target those patients at increased risk for
ACS, focusing on patients with known CHD, peripheral
vascular disease, or cerebral vascular disease, those with
diabetes, and patients with a 10-year Framingham risk of
CHD of more than 20% (120). They should stress that the
chest discomfort will usually not be dramatic, such as is
commonly misrepresented on television or in the movies as
a “Hollywood heart attack.” Providers also should describe
anginal equivalents and the commonly associated symptoms
of ACS (e.g., shortness of breath, a cold sweat, nausea, or
lightheadedness) in both men and women (56,106), as well
as the increased frequency of atypical symptoms in elderly
patients (72).

2.1.1. Emergency Department or Outpatient Facility
Presentation

It is recommended that patients with a suspected ACS with
chest discomfort or other ischemic symptoms at rest for
more than 20 min, hemodynamic instability, or recent
syncope or presyncope to be referred immediately to an ED
or a specialized chest pain unit. For other patients with a
suspected ACS who are experiencing less severe symptoms
and are having none of the above high-risk features, the

ACC/AHA UA/NSTEMI Guideline Revision

recommendation is to be seen initially in an ED, a chest
pain unit, or an appropriate outpatient facility. Outcomes
data that firmly support these recommendations are not
available; however, these recommendations are of practical
importance because differing ACS presentations require
differing levels of emergent medical interventions, such as
fibrinolytics or emergency coronary angiography leading to
PCI or surgery, or sophisticated diagnostic evaluation such
as nuclear stress testing or CCTA. When symptoms have
been unremitting for more than 20 min, the possibility of
MI must be considered. Given the strong evidence for a
relationship between delay in treatment and death (121-
123), an immediate assessment that includes a 12-lead
ECG is essential. Patients who present with hemodynamic
instability require an environment in which therapeutic
interventions can be provided, and for those with presyn-
cope or syncope, the major concern is the risk of sudden
death. Such patients should be encouraged to seek emer-
gency transportation when it is available. Transport as a
passenger in a private vehicle is an acceptable alternative
only if the wait for an emergency vehicle would impose a
delay of greater than 20 to 30 min.

2.1.2. Questions to Be Addressed at the Initial Evaluation

The initial evaluation should be used to provide information
about the diagnosis and prognosis. The attempt should be
made to simultaneously answer 2 questions:

e What is the likelihood that the signs and symptoms
represent ACS secondary to obstructive CAD (Table 6)?

e What is the likelihood of an adverse clinical outcome
(Table 7)? Outcomes of concern include death, MI (or
recurrent MI), stroke, HF, recurrent symptomatic isch-
emia, and serious arrhythmia.

For the most part, the answers to these questions form a
sequence of contingent probabilities. Thus, the likelihood that
the signs and symptoms represent ACS is contingent on the
likelihood that the patient has underlying CAD. Similarly, the
prognosis is contingent on the likelihood that the symptoms
represent acute ischemia. However, in patients with symptoms
of possible ACS, traditional risk factors for CAD are less
important than are symptoms, ECG findings, and cardiac
biomarkers. Therefore, the presence or absence of these tradi-
tional risk factors ordinarily should not be heavily weighed in
determining whether an individual patient should be admitted
or treated for ACS.

2.2. Early Risk Stratification

RECOMMENDATIONS FOR EARLY RISK STRATIFICATION

CLASS |

1. Arapid clinical determination of the likelihood risk of obstructive
CAD (i.e., high, intermediate, or low) should be made in all
patients with chest discomfort or other symptoms suggestive of
an ACS and considered in patient management. (Level of Evi-
dence: C)
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Table 6. Likelihood That Signs and Symptoms Represent an ACS Secondary to CAD

High Likelihood

Intermediate Likelihood
Absence of high-likelihood features and

Low Likelihood
Absence of high- or intermediate-

Feature Any of the following: presence of any of the following: likelihood features but may have:
History Chest or left arm pain or discomfort as chief Chest or left arm pain or discomfort as chief Probable ischemic symptoms in absence
symptom reproducing prior documented symptom of any of the intermediate likelihood
angina Age greater than 70 years characteristics
Known history of CAD, including MI Male sex Recent cocaine use
Diabetes mellitus
Examination Transient MR murmur, hypotension, Extracardiac vascular disease Chest discomfort reproduced by palpation
diaphoresis, pulmonary edema, or rales
ECG New, or presumably new, transient ST-segment Fixed Q waves T-wave flattening or inversion less than
deviation (1 mm or greater) or T-wave ST depression 0.5 to 1 mm or T-wave inversion 1 mm in leads with dominant R waves
inversion in multiple precordial leads greater than 1 mm Normal ECG
Cardiac Elevated cardiac Tnl, TnT, or CK-MB Normal Normal
markers

Modified with permission from Braunwald E, Mark DB, Jones RH, et al. Unstable angina: diagnosis and management. Rockville, MD: Agency for Health Care Policy and Research and the National Heart,
Lung, and Blood Institute, U.S. Public Health Service, U.S. Department of Health and Human Service, 1994. AHCPR publication no. 94-0602 (124).

ACS = acute coronary syndrome; CAD = coronary artery disease; CK-MB = MB fraction of creatine kinase; ECG = electrocardiogram; Ml = myocardial infarction; MR = mitral regurgitation; Tnl =
troponin I; TnT = troponin T.

2. Patients who present with chest discomfort or other ischemic
symptoms should undergo early risk stratification for the risk of
cardiovascular events (e.g., death or [re]MI) that focuses on history,
including anginal symptoms, physical findings, ECG findings, and

Table 7. Short-Term Risk of Death or Nonfatal Ml in Patients With UA/NSTEMI*

biomarkers of cardiac injury, and results should be considered in
patient management. (Level of Evidence: C)

3. A 12-lead ECG should be performed and shown to an experienced
emergency physician as soon as possible after ED arrival, with a

Feature

High Risk

At least 1 of the following features must

be present:

Intermediate Risk

No high-risk feature, but must have 1 of the
following:

Low Risk

No high- or intermediate-risk feature but
may have any of the following features:

History

Character of pain

Clinical findings

ECG

Cardiac markers

Accelerating tempo of ischemic symptoms

in preceding 48 h
Prolonged ongoing (greater than 20 min)
rest pain

Pulmonary edema, most likely due to
ischemia

New or worsening MR murmur

S3 or new/worsening rales

Hypotension, bradycardia, tachycardia

Age greater than 75 years

Angina at rest with transient ST-segment
changes greater than 0.5 mm

Bundle-branch block, new or presumed
new

Sustained ventricular tachycardia

Elevated cardiac TnT, Tnl, or CK-MB (e.g.,
TnT or Tnl greater than 0.1 ng per ml)

Prior M, peripheral or cerebrovascular disease,

or CABG; prior aspirin use

Prolonged (greater than 20 min) rest angina,
now resolved, with moderate or high
likelihood of CAD

Rest angina (greater than 20 min) or relieved
with rest or sublingual NTG

Nocturnal angina

New-onset or progressive CCS class Ill or IV
angina in the past 2 weeks without
prolonged (greater than 20 min) rest pain
but with intermediate or high likelihood of
CAD (see Table 6)

Age greater than 70 years

T-wave changes

Pathological Q waves or resting ST-depression
less than 1 mm in multiple lead groups
(anterior, inferior, lateral)

Slightly elevated cardiac TnT, Tnl, or CK-MB
(e.g., TnT greater than 0.01 but less than
0.1 ng per ml)

Increased angina frequency, severity, or
duration

Angina provoked at a lower threshold

New onset angina with onset 2 weeks to
2 months prior to presentation

Normal or unchanged ECG

Normal

*Estimation of the short-term risks of death and nonfatal cardiac ischemic events in UA (or NSTEMI) is a complex multivariable problem that cannot be fully specified in a table such as this; therefore,
this table is meant to offer general guidance and illustration rather than rigid algorithms. Adapted from AHCPR Clinical Practice Guidelines No. 10, Unstable Angina: Diagnosis and Management, May

1994 (124).

CABG = coronary artery bypass graft surgery; CAD = coronary artery disease; CCS = Canadian Cardiovascular Society; CK-MB = creatine kinase, MB fraction; ECG = electrocardiogram; Ml =
myocardial infarction; MR = mitral regurgitation; NTG = nitroglycerin; Tnl = troponin I; TnT = troponin T; UA/NSTEMI = unstable angina/non-ST-elevation myocardial infarction.
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goal of within 10 min of ED arrival for all patients with chest
discomfort (or anginal equivalent) or other symptoms suggestive of
ACS. (Level of Evidence: B)

4. If the initial ECG is not diagnostic but the patient remains symptom-
atic and there is high clinical suspicion for ACS, serial ECGs, initially
at 15- to 30-min intervals, should be performed to detect the
potential for development of ST-segment elevation or depression.
(Level of Evidence: B)

5. Cardiac biomarkers should be measured in all patients who present
with chest discomfort consistent with ACS. (Level of Evidence: B)

6. A cardiac-specific troponin is the preferred marker, and if available,
it should be measured in all patients who present with chest
discomfort consistent with ACS. (Level of Evidence: B)

7. Patients with negative cardiac biomarkers within 6 h of the onset of
symptoms consistent with ACS should have biomarkers remea-
sured in the time frame of 8 to 12 h after symptom onset. (The exact
timing of serum marker measurement should take into account the
uncertainties often present with the exact timing of onset of pain
and the sensitivity, precision, and institutional norms of the assay
being utilized as well as the release kinetics of the marker being
measured.) (Level of Evidence: B)

8. The initial evaluation of the patient with suspected ACS should
include the consideration of noncoronary causes for the develop-
ment of unexplained symptoms. (Level of Evidence: C)

CLASS lla

1. Use of risk-stratification models, such as the Thrombolysis In Myo-
cardial Infarction (TIMI) or Global Registry of Acute Coronary Events
(GRACE) risk score or the Platelet Glycoprotein llb/llla in Unstable
Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT)
risk model, can be useful to assist in decision making with regard to
treatment options in patients with suspected ACS. (Level of Evi-
dence: B)

2. It is reasonable to remeasure positive biomarkers at 6- to 8-h
intervals 2 to 3 times or until levels have peaked, as an index of
infarct size and dynamics of necrosis. (Level of Evidence: B)

3. It is reasonable to obtain supplemental ECG leads V, through Vg in
patients whose initial ECG is nondiagnostic to rule out MI due to left
circumflex occlusion. (Level of Evidence: B)

4. Continuous 12-lead ECG monitoring is a reasonable alternative to
serial 12-lead recordings in patients whose initial ECG is nondiag-
nostic. (Level of Evidence: B)

CLASS lib

1. For patients who present within 6 h of the onset of symptoms
consistent with ACS, assessment of an early marker of cardiac
injury (e.g., myoglobin) in conjunction with a late marker (e.g.,
troponin) may be considered. (Level of Evidence: B)

2. For patients who present within 6 h of symptoms suggestive of ACS,
a 2-h delta CK-MB mass in conjunction with 2-h delta troponin may
be considered. (Level of Evidence: B)

3. For patients who present within 6 h of symptoms suggestive of ACS,
myoglobin in conjunction with CK-MB mass or troponin when mea-
sured at baseline and 90 min may be considered. (Level of Evi-
dence: B)

4. Measurement of B-type natriuretic peptide (BNP) or NT-pro-BNP
may be considered to supplement assessment of global risk in
patients with suspected ACS. (Level of Evidence: B)
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CLASS Ill

Total CK (without MB), aspartate aminotransferase (AST, SGOT), ala-
nine transaminase, beta-hydroxybutyric dehydrogenase, and/or lactate
dehydrogenase should not be utilized as primary tests for the detection
of myocardial injury in patients with chest discomfort suggestive of
ACS. (Level of Evidence: C)

2.2.1. Estimation of the Level of Risk

The medical history, physical examination, ECG, assess-
ment of renal function, and cardiac biomarker measure-
ments in patients with symptoms suggestive of ACS at the
time of the initial presentation can be integrated into an
estimation of the risk of death and nonfatal cardiac ischemic
events. The latter include new or recurrent MI, recurrent
UA, disabling angina that requires hospitalization, and
urgent coronary revascularization. Estimation of the level of
risk is a multivariable problem that cannot be accurately
quantified with a simple table; therefore, Tables 6 and 7 are
meant to be illustrative of the general relationships between
history, clinical and ECG findings, and the categorization
of patients into those at low, intermediate, or high risk of
the presence of obstructive CAD and the short-term risk of
cardiovascular events, respectively. Optimal risk stratifica-
tion requires accounting for multiple prognostic factors
simultaneously by a multivariable approach (e.g., the TIMI
and GRACE risk score algorithms [see below]).

2.2.2. Rationale for Risk Stratification

Because patients with ischemic discomfort at rest as a group
are heterogeneous in terms of risk of cardiac death and
nonfatal ischemic events, an assessment of the prognosis
guides the initial evaluation and treatment. An estimation of
risk is useful in 1) selection of the site of care (coronary care
unit, monitored step-down unit, or outpatient setting) and
2) selection of therapy, including platelet glycoprotein (GP)
IIb/ITa inhibitors (see Section 3.2) and invasive manage-
ment strategy (see Section 3.3). For all modes of presenta-
tion of an ACS, a strong relationship exists between
indicators of the likelihood of ischemia due to CAD and
prognosis (Tables 6 and 7). Patients with a high likelihood
of ischemia due to CAD are at a greater risk of an untoward
cardiac event than are patients with a lower likelihood of
CAD. Therefore, an assessment of the likelihood of CAD
is the starting point for the determination of prognosis in
patients who present with symptoms suggestive of ACS.
Other important elements for prognostic assessment are the
tempo of the patient’s clinical course, which relates to the
short-term risk of future cardiac events, principally MI, and
the patient’s likelihood of survival should an MI occur.
Patients can present with ischemic discomfort but with-
out ST-segment deviation on the 12-lead ECG in a variety
of clinical scenarios, including no known prior history of
CAD, a prior history of stable CAD, soon after MI, and
after myocardial revascularization with CABG or PCI
(12,125,126). As a clinical syndrome, ischemic discomfort
without ST-segment elevation (UA and NSTEMI) shares
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ill-defined borders with severe chronic stable angina, a
condition associated with lower immediate risk, and
STEMI, a presentation with a higher risk of early death and
cardiac ischemic events. The risk is highest at the time of
presentation and subsequently declines. Yet, the risk re-
mains high past the acute phase. By 6 months, UA/
NSTEMI mortality rates higher than that after STEMI can
be seen (127); and by 12 months, the rates of death, MI, and
recurrent instability in contemporary randomized controlled
trials and registry studies exceed 10% and are often related
to specific risk factors such as age, diabetes mellitus, renal
failure, and impairment of left ventricular (LV) function.
Whereas the early events are related to the activity of 1
culprit coronary plaque that has ruptured and is the site of
thrombus formation, events that occur later are more related
to the underlying pathophysiological mechanisms that trig-
ger plaque activity and that mark active atherosclerosis
(128-134).

A few risk scores have been developed that regroup
markers of the acute thrombotic process and other markers
of high risk to identify high-risk patients with UA/
NSTEMI. The TIMI, GRACE, and PURSUIT risk scores

are discussed in detail in Section 2.2.6.
2.2.3. History
Patients with suspected UA/NSTEMI may be divided into

those with and those without a history of documented
CAD. Particularly when the patient does not have a known
history of CAD, the physician must determine whether the
patient’s presentation, with its constellation of specific
symptoms and signs, is most consistent with chronic isch-
emia, acute ischemia, or an alternative disease process. The
5 most important factors derived from the initial history
that relate to the likelihood of ischemia due to CAD, ranked
in the order of importance, are 1) the nature of the anginal
symptoms, 2) prior history of CAD, 3) sex, 4) age, and 5)
the number of traditional risk factors present (135-139). In
patients with suspected ACS but without preexisting clin-
ical CHD, older age appears to be the most important
factor. One study found that for males, age younger than 40
years, 40 to 55 years, and older than 55 years and for
females, age younger than 50 years, 50 to 65 years, and older
than 65 years was correlated with low, intermediate, and
high risk for CAD, respectively (138). Another study found
that the risk of CAD increased in an incremental fashion for
each decade above age 40 years, with male sex being
assigned an additional risk point (139,140). In these studies,
being a male older than 55 years or a female older than 65
years outweighed the importance of all historical factors,

including the nature of the chest pain (138,139).
2.2.4. Anginal Symptoms and Anginal Equivalents

The characteristics of angina, which are thoroughly de-
scribed in the ACC/AHA 2002 Guideline Update for the
Management of Patients With Chronic Stable Angina (4),
include deep, poorly localized chest or arm discomfort that

is reproducibly associated with physical exertion or emo-
tional stress and is relieved promptly (i.e., in less than 5 min)
with rest and/or the use of sublingual NTG. Patients with
UA/NSTEMI may have discomfort that has all of the
qualities of typical angina except that the episodes are more
severe and prolonged, may occur at rest, or may be precip-
itated by less exertion than in the past. Although it is
traditional to use the simple term “chest pain” to refer to the
discomfort of ACS, patients often do not perceive these
symptoms to be true pain, especially when they are mild or
atypical. Terms such as “ischemic-type chest discomfort” or
“symptoms suggestive of ACS” have been proposed to more
precisely capture the character of ischemic symptoms. Al-
though “chest discomfort” or “chest press” is frequently used
in these guidelines for uniformity and brevity, the following
caveats should be kept clearly in mind. Some patients may
have no chest discomfort but present solely with jaw, neck,
ear, arm, shoulder, back, or epigastric discomfort or with
unexplained dyspnea without discomfort (56,141,142). If
these symptoms have a clear relationship to exertion or
stress or are relieved promptly with NTG, they should be
considered equivalent to angina. Occasionally, such “anginal
equivalents” that occur at rest are the mode of presentation
of a patient with UA/NSTEMI, but without the exertional
history or known prior history of CAD, it may be difficult to
recognize their cardiac origin. Other difficult presentations
of the patient with UA/NSTEMI include those without any
chest (or equivalent) discomfort. Isolated unexplained new-
onset or worsened exertional dyspnea is the most common
anginal equivalent symptom, especially in older patients; less
common isolated presentations, primarily in older adults,
include nausea and vomiting, diaphoresis, and unexplained
fatigue. Indeed, older adults and women with ACS not
infrequently present with atypical angina or nonanginal
symptoms. Rarely do patients with ACS present with syncope
as the primary symptom or with other nonanginal symptoms.

Features that are not characteristic of myocardial isch-
emia include the following:

e Pleuritic pain (i.e., sharp or knifelike pain brought on by
respiratory movements or cough)

e Primary or sole location of discomfort in the middle or
lower abdominal region

e Pain that may be localized at the tip of 1 finger,
particularly over the left ventricular apex or a costochon-
dral junction

e Pain reproduced with movement or palpation of the
chest wall or arms

o Very brief episodes of pain that last a few seconds or less

e Pain that radiates into the lower extremities

Documentation of the evaluation of a patient with sus-
pected UA/NSTEMI should include the physician’s opin-
ion of whether the discomfort is in 1 of 3 categories: high,
intermediate, or low likelihood of acute ischemia caused by

CAD (Table 6).
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Although typical characteristics substantially increase the
probability of CAD, features not characteristic of typical
angina, such as sharp stabbing pain or reproduction of pain
on palpation, do not entirely exclude the possibility of ACS.
In the Multicenter Chest Pain Study, acute ischemia was
diagnosed in 22% of patients who presented to the ED with
sharp or stabbing pain and in 13% of patients with pain with
pleuritic qualities. Furthermore, 7% of patients whose pain
was fully reproduced with palpation were ultimately recog-
nized to have ACS (143). The Acute Cardiac Ischemia
Time-Insensitive Predictive Instrument (ACI-TIPI)
project (144,145) found that older age, male sex, the
presence of chest or left arm pain, and the identification of
chest pain or pressure as the most important presenting
symptom all increased the likelihood that the patient was
experiencing acute ischemia.

The relief of chest pain by administration of sublingual
NTG in the ED setting is not always predictive of ACS.
One study reported that sublingual NTG relieved symp-
toms in 35% of patients with active CAD (defined as
elevated cardiac biomarkers, coronary vessel with at least
70% stenosis on coronary angiography, or positive stress
test) compared with 41% of patients without active CAD
(146). Furthermore, the relief of chest pain by the admin-
istration of a “GI cocktail” (e.g., a mixture of liquid antacid,
viscous lidocaine, and anticholinergic agent) does not pre-

dict the absence of ACS (147).

2.2.5. Demographics and History in Diagnosis and
Risk Stratification

In most studies of ACS, a prior history of MI has been
associated not only with a high risk of obstructive CAD
(148) but also with an increased risk of multivessel CAD.
There are differences in the presentations of men and
women with ACS (see Section 6.1). A smaller percentage of
women than men present with STEMI, and of the patients
who present without ST-segment elevation, fewer women
than men have MIs (149). Women with suspected ACS are
less likely to have obstructive CAD than are men with a
similar clinical presentation, and when CAD is present in
women, it tends to be less severe. On the other hand, when
STEMI is present, the outcome in women tends to be worse
even when adjustment is made for the older age and greater
comorbidity of women. However, the outcome for women
with UA is significantly better than the outcome for men,
and the outcomes are similar for men and women with
NSTEMI (150,151).

Older adults (see Section 6.4) have increased risks of both
underlying CAD (152,153) and multivessel CAD; further-
more, they are at higher risk for an adverse outcome than are
younger patients. The slope of the increased risk is steepest
beyond age 70 years. This increased risk is related in part to the
greater extent and severity of underlying CAD and the more
severe LV dysfunction in older patients; however, age itself
exerts a strong, independent prognostic risk as well, perhaps at
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least in part because of comorbidities. Older adults also are
more likely to have atypical symptoms on presentation.

In patients with symptoms of possible ACS, some of the
traditional risk factors for CAD (e.g., hypertension, hypercho-
lesterolemia, and cigarette smoking) are only weakly predictive
of the likelihood of acute ischemia (145,154) and are far less
important than are symptoms, ECG findings, and cardiac
biomarkers. Therefore, the presence or absence of these tradi-
tional risk factors ordinarily should not be used to determine
whether an individual patient should be admitted or treated for
ACS. However, the presence of these risk factors does appear
to relate to poor outcomes in patients with established ACS.
Although not as well investigated as the traditional risk factors,
a family history of premature CAD has been demonstrated to
be associated with increased coronary artery calcium scores
greater than the 75th age percentile in asymptomatic individ-
uals (155) and increased risk of 30-d cardiac events in patients
admitted for UA/NSTEMI (156). Of special interest is that
sibling history of premature CAD has a stronger relationship
than parental history (157). However, several of these risk
factors have important prognostic and therapeutic implica-
tions. Diabetes and the presence of extracardiac (carotid, aortic,
or peripheral) vascular disease are major risk factors for poor
outcome in patients with ACS (see Section 6.2). For both
STEMI (158) and UA/NSTEMI (128), patients with these
conditions have a significantly higher mortality rate and risk of
acute HF. For the most part, this increase in risk is due to a
greater extent of underlying CAD and LV dysfunction, but in
many studies, diabetes carries prognostic significance over and
above these findings. Similarly, a history of hypertension is
associated with an increased risk of a poor outcome.

The current or prior use of ASA at the time and
presentation of ACS has been associated in 1 database with
increased cardiovascular event risk (159). Although the
rationale is not fully elucidated, it appears those taking prior
ASA therapy have more multivessel CAD, are more likely
to present with thrombus present, may present later in the
evolution of ACS, or may be ASA resistant. Surprisingly,
current smoking is associated with a lower risk of death in
the setting of ACS (159-161), primarily because of the
younger age of smokers with ACS and less severe underly-
ing CAD. This “smokers’ paradox” seems to represent a
tendency for smokers to develop thrombi on less severe
plaques and at an earlier age than nonsmokers.

Being overweight and/or obese at the time of ACS
presentation is associated with lower short-term risk of
death; however, this “obesity paradox” is primarily a func-
tion of younger age at time of presentation, referral for
angiography at an earlier stage of disease, and more aggres-
sive. ACS management (160). Although short-term risk
may be lower for overweight/obese individuals, these pa-
tients have a higher long-term total mortality risk (161-
165). Increased long-term cardiovascular risk appears to be
primarily limited to severe obesity (166).

Cocaine use has been implicated as a cause of ACS,
presumably owing to the ability of this drug to cause
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coronary vasospasm and thrombosis in addition to its direct
effects on heart rate and arterial pressure and its myocardial
toxic properties (see Section 6.6) (167). Recently, the use of
methamphetamine has grown, and its association with ACS
also should be considered. It is important to inquire about
the use of cocaine and methamphetamine in patients with
suspected ACS, especially in younger patients (age less than
40 years) and others with few risk factors for CAD. Urine
toxicology should be considered when substance abuse is
suspected as a cause of or contributor to ACS.

2.2.6. Estimation of Early Risk at Presentation

A number of risk assessment tools have been developed to
assist in assessing risk of death and ischemic events in
patients with UA/NSTEMI, thereby providing a basis for
therapeutic decision making (Table 8; Fig. 4) (158,168,169).
It should be recognized that the predictive ability of these
commonly used risk assessment scores for nonfatal CHD
risk is only moderate.

Antman et al. developed the TIMI risk score (159), a
simple tool composed of 7 (1-point) risk indicators rated on
presentation (Table 8). The composite end points (all-cause
mortality, new or recurrent MI, or severe recurrent ischemia
prompting urgent revascularization within 14 d) increase as
the TIMI risk score increases. The TIMI risk score has been
validated internally within the TIMI 11B trial and 2
separate cohorts of patients from the Efficacy and Safety of
Subcutaneous Enoxaparin in Unstable Angina and Non-Q-
Wave Myocardial Infarction (ESSENCE) trial (169). The
model remained a significant predictor of events and ap-
peared relatively insensitive to missing information, such as
knowledge of previously documented coronary stenosis of
50% or more. The model’s predictive ability remained intact
with a cutoff of 65 years of age. The TIMI risk score was
recently studied in an unselected ED population with chest
pain syndrome; its performance was similar to that in the

Table 8. TIMI Risk Score for
Unstable Angina/Non-ST-Elevation MI

All-Cause Mortality, New or Recurrent MI, or Severe

TIMI Risk Recurrent Ischemia Requiring Urgent Revascularization
Score Through 14 d After Randomization, %
0-1 4.7
2 8.3
3 13.2
4 19.9
5 26.2
6-7 40.9

The TIMI risk score is determined by the sum of the presence of 7 variables at admission; 1 point
is given for each of the following variables: age 65 y or older; at least 3 risk factors for CAD; prior
coronary stenosis of 50% or more; ST-segment deviation on ECG presentation; at least 2 anginal
events in prior 24 h; use of aspirin in prior 7 d; elevated serum cardiac biomarkers. Prior coronary
stenosis of 50% or more remained relatively insensitive to missing information and remained a
significant predictor of events. Reprinted with permission from Antman EM, Cohen M, Bernink PJ,
et al. The TIMI risk score for unstable angina/non-ST elevation MI: a method for prognostication
and therapeutic decision making. JAMA 2000;284:835-42 (159). Copyright © 2000 American
Medical Association.

CAD = coronary artery disease; ECG = electrocardiogram; Ml = myocardial infarction; y =
year.

ACS population in which it was derived and validated (170).
The TIMI risk calculator is available at www.timi.org. The
TIMI risk index, a modification of the TIMI risk score that
uses the variables age, systolic blood pressure, and heart rate,
has not only been shown to predict short-term mortality in
STEMI but has also been useful in the prediction of 30-d and
1-year mortality across the spectrum of patients with ACS,
including UA/NSTEMI (171).

The PURSUIT risk model, developed by Boersma et al.
(172), based on patients enrolled in the PURSUIT trial, is
another useful tool to guide the clinical decision-making
process when the patient is admitted to the hospital. In the
PURSUIT risk model, critical clinical features associated with
an increased 30-d incidence of death and the composite of
death or myocardial (re)infarction were (in order of strength)
age, heart rate, systolic blood pressure, ST-segment depression,
signs of HF, and cardiac biomarkers (172).

The GRACE risk model, which predicts in-hospital
mortality (and death or MI), can be useful to clinicians to
guide treatment type and intensity (168,173). The GRACE
risk tool was developed on the basis of 11,389 patients in
GRACE, validated in subsequent GRACE and GUSTO
IIb cohorts, and predicts in-hospital death in patients with
STEMI, NSTEMI, or UA (C statistic = 0.83). The 8
variables used in the GRACE risk model are older age (odds
ratio [OR] 1.7 per 10 years), Killip class (OR 2.0 per class),
systolic blood pressure (OR 1.4 per 20 mm Hg decrease),
ST-segment deviation (OR 2.4), cardiac arrest during pre-
sentation (OR 4.3), serum creatinine level (OR 1.2 per
1-mg per dL increase), positive initial cardiac biomarkers
(OR 1.6), and heart rate (OR 1.3 per 30-beat per min
increase). The sum of scores is applied to a reference
monogram to determine the corresponding all-cause mor-
tality from hospital discharge to 6 mo. The GRACE clinical
application tool can be downloaded to a handheld PDA to be
used at the bedside and is available at www.outcomes-
umassmed.org/grace (Fig. 4) (173). An analysis comparing the
3 risk scores (TIMI, GRACE, and PURSUIT) concluded that
all 3 demonstrated good predictive accuracy for death and MI
at 1 year, thus identifying patients who might be likely to
benefit from aggressive therapy, including early myocardial
revascularization (174).

The ECG provides unique and important diagnostic and
prognostic information (see also Section 2.2.6.1 below).
Accordingly, ECG changes have been incorporated into
quantitative decision aids for the triage of patients present-
ing with chest discomfort (175). Although ST elevation
carries the highest early risk of death, ST depression on the
presenting ECG portends the highest risk of death at 6
months, with the degree of ST depression showing a strong
relationship to outcome (176).

Dynamic risk modeling is a new frontier in modeling that
accounts for the common observation that levels and pre-
dictors of risk constantly evolve as patients pass through
their disease process. Excellent models have been developed
based on presenting features, but information the next day
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Risk Calculator for 6-Month Postdischarge Mortality After Hospitalization for Acute Coronary Syndrome

Record the points for each variable at the bottom left and sum

the points to calculate the total risk score. Find the total score on

the x-axis of the nomogram plot. The corresponding probability on the y-axis is the estimated probability of all-cause mortality

from hospital discharge to 6 months.

Medical History Findings at Initial Findings
Hospital Presentation During Hospitalization
(1) Age in Years Points | (4) Resting Heart Rate,  Points | (7) Initial Serum Points
beats/min Creatinine, mg/dL
<29 0
30-39 0 <49.9 0 0-0.39 1
40-49 18 50-69.9 3 0.4-0.79 3
50-5 36 70-89.9 9 0.8-1.19 5
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1
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Figure 4. GRACE Prediction Score Card and Nomogram for All-Cause Mortality From Discharge to 6 Months

Reprinted with permission from Eagle KA, Lim MJ, Dabbous OH, et al. A validated prediction model for all forms of acute coronary syndrome: estimating the risk of 6-month
postdischarge death in an international registry. JAMA 2004;291:2727-33 (168). Copyright © 2004 American Medical Association.

about clinical (e.g., complications), laboratory (e.g., biomar-
ker evolution), and ECG (e.g., ST resolution for STEMI)
changes provides additional data relevant to decisions at key
“decision-node” points in care (177). Dynamic modeling
concepts promise more sophisticated, adaptive, and individ-
ually predictive modeling of risk in the future.

Renal impairment has been recognized as an additional
high-risk feature in patients with ACS (178). Mild to
moderate renal dysfunction is associated with moderately
increased short- and long-term risks, and severe renal
dysfunction is associated with severely increased short- and
long-term mortality risks. Patients with renal dysfunction
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experience increased bleeding risks, have higher rates of HF
and arrhythmias, have been underrepresented in cardiovas-
cular trials, and may not enjoy the same magnitude of
benefit with some therapies observed in patients with
normal renal function (179) (see also Section 6.5).

Among patients with UA/NSTEMI, there is a progres-
sively greater benefit from newer, more aggressive therapies
such as low-molecular-weight heparin (LMWH) (169,180),
platelet GP IIb/Illa inhibition (181), and an invasive
strategy (182) with increasing risk score.

2.2.6.1. ELECTROCARDIOGRAM

The ECG is critical not only to add support to the clinical
suspicion of CAD but also to provide prognostic informa-
tion based on the pattern and magnitude of the abnormal-
ities (127,175,183,184). A recording made during an epi-
sode of the presenting symptoms is particularly valuable.
Importantly, transient ST-segment changes (greater than or
equal to 0.05 mV [ie., 0.5 mm]) that develop during a
symptomatic episode at rest and that resolve when the
patient becomes asymptomatic strongly suggest acute isch-
emia and a very high likelihood of underlying severe CAD.
Patients whose current ECG suggests ischemia can be
assessed with greater diagnostic accuracy if a prior ECG is
available for comparison (Table 6) (185).

Although it is imperfect, the 12-lead ECG lies at the
center of the decision pathway for the evaluation and
management of patients with acute ischemic discomfort
(Fig. 1; Table 6). The diagnosis of MI is confirmed with
serial cardiac biomarkers in more than 90% of patients who
present with ST-segment elevation of greater than or equal
to 1 mm (0.1 mV) in at least 2 contiguous leads, and such
patients should be considered candidates for acute reperfu-
sion therapy. Patients who present with ST-segment de-
pression are initially considered to have either UA or
NSTEMI; the distinction between the 2 diagnoses is
ultimately based on the detection of markers of myocardial
necrosis in the blood (11,126,186).

Up to 25% of patients with NSTEMI and elevated
CK-MB go on to develop Q-wave MI during their hospital
stay, whereas the remaining 75% have non—-Q-wave MI.
Acute fibrinolytic therapy is contraindicated for ACS pa-
tients without ST-segment elevation, except for those with
electrocardiographic true posterior MI manifested as ST-
segment depression in 2 contiguous anterior precordial leads
and/or isolated ST-segment elevation in posterior chest
leads (187-189). Inverted T waves may also indicate UA/
NSTEMIL. In patients suspected of having ACS on clinical
grounds, marked (greater than or equal to 2 mm [0.2 mV])
symmetrical precordial T-wave inversion strongly suggests
acute ischemia, particularly that due to a critical stenosis of
the left anterior descending coronary artery (LAD) (190).
Patients with this ECG finding often exhibit hypokinesis of
the anterior wall and are at high risk if given medical
treatment alone (191). Revascularization will often reverse
both the T-wave inversion and wall-motion disorder (192).

Nonspecific ST-segment and T-wave changes, usually de-
fined as ST-segment deviation of less than 0.5 mm (0.05
mV) or T-wave inversion of less than or equal to 2 mm (0.2
mV), are less diagnostically helpful than the foregoing
findings. Established Q waves greater than or equal to 0.04 s
are also less helpful in the diagnosis of UA, although by
suggesting prior MI, they do indicate a high likelihood of
significant CAD. Isolated Q_waves in lead III may be a
normal finding, especially in the absence of repolarization
abnormalities in any of the inferior leads. A completely
normal ECG in a patient with chest pain does not exclude
the possibility of ACS, because 1% to 6% of such patients
eventually are proved to have had an MI (by definition, an
NSTEMI), and at least 4% will be found to have UA
(184,193,194).

The common alternative causes of ST-segment and
T-wave changes must be considered. In patients with
ST-segment elevation, the diagnoses of LV aneurysm,
pericarditis, myocarditis, Prinzmetal’s angina, early repolar-
ization (e.g., in young black males), apical LV ballooning
syndrome (Takotsubo cardiomyopathy; see Section 6.9),
and Wolff-Parkinson-White syndrome represent several
examples to be considered. Central nervous system events
and drug therapy with tricyclic antidepressants or phe-
nothiazines can cause deep T-wave inversion.

Acute MI due to occlusion of the left circumflex coronary
artery can present with a nondiagnostic 12-lead ECG.
Approximately 4% of acute MI patients show the presence
ST elevation isolated to the posterior chest leads V, through
V, and “hidden” from the standard 12 leads (187,195,196).
The presence of posterior ST elevation is diagnostically
important because it qualifies the patient for acute reperfu-
sion therapy as an acute STEMI (1,197). The presence or
absence of ST-segment elevation in the right ventricular
(V4R through V,R) or posterior chest leads (V, through V)
also adds prognostic information in the presence of inferior
ST-segment elevation, predicting high and low rates of
in-hospital life-threatening complications, respectively
(196).

With reference to electrocardiographic true posterior
MI, new terminology recently has been proposed based
on the standard of cardiac magnetic resonance (CMR)
imaging localization. CMR studies indicate that abnor-
mally increased R waves, the Q-wave equivalent in leads
V; and V,, indicate an MI localized to the lateral LV wall
and that abnormal Q_waves in I and VL (but not V)
indicate a mid-anterior wall MI. Thus, the electrocardio-
graphic terms “posterior” and “high lateral MI” refer to
anatomic “lateral wall MI” and “mid-anterior wall MI”
(198). The impact of these findings and recommenda-
tions for standard electrocardiographic terminology are
unresolved as of this writing.

Several investigators have shown that a gradient of risk of
death and cardiac ischemic events can be established based
on the nature of the ECG abnormality (183,199,200).
Patients with ACS and confounding ECG patterns such as

Downloaded from circ.ahajournals.org by on August 14, 2007


http://circ.ahajournals.org

Anderson et al

bundle-branch block, paced rhythm, or LV hypertrophy are
at the highest risk for death, followed by patients with
ST-segment deviation (ST-segment elevation or depres-
sion); at the lowest risk are patients with isolated T-wave
inversion or normal ECG patterns. Importantly, the prog-
nostic information contained within the ECG pattern
remains an independent predictor of death even after
adjustment for clinical findings and cardiac biomarker
measurements (199-202).

In addition to the presence or absence of ST-segment
deviation or T-wave inversion patterns as noted earlier,
there is evidence that the magnitude of the ECG abnor-
mality provides important prognostic information. Thus,
Lloyd-Jones et al. (203) reported that the diagnosis of acute
non—Q-wave MI was 3 to 4 times more likely in patients
with ischemic discomfort who had at least 3 ECG leads that
showed ST-segment depression and maximal ST depression
of greater than or equal to 0.2 mV. Investigators from the
TIMI III Registry (199) reported that the 1-year incidence
of death or new MI in patients with at least 0.5 mm (0.05
mV) of ST-segment deviation was 16.3% compared with
6.8% for patients with isolated T-wave changes and 8.2%
for patients with no ECG changes.

Physicians frequently seek out a previous ECG for
comparison in patients with suspected ACS. Studies have
demonstrated that patients with an unchanged ECG
have a reduced risk of MI and a very low risk of
in-hospital life-threatening complications even in the
presence of confounding ECG patterns such as LV
hypertrophy (204-206).

Because a single 12-lead ECG recording provides only a
snapshot view of a dynamic process (207), the usefulness of
obtaining serial ECG tracings or performing continuous
ST-segment monitoring has been studied (175,208). Al-
though serial ECGs increase the ability to diagnose UA and
MI (208-212), the yield is higher with serial cardiac
biomarker measurements (212-214). However, identifica-
tion of new injury on serial 12-lead ECG (and not elevated
cardiac biomarkers) is the principal eligibility criterion for
emergency reperfusion therapy, so that monitoring of both
is recommended. Continuous 12-lead ECG monitoring to
detect ST-segment shifts, both symptomatic and asymp-
tomatic, also can be performed with microprocessor-
controlled programmable devices. An injury current was
detected in an additional 16% of chest pain patients in 1
study (213). The identification of ischemic ECG changes
on serial or continuous ECG recordings frequently alters
therapy and provides independent prognostic information
(212,215,216).

2.2.6.2. PHYSICAL EXAMINATION
The major objectives of the physical examination are to
identify potential precipitating causes of myocardial isch-
emia, such as uncontrolled hypertension, thyrotoxicosis, or
gastrointestinal bleeding, and comorbid conditions that
could impact therapeutic risk and decision making, such as
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pulmonary disease and malignancies, as well as to assess the
hemodynamic impact of the ischemic event. Every patient
with suspected ACS should have his or her vital signs
measured (blood pressure in both arms if dissection is
suspected, as well as heart rate and temperature) and should
undergo a thorough cardiovascular and chest examination.
Patients with evidence of LV dysfunction on examination
(rales, S; gallop) or with acute mitral regurgitation have a
higher likelihood of severe underlying CAD and are at a
high risk of a poor outcome. Just as the history of extracar-
diac vascular disease is important, the physical examination
of the peripheral vessels can also provide important prog-
nostic information. The presence of bruits or pulse deficits
that suggest extracardiac vascular disease identifies patients
with a higher likelihood of significant CAD.

Elements of the physical examination can be critical in
making an important alternative diagnosis in patients with
chest pain. In particular, several disorders carry a significant
threat to life and function if not diagnosed acutely. Aortic
dissection is suggested by pain in the back, unequal pulses,
or a murmur of aortic regurgitation. Acute pericarditis is
suggested by a pericardial friction rub, and cardiac tampon-
ade can be evidenced by pulsus paradoxus. Pneumothorax is
suspected when acute dyspnea, pleuritic chest pain, and
differential breath sounds are present.

The importance of cardiogenic shock in patients with
NSTEMI should be emphasized. Although most literature
on cardiogenic shock has focused on STEMI, the SHould
we emergently revascularize Occluded Coronaries for car-
diogenic shocK (SHOCK) study (217) found that approx-
imately 20% of all cardiogenic shock complicating MI was
associated with NSTEMI. The Global Use of Strategies to
Open Occluded Coronary Arteries (GUSTO)-II (218) and
PURSUIT (128) trials found that cardiogenic shock occurs
in up to 5% of patients with NSTEMI and that mortality
rates are greater than 60%. Thus, hypotension and evidence
of organ hypoperfusion can occur and constitute a medical
emergency in NSTEMI.

2.2.7. Noncardiac Causes of Symptoms and Secondary
Causes of Myocardial Ischemia

Information from the initial history, physical examination,
and ECG (Table 6) can enable the physician to classify and
exclude from further assessment patients “not having isch-
emic discomfort.” This includes patients with noncardiac
pain (e.g., pulmonary embolism, musculoskeletal pain, or
esophageal discomfort) or cardiac pain not caused by myo-
cardial ischemia (e.g., acute pericarditis). The remaining
patients should undergo a more complete evaluation of the
secondary causes of UA that might alter management. This
evaluation should include a physical examination for evi-
dence of other cardiac disease, an ECG to screen for
arrhythmias, measurement of body temperature and blood
pressure, and determination of hemoglobin or hematocrit.
Cardiac disorders other than CAD that can cause myocar-
dial ischemia include aortic stenosis and hypertrophic car-
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diomyopathy. Factors that increase myocardial oxygen de-
mand or decrease oxygen delivery to the heart can provoke
or exacerbate ischemia in the presence of significant under-
lying CAD or secondary angina; previously unrecognized
gastrointestinal bleeding that causes anemia is a common
secondary cause of worsening angina or the development of
symptoms of ACS. Acute worsening of chronic obstructive
pulmonary disease (with or without superimposed infection)
can lower oxygen saturation levels sufficiently to intensify
ischemic symptoms in patients with CAD. Evidence of
increased cardiac oxygen demand can be suspected in the
presence of fever, signs of hyperthyroidism, sustained tachy-
arrhythmias, or markedly elevated blood pressure. Another
cause of increased myocardial oxygen demand is arterio-
venous fistula in patients receiving dialysis.

The majority of patients seen in the ED with symptoms
of possible ACS will be judged after their workup not to
have a cardiac problem. One clinical trial of a predictive
instrument evaluated 10,689 patients with suspected ACS
(75). To participate, patients were required to be greater
than 30 years of age with a chief symptom of chest, left arm,
jaw, or epigastric pain or discomfort; shortness of breath;
dizziness; palpitations; or other symptoms suggestive of
acute ischemia. After evaluation, 7,996 patients (75%) were
deemed not to have acute ischemia.

2.2.8. Cardiac Biomarkers of Necrosis and the

Redefinition of AMI

Cardiac biomarkers have proliferated over recent years to
address various facets of the complex pathophysiology of
ACS. Some, like the cardiac troponins, have become essen-
tial for risk stratification of patients with UA/NSTEMI and
for the diagnosis of MI. Others, such as the inflammatory
markers, are opening new perspectives on pathophysiology
and risk stratification, and the use in clinical practice of
selected new markers may be recommended for clinical use
in the near future. Still other promising markers are being
developed as part of translational research and await pro-
spective validation in various populations. New develop-
ments are expected in the fields of proteomic and genomics,
cell markers and circulating microparticles, and microtech-
nology and nanotechnology imaging.

Current markers of necrosis leak from cardiomyocytes
after the loss of membrane integrity and diffuse into the
cardiac interstitium, then into the lymphatics and cardiac
microvasculature. Eventually, these macromolecules, collec-
tively referred to as cardiac biomarkers, are detectable in the
peripheral circulation. Features that favor their diagnostic
performance are high concentrations in the myocardium
and absence in nonmyocardial tissue, release into the blood
within a convenient diagnostic time window and in propor-
tion to the extent of myocardial injury, and quantification
with reproducible, inexpensive, and rapid and easily applied
assays (11). The cardiac troponins possess many of these
features and have gained wide acceptance as the biomarkers

of choice in the evaluation of patients with ACS for
diagnosis, risk stratification, and treatment selection.

The traditional definitions of MI were revisited in 2000
in a consensus document of a joint committee of the
European Society of Cardiology (ESC) and ACC (219) and
at the time of publication is being updated by an expanded
joint task force of the ESC, ACC, AHA, World Heart
Federation (WHF), and World Health Organization. The
new definitions are inspired by the emergence of new highly
sensitive and specific diagnostic methods that allow the
detection of areas of cell necrosis as small as 1 g. Myocardial
necrosis in the task force document is defined by an
elevation of troponin above the 99th percentile of normal.
Myocardial infarction, which is necrosis related to ischemia,
is further defined by the addition to the troponin elevation
of at least 1 of the following criteria: ischemic ST and
T-wave changes, new left bundle-branch block, new Q_
waves, PCl-related marker elevation, or positive imaging for
a new loss of viable myocardium. Myocardial infarction can
still be diagnosed in the absence of measurement of tropo-
nin when there is evidence of a new loss of viable myocar-
dium, ST-segment elevation, or new left bundle-branch
block with sudden cardiac death within 1 h of symptoms, or
a postmortem pathological diagnosis. Coronary artery by-
pass graft-related MI is diagnosed by an increase of cardiac
biomarkers to more than 5 to 10-fold the 99th percentile of
normal, new Q_waves or new left bundle-branch block on
the ECG, or a positive imaging test. The task force further
recommended further defining MI by the circumstances
that cause it (spontaneous or in the setting of a diagnostic or
therapeutic procedure), by the amount of cell loss (infarct
size), and by the timing of MI (evolving, healing, or healed)
(219,220). Providing fold-elevations above normal for di-
agnostic biomarkers, to allow for meaningful comparisons
among clinical trials, is also endorsed.

At the present time, the implications of using the new
ESC/ACC redefinition of MI have not been fully explored,;
much of the present database for UA/NSTEMI derives
from CK/CK-MB-based definitions of MI. Moreover,
troponin assays have rapidly evolved through several gener-
ations over the past decade, becoming increasingly more
sensitive and specific. Thus, it is important to recognize that
the recommendations in this section are formulated from
studies that frequently utilize modified World Health Or-
ganization criteria or definitions of MI based on earlier-
generation troponin assays.

2.2.8.1. CREATINE KINASE-MB

Creatine kinase-MB, a cytosolic carrier protein for high-
energy phosphates, has long been the standard marker for
the diagnosis of MI. Creatine kinase-MB, however, is less
sensitive and less specific for MI than the cardiac troponins.
Low levels of CK-MB can be found in the blood of healthy
persons, and elevated levels occur with damage to skeletal
muscle (221).
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When a cardiac troponin is available, the determination
of CK-MB remains useful in a few specific clinical situa-
tions. One is the diagnosis of early infarct extension (rein-
farction), because the short half-life of CK-MB compared
with troponin permits the detection of a diagnostic new
increase after initial peak. Although routine determination
of CK-MB has been suggested for the diagnosis of an
eventual infarct extension, a single CK-MB determination
obtained when symptoms recur may serve as the baseline
value for comparison with samples obtained 6 to 12 h later.
Another situation is the diagnosis of a periprocedural MI,
because the diagnostic and prognostic value of CK-MB in
these situations has been extensively validated. When as-
sessed, CK-MB should be measured by mass immunoassays
and not by other methods previously used (222). The use of
other, older biochemistry assays of nonspecific markers such
as alanine transaminase, aspartate transaminase, and lactate
dehydrogenase should generally be avoided in contemporary
practice.

2.2.8.2. CARDIAC TROPONINS

The troponin complex consists of 3 subunits: T (TnT), I
(Tnl), and C (TnC) (223). The latter is expressed by both
cardiac and skeletal muscle, whereas TnT and Tnl are
derived from heart-specific genes. Therefore, the term
“cardiac troponins” (cTn) in these guidelines refers specifi-
cally to either ¢I'nT or ¢Tnl. Cardiac troponin as a
biomarker provides robust results that are highly sensitive
and specific in detecting cell necrosis; an early release is
attributable to a cytosolic pool and a late release to the
structural pool (219,224).

Because ¢TnT and c¢Tnl generally are not detected in the
blood of healthy persons, the cutoff value for elevated ¢T'nT
and c¢T'nl levels may be set to slightly above the upper limit
of the performance characteristics of the assay for a normal
healthy population. High-quality analytic methods are
needed to achieve these high standards (225). One issue
with the use of ¢Tnl is the multiplicity of existing assays
that have different analytical sensitivities, some being unable
to detect the lower values with a reasonable precision (226).
Physicians therefore need to know the sensitivity of the tests
used for Tnl in their hospitals at the cutoff concentrations
used for clinical decisions. Such heterogeneity does not exist
for ¢TnT, which exists as a single test; this test is now a
third-generation immunoassay that uses recombinant
monoclonal human antibodies (224). Rare patients may
have blocking antibodies to part of the troponin molecule,
which would result in false-negative results (227).

2.2.8.2.1. CLINICAL USE

Although troponins can be detected in blood as early as 2 to
4 h after the onset of symptoms, elevation can be delayed for
up to 8 to 12 h. This timing of elevation is similar to that of
CK-MB but persists longer, for up to 5 to 14 d (Fig. 5). An
increasing pattern in serial levels best helps determine
whether the event is acute, distinct from a previous event,
subacute, or chronic.
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The proportion of patients showing a positive ¢Tn value
depends on the population of patients under evaluation.
Approximately 30% of patients with typical rest chest
discomfort without ST-segment elevation who would be
diagnosed as having UA because of a lack of CK-MB
elevation actually have NSTEMI when assessed with
cardiac-specific troponin assays. The diagnosis of MI in the
community at large when ¢Tn is used results in a large
increase in the incidence of MIs, by as much as 41%
compared with use of only CK-MB alone, and a change in
the case mix, with a survival rate that is better than that of
MI identified by the previous criteria (228). Troponin
elevation conveys prognostic information beyond that sup-
plied by the clinical characteristics of the patient, the ECG
at presentation, and the predischarge exercise test
(200,201,229-231). Furthermore, a quantitative relation-
ship exists between the amount of elevation of ¢I'n and the
risk of death (200,201) (Fig. 6). The incremental risk of
death or MI in troponin-positive versus troponin-negative
patients is summarized in Table 9. It should be cautioned,
however, that cT'n should not be used as the sole marker of
risk, because patients without troponin elevations can still
have a substantial risk of an adverse outcome.
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Figure 5. Timing of Release of Various Biomarkers
After Acute Myocardial Infarction

The biomarkers are plotted showing the multiples of the cutoff for acute myocardial
infarction (AMI) over time. The dashed horizontal line shows the upper limit of nor-
mal (ULN; defined as the 99th percentile from a normal reference population with-
out myocardial necrosis; the coefficient of variation of the assay should be 10% or
less). The earliest rising biomarkers are myoglobin and CK isoforms (leftmost
curve). CKMB (dashed curve) rises to a peak of 2 to 5 times the ULN and typically
returns to the normal range within 2 to 3 d after AMI. The cardiac-specific troponins
show small elevations above the ULN in small infarctions (e.g., as is often the
case with NSTEMI) but rise to 20 to 50 times the ULN in the setting of large infarc-
tions (e.g., as is typically the case in STEMI). The troponin levels may stay elevated
above the ULN for 7 d or more after AMI. Modified from Shapiro BP, Jaffe AS. Car-
diac biomarkers. In: Murphy JG, Lloyd MA, editors. Mayo Clinic Cardiology: Concise
Textbook. 3rd ed. Rochester, MN: Mayo Clinic Scientific Press and New York:
Informa Healthcare USA, 2007:773-80 (70). Used with permission of Mayo Foun-
dation for Medical Education and Research. CK = creatine kinase; CKMB = MB
fraction of creatine kinase; CV = coefficient of variation; Ml = myocardial infarc-
tion; NSTEMI = non-ST-elevation myocardial infarction; UA/NSTEMI = unstable
angina/non-ST-elevation myocardial infarction.
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Figure 6. Troponin I Levels to Predict the Risk
of Mortality in Acute Coronary Syndromes

Mortality rates are at 42 d (without adjustment for baseline characteristics) in
patients with acute coronary syndrome. The numbers at the bottom of each bar are
the numbers of patients with cardiac troponin | levels in each range, and the num-
bers above the bars are percentages. p less than 0.001 for the increase in the
mortality rate (and the risk ratio for mortality) with increasing levels of cardiac tro-
ponin | at enroliment. Reprinted with permission from Antman EM, Tanasijevic MJ,
Thompson B, et al. Cardiac-specific troponin | levels to predict the risk of mortality
in patients with acute coronary syndromes. N Engl J Med 1996;335:1342-9 (201).
Copyright © 1996 Massachusetts Medical Society. All rights reserved.

Although ¢Tn accurately identifies myocardial necrosis, it
does not inform as to the cause or causes of necrosis; these
can be multiple (224) and include noncoronary causes such
as tachyarrhythmia, cardiac trauma by interventions, chest
trauma from motor vehicle accidents, HF, LV hypertrophy,
myocarditis, and pericarditis, as well as severe noncardiac
conditions such as sepsis, burns, respiratory failure, acute
neurological diseases, pulmonary embolism, pulmonary hy-
pertension, drug toxicity, cancer chemotherapy, and renal

insufficiency (230). Therefore, in making the diagnosis of

NSTEMI, cTns should be used in conjunction with other
criteria of MI, including characteristics of the ischemic
symptoms and the ECG.

In all of these situations, equivalent information is gen-
erally obtained with ¢T'nl and ¢TnT, except in patients with
renal dysfunction, in whom cTnl assessment appears to
have a specific role (227). Among patients with end-stage
renal disease and no clinical evidence of acute myocardial
necrosis, 15% to 53% show increased cT'nT, but fewer than
10% have increased ¢T'nl; dialysis generally increases cI'nT
but decreases cT'nl. The exact reasons for the high rates of
elevation in the ¢Tn, especially ¢T'nT, in renal failure are not
clear; they can relate to cardiac damage, differential clear-
ance, or to other biochemical or metabolic abnormalities (227).
Whatever the reasons and the sources, an elevation of ¢Tn,
including ¢TnT, in patients with renal insufficiency is associ-
ated with a higher risk of morbidity regardless of the presence
of cardiac symptoms or documented CAD. Among 7,033
patients enrolled in the GUSTO 1V trial with suspected ACS,
TnT level was independently predictive of risk across the entire
spectrum of renal function enrolled (233).

Aggressive preventive measures for patients with renal
insufficiency have been suggested, because most deaths in
renal failure are of cardiac origin (227). Unfortunately, some
standard therapies, such as lipid lowering with statins or PCI,
have been less effective in improving survival in certain patient
populations with advanced renal insufficiency (234,235). Fur-
thermore, patients with suspected UA/NSTEMI have partic-
ularly unfavorable outcomes when in renal failure, with an
event rate that correlates with the decrease in creatinine
clearance (236—239). A sequential change in ¢T'n levels in the
first 24 h of observation for a suspected ACS supports new
myocardial injury, whereas unchanging levels are more consis-
tent with a chronic disease state without ACS.

Table 9. Risk of Death Associated With a Positive Troponin Test in Patients With Suspected ACS

Events/Total
Subgroup Negative Troponin Positive Troponin Summary RR 95% CI No. of Studies

TnT

Total death 32/1,187 46/473 3.1 2.0t0 4.9 5

Cardiac death 31/1,689 52/744 3.8 2.4t06.0 7

UA patients* 21/397 26/198 25 1.4t045 5

Chest pain patients* 43/2,479 73/1,019 4.0 2.7t05.9 7
Tnl

Total death 34/1,451 49/815 3.1 2.0t0 4.9 3

Cardiac death 3/905 26/384 25.0 11 to 55 2

UA patients* 2/70 2/22 3.2 0.3to 40 1

Chest pain patients* 35/2,286 73/1,477 51 3.4t07.6 4
TnT and Tnl combinedt

Total death 42/2,088 69/1,068 3.3 22t04.8 7

Cardiac death 28/1,641 55/792 5.0 3.2t0 7.9

*Qutcomes of cardiac death and total death are pooled. +Some studies provided both troponin T (TnT) and | (Tnl) data. For the combined analysis, data from 1 marker were chosen randomly. Reprinted
with permission from Heidenreich PA, Go A, Melsop KA, et al. Prediction of risk for patients with unstable angina. Evidence Report/Technology Assessment No. 31 (prepared by the UCSF-Stanford
Evidence-Based Practice Center under contract no. 290-97-0013). AHRQ publication no. 01-EO01. Rockville, MD: Agency for Healthcare Research and Quality, December 2000. Available at:
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=hstatl.chapter.45627. Accessed August 10, 2006 (232).

ACS = acute coronary syndrome; Cl = confidence interval; RR = relative risk; UA = unstable angina.
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Troponin elevation has important therapeutic implica-
tions. It permits the identification of high-risk patients and
of subsets of patients who will benefit from specific thera-
pies. Thus, among patients with UA/NSTEMI, those with
elevated ¢T'n benefit from treatment with platelet GP
IIb/IIIa inhibitors, whereas those without such elevation
may not benefit or may even experience a deleterious effect.
For example, in the ¢7E3 Fab Antiplatelet Therapy in
Unstable Refractory Angina (CAPTURE) trial, the rates of
death or nonfatal MI with ¢T'nT elevation were 23.9% with
placebo versus 9.5% with abciximab (p = 0.002) (240).
Similar results have been reported for ¢Tnl and ¢T'nT with
use of tirofiban (241). The benefit of LMWH was also
greater in UA/NSTEMI patients with positive ¢T'n. In the
Fragmin during Instability in Coronary Artery Disease
(FRISC) trial, the rates of death or nonfatal MI through 40
d increased progressively in the placebo group from 5.7% in
the lowest tertile to 12.6% and 15.7% in the second and
third tertiles, respectively, compared with rates of 4.7%,
5.7%, and 8.9%, respectively, in the dalteparin group, which
represents risk reductions in events by increasing tertiles of
17.5%, 43%, and 55% (242). Similar differential benefits
were observed with enoxaparin versus unfractionated hepa-
rin (UFH) in the ESSENCE trial (169). By contrast and of
interest, patients with UA/NSTEMI but without elevated
cT'nT in the Clopidogrel in Unstable angina to prevent
Recurrent ischemic Events (CURE) trial benefited as much
from clopidogrel, a platelet P2Y12 adenosine diphosphate
(ADP) receptor inhibitor, as patients with elevated levels
(243). The placebo-controlled Intracoronary Stenting and
Antithrombotic Regimen—Rapid Early Action for Coronary
Treatment (ISAR-REACT)-2 trial compared triple-
antiplatelet therapy with ASA, clopidogrel, and abciximab
to double therapy with ASA and clopidogrel in patients
with UA/NSTEMI undergoing PCI; 52% of patients were
troponin positive, and 48% were troponin negative. The
30-d event rates were similar at 4.6% in patients with
normal ¢T'nT levels but were reduced by close to 30% with
the triple therapy (13.1% vs. 18.3%) in patients with
elevated levels (244). The reasons for the differential benefit
could pertain to a benefit that does not emerge in the
low-risk patient, or that is overshadowed by complications
related to treatment.

Such also appears to be the case with the GP IIb/Illa
antagonists and with an invasive management strategy that
includes application of interventional procedures. Indeed, in 2
trials that compared an early routine invasive strategy to a
routine noninvasive strategy, the FRISC-II and Treat Angina
with Aggrastat and determine Cost of Therapy with Invasive
or Conservative Strategy (TACTICS) TIMI-18 trials, patients
who profited from the early invasive treatment strategy were
those at high risk as determined by ¢I'nT levels and the
admission ECG. In the FRISC study, the invasive strategy
reduced the 12-month risk of death or MI by 40% (13.2% vs.
22.1%, p = 0.001) in the cohort with both ST depression and
a cI'nT level of 0.03 mcg per liter or greater, but the absolute
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gain of the invasive strategy was insignificant in the cohorts
with either ST depression, ¢T'nT level elevation, or neither of
these findings (245). In the TACTICS TIMI-28 study,
subgroups of patients with no ECG changes, a low TIMI
score, and no cIn elevation showed no benefit from the
invasive strategy, whereas those with positive ¢I'n, indepen-
dent of the presence of elevated CK-MB levels, showed
markedly reduced odds of adverse clinical events of 0.13 at 30
d (95% confidence interval [CI] = 0.04 to 0.39) and 0.29 at
180 d (95% CI = 0.16 to 0.52) (246).

228211 CLINICAL UsE oF MARKER CHANGE SCOREs. A
newer method to both identify and exclude MI within 6 h
of symptoms is to rely on changes in serum marker levels
(delta values) over an abbreviated time interval (e.g., 2 h) as
opposed to the traditional approach of performing serial
measurements over 6 to 8 h (212,214,247-250). Because
assays are becoming more sensitive and precise, this method
permits the identification of increasing values while they are
still in the normal or indeterminate range of the assay. By
relying on delta values for the identification or exclusion of
MI, higher-risk patients with positive delta values can be
selected earlier for more aggressive anti-ischemic therapy
(e.g., GP IIb/IIIa inhibitors), and lower-risk patients with
negative delta values can be considered for early stress
testing (212,214,249-251). One study of 1,042 patients
found the addition of a 3-h delta CK-MB to result in a
sensitivity of 93% and a specificity of 94% for MI (248). In
another study of 2,074 consecutive ED chest pain patients,
a 2-h delta CK-MB in conjunction with a 2-h delta
troponin I measurement had a sensitivity for acute MI of
93% and specificity of 94% in patients whose initial ECG
was nondiagnostic for injury. When combined with physi-
cian judgment and selective nuclear stress testing, the
sensitivity for MI was 100% with specificity of 82%, and the
sensitivity for 30-d ACS was 99.1% with specificity of 87%
(214). Because there are no manufacturer-recommended delta
cutoff values, the appropriate delta values for identification
and exclusion of MI should take into account the sensitivity
and precision of the specific assay utilized and should be
confirmed by in-house studies. It also is important for delta
values to be measured on the same instrument owing to
subtle variations in calibration among individual instru-
ments, even of the same model.

Another method to exclude MI within 6 h of symptom
onset is the multimarker approach, which utilizes the serial
measurement of myoglobin (i.e., a very early marker) in
combination with the serial measurements of ¢I'n and/or
CK-MB (ie., a later marker) (252-256). Studies have
reported that multimarker measurements at baseline and 90
min have a sensitivity for MI of approximately 95% with a
high negative predictive value, thus allowing for the early
exclusion of MI when combined with clinical judgment
(254,255). However, because of the low specificity of the
multimarker strategy (mainly due to the lower specificity of
myoglobin), a positive multimarker test is inadequate to
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diagnose MI and requires confirmation with a later-
appearing definitive marker (254,257).

228212 BEDSIDE TESTING FOR CARDIAC MARKERs. Car-
diac markers can be measured in the central chemistry
laboratory or with point-of-care instruments in the ED with
desktop devices or handheld bedside rapid qualitative assays
(229). When a central laboratory is used, results should be
available as soon as possible, with a goal of within 60 min.
Point-of-care systems, if implemented at the bedside, have
the advantage of reducing delays due to transportation and
processing in a central laboratory and can eliminate delays
due to the lack of availability of central laboratory assays at
all hours. Certain portable devices can simultaneously mea-
sure myoglobin, CK-MB, and troponin I (249). These
advantages of point-of-care systems must be weighed
against the need for stringent quality control and appropri-
ate training of ED personnel in assay performance and the
higher costs of point-of-care testing devices relative to
determinations in the central laboratory. In addition, these
point-of-care assays at present are qualitative or, at best,
semiquantitative. To date, bedside testing has not succeeded
in becoming widely accepted or applied.

2.2.8.3. MYOGLOBIN AND CK-MB SUBFORMS COMPARED WITH TROPONINS
Myoglobin, a low-molecular-weight heme protein found in
both cardiac and skeletal muscle, is not cardiac specific, but
it is released more rapidly from infarcted myocardium than
are CK-MB and ¢Tn and can be detected as early as 2 h
after the onset of myocardial necrosis. However, the clinical
value of serial determinations of myoglobin for the diagnosis
of MI is limited by its brief duration of elevation of less than
24 h. Thus, an isolated early elevation in patients with a
nondiagnostic ECG should not be relied on to make the
diagnosis of MI but should be supplemented by a more
cardiac-specific marker (258). Creatine kinase-MB sub-
torms are also efficient for the early diagnosis of MI and
have a similar specificity to that of CK-MB but require
special expertise, with no real advantage over better stan-
dardized and more easily applied ¢T'n testing.

2.2.8.4. SUMMARY COMPARISON OF BIOMARKERS OF NECROSIS: SINGLY AND
IN COMBINATION

Table 10 compares the advantages and disadvantages of
cardiac biomarkers of necrosis that are currently used for the
evaluation and management of patients with suspected ACS
but without ST-segment elevation on the 12-lead ECG.
Given the overlapping time frame of the release pattern of
cardiac biomarkers, it is important that clinicians incorpo-
rate the time from the onset of the patient’s symptoms into
their assessment of the results of biomarker measurements
(11,252,259,260) (Fig. 5).

Many patients with suspected ACS have combined as-
sessments of troponin and CK-MB. When baseline tropo-
nin and CK-MB were used together for diagnostic and risk
assessment across the spectrum of chest pain syndromes in
a large database that consisted of several clinical trials, those

with positive results for both markers were at highest
short-term (24 h and 30 d) risk of death or MI (261).
However, those with baseline troponin elevation without
CK-MB elevation also were at increased 30-d risk, whereas
risk with isolated CK-MB elevation was lower and not
significantly different than if both markers were negative
261).

In summary, the ¢T'ns are currently the markers of choice
for the diagnosis of MI. They have a sensitivity and
specificity as yet unsurpassed, which allows for the recogni-
tion of very small amounts of myocardial necrosis. These
small areas of infarction are the consequence of severe
ischemia and/or distal microembolization of debris from an
unstable thrombogenic plaque. The unstable plaques are
likely responsible for the high-risk situation. Thus, ¢T'ns as
biomarkers are not only markers of cell necrosis but also of
an active thrombogenic plaque, and hence, they indicate
prognosis and are useful in guiding therapies. Although not
quite as sensitive or specific as the ¢I'ns, CK-MB by mass
assay is a second-choice marker that remains useful for the
diagnosis of MI extension and of periprocedural MI. Rou-
tine use of myoglobin and other markers is not generally
recommended.

Because many methods exist, many with multiple test
generations, for cardiac biomarker testing in practice and in
published reports, physicians should work with their clinical
laboratories to ensure use of and familiarity with contem-
porary test technology, with appropriate, accurate ranges of
normal and diagnostic cutoffs, specific to the assay used.

2.2.9. Other Markers and Multimarker Approaches

Besides markers of myocardial necrosis, markers of patho-
physiological mechanisms implicated in ACS are under
investigation and could become useful to determine patho-
physiology, individualize treatment, and evaluate therapeu-
tic effects. In considering the clinical application of new
biomarkers, it is important to determine that they provide
incremental value over existing biomarkers. A multimarker
approach to risk stratification of UA/NSTEMI (e.g., simul-
taneous assessment of ¢ I'nl, C-reactive protein [CRP], and
BNP) has been advocated as a potential advance over single
biomarker assessment (262,263). Further evaluation of a
multimarker approach will be of interest.

2.2.9.1. ISCHEMIA

Other new biochemical markers for the detection of myo-
cardial necrosis are either less useful or have been less well
studied than those mentioned above. An example is
ischemia-modified albumin found soon after transient cor-
onary occlusion and preceding any significant elevations in
myoglobin, CK-MB, or c¢Tnl. This modified albumin
depends on a reduced capacity of human albumin to bind
exogenous cobalt during ischemia (264,265). Choline is
released upon the cleavage of phospholipids and could also
serve as a marker of ischemia. Growth-differentiation
factor-15 (GDF-15), a member of the transforming growth
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Table 10. Biochemical Cardiac Markers for the Evaluation and Management of
Patients With Suspected ACS But Without ST-Segment Elevation on 12-Lead ECG

Point-of-Care

Test Clinical
Marker Advantages Disadvantages Available? Comment Recommendation
Cardiac troponins 1. Powerful tool for risk stratification 1. Low sensitivity in very Yes Data on diagnostic Useful as a single test
2. Greater sensitivity and specificity early phase of Ml performance and potential to efficiently
than CK-MB (less than 6 h after therapeutic implications diagnose NSTEMI
3. Detection of recent Ml up to symptom onset) and increasingly available from (including minor
2 weeks after onset requires repeat clinical trials myocardial
4. Useful for selection of therapy measurement at 8 to damage), with
5. Detection of reperfusion 12 h, if negative serial
2. Limited ability to measurements.
detect late minor Clinicians should
reinfarction familiarize
themselves with
diagnostic “cutoffs”
used in their local
hospital laboratory
CK-MB 1. Rapid, cost-efficient, accurate 1. Loss of specificity Yes Familiar to majority of Prior standard and
assays in setting of skeletal clinicians still acceptable
2. Ability to detect early reinfarction muscle disease or diagnostic test in
injury, including most clinical
surgery circumstances
2. Low sensitivity during
very early Ml (less than
6 h after symptom
onset) or later after
symptom onset (more
than 36 h) and for
minor myocardial
damage (detectable
with troponins)
Myoglobin 1. High sensitivity 1. Very low specificity in Yes More convenient early marker
2. Useful in early detection of M| setting of skeletal than CK-MB isoforms
3. Detection of reperfusion muscle injury or because of greater
4. Most useful in ruling out Mi disease availability of assays for
2. Rapid return to normal myoglobin; rapid-release

range limits sensitivity
for later presentations

kinetics make myoglobin
useful for noninvasive
monitoring of reperfusion
in patients with established
Mi

ACS = acute coronary syndrome; CK-MB = MB fraction of creatine kinase; ECG = electrocardiogram; h = hours; Ml = myocardial infarction; NSTEMI = non-ST-elevation MI.

factor-B cytokine superfamily that is induced after
ischemia-and-reperfusion injury, is a new biomarker that
has been reported to be of incremental prognostic value for

death in patients with UA/NSTEMI (265a).

2.2.9.2. COAGULATION

Markers of activity of the coagulation cascade, including
elevated plasma levels of fibrinogen, the prothrombin
fragments, fibrinopeptide, and D-dimers, are elevated in
ACS but have little discriminative ability for a specific patho-
physiology, diagnosis, or treatment assessments (266,267). In
experimental studies, markers of thrombin generation are
blocked by anticoagulants but reactivate after their discon-
tinuation (268) and are not affected by clopidogrel (269).

2.2.9.3. PLATELETS

Platelet activation currently is difficult to assess directly in
vivo. New methods, however, are emerging that should
allow a better and more efficient appraisal of their state of

activation and of drug effects (270-272). Alternative mark-
ers of platelet activity are also being studied, including
CD40L, platelet-neutrophil coaggregates, P-selectin, and

platelet microparticles.

2.2.9.4. INFLAMMATION

Systemic markers of inflammation are being widely studied
and show promise for providing additional insights into
pathophysiological mechanisms proximal to and triggering
thrombosis, as well as suggesting novel therapeutic ap-
proaches. White blood cell counts are elevated in patients
with MI, and this elevation has prognostic implications.
Patients without biochemical evidence of myocardial necro-
sis but who have elevated CRP levels on admission or past
the acute-phase reaction after 1 month and who have values
in the highest quartile are at an increased risk of an adverse
outcome (273-275). Elevated levels of interleukin-6, which
promotes the synthesis of CRP, and of other proinflamma-
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tory cytokines also have been studied for their prognostic
value (276). Other potentially useful markers are levels of
circulating soluble adhesion molecules, such as intercellular
adhesion molecule-1, vascular cell adhesion molecule-1, and
E-selectin (277); the pregnancy-associated plasma protein-A,
which is a zinc-binding matrix metalloproteinase released
with neorevascularization and believed to be a marker of
incipient plaque rupture (278); myeloperoxidase, a
leukocyte-derived protein that generates reactive oxidant
species that contribute to tissue damage, inflammation, and
immune processes within atherosclerotic lesions (279); and
others. At this writing, none of these have been adequately
studied or validated to be recommended for routine clinical

application in UA/NSTEMIL

2.2.9.5. B-TYPE NATRIURETIC PEPTIDES

One newer biomarker of considerable interest that now may
be considered in the guidelines recommendations is BNP.
B-type natriuretic peptide is a cardiac neurohormone re-
leased upon ventricular myocyte stretch as proBNP, which
is enzymatically cleaved to the N-terminal proBNP (NT-
proBNP) and, subsequently, to BNP. The usefulness of
assessing this neurohormone was first shown for the diag-
nosis and evaluation of HF. Since then, numerous prospec-
tive studies and data from large data sets have documented
its powerful prognostic value independent of conventional
risk factors for mortality in patients with stable and unstable
CAD (263,280-284). A review of available studies in ACS
showed that when measured at first patient contact or
during the hospital stay, the natriuretic peptides are strong
predictors of both short- and long-term mortality in pa-
tients with STEMI and UA/NSTEMI (280). Increasing
levels of NT-proBNP are associated with proportionally
higher short- and long-term mortality rates; at 1 year,
mortality rates with increasing quartiles were 1.8%, 3.9%,
7.7%, and 19.2%, respectively (p less than 0.001) in the
GUSTO-1V trial of 6,809 patients (284). This prognostic
value was independent of a previous history of HF and of
clinical or laboratory signs of LV dysfunction on admission
or during hospital stay (280). B-type natriuretic peptide and
NT-proBNP levels can now be measured easily and rapidly

in most hospital laboratories.
2.3. Immediate Management

RECOMMENDATIONS

CLASS |

1. The history, physical examination, 12-lead ECG, and initial cardiac
biomarker tests should be integrated to assign patients with chest
pain into 1 of 4 categories: a noncardiac diagnosis, chronic stable
angina, possible ACS, and definite ACS. (Level of Evidence: C)

2. Patients with probable or possible ACS but whose initial 12-lead
ECG and cardiac biomarker levels are normal should be observed in
a facility with cardiac monitoring (e.g., chest pain unit or hospital
telemetry ward), and repeat ECG (or continuous 12-lead ECG mon-
itoring) and repeat cardiac biomarker measurement(s) should be

obtained at predetermined, specified time intervals (see Section
2.2.8). (Level of Evidence: B)

3. In patients with suspected ACS in whom ischemic heart disease is
present or suspected, if the follow-up 12-lead ECG and cardiac
biomarkers measurements are normal, a stress test (exercise or
pharmacological) to provoke ischemia should be performed in the
ED, in a chest pain unit, or on an outpatient basis in a timely
fashion (within 72 h) as an alternative to inpatient admission.
Low-risk patients with a negative diagnostic test can be managed
as outpatients. (Level of Evidence: C)

4. In low-risk patients who are referred for outpatient stress testing
(see above), precautionary appropriate pharmacotherapy (e.g., ASA,
sublingual NTG, and/or beta blockers) should be given while await-
ing results of the stress test. (Level of Evidence: C)

5. Patients with definite ACS and ongoing ischemic symptoms, posi-
tive cardiac biomarkers, new ST-segment deviations, new deep
T-wave inversions, hemodynamic abnormalities, or a positive stress
test should be admitted to the hospital for further management.
Admission to the critical care unit is recommended for those with
active, ongoing ischemia/injury or hemodynamic or electrical insta-
bility. Otherwise, a telemetry step-down unit is reasonable. (Level of
Evidence: C)

6. Patients with possible ACS and negative cardiac biomarkers who
are unable to exercise or who have an abnormal resting ECG should
undergo a pharmacological stress test. (Level of Evidence: B)

7. Patients with definite ACS and ST-segment elevation in leads V, to
Vg due to left circumflex occlusion should be evaluated for immedi-
ate reperfusion therapy. (Level of Evidence: A)

8. Patients discharged from the ED or chest pain unit should be given
specific instructions for activity, medications, additional testing, and
follow-up with a personal physician. (Level of Evidence: C)

CLASS lla

In patients with suspected ACS with a low or intermediate probability of
CAD, in whom the follow-up 12-lead ECG and cardiac biomarkers
measurements are normal, performance of a noninvasive coronary
imaging test (i.e., CCTA) is reasonable as an alternative to stress
testing. (Level of Evidence: B)

By integrating information from the history, physical
examination, 12-lead ECG, and initial cardiac biomarker
tests, clinicians can assign patients to 1 of 4 categories:
noncardiac diagnosis, chronic stable angina, possible ACS,
and definite ACS (Fig. 2).

Patients who arrive at a medical facility in a pain-free
state, have unchanged or normal ECGs, are hemodynami-
cally stable, and do not have elevated cardiac biomarkers
represent more of a diagnostic than an urgent therapeutic
challenge. Evaluation begins in these patients by obtaining
information from the history, physical examination, and
ECG (Tables 6 and 7) to be used to confirm or reject the
diagnosis of UA/NSTEMI.

Patients with a low likelihood of CAD should be evalu-
ated for other causes of the noncardiac presentation, includ-
ing musculoskeletal pain; gastrointestinal disorders, such as
esophageal spasm, gastritis, peptic ulcer disease, or chole-
cystitis; intrathoracic disease, such as musculoskeletal dis-
comfort, pneumonia, pleurisy, pneumothorax, pulmonary
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embolus, dissecting aortic aneurysm, myocarditis, or peri-
carditis; and neuropsychiatric disease, such as hyperventila-
tion or panic disorder (Fig. 2, B1). Patients who are found
to have evidence of 1 of these alternative diagnoses should
be excluded from management with these guidelines and
referred for appropriate follow-up care (Fig. 2, C1). Reas-
surance should be balanced with instructions to return for
further evaluation if symptoms worsen or if the patient fails
to respond to symptomatic treatment. Chronic stable angina
may also be diagnosed in this setting (Fig. 2, B2), and
patients with this diagnosis should be managed according to
the ACC/AHA 2002 Guideline Update for the Manage-
ment of Patients With Chronic Stable Angina (4).

Patients with possible ACS (Fig. 2, B3 and D1) are
candidates for additional observation in a specialized facility
(e.g., chest pain unit) (Fig. 2, E1). Patients with definite
ACS (Fig. 2, B4) are triaged on the basis of the pattern of
the 12-lead ECG. Patients with ST-segment elevation (Fig.
2, C3) are evaluated for immediate reperfusion therapy (Fig.
2, D3) and managed according to the ACC/AHA Guide-
lines for the Management of Patients With ST-Elevation
Myocardial Infarction (1), whereas those without ST-
segment elevation (Fig. 2, C2) are either managed by
additional observation (Fig. 2, E1) or admitted to the
hospital (Fig. 2, H3). Patients with low-risk ACS (Table 6)
without transient ST-segment depressions greater than or
equal to 0.05 mV (0.5 mm) or T-wave inversions greater
than or equal to 0.2 mV (2 mm), without positive cardiac
biomarkers, and with a negative stress test or CCTA (Fig.
2, H1) may be discharged and treated as outpatients (Fig. 2,
11). Low-risk patients may have a stress test within 3 d of
discharge.

2.3.1. Chest Pain Units

To facilitate a more definitive evaluation while avoiding the
unnecessary hospital admission of patients with possible
ACS (Fig. 2, B3) and low-risk ACS (Fig. 2, F1), as well as
the inappropriate discharge of patients with active myocar-
dial ischemia without ST-segment elevation (Fig. 2, C2),
special units have been established that are variously referred
to as “chest pain units” and “short-stay ED coronary care
units.” Personnel in these units use critical pathways or
protocols designed to arrive at a decision about the presence
or absence of myocardial ischemia and, if present, to
characterize it further as UA or NSTEMI and to define the
optimal next step in the care of the patient (e.g., admission,
acute intervention) (87,214,285,286). The goal is to arrive at
such a decision after a finite amount of time, which usually
is between 6 and 12 h but may extend up to 24 h depending
on the policies in individual hospitals. Typically, the patient
undergoes a predetermined observation period with serial
cardiac biomarkers and ECGs. At the end of the observa-
tion period, the patient is reevaluated and then generally
undergoes functional cardiac testing (e.g., resting nuclear
scan or echocardiography) and/or stress testing (e.g., tread-
mill, stress echocardiography, or stress nuclear testing) or
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noninvasive coronary imaging study (ie., CCTA) (see
Section 2.3.2). Those patients who have a recurrence of
chest pain strongly suggestive of ACS, a positive biomarker
value, a significant ECG change, or a positive functional/
stress test or CCTA are generally admitted for inpatient
evaluation and treatment. Although chest pain units are
useful, other appropriate observation areas in which patients
with chest pain can be evaluated may be used as well, such
as a section of the hospital’s cardiac telemetry ward.

The physical location of the chest pain unit or the site
where patients with chest pain are observed is variable,
ranging from a specifically designated area of the ED to a
separate hospital unit with the appropriate equipment to
observational status (24-h admission) on a regular hospital
telemetry ward (287). Similarly, the chest pain unit may be
administratively a part of the ED and staffed by emergency
physicians or may be administered and staffed separately or
as part of the hospital cardiovascular service. Capability of
chest pain units generally includes continuous monitoring of
the patient’s ECG, ready availability of cardiac resuscitation
equipment and medications, and appropriate staffing with
nurses and physicians. The ACEP has published guidelines
that recommend a program for the continuous monitoring
of outcomes of patients evaluated in such units and the
impact on hospital resources (288). A consensus panel
statement from ACEP emphasized that chest pain units
should be considered as part of a multifaceted program that
includes efforts to minimize patient delays in seeking med-
ical care and delays in the ED itself (288).

It has been reported, both from studies with historical
controls and from randomized trials, that the use of chest
pain units is cost-saving compared with an in-hospital
evaluation to “rule out MI” (289,290). The potential cost
savings of a chest pain unit varies depending on the practice
pattern for the disposition of chest pain patients at individ-
ual hospitals (289). Hospitals with a high admission rate of
low-risk patients to rule out MI (70% to 80%) will experi-
ence the largest cost savings by implementing a chest pain
unit approach but will have the smallest impact on the
number of missed MI patients. In contrast, hospitals with
relatively low admission rates of such patients (30% to 40%)
will experience greater improvements in the quality of care
because fewer MI patients will be missed but will experience
a smaller impact on costs because of the low baseline
admission rate.

Farkouh et al. (102) extended the use of a chest pain unit
in a separate portion of the ED to include patients at an
intermediate risk of adverse clinical outcome on the basis of
the previously published Agency for Healthcare Research
and Quality guidelines for the management of UA (124)
(Table 7). They reported a 46% reduction in the ultimate
need for hospital admission in intermediate-risk patients
after a median stay of 9.2 h in the chest pain unit. Extension
of the use of chest pain units to intermediate-risk patients in
an effort to reduce inpatient costs is facilitated by making
available diagnostic testing modalities such as treadmill
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testing and stress imaging (echocardiographic, nuclear, or
magnetic resonance) or CCTA 7 d a week (291).

Patients with chest discomfort for whom a specific
diagnosis cannot be made after a review of the history,
physical examination, initial 12-lead ECG, and cardiac
biomarker data should undergo a more definitive evaluation.
Several categories of patients should be considered accord-
ing to the algorithm shown in Figure 2:

e Patients with possible ACS (Fig. 2, B3) are those who
had a recent episode of chest discomfort at rest not
entirely typical of ischemia but who are pain free when
initially evaluated, have a normal or unchanged ECG,
and have no elevations of cardiac biomarkers.

o Patients with a recent episode of typical ischemic dis-
comfort that either is of new onset or is severe or that
exhibits an accelerating pattern of previous stable angina
(especially if it has occurred at rest or is within 2 weeks of
a previously documented MI) should initially be consid-
ered to have a “definite ACS” (Fig. 2, B4). However,
such patients may be at a low risk if their ECG obtained
at presentation has no diagnostic abnormalities and the
initial serum cardiac biomarkers (especially cardiac-
specific troponins) are normal (Fig. 2, C2 and D1). As
indicated in the algorithm, patients with either “possible
ACS” (Fig. 2, B3) or “definite ACS” (Fig. 2, B4) but
with nondiagnostic ECGs and normal initial cardiac
markers (Fig. 2, D1) are candidates for additional obser-
vation in the ED or in a specialized area such as a chest
pain unit (Fig. 2, E1). In contrast, patients who present
without ST-segment elevation but who have features
indicative of active ischemia (ongoing pain, ST-segment
and/or T-wave changes, positive cardiac biomarkers, or
hemodynamic instability; Fig. 2, D2) should be admitted
to the hospital (Fig. 2, H3).

2.3.2. Discharge From ED or Chest Pain Unit

The initial assessment of whether a patient has UA/
NSTEMI and which triage option is most suitable generally
should be made immediately on the patient’s arrival at a
medical facility. Rapid assessment of a patient’s candidacy
for additional observation can be accomplished based on the
status of the symptoms, ECG findings, and initial serum
cardiac biomarker measurement.

Patients who experience recurrent ischemic discomfort,
evolve abnormalities on a follow-up 12-lead ECG or on
cardiac biomarker measurements, or develop hemodynamic
abnormalities such as new or worsening HF (Fig. 2, D2)
should be admitted to the hospital (Fig. 2, H3) and
managed as described in Section 3.

Patients who are pain free, have either a normal or
nondiagnostic ECG or one that is unchanged from previous
tracings, and have a normal set of initial cardiac biomarker
measurements are candidates for further evaluation to screen
for nonischemic discomfort (Fig. 2, B1) versus a low-risk

ACS (Fig. 2, D1). If the patient is low risk (Table 7) and

does not experience any further ischemic discomfort and a
follow-up 12-lead ECG and cardiac biomarker measure-
ments after 6 to 8 h of observation are normal (Fig. 2, F1),
the patient may be considered for an early stress test to
provoke ischemia or CCTA to assess for obstructive CAD
(Fig. 2, G1). This test can be performed before the
discharge and should be supervised by an experienced
physician. Alternatively, the patient may be discharged and
return for stress testing as an outpatient within 72 h. The
exact nature of the test may vary depending on the patient’s
ability to exercise on either a treadmill or bicycle and the
local expertise in a given hospital setting (e.g., availability of
different testing modalities at different times of the day or
different days of the week) (292). Patients who are capable
of exercise and who are free of confounding features on the
baseline ECG, such as bundle-branch block, LV hypertro-
phy, or paced rhythms, can be evaluated with routine
symptom-limited conventional exercise stress testing. Pa-
tients who are incapable of exercise or who have an
uninterpretable baseline ECG should be considered for
pharmacological stress testing with either nuclear perfusion
imaging or 2-dimensional echocardiography, or magnetic
resonance (175,293,294). Alternatively, it is reasonable to
perform a non-invasive coronary imaging test (i.e., CCTA).
An imaging-enhanced test also may be more predictive in
women than conventional ECG exercise stress testing (see
Section 6.1.).

Two imaging modalities, CMR and multidetector com-
puted tomography for coronary calcification and CCTA, are
increasingly becoming clinically validated and applied and
hold promise as alternative or supplementary imaging mo-
dalities for assessing patients who present with chest pain
syndromes (25,294,295). Cardiac magnetic resonance has
the capability of assessing cardiac function, perfusion, and
viability in the same setting. Its advantages are excellent
resolution (approximately 1 mm) of cardiac structures and
avoidance of exposure to radiation and iodinated contrast.
Disadvantages include long study time, confined space
(claustrophobia), and (current) contraindication to the pres-
ence of pacemakers/defibrillators. To evaluate for ischemic
heart disease, an adenosine first-pass gadolinium perfusion
study is combined with assessment of regional and global
function and viability (gadolinium delayed study). Direct
coronary artery imaging is better assessed by CCTA (see
below). One study indicated a sensitivity of 89% and
specificity of 87% for combined adenosine stress and gado-
linijum delayed enhancement (viability) CMR testing for
CAD (296). Dobutamine CMR stress testing can be used as
an alternative to adenosine perfusion CMR (e.g., in asth-
matic patients).

Coronary CT angiography with current multidetector
technology (i.e., 64 slices beginning in 2005) has been
reported to give 90% to 95% or greater sensitivity and
specificity for occlusive CAD in early clinical trial experi-
ence (297-299). For evaluation of potential UA/NSTEMI,
coronary artery calcium scoring followed by CCTA is
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typically done in the same sitting. The advantages of CCTA
are good to excellent resolution (approximately 0.6 mm) of
coronary artery anatomy and short study time (single breath
hold). Disadvantages are radiation dose (8 to 24 mSv),
contrast dye exposure, and necessity to achieve a slow,
regular heart rate (beta blockers are usually required). A lack
of large controlled comparative trials and reimbursement
issues are current limitations to these technologies. In
summary, the high negative predictive value of CCTA is its
greatest advantage: if no evidence of either calcified or
noncalcified (soft/fibrous) plaque is found, then it is highly
unlikely that the patient’s symptoms are due to UA/
NSTEMI of an atherosclerotic origin. (Note that primary
[micro]vascular dysfunction causes of chest pain are not
excluded.) In contrast, the positive predictive value of
CCTA in determining whether a given plaque or stenosis is
causing the signs and symptoms of possible UA/NSTEMI
is less clear because although it gives valuable anatomic
information, it does not provide functional or physiological
assessment. Coronary CT angiography has been judged to
be useful for evaluation of obstructive CAD in symptomatic
patients (Class Ila, Level of Evidence: B) (25) and appro-
priate for acute chest pain evaluation for those with inter-
mediate and possibly low pretest probability of CAD when
serial ECG and biomarkers are negative (294). It may be
particularly appropriate for those with acute chest pain
syndromes with intermediate pretest probability of CAD in
the setting of nondiagnostic ECG and negative cardiac
biomarkers (294).

Because LV function is so integrally related to prognosis
and greatly affects therapeutic options, strong consideration
should be given to the assessment of LV function with
echocardiography or another modality (i.e., CMR, radionu-
clide, CCTA, or contrast angiography) in patients with
documented ischemia. In sites at which stress tests are not
available, low-risk patients may be discharged and referred
for outpatient stress testing in a timely fashion. Prescription
of precautionary anti-ischemic treatment (e.g., ASA, sub-
lingual NTG, and beta blockers) should be considered in
these patients while awaiting results of stress testing. Spe-
cific instructions also should be given on whether or not to
take these medications (e.g., beta blockers) before testing,
which may vary depending on the test ordered and patient-
specific factors. These patients also should be given specific
instructions on what to do and how to seek emergency care
for recurrence or worsening of symptoms while awaiting the
stress test.

Patients who develop recurrent symptoms during ob-
servation suggestive of ACS or in whom the follow-up
studies (12-lead ECG, cardiac biomarkers) show new
abnormalities (Fig. 2, F2) should be admitted to the
hospital (Fig. 2, H3). Patients in whom ACS has been
excluded should be reassessed for need for further eval-
uation of other potentially serious medical conditions
that may mimic ACS symptomatology (e.g., pulmonary
embolism and aortic dissection).

ACC/AHA UA/NSTEMI Guideline Revision

Because continuity of care is important in the overall
management of patients with a chest pain syndrome, the
patient’s primary physician (if not involved in the care of the
patient during the initial episode) should be notified of the
results of the evaluation and should receive a copy of the
relevant test results. Patients with a noncardiac diagnosis
and those with low risk or possible ACS with a negative
stress test should be counseled to make an appointment with
their primary care physician as outpatients for further
investigation into the cause of their symptoms (Fig. 2, I1).
They should be seen by a physician as soon after discharge
from the ED or chest pain unit as practical and appropriate,
that is, usually within 72 h.

Patients with possible ACS (Fig. 5, B3) and those with a
definite ACS but a nondiagnostic ECG and normal cardiac
biomarkers when they are initially seen (Fig. 2, D1) at
institutions without a chest pain unit (or equivalent facility)
should be admitted to an inpatient unit. The inpatient unit
to which such patients are to be admitted should have the
same provisions for continuous ECG monitoring, availabil-
ity of resuscitation equipment, and staffing arrangements as
described above for the design of chest pain units.

3. Early Hospital Care

Patients with UA/NSTEMI, recurrent symptoms sugges-
tive of ACS and/or ECG ST-segment deviations, or posi-
tive cardiac biomarkers who are stable hemodynamically
should be admitted to an inpatient unit for bed rest with
continuous rhythm monitoring and careful observation for
recurrent ischemia (a step-down unit) and managed with
either an invasive or conservative strategy (Table 11).
Patients with continuing discomfort and/or hemodynamic

Table 11. Selection of Initial Treatment Strategy:
Invasive Versus Conservative Strategy

Preferred Strategy Patient Characteristics

Invasive Recurrent angina or ischemia at rest or with low-level

activities despite intensive medical therapy
Elevated cardiac biomarkers (TnT or Tnl)
New or presumably new ST-segment depression
Signs or symptoms of HF or new or worsening mitral
regurgitation
High-risk findings from noninvasive testing
Hemodynamic instability
Sustained ventricular tachycardia
PCI within 6 months
Prior CABG
High risk score (e.g., TIMI, GRACE)
Reduced left ventricular function (LVEF less than 40%)
Low risk score (e.g., TIMI, GRACE)

Patient or physician preference in the absence of high-
risk features

Conservative

CABG = coronary artery bypass graft surgery; GRACE = Global Registry of Acute Coronary Events;
HF = heart failure; LVEF = left ventricular ejection fraction; PCl = percutaneous coronary
intervention; TIMI = Thrombolysis In Myocardial Infarction; Tnl = troponin I; TnT = troponin T.
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instability should be hospitalized for at least 24 h in a
coronary care unit characterized by a nursing-to-patient
ratio sufficient to provide 1) continuous rhythm monitoring,
2) frequent assessment of vital signs and mental status, 3)
documented ability to perform defibrillation quickly after
the onset of ventricular fibrillation, and 4) adequate staff to
perform these functions. Patients should be maintained at
that level of care until they have been observed for an
adequate period of time, generally at least 24 h, without any
of the following major complications: sustained ventricular
tachycardia or fibrillation, sinus tachycardia, high-degree
atrioventricular (AV) block, sustained hypotension, recur-
rent ischemia documented by symptoms or ST-segment
change, new mechanical defect (ventricular septal defect or
mitral regurgitation), or HF. Shorter periods of monitoring
might be appropriate for selected patients who are success-
tully reperfused and who have normal LV function and
minimal or no necrosis.

Once a patient with documented high-risk ACS is
admitted, standard medical therapy is indicated as dis-
cussed later. Unless a contraindication exists, these pa-
tients generally should be treated with ASA, a beta
blocker, anticoagulant therapy, a GP IIb/IIla inhibitor,
and a thienopyridine (i.e., clopidogrel; initiation may be
deferred until a revascularization decision is made).
Critical decisions are required regarding the angiographic
(invasive) strategy. One option is a routine angiographic
approach in which coronary angiography and revascular-
ization are performed unless a contraindication exists.
Within this approach, a common past strategy has called
for a period of medical stabilization. Increasingly, physi-
cians are taking a more aggressive approach, with coro-
nary angiography and revascularization performed within
24 h of admission; the rationale for the more aggressive
approach is the protective effect of carefully administered
anticoagulant and antiplatelet therapy on procedural
outcome. The alternative approach, commonly referred
to as the “initial conservative strategy” (see Section 3.3),
is guided by ischemia, with angiography reserved for
patients with recurrent ischemia or a high-risk stress test
despite medical therapy. Regardless of the angiographic
strategy, an assessment of LV function is recommended
in patients with documented ischemia because of the
imperative to treat patients who have impaired LV
function with ACE inhibitors, beta blockers, and, when
HF or diabetes mellitus is present, aldosterone antago-
nists; when the coronary anatomy is appropriate (e.g.,
3-vessel coronary disease), CABG is appropriate (see
Section 4). When the coronary angiogram is obtained, a
left ventriculogram may be obtained at the same time.
When coronary angiography is not scheduled, echocar-
diography, nuclear ventriculography, or magnetic reso-
nance imaging or CT angiography can be used to evaluate
LV function.

3.1. Anti-Ischemic and Analgesic Therapy

RECOMMENDATIONS FOR ANTI-ISCHEMIC THERAPY

CLASS |

1. Bed/chair rest with continuous ECG monitoring is recommended for
all UA/NSTEMI patients during the early hospital phase. (Level of
Evidence: C)

2. Supplemental oxygen should be administered to patients with
UA/NSTEMI with an arterial saturation less than 90%, respiratory
distress, or other high-risk features for hypoxemia. (Pulse oxime-
try is useful for continuous measurement of Sa0,.) (Level of
Evidence: B)

3. Patients with UA/NSTEMI with ongoing ischemic discomfort should
receive sublingual NTG (0.4 mg) every 5 min for a total of 3 doses,
after which assessment should be made about the need for intra-
venous NTG, if not contraindicated. (Level of Evidence: C)

4. Intravenous NTG is indicated in the first 48 h after UA/NSTEMI for
treatment of persistent ischemia, HF, or hypertension. The decision
to administer intravenous NTG and the dose used should not
preclude therapy with other proven mortality-reducing interventions
such as beta blockers or ACE inhibitors. (Level of Evidence: B)

5. Oral beta-blocker therapy should be initiated within the first 24 h for
patients who do not have 1 or more of the following: 1) signs of HF,
2) evidence of a low-output state, 3) increased risk* for cardiogenic
shock, or 4) other relative contraindications to beta blockade (PR
interval greater than 0.24 s, second or third degree heart block,
active asthma, or reactive airway disease). (Level of Evidence: B)

6. In UA/NSTEMI patients with continuing or frequently recurring isch-
emia and in whom beta blockers are contraindicated, a nondihydro-
pyridine calcium channel blocker (e.g., verapamil or diltiazem)
should be given as initial therapy in the absence of clinically
significant LV dysfunction or other contraindications. (Level of Evi-
dence: B)

7. An ACE inhibitor should be administered orally within the first 24 h
to UA/NSTEMI patients with pulmonary congestion or LV ejection
fraction (LVEF) less than or equal to 0.40, in the absence of
hypotension (systolic blood pressure less than 200 mm Hg or less
than 30 mm Hg below baseline) or known contraindications to that
class of medications. (Level of Evidence: A)

8. An angiotensin receptor blocker should be administered to UA/
NSTEMI patients who are intolerant of ACE inhibitors and have
either clinical or radiological signs of HF or LVEF less than or equal
to 0.40. (Level of Evidence: A)

9. Because of the increased risks of mortality, reinfarction, hyperten-
sion, HF, and myocardial rupture associated with their use, nonste-
roidal anti-inflammatory drugs (NSAIDs), except for ASA, whether
nonselective or cyclooxygenase (COX)-2-selective agents, should be
discontinued at the time a patient presents with UA/NSTEMI. (Level
of Evidence: C)

*Risk factors for cardiogenic shock (the greater the number of risk factors present, the
higher the risk of developing cardiogenic shock): age greater than 70 years, systolic
blood pressure less than 120 mmHg, sinus tachycardia greater than 110 or heart rate
less than 60, increased time since onset of symptoms of UA/NSTEMI.
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CLASS lla

1. It is reasonable to administer supplemental oxygen to all patients
with UA/NSTEMI during the first 6 h after presentation. (Level of
Evidence: C)

2. In the absence of contradictions to its use, it is reasonable to
administer morphine sulfate intravenously to UA/NSTEMI patients if
there is uncontrolled ischemic chest discomfort despite NTG, pro-
vided that additional therapy is used to manage the underlying
ischemia. (Level of Evidence: B)

3. It is reasonable to administer intravenous (IV) beta blockers at the
time of presentation for hypertension to UA/NSTEMI patients who
do not have 1 or more of the following: 1) signs of HF, 2) evidence of
a low-output state, 3) increased risk* for cardiogenic shock, or 4)
other relative contraindications to beta blockade (PR interval
greater than 0.24 s, second or third degree heart block, active
asthma, or reactive airway disease). (Level of Evidence: B)

4. Oral long-acting nondihydropyridine calcium antagonists are rea-
sonable for use in UA/NSTEMI patients for recurrent ischemia in the
absence of contraindications after beta blockers and nitrates have
been fully used. (Level of Evidence: C)

5. An ACE inhibitor administered orally within the first 24 h of UA/
NSTEMI can be useful in patients without pulmonary congestion or
LVEF less than or equal to 0.40 in the absence of hypotension
(systolic blood pressure less than 200 mm Hg or less than 30 mm
Hg below baseline) or known contraindications to that class of
medications. (Level of Evidence: B)

6. Intra-aortic balloon pump (IABP) counterpulsation is reasonable in
UA/NSTEMI patients for severe ischemia that is continuing or recurs
frequently despite intensive medical therapy, for hemodynamic
instability in patients before or after coronary angiography, and for
mechanical complications of MI. (Level of Evidence: C)

CLASS IIb

1. The use of extended-release forms of nondihydropyridine calcium
antagonists instead of a beta blocker may be considered in patients
with UA/NSTEMI. (Level of Evidence: B)

2. Immediate-release dihydropyridine calcium antagonists in the pres-
ence of adequate beta blockade may be considered in patients with
UA/NSTEMI with ongoing ischemic symptoms or hypertension.
(Level of Evidence: B)

CLASS Il

1. Nitrates should not be administered to UA/NSTEMI patients with
systolic blood pressure less than 90 mm Hg or greater than or equal
to 30 mm Hg below baseline, severe bradycardia (less than 50
beats per minute), tachycardia (more than 100 beats per minute) in
the absence of symptomatic HF, or right ventricular infarction.
(Level of Evidence: C)

2. Nitroglycerin or other nitrates should not be administered to pa-
tients with UA/NSTEMI who had received a phosphodiesterase
inhibitor for erectile dysfunction within 24 h of sildenafil or 48 h of
tadalafil use. The suitable time for the administration of nitrates
after vardenafil has not been determined. (Level of Evidence: C)

3. Immediate-release dihydropyridine calcium antagonists should not
be administered to patients with UA/NSTEMI in the absence of a
beta blocker. (Level of Evidence: A)

*Risk factors for cardiogenic shock (the greater the number of risk factors present, the
higher the risk of developing cardiogenic shock): age greater than 70 years, systolic
blood pressure less than 120 mmHg, sinus tachycardia greater than 110 or heart rate
less than 60, increased time since onset of symptoms of UA/NSTEMI.
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Table 12. Class | Recommendations for Anti-lschemic
Therapy: Continuing Ischemia/Other Clinical High-Risk
Features Present*

Bed/chair rest with continuous ECG monitoring

Supplemental oxygen with an arterial saturation less than 90%, respiratory
distress, or other high-risk features for hypoxemia. Pulse oximetry can be
useful for continuous measurement of Sa0,.

NTG 0.4 mg sublingually every 5 min for a total of 3 doses; afterward, assess
need for IV NTG

NTG IV for first 48 h after UA/NSTEMI for treatment of persistent ischemia, HF,
or hypertension

Decision to administer NTG IV and dose should not preclude therapy with other
mortality-reducing interventions such as beta blockers or ACE inhibitors

Beta blockers (via oral route) within 24 h without a contraindication (e.g., HF)
irrespective of concomitant performance of PCI

When beta blockers are contraindicated, a nondihydropyridine calcium
antagonist (e.g., verapamil or diltiazem) should be given as initial therapy in
the absence of severe LV dysfunction or other contraindications

ACE inhibitor (via oral route) within first 24 h with pulmonary congestion, or
LVEF less than or equal to 0.40, in the absence of hypotension (systolic
blood pressure less than 100 mm Hg or less than 30 mm Hg below
baseline) or known contraindications to that class of medications

ARB should be administered to UA/NSTEMI patients who are intolerant of ACE
inhibitors and have either clinical or radiological signs of heart failure or
LVEF less than or equal to 0.40.

*Recurrent angina and/or ischemia-related ECG changes (0.05 mV or greater ST-segment
depression or bundle-branch block) at rest or with low-level activity; or ischemia associated with
HF symptoms, S3 gallop, or new or worsening mitral regurgitation; or hemodynamic instability or
depressed LV function (LVEF less than 0.40 on noninvasive study); or serious ventricular

arrhythmia.
ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; HF = heart failure;
IV = intravenous; LV = left ventricular; LVEF = left ventricular ejection fraction; NTG =

nitroglycerin; Ml = myocardial infarction; PCl = percutaneous coronary intervention; UA/NSTEMI
= unstable angina/non-ST-elevation myocardial infarction.

4. An intravenous ACE inhibitor should not be given to patients within
the first 24 h of UA/NSTEMI because of the increased risk of
hypotension. (A possible exception may be patients with refractory
hypertension.) (Level of Evidence: B)

5. It may be harmful to administer intravenous beta blockers to
UA/NSTEMI patients who have contraindications to beta blockade,
signs of HF or low-output state, or other risk factors* for cardiogenic
shock. (Level of Evidence: A)

6. Nonsteroidal anti-inflammatory drugs (except for ASA), whether non-
selective or COX-2-selective agents, should not be administered during
hospitalization for UA/NSTEMI because of the increased risks of mor-
tality, reinfarction, hypertension, HF, and myocardial rupture associ-
ated with their use. (Level of Evidence: C)

The optimal management of UA/NSTEMI has the
twin goals of the immediate relief of ischemia and the
prevention of serious adverse outcomes (i.e., death or
myocardial [re]infarction). This is best accomplished
with an approach that includes anti-ischemic therapy
(Table 12), antithrombotic therapy (Table 13), ongoing
risk stratification, and the use of invasive procedures.
Patients who are at intermediate or high risk for adverse
outcomes, including those with ongoing ischemia refrac-
tory to initial medical therapy and those with evidence of
hemodynamic instability, should be admitted whenever
possible to a critical care environment with ready access
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Table 13. Dosing Table for Antiplatelet and Anticoagulant Therapy in Patients With UA/NSTEMI

During PCI

Patient Received
Initial Medical

Patient Did Not
Receive Initial

Drug* Initial Medical Treatment Treatment Medical Treatment After PCI At Hospital Discharge
Oral Antiplatelet Therapy
Aspirin 162 to 325 mg nonenteric No additional treatment 162 to 325 mg 162 to 325 mg daily should 162 to 325 mg daily should
formulation, orally or nonenteric be givent for at least be givent for at least
chewed formulation orally 1 month after BMS 1 month after BMS
or chewed implantation, 3 months implantation, 3 months
after SES implantation, after SES implantation,
and 6 months after PES and 6 months after PES
implantation, after which implantation, after which
daily chronic aspirin daily chronic aspirin
should be continued should be continued
indefinitely at a dose of indefinitely at a dose of
75 to 162 mg 75 to 162 mg
Clopidogrel LD of 300 to 600 mg A second LD of 300 mg LD of 300 to 600 mg For BMS: 75 mg daily for at For BMS: 75 mg daily for at
orally orally may be given orally least 1 month and ideally least 1 month and
MD of 75 mg orally per to supplement a up to 1 year. For DES, 75 ideally up to 1 year. For
day prior LD of 300 mg mg daily for at least 1 DES, 75 mg daily for at
year (in patients who are least 1 year (in patients
not at high risk of who are not at high risk
bleeding) (See Fig. 11) of bleeding) (See Fig. 11)
Ticlopidine LD of 500 mg orally No additional treatment LD of 500 mg orally MD of 250 mg orally twice MD of 250 mg orally twice
MD of 250 mg orally twice daily (duration same as daily (duration same as
daily clopidogrel) clopidogrel)
Anticoagulants
Bivalirudin 0.1 mg per kg bolus, 0.5 mg per kg bolus, 0.75 mg per kg No additional treatment or
0.25 mg per kg per h increase infusion to bolus, 1.75 mg continue infusion for up
infusion 1.75 mg per kg per h per kg per h to4h
infusion
Dalteparin 120 IU per kg SC every IV GP lIb/Illa planned: IV GP lIb/llla No additional treatment
12 h (maximum 10,000 target ACT 200 s planned: 60 to 70
IU twice daily)t using UFH U per kg§ of UFH
No IV GP lib/llla No IV GP lib/llla
planned: target ACT planned: 100 to
250 to 300 s for 140 U per kg of
HemoTec; 300 to UFH
350 s for Hemochron
using UFH
Enoxaparin LD of 30 mg IV bolus may Last SC dose less than 0.5 to 0.75 mg per No additional treatment

Fondaparinux

Unfractionated
heparin

be given||

MD = 1 mg per kg SC
every 12 hl|; extend
dosing interval to 1 mg
per kg every 24 h if
estimated creatinine
clearance less than
30 mL per min||

2.5 mg SC once daily.
Avoid for creatinine
clearance less than 30
mL per min||

LD of 60 U per kg (max
4,000 U) as IV bolus||
MD of IV infusion of 12 U

per kg per h (max
1,000 U per h) to
maintain aPTT at 1.5 to
2.0 times control
(approximately 50 to
705s)|

8 h: no additional
therapy

Last SC dose greater
than 8 h: 0.3 mg per
kg IV bolus

50 to 60 U per kg IV
bolus of UFH is
recommended by the
OASIS 5
Investigators{

IV GP lIb/Illa planned:
target ACT 200 s

No IV GP lib/llla
planned: target ACT
250 to 300 s for
HemoTec; 300 to
350 s for Hemochron

kg IV bolus

50 to 60 U per kg IV
bolus of UFH is
recommended by
the OASIS 5
Investigators{

IV GP llb/Illa
planned: 60 to 70
U per kg§

No IV GP lIb/llla
planned: 100 to
140 U per kg

No additional treatment

No additional treatment
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Table 13. Continued

ACC/AHA UA/NSTEMI Guideline Revision

During PCI

Patient Received
Initial Medical

Patient Did Not
Receive Initial

Drug* Initial Medical Treatment Treatment Medical Treatment After PCI At Hospital Discharge
Intravenous Antiplatelet Therapy
Abciximab Not applicable Not applicable LD of 0.25 mg per kg Continue MD infusion for
IV bolus 12 h
MD of 0.125 mcg per
kg per min (max
10 mcg per min)
Eptifibatide LD of IV bolus of 180 mcg Continue infusion LD of IV bolus of 180 Continue MD infusion for
per kg mcg per kg 18t0 24 h
MD of IV infusion of 2.0 followed 10 min
mcg per kg per min; later by second IV
reduce infusion by 50% bolus of 180 mcg
in patients with per kg
estimated creatinine MD of 2.0 mcg per
clearance less than 50 kg per min; reduce
mL per min infusion by 50% in
patients with
estimated
creatinine
clearance less
than 50 mL per
min
Tirofiban LD of IV infusion of 0.4 Continue infusion LD of IV infusion of Continue MD infusion for

mcg per kg per min for
30 min

MD of IV infusion of 0.1
mcg per kg per min;
reduce rate of infusion
by 50% in patients with

0.4 mcg per kg 18t0 24 h
per min for 30

min

MD of IV infusion of

0.1 mcg per kg
per min; reduce

el85

estimated creatinine
clearance less than 30
mL per min

rate of infusion by
50% in patients
with estimated
creatinine
clearance less
than 30 mL per
min

Additional considerations include the possibility that a conservatively managed patient may develop a need for PCI, in which case an intravenous bolus of 50 to 60 U per kg is recommended if
fondaparinux was given for initial medical treatment; the safety of this drug combination is not well established. For conservatively managed patients in whom enoxaparin was the initial medical
treatment, as noted in the table, additional intravenous enoxaparin is an acceptable option. *This list is in alphabetical order and is not meant to indicate a particular therapy preference. tIn patients
in whom the physician is concerned about the risk of bleeding, a lower initial ASA dose after PCI of 75 to 162 mg/d is reasonable (Class lla, LOE: C). tDalteparin was evaluated for management of
patients with UA/NSTEMI in an era before the widespread use of important therapies such as stents, clopidogrel, and GP llb/llla inhibitors. Its relative efficacy and safety in the contemporary
management era is not well established. §Some operators use less than 60 U per kg of UFH with GP lIb/Illa blockade, although no clinical trial data exist to demonstrate the efficacy of doses below
60 U per kg in this setting. |[For patients managed by an initial conservative strategy, agents such as enoxaparin and fondaparinux offer the convenience advantage of SC administration compared with
an intravenous infusion of UFH. They are also less likely to provoke heparin-induced thrombocytopenia than UFH. Available data suggest fondaparinux is associated with less bleeding than enoxaparin
in conservatively managed patients using the regimens listed. Personal communication, OASIS 5 Investigators, July 7, 2006. Note that this regimen has not been rigorously tested in prospective
randomized trials.

ACT = activated clotting time; BMS = bare-metal stent; GP = glycoprotein; h = hour; IU = international unit; IV = intravenous; LD = loading dose; MD = maintenance dose; PCl = percutaneous
coronary intervention; PES = paclitaxel-eluting stent; SC = subcutaneous; SES = sirolimus-eluting stent; U = units; UA/NSTEMI = unstable angina/non-ST-elevation myocardial infarction; UFH =

unfractionated heparin.

to invasive cardiovascular diagnosis and therapeutic pro-
cedures. Ready access is defined as ensured, timely access
to a cardiac catheterization laboratory with personnel
who have appropriate credentials and experience in inva-
sive coronary procedures, as well as to emergency or
urgent cardiovascular surgery and cardiac anesthesia
(2,300).

The approach to the achievement of the twin goals
described here includes the initiation of pharmacological
management and planning of a definitive treatment strategy
for the underlying disease process. Most patients are stable
at presentation or stabilize after a brief period of intensive

pharmacological management and, after appropriate coun-
seling, will be able to participate in the choice of an
approach for definitive therapy (see Section 3.3 for a full
discussion of conservative vs. invasive strategy selection). A
few patients will require prompt triage to emergency or
urgent cardiac catheterization and/or the placement of an

IABP.
3.1.1. General Care

The severity of symptoms dictates some of the general care
that should be given during the initial treatment. Patients
should be placed on bed rest while ischemia is ongoing but
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can be mobilized to a chair and use a bedside commode
when symptom free. Subsequent activity should not be
inappropriately restrictive; instead, it should be focused on
the prevention of recurrent symptoms and liberalized as
judged appropriate when response to treatment occurs.
Patients with cyanosis, respiratory distress, or other high-
risk features should receive supplemental oxygen. Adequate
arterial oxygen saturation should be confirmed with direct
measurement (especially with respiratory distress or cyano-
sis) or pulse oximetry. No evidence is available to support
the administration of oxygen to all patients with ACS in the
absence of signs of respiratory distress or arterial hypoxemia.
Its use based on the evidence base can be limited to those
with questionable respiratory status and documented hypox-
emia. Nevertheless, it is the opinion of the Writing Com-
mittee that a short period of initial routine oxygen supple-
mentation is reasonable during initial stabilization of the
patient, given its safety and the potential for underrecogni-
tion of hypoxemia. Inhaled oxygen should be administered
if the arterial oxygen saturation (SaO,) declines to less than
90%. Finger pulse oximetry is useful for the continuous
monitoring of Sa0, but is not mandatory in patients who
do not appear to be at risk of hypoxemia. Patients should
undergo continuous ECG monitoring during their ED
evaluation and early hospital phase, because sudden, unex-
pected ventricular fibrillation is the major preventable cause
of death in this early period. Furthermore, monitoring for
the recurrence of ST-segment shifts provides useful diag-
nostic and prognostic information, although the system of
monitoring for ST-segment shifts must include specific
methods intended to provide stable and accurate recordings.

3.1.2. Use of Anti-Ischemic Therapies

3.1.2.1. NITRATES

Nitroglycerin reduces myocardial oxygen demand while
enhancing myocardial oxygen delivery. Nitroglycerin, an
endothelium-independent vasodilator, has both peripheral
and coronary vascular effects. By dilating the capacitance
vessels (i.e., the venous bed), it increases venous pooling to
decrease myocardial preload, thereby reducing ventricular

Table 14. NTG and Nitrates in Angina

wall tension, a determinant of myocardial oxygen demand
(MVO,). More modest effects on the arterial circulation
decrease systolic wall stress (afterload), which contributes to
turther reductions in MVO,. This decrease in myocardial
oxygen demand is in part offset by reflex increases in heart
rate and contractility, which counteract the reductions in
MVO, unless a beta blocker is concurrently administered.
Nitroglycerin dilates normal and atherosclerotic epicardial
coronary arteries and smaller arteries that constrict with
certain stressors (e.g., cold, mental or physical exercise).
With severe atherosclerotic coronary obstruction and with
less severely obstructed vessels with endothelial dysfunction,
physiological responses to changes in myocardial blood flow
are often impaired (i.e., loss of flow-mediated dilation), so
maximal dilation does not occur unless a direct-acting
vasodilator like NTG is administered. Thus, NTG pro-
motes the dilation of large coronary arteries, as well as
collateral flow and redistribution of coronary blood flow to
ischemic regions. Inhibition of platelet aggregation also
occurs with NTG (300), but the clinical significance of this
action is not well defined.

Intravenous NTG can benefit patients whose symptoms
are not relieved in the hospital with three 0.4-mg sublingual
NTG tablets taken 5 min apart (T'ables 12 and 14) and with
the initiation of an oral or intravenous beta blocker (when
there are no contraindications), as well as those with HF or
hypertension. Note that NTG is contraindicated after the
use of sildenafil within the previous 24 h or tadalafil within
48 h or with hypotension (301-303). The suitable delay
before nitrate administration after the use of vardenafil has
not been determined, although blood pressure had generally
returned to baseline by 24 h (304). These drugs inhibit the
phosphodiesterase that degrades cyclic guanosine mono-
phosphate, and cyclic guanosine monophosphate mediates
vascular smooth muscle relaxation by nitric oxide. Thus,
NTG-mediated vasodilatation is markedly exaggerated and
prolonged in the presence of phosphodiesterase inhibitors.
Nitrate use within 24 h after sildenafil or the administration
of sildenafil in a patient who has received a nitrate within
24 h has been associated with profound hypotension, MI,

Compound Route Dose/Dosage Duration of Effect
NTG Sublingual tablets 0.3 to 0.6 mg up to 1.5 mg 1 to 7 min
Spray 0.4 mg as needed Similar to sublingual tablets
Transdermal 0.2to 0.8 mg per h every 12 h 8 to 12 h during intermittent therapy
Intravenous 5 to 200 mcg per min Tolerance in 7to 8 h
Isosorbide dinitrate Oral 5 to 80 mg, 2 or 3 times daily Upto8h
Oral, slow release 40 mg 1 or 2 times daily Upto8h
Isosorbide mononitrate Oral 20 mg twice daily 12to24 h
Oral, slow release 60 to 240 mg once daily
Pentaerythritol tetranitrate Sublingual 10 mg as needed Not known
Erythritol tetranitrate Sublingual 5 to 10 mg as needed Not known
Oral 10 to 30 mg 3 times daily Not known

Adapted from Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients with chronic stable angina. Available at: http://www.acc.org/qualityandscience (4).

NTG = nitroglycerin.
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and even death (303). Similar concerns apply to tadalafil and
vardenafil (301,304).

Intravenous NTG may be initiated at a rate of 10 mcg per
min through continuous infusion via nonabsorbing tubing
and increased by 10 mcg per min every 3 to 5 min until
some relief of symptoms or blood pressure response is noted.
If no response is seen at 20 mcg per min, increments of 10
and, later, 20 mcg per min can be used. If symptoms and
signs of ischemia are relieved, there is no need to continue
to increase the dose to effect a blood pressure response. If
symptoms and signs of ischemia are not relieved, the dose
should be increased until a blood pressure response is
observed. Once a partial blood pressure response is ob-
served, the dosage increase should be reduced and the
interval between increments lengthened. Side effects of
NTG include headache and hypotension. Systolic blood
pressure generally should not be titrated to less than 110
mm Hg in previously normotensive patients or to greater
than 25% below the starting mean arterial blood pressure if
hypertension was present. Nitroglycerin should be avoided
in patients with initial systolic blood pressure less than 90
mm Hg or 30 mm Hg or more below baseline or with
marked bradycardia or tachycardia. Although recommenda-
tions for a maximal dose are not available, a ceiling of 200
mcg per min is commonly used. Even prolonged (2 to 4
weeks) infusion at 300 to 400 mcg per min does not increase
methemoglobin levels (306).

Topical or oral nitrates are acceptable alternatives for
patients who require antianginal therapy but who do not
have ongoing refractory ischemic symptoms. Tolerance to
the hemodynamic effects of nitrates is dose and duration
dependent and typically becomes important after 24 h of
continuous therapy with any formulation. Patients who
require continued intravenous NTG beyond 24 h may
require periodic increases in infusion rate to maintain
efficacy. An effort must be made to use non-tolerance-
producing nitrate regimens (lower doses and intermittent
dosing). When patients have been free of ischemic discom-
fort and other manifestations of ischemia for 12 to 24 h, an
attempt should be made to reduce the dose of intravenous
NTG and to switch to oral or topical nitrates. It is not
appropriate to continue intravenous NTG in patients who
remain free of signs and symptoms of ischemia. When
ischemia recurs during continuous intravenous NTG ther-
apy, responsiveness to nitrates can often be restored by
increasing the dose and, after symptoms have been con-
trolled for several hours, attempting to add a nitrate-free
interval. This strategy should be pursued as long as symp-
toms are not adequately controlled. In stabilized patients,
intravenous N'T'G should generally be converted within 24 h
to a nonparenteral alternative (Table 14) administered in a
non-tolerance-producing regimen to avoid the potential
reactivation of symptoms. A practical method for converting
intravenous to topical NTG has been published (307).

Most studies of nitrate treatment in UA/NSTEMI have

been small and uncontrolled, and there are no randomized,
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placebo-controlled trials that address either symptom relief
or reduction in cardiac events. One small randomized trial
compared intravenous NTG with buccal NTG and found
no significant difference in the control of ischemia (308). An
overview of small studies of NTG in MI from the prefi-
brinolytic era suggested a 35% reduction in mortality rates
(309); in contrast, both the Fourth International Study of
Infarct Survival (ISIS-4) (310) and Gruppo Italiano per lo
Studio della Sopravvivenza nell'infarto Miocardico
(GISSI-3) (311) trials formally tested this hypothesis in
patients with suspected MI in the reperfusion era and failed
to confirm this magnitude of benefit. However, these large
trials are confounded by frequent prehospital and hospital
use of NTG in the “control” groups. Nevertheless, a strategy
of routine as opposed to selective use of nitrates did not
reduce mortality. The abrupt cessation of intravenous NTG
has been associated with exacerbation of ischemic changes
on the ECG (312), and a graded reduction in the dose of
intravenous NTG is advisable. Thus, the rationale for NTG
use in UA/NSTEMI is extrapolated from pathophysiolog-
ical principles and extensive, although uncontrolled, clinical
observations (300).

3.1.2.2. MORPHINE SULFATE

Morphine sulfate (1 to 5 mg IV) is reasonable for patients
whose symptoms are not relieved despite NTG (e.g., after
3 serial sublingual NTG tablets) or whose symptoms
recur despite adequate anti-ischemic therapy. Unless
contraindicated by hypotension or intolerance, morphine
may be administered with intravenous NTG, with careful
blood pressure monitoring, and may be repeated every 5
to 30 min as needed to relieve symptoms and maintain
patient comfort.

Morphine sulfate has potent analgesic and anxiolytic
effects, as well as hemodynamic effects, that are potentially
beneficial in UA/NSTEMI. No randomized trials have
defined the unique contribution of morphine to the initial
therapeutic regimen or its optimal administration schedule.
Morphine causes venodilation and can produce modest
reductions in heart rate (through increased vagal tone) and
systolic blood pressure to further reduce myocardial oxygen
demand. The major adverse reaction to morphine is an
exaggeration of its therapeutic effect, causing hypotension,
especially in the presence of volume depletion and/or
vasodilator therapy. This reaction usually responds to supine
or Trendelenburg positioning or intravenous saline boluses
and atropine when accompanied by bradycardia; it rarely
requires pressors or naloxone to restore blood pressure.
Nausea and vomiting occur in approximately 20% of pa-
tients. Respiratory depression is the most serious complica-
tion of morphine; severe hypoventilation that requires in-
tubation occurs very rarely in patients with UA/NSTEMI
treated with morphine. Naloxone (0.4 to 2.0 mg IV) may be
administered for morphine overdose with respiratory or
circulatory depression. Other narcotics may be considered in
patients allergic to morphine. A cautionary note on mor-

Downloaded from circ.ahajournals.org by on August 14, 2007

el87


http://circ.ahajournals.org

el88

Circulation August 14, 2007

phine use has been raised by data from a large observational
registry (n = 443 hospitals) that enrolled patients with
UA/NSTEMI (n = 57,039) (313). Those receiving mor-
phine (30%) had a higher adjusted likelihood of death
(propensity-adjusted OR = 1.41, 95% CI 1.26 to 1.57),
which persisted across all subgroups (313). Although subject
to uncontrolled selection biases, these results raise a safety
concern and suggest the need for a randomized trial.
Meanwhile, the Writing Committee has downgraded the
recommendation for morphine use for uncontrolled isch-
emic chest discomfort from a Class I to a Class Ila
recommendation.

3.1.2.3. BETA-ADRENERGIC BLOCKERS
Beta blockers competitively block the effects of cat-
echolamines on cell membrane beta receptors. Beta-1 ad-
renergic receptors are located primarily in the myocardium;
inhibition of catecholamine action at these sites reduces
myocardial contractility, sinus node rate, and AV node
conduction velocity. Through these actions, they blunt the
heart rate and contractility responses to chest pain, exertion,
and other stimuli. They also decrease systolic blood pres-
sure. All of these effects reduce MVO,. Beta-2 adrenergic
receptors are located primarily in vascular and bronchial
smooth muscle; the inhibition of catecholamine action at
these sites produces vasoconstriction and bronchoconstric-
tion (300). In UA/NSTEMI, the primary benefits of beta
blockers are due to inhibition of beta-1 adrenergic receptors,
which results in a decrease in cardiac work and myocardial
oxygen demand. Slowing of the heart rate also has a
tavorable effect, acting not only to reduce MVO, but also to
increase the duration of diastole and diastolic pressure-time,
a determinant of forward coronary flow and collateral flow.
Beta blockers, administered orally, should be started early
in the absence of contraindications. Intravenous adminis-
tration may be warranted in patients with ongoing rest pain,
especially with tachycardia or hypertension, in the absence
of contraindications (see below) (Table 12).

Table 15. Properties of Beta Blockers in Clinical Use

The benefits of routine early intravenous use of beta
blockers in the fibrinolytic era have been challenged by 2
later randomized trials of intravenous beta blockade
(314,315) and by a post hoc analysis of the use of atenolol
in the GUSTO-I trial (316). A subsequent systematic
review of early beta-blocker therapy in STEMI found no
significant reduction in mortality (27). Most recently, the
utility of early intravenous followed by oral beta blockade
(metoprolol) was tested in 45,852 patients with MI (93%
had STEMI, 7% had NSTEMI) in the COMMIT study
(317). Neither the composite of death, reinfarction, or
cardiac arrest nor death alone was reduced for up to 28 d in
the hospital. Overall, a modest reduction in reinfarction and
ventricular fibrillation (which was seen after day 1) was
counterbalanced by an increase in cardiogenic shock, which
occurred early (first day) and primarily in those who were
hemodynamically compromised or in HF or who were
stable but at high risk of development of shock. Thus, early
aggressive beta blockade poses a substantial net hazard in
hemodynamically unstable patients and should be avoided.
Risk factors for shock were older age, female sex, time delay,
higher Killip class, lower blood pressure, higher heart rate,
ECG abnormality, and previous hypertension. There was a
moderate net benefit for those who were relatively stable
and at low risk of shock. Whether to start beta blockade
intravenously or orally in these latter stable patients is
unclear, and patterns of use vary. In an attempt to balance
the evidence base overall for UA/NSTEMI patients, beta
blockers are recommended in these guidelines to be initiated
orally, in the absence of contraindications (e.g., HF), within
the first 24 h. Greater caution is now suggested in the early
use of intravenous beta blockers, which should be targeted
to specific indications and should be avoided with HF,
hypotension, and hemodynamic instability.

The choice of beta blocker for an individual patient is
based primarily on pharmacokinetic and side effect criteria,
as well as on physician familiarity (Table 15). There are no
comparative studies between members of this class in the

Drugs Selectivity Partial Agonist Activity Usual Dose for Angina
Propranolol None No 20 to 80 mg twice daily
Metoprolol Beta, No 50 to 200 mg twice daily
Atenolol Beta, No 50 to 200 mg per d
Nadolol None No 40 to 80 mg per d
Timolol None No 10 mg twice daily
Acebutolol Beta, Yes 200 to 600 mg twice daily
Betaxolol Beta, No 10 to 20 mg per d
Bisoprolol Beta, No 10 mg per d
Esmolol (intravenous) Beta, No 50 to 300 mcg per kg per min
Labetalol* None Yes 200 to 600 mg twice daily
Pindolol None Yes 2.5 to 7.5 mg 3 times daily
Carvedilol None Yes 6.25 mg twice daily, uptitrated to a maximum of 25 mg twice daily

*Labetalol and carvedilol are combined alpha and beta blockers. Adapted from Table 25, Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the management of patients

with chronic stable angina. Available at: http://www.acc.org/qualityandscience (4).
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acute setting. Beta blockers without intrinsic sympathomi-
metic activity are preferred, however. Agents studied in the
acute setting include metoprolol, propranolol, and atenolol.
Carvedilol may be added to the list of agents studied for
post-MI use. Comparative studies among different beta
blockers in the chronic setting after UA/NSTEMI also are
not available to establish a preference among agents. In
patients with HF, 1 study suggested greater benefit with
carvedilol, with mixed beta-blocking and alpha-adrenergic-
blocking effects, than metoprolol, a relatively selective
beta-1 blocker (318). In patients with hypertension, the
relative cardiovascular benefit of atenolol has been ques-
tioned on the basis of recent clinical trial analyses (319,320).

Patients with marked first-degree AV block (i.e., ECG
PR interval greater than 0.24 s), any form of second- or
third-degree AV block in the absence of a functioning
implanted pacemaker, a history of asthma, severe LV
dysfunction or HF (e.g., rales or S; gallop) or at high risk for
shock (see above) should not receive beta blockers on an
acute basis (4). Patients with evidence of a low-output state
(e.g., oliguria) or sinus tachycardia, which often reflects low
stroke volume, significant sinus bradycardia (heart rate less
than 50 beats per min), or hypotension (systolic blood
pressure less than 90 mm Hg) should not receive acute
beta-blocker therapy until these conditions have resolved.
Patients at highest risk for cardiogenic shock due to intra-
venous beta blockade in the COMMIT trial were those
with tachycardia or in Killip Class II or III (317). However,
beta blockers are strongly recommended before discharge in
those with compensated HF or LV systolic dysfunction for
secondary prevention (321). Patients with significant
chronic obstructive pulmonary disease who may have a
component of reactive airway disease should be given beta
blockers very cautiously; initially, low doses of a beta-1-
selective agent should be used. If there are concerns about
possible intolerance to beta blockers, initial selection should
favor a short-acting beta-1-specific drug such as metoprolol
or esmolol. Mild wheezing or a history of chronic obstruc-
tive pulmonary disease mandates a short-acting cardioselec-
tive agent at a reduced dose (e.g., 12.5 mg of metoprolol
orally) rather than the complete avoidance of a beta blocker.

In the absence of these concerns, previously studied
regimens may be used. Intravenous metoprolol may be given
in 5-mg increments by slow intravenous administration (5
mg over 1 to 2 min), repeated every 5 min for a total initial
dose of 15 mg. In patients who tolerate the total 15-mg IV
dose, oral therapy can be initiated 15 min after the last
intravenous dose at 25 to 50 mg every 6 h for 48 h.
Thereafter, patients should receive a maintenance dose of up
to 100 mg twice daily. Alternatively, intravenous propran-
olol may be administered as an initial dose of 0.5 to 1.0 mg,
followed in 1 to 2 h by 40 to 80 mg by mouth every 6 to 8 h.
Monitoring during intravenous beta-blocker therapy should
include frequent checks of heart rate and blood pressure and
continuous ECG monitoring, as well as auscultation for
rales and bronchospasm. Beta blockade also may be started
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orally, in smaller initial doses if appropriate, within the first
24 h, in cases in which a specific clinical indication for
intravenous initiation is absent or the safety of aggressive
early beta blockade is a concern. Carvedilol, 6.25 mg by
mouth twice daily, uptitrated individually at 3- to 10-d
intervals to a maximum of 25 mg twice daily, can reduce
mortality and reinfarction when given to patients with
recent (3 to 21 d) MI and LV dysfunction (321). After the
initial intravenous load, if given, patients without limiting
side effects may be converted to an oral regimen. The target
resting heart rate is 50 to 60 beats per minute unless a
limiting side effect is reached. Selection of the oral agent
should include the clinician’s familiarity with the agent.
Maintenance doses are given in Table 15.

Initial studies of beta-blocker benefits in ACS were small
and uncontrolled. An overview of double-blind, randomized
trials in patients with threatening or evolving MI suggests
an approximately 13% reduction in the risk of progression to
MI (322). These trials were conducted prior to the routine
use of ASA, heparin, clopidogrel, GP IIb/IIla inhibitors,
and revascularization. These trials lack sufficient power to
assess the effects of these drugs on mortality rates for UA.
Pooled results from the Evaluation of ¢7E3 for the Preven-
tion of Ischemic Complications (EPIC), Evaluation of
PTCA and Improve Long-term Outcome by ¢7E3 GP
IIb/II1a receptor blockade (EPILOG), Evaluation of Plate-
let IIb/IIIa Inhibitor for STENTing (EPISTENT), CAP-
TURE, and ReoPro in Acute myocardial infarction and
Primary PTCA Organization and Randomization Trial
(RAPPORT) studies were used to evaluate the efficacy of
beta-blocker therapy in patients with ACS who were
undergoing PCI (323). At 30 d, death occurred in 0.6% of
patients receiving beta-blocker therapy versus 2.0% of pa-
tients not receiving such therapy (p less than 0.001). At 6
months, death occurred in 1.7% of patients receiving beta-
blocker therapy versus 3.7% not receiving this therapy (p less
than 0.001). Thus, patients receiving beta-blocker therapy
who undergo PCI for UA or MI have a lower short-term
mortality (323).

Overall, the rationale for beta-blocker use in all forms of
CAD, including UA, is generally favorable, with the excep-
tion of initial HF. In the absence of contraindications, the
new evidence appears sufficient to make beta blockers a
routine part of care. A related group shown to benefit are
high- or intermediate-risk patients who are scheduled to
undergo cardiac or noncardiac surgery (324). A recent
exception to beta-blocker benefit was COMMIT, a large
trial of mostly STEMI patients, which showed no overall
mortality effect. Subgroup analysis suggested this to be due
to an increased risk in those with initial HF or risk factors
for cardiogenic shock (317). In contrast to this adverse
experience with early, aggressive beta blockade, carvedilol,
begun in low doses 3 to 10 d after MI in patients with LV
dysfunction (ejection fraction of 0.40 or less) and gradually
uptitrated, decreased subsequent death or nonfatal recurrent
MI when given in conjunction with modern ACS therapies
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in the most contemporary oral beta blocker post-MI trial,
CAPRICORN (Carvedilol Post-Infarct Survival Control in
LV Dysfunction) (321).

In conclusion, evidence for the beneficial effects of the use
of beta blockers in patients with UA is based on limited
randomized trial data along with pathophysiological con-
siderations and extrapolation from experience with CAD
patients who have other types of ischemic syndromes (stable
angina or compensated chronic HF). The duration of
benefit with long-term oral therapy is uncertain and likely
varies with the extent of revascularization.

3.1.2.4. CALCIUM CHANNEL BLOCKERS

Calcium channel blockers (CCBs) reduce cell transmem-
brane inward calcium flux, which inhibits both myocardial
and vascular smooth muscle contraction; some also slow AV
conduction and depress sinus node impulse formation.
Agents in this class vary in the degree to which they produce
vasodilation, decreased myocardial contractility, AV block,
and sinus node slowing. Nifedipine and amlodipine have the
most peripheral arterial dilatory effects but few or no AV or
sinus node effects, whereas verapamil and diltiazem have
prominent AV and sinus node effects and some peripheral
arterial dilatory effects as well. All 4 of these agents, as well
as other approved agents, have coronary dilatory properties
that appear to be similar. Although different CCBs are
structurally and, potentially, therapeutically diverse, superi-
ority of 1 agent over another in UA/NSTEMI has not been
demonstrated, except for the increased risks posed by
rapid-release, short-acting dihydropyridines such as nifedi-
pine (Table 16). Beneficial effects in UA/NSTEMI are
believed to be due to variable combinations of decreased
myocardial oxygen demand (related to decreased afterload,
contractility, and heart rate) and improved myocardial flow

Table 16. Properties of Calcium Antagonists in Clinical Use

(related to coronary arterial and arteriolar dilation)
(300,325). These agents also have theoretically beneficial
effects on LV relaxation and arterial compliance. Major side
effects include hypotension, worsening HF, bradycardia,
and AV block.

Calcium channel blockers may be used to control ongoing
or recurring ischemia-related symptoms in patients who
alre