
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 complications of UA/NSTEMI, along with relevant management con-
siderations 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 procoagulant 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 (bot-
tom 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) ultimately 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. Sec-
ondary prevention and plans for long-term management begin early during the hospital phase of treatment. !Positive serum cardiac
marker. Modified with permission 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 syn-
drome without ST elevation: implementation of new guidelines, 1533–8. Copyright 2001, with permission from Elsevier8; 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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4. For UA/NSTEMI patients in whom an initial invasive
strategy is selected, antiplatelet therapy in addition to
aspirin should be initiated before diagnostic angiography
(upstream) with either clopidogrel (loading dose followed
by daily maintenance dose)! or an intravenous GP IIb/
IIIa inhibitor. (Level of Evidence: A) Abciximab as the

choice for upstream GP IIb/IIIa therapy is indicated only
if there is no appreciable delay to angiography and PCI is
likely to be performed; otherwise, IV eptifibatide or
tirofiban is the preferred choice of GP IIb/IIIa inhibitor.
(Level of Evidence: B)

5. For UA/NSTEMI patients in whom an initial conserva-
tive (i.e., noninvasive) strategy is selected (see Section 3.3),
clopidogrel (loading dose followed by daily maintenance
dose)! should be added to ASA and anticoagulant ther-
apy as soon as possible after admission and administered
for at least 1 month (Level of Evidence: A) and ideally up
to 1 year. (Level of Evidence: B) (Fig. 8; Box C2)

6. For UA/NSTEMI patients in whom an initial conser-
vative strategy is selected, if recurrent symptoms/ische-

Figure 8. Algorithm for Patients With UA/NSTEMI Managed by an Initial Conservative Strategy. When multiple drugs are listed, they are
in alphabetical order and not in order of preference (e.g., Boxes C, C1, and C2). !See dosing Table 13. †See Table 11 for selection of
management strategy. ‡Recurrent symptoms/ischemia, heart failure, serious arrhythmia. ASA ! aspirin; EF ! ejection fraction; GP !
glycoprotein; IV ! intravenous; LOE ! level of evidence; LVEF ! left ventricular ejection fraction; UA/NSTEMI ! unstable angina/non–
ST-elevation myocardial infarction; UFH ! unfractionated heparin.

!Some uncertainty exists about optimum dosing. Randomized trials
establishing its efficacy and providing data on bleeding risks used a loading
dose of 300 mg orally followed by a daily oral maintenance dose of 75 mg.
Higher oral loading doses such as 600 or 900 mg of clopidogrel may more
rapidly inhibit platelet aggregation and achieve a higher absolute level of
inhibition of platelet aggregation, but the additive efficacy and the safety of
higher oral loading doses have not been rigorously established.
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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 presen-

Figure 4. GRACE Prediction Score Card and Nomogram for All-Cause Mortality From Discharge to 6 Months. Reprinted with permis-
sion 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.

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.
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published reports, physicians should work with their clinical
laboratories to ensure use of and familiarity with contempo-
rary 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 therapeutic
effects. In considering the clinical application of new bio-
markers, it is important to determine that they provide
incremental value over existing biomarkers. A multimarker
approach to risk stratification of UA/NSTEMI (e.g., simulta-
neous assessment of cTnI, C-reactive protein [CRP], and
BNP) has been advocated as a potential advance over single

biomarker assessment.262,263 Further evaluation of a multi-
marker approach will be of interest.

2.2.9.1. Ischemia
Other new biochemical markers for the detection of myocar-
dial necrosis are either less useful or have been less well
studied than those mentioned above. An example is ische-
mia-modified albumin found soon after transient coronary
occlusion and preceding any significant elevations in myo-
globin, CK-MB, or cTnI. 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 factor-! cytokine super-
family that is induced after ischemia-and-reperfusion injury,

Table 10. Biochemical Cardiac Markers for the Evaluation and Management of Patients With Suspected ACS But Without
ST-Segment Elevation on 12-Lead ECG

Marker Advantages Disadvantages

Point-of-Care
Test

Available? Comment
Clinical

Recommendation

Cardiac troponins 1. Powerful tool for risk
stratification

2. Greater sensitivity and specificity
than CK-MB

3. Detection of recent MI up to 2
weeks after onset

4. Useful for selection of therapy
5. Detection of reperfusion

1. Low sensitivity in
very early phase of
MI (less than 6 h
after symptom onset)
and requires repeat
measurement at 8 to
12 h, if negative

2. Limited ability to
detect late minor
reinfarction

Yes Data on diagnostic
performance and potential
therapeutic implications
increasingly available from
clinical trials

Useful as a single test
to efficiently
diagnose NSTEMI
(including minor
myocardial
damage), with
serial
measurements.
Clinicians should
familiarize
themselves with
diagnostic “cutoffs”
used in their local
hospital laboratory

CK-MB 1. Rapid, cost-efficient, accurate
assays

2. Ability to detect early reinfarction

1. Loss of specificity in
setting of skeletal
muscle disease or
injury, including
surgery

2. Low sensitivity during
very early MI (less
than 6 h after
symptom onset) or
later after symptom
onset (more than 36
h) and for minor
myocardial damage
(detectable with
troponins)

Yes Familiar to majority of
clinicians

Prior standard and
still acceptable
diagnostic test in
most clinical
circumstances

Myoglobin 1. High sensitivity
2. Useful in early detection of MI
3. Detection of reperfusion
4. Most useful in ruling out MI

1. Very low specificity in
setting of skeletal
muscle injury or
disease

2. Rapid return to
normal range limits
sensitivity for later
presentations

Yes More convenient early marker
than CK-MB isoforms
because of greater
availability of assays for
myoglobin; rapid-release
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; MI ! myocardial infarction; NSTEMI !
non-ST-elevation MI.
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