


















not have any action against thrombin that is already formed,
a possible explanation for the increased rate of catheter-
associated thrombosis with fondaparinux.

The Organization to Assess Strategies for Ischaemic
Syndromes (OASIS)-5 investigators evaluated the use of
fondaparinux in 20,078 patients with UA/NSTEMI (163).
Patients were randomized (double-blind, double-dummy
design) to a control strategy of enoxaparin 1.0 mg per kg
subcutaneous twice daily (reduced to 1.0 mg per kg once
daily for patients with an estimated creatinine clearance less
than 30 mL per min) or to fondaparinux 2.5 mg SC once
daily. Unfractionated heparin initially was not used with
PCI, but because of an increased incidence of catheter-
associated thrombus, the protocol was amended to permit
the use of open-label UFH at the investigator’s discretion.
The OASIS-5 primary composite outcome (death, MI, or
refractory ischemia at 9 d) was similar in the 2 groups (579
with fondaparinux [5.8%] vs. 573 with enoxaparin [5.7%];
hazard ratio [HR] 1.01; 95% CI 0.90 to 1.13), which
satisfied prespecified noninferiority criteria (Fig. 13). Rates
of major bleeding at 9 d were lower with fondaparinux
(2.2% vs. 4.1%, p less than 0.001), which yielded a lower
efficacy plus safety composite (Fig. 13). Primary composite
events trended lower in the fondaparinux group at 30 d and
6 months; 6-month rates of death (5.8% vs. 6.5%) and
death, MI, and stroke (11.3% vs. 12.5%) were also lower at
6 months with fondaparinux.

At present, on the basis of limited experience in
OASIS-5 and concerns raised by OASIS-6 (164), UFH (50
to 60 U per kg IV) is recommended with a fondaparinux

strategy during angiography/PCI. Fondaparinux appears to
represent a preferred anticoagulant strategy in those at
higher risk of bleeding managed with a noninvasive strategy.

E. LONG-TERM ANTICOAGULATION

The long-term administration of warfarin or other coumarins
after UA/NSTEMI or STEMI has been evaluated in several
small and a few moderate-size trials with variable results (165).
Moderate-intensity warfarin with low-dose ASA appears to be
modestly more effective than ASA alone when applied to
post-MI patients treated primarily with a noninterventional
approach, but it is associated with a higher risk of bleeding
(166,167). The relevance of routine long-term anticoagulation
with warfarin to contemporary practice is unclear given the
current routine use of clopidogrel and the much more frequent
use of an invasive strategy.

In contrast, occasional UA/NSTEMI patients present
with a specific indication for oral anticoagulant therapy with
warfarin (i.e., atrial fibrillation, mechanical prosthetic valve,
or LV thrombus) in addition to ASA plus clopidogrel. The
evidence base for such “triple-anticoagulant therapy” re-
mains small. When triple-combination therapy is selected
for clear indications, on the basis of clinical judgment that
the benefit will outweigh the incremental risk of bleeding,
therapy should be given for the minimum time and doses
necessary to achieve protection.

3. Platelet GP IIb/IIIa Receptor Antagonists

When platelets are activated by a number of mechanisms,
their GP IIb/IIIa cell membrane receptors undergo a

Figure 12. ACUITY Composite Ischemia and Bleeding Outcomes

ACUITY � Acute Catheterization and Urgent Intervention Triage strategY; CI � confidence interval; GP � glycoprotein; PCI � percutaneous coronary intervention; UFH �

unfractionated heparin.
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conformation change that increases receptor affinity for
fibrinogen (168). The binding of fibrinogen molecules to
receptors on adjacent platelets results in platelet aggrega-
tion. The platelet GP IIb/IIIa receptor antagonists act by
occupying the receptors, preventing fibrinogen from bind-
ing and thereby preventing platelet aggregation. Experi-
mental and clinical studies have suggested that occupancy of
80% or more of the receptor population and inhibition of
platelet aggregation to adenosine diphosphate (5 to 20
micromoles per liter) by 80% or more results in potent
anticoagulant effects (169).

The 3 approved GP IIb/IIIa antagonists differ in phar-
macokinetic and pharmacodynamic properties (170). Abcix-
imab is a Fab fragment of a humanized murine antibody
that has a short plasma half-life but strong affinity for the
receptor. Platelet aggregation gradually returns to normal 24
to 48 h after discontinuation. Eptifibatide is a cyclic hep-
tapeptide that contains the KGD (Lys-Gly-Asp) sequence;
tirofiban is a nonpeptide mimetic of the RGD (Arg-Gly-
Asp) sequence of fibrinogen. They bind with high specificity
to the GP IIb/IIIa receptor, but platelet aggregation returns
to normal 4 to 8 h after discontinuation of these 2 drugs,
consistent with their relatively short half-lives of 2 to 3 h
(171).

The efficacy of GP IIb/IIIa antagonists for the prevention
of PCI-related complications has been documented in
several trials, many composed primarily of patients with UA
(Table 8). Abciximab has been studied primarily in PCI
trials, in which it consistently reduced rates of MI and the
need for urgent revascularization. In subgroups of patients
who had ACS, abciximab reduced the 30-d risk of ischemic
complications after PCI by 60% to 80%. Two trials specif-

ically studied patients with ACS. In the c7E3 Fab Anti-
platelet Therapy in Unstable Refractory Angina (CAP-
TURE) trial (172), abciximab reduced the rate of death,
MI, or urgent revascularization within 30 d from 15.9% to
11.3% (RR 0.71, p � 0.012). Hence, abciximab is approved
for the treatment of UA/NSTEMI as an adjunct to PCI or
when PCI is planned within 24 h. In contrast, the Global
Use of Strategies to Open Occluded Coronary Arteries
(GUSTO) IV-ACS trial (173) enrolled 7,800 patients with
UA/NSTEMI in whom early (less than 48 h) revascular-
ization was not intended and found no benefit or adverse
trends in rates of death or MI. Although the explanation for
these results is not clear, abciximab should not be used in
the management of patients with UA/NSTEMI in whom
an early invasive management strategy is not planned.

Tirofiban was studied in the Platelet Receptor Inhibition
in Ischemic Syndrome Management (PRISM) (182) and
Platelet Receptor Inhibition in Ischemic Syndrome Man-
agement in Patients Limited by Unstable Signs and Symp-
toms (PRISM-PLUS) (181) trials (Table 8). The PRISM
trial compared tirofiban with heparin in 3,232 patients with
UA/NSTEMI. The primary composite outcome (death,
MI, or refractory ischemia at the end of a 48-h infusion) was
reduced from 5.6% to 3.8% (RR 0.67, p � 0.01). At 30 days,
the frequency of the composite outcome was similar in the
2 groups, but the rate of death or MI trended lower with
tirofiban (7.1% vs. 5.8%), and mortality was reduced (3.6%
vs. 2.3%, p � 0.02). Benefit primarily occurred in patients
with elevated troponin. PRISM-PLUS randomized 1,915
UA/NSTEMI patients to tirofiban alone, UFH alone, or
the combination for 48 to 108 h (181). The tirofiban-alone
arm was dropped during the trial because of an adverse early

Figure 13. OASIS Cumulative Risks of Death, MI, or Refractory Ischemia

*p for noninferiority. †p for superiority. CI � confidence interval; MI � myocardial infarction; OASIS 5 � Fifth Organization to Assess Strategies for Ischemic Syndromes.
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mortality trend. The combination of tirofiban and UFH
compared with UFH alone reduced the primary composite
end point of death, MI, or refractory ischemia at 7 d (from
17.9% to 12.9% RR 0.68, p � 0.004), as well as at 30 days
(by 22%, p � 0.03) and at 6 months (19%, p � 0.02). Death
or nonfatal MI was reduced at 7 d (43%, p � 0.006), at 30 d
(30%, p � 0.03), and at 6 months (22%, p � 0.06).
Incremental benefit was observed both before and after PCI.
Analysis of coronary angiograms, obtained after 48 h,
showed reduced thrombus burden and improved coronary
flow (186). Tirofiban, in combination with heparin, is
approved for the treatment of patients with ACS, including
patients managed medically and those undergoing PCI.

Eptifibatide, added to standard management until hospi-
tal discharge or for 72 h, was studied in the PURSUIT trial,
which enrolled 10,948 UA/NSTEMI patients (183). The
primary outcome of death or nonfatal MI at 30 days was
reduced from 15.7% to 14.2% with eptifibatide (RR 0.91, p
� 0.042). Event rate reduction (31%) was substantially
greater in those undergoing PCI within 72 h (16.7% to
11.6%). Benefits were maintained at 6-month follow-up.
Eptifibatide is approved for the treatment of patients with
ACS (UA/NSTEMI) who are treated medically or with
PCI.

In summary, the CAPTURE, PRISM-PLUS, and PUR-
SUIT trials each showed a significant reduction in the rate
of death or MI during the phase of medical management
and an augmented benefit after PCI. A meta-analysis of the
6 large, placebo-controlled GP IIb/IIIa antagonist trials
(including GUSTO IV) involving 31,402 patients with
UA/NSTEMI not routinely scheduled to undergo coronary
revascularization suggested a modest overall benefit in
reducing the risk of death or MI by 30 d (11.8% vs. 10.8%,
OR 0.91 and 95% CI 0.84 to 0.98, respectively; p� 0.015)
at a modest increase (from 1.4% to 2.4%) in major bleeding
events (187). Treatment effect was greater among higher-
risk patients with troponin elevation and ST-segment de-
pression. These and other data have elevated troponin level
to a major factor in decision making for the use of these
agents in UA/NSTEMI. Although not specified in these
trials, PCI or CABG was performed in 19% of patients
within 5 d and in 38% within 30 d. These subgroups noted
a greater risk reduction (OR 0.79, 95% CI 0.68 to 0.91 and
OR 0.89, 95% CI 0.80 to 0.98, respectively) than in those
not undergoing intervention (OR 0.95, 95% CI 0.86 to
1.05). These findings in the context of other PCI trial data
suggest that GP IIb/IIIa inhibitors are of substantial benefit
in patients with UA/NSTEMI who undergo PCI, are of
modest benefit in patients who are not routinely scheduled
to undergo revascularization (but who may do so), and are of
questionable benefit in patients who do not undergo revas-
cularization.

Glycoprotein IIb/IIIa antagonists increase the risk of
bleeding, most commonly mucocutaneous or vascular access
site bleeding. No trials have shown an excess of intracranial
bleeding. Aspirin has been used with the intravenous GP

IIb/IIIa receptor blockers in all trials, and adjunctive UFH
appears beneficial (181,183). Hence, clinical recommenda-
tions call for the concomitant use of heparin with GP
IIb/IIIa inhibitors. Lower heparin doses diminish the
bleeding risk associated with GP IIb/IIIa blockade in the
setting of PCI and likely the medical phase of management
as well. Thrombocytopenia is an uncommon (less than
0.5%) complication of these agents that is reversible but is
associated with increased bleeding risk.

Several trials have demonstrated that GP IIb/IIIa inhib-
itors can be used with LMWH in ACS patients (155,156).
The A to Z Trial (Aggrastat to Zocor; 3,987 patients) found
nonsignificant trends toward fewer ischemic end points but
more frequent bleeding with enoxaparin than with UFH
(155). In the larger SYNERGY trial, 10,027 patients with
high-risk ACS were randomized to UFH or enoxaparin.
Glycoprotein IIb/IIIa antagonists were administered to 57%
of patients, and 92% underwent coronary angiography.
Rates of the primary end point of death or MI by 30 d were
similar (14.0% vs. 14.5%) (Fig. 10), and the therapies
offered similar protection against ischemic events during
PCI, although enoxaparin was associated with a 1.5%
increase in bleeding events (156).

A challenge for the current guidelines is the integration of
the GP IIb/IIIa antagonist studies from the 1990s with
more recent studies using preangiography clopidogrel load-
ing and newer anticoagulants. The current evidence base
and expert opinion suggest that for UA/NSTEMI patients
in whom an initial invasive strategy is selected, either an
intravenous GP IIb/IIIa inhibitor or clopidogrel should be
added to ASA and anticoagulant therapy before diagnostic
angiography (upstream) for lower-risk, troponin-negative
patients, and that both should be given before angiography
for high-risk, troponin-positive patients (Class I recom-
mendations). For UA/NSTEMI patients in whom an initial
conservative (i.e., noninvasive) strategy is selected, the
evidence for benefit is less; for this strategy, the addition of
eptifibatide or tirofiban to anticoagulant and oral antiplate-
let therapy may be reasonable for high-risk UA/NSTEMI
patients (Class IIb recommendation). The randomized trial
database has shown no benefit of fibrinolysis versus standard
therapy in UA/NSTEMI patients (191). Fibrinolytic ther-
apy is not recommended for the management of ACS
patients without ST-segment elevation, a posterior-wall
MI, or a presumably new left bundle-branch block.

C. Initial Conservative Versus
Initial Invasive Strategies

1. General Principles and Care Objectives

Two treatment pathways have emerged for treating
UA/NSTEMI patients: the early “invasive strategy” and
an initial “conservative strategy” (192,192a). Patients
treated with an invasive strategy generally will undergo
coronary angiography within 4 to 24 h of admission. The
invasive strategy can be subdivided into 2 groups. The
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first group consists of patients requiring urgent angiog-
raphy/revascularization urgently because of ongoing isch-
emic symptoms or hemodynamic or rhythm instability.
With these patients, GP IIb/IIIa antagonists or clopi-
dogrel may be delayed at the physician’s discretion until
the time of angiography (Figs. 6, 7, and 8). The second,
larger group comprises others with UA/NSTEMI who
are designated by patient/physician discretion or after
risk assessment to benefit from “early” but nonurgent
angiography/intervention. For these patients, “upstream”
therapy with GP IIb/IIIa antagonists and/or clopidogrel
is recommended, with greater delays to angiography
being associated with greater incremental benefit of
aggressive antiplatelet therapy. In contrast, the “conser-
vative strategy” (or “selective invasive management”) calls
for invasive evaluation only with symptomatic failure of
medical therapy or other objective evidence of recurrent
or latent ischemia.

The primary objective in selecting a treatment strategy in
UA/NSTEMI is to yield the best long-term clinical outcome.
Estimating the risk for an adverse outcome is paramount for
determining which strategy is best applied to individual pa-
tients. General characteristics favoring one or the other strategy
are presented in Table 5. Although general guidelines can be
offered, individual judgment is required.

2. Rationale for the Conservative Strategy

The conservative strategy seeks to avoid the routine early use
of invasive procedures unless patients experience refractory
or recurrent ischemic symptoms or develop hemodynamic
instability. With this strategy, an early echocardiogram
should be considered to identify significant LV dysfunction.
In addition, an exercise or pharmacological stress test is
recommended before or shortly after discharge to identify
patients with latent ischemia who could benefit from revas-
cularization. The use of aggressive anticoagulant and anti-
platelet agents has reduced the incidence of adverse out-
comes in patients managed conservatively.

3. Rationale for the Invasive Strategy

The routine use of angiography within 24 h of hospital
admission provides an invasive approach to risk stratifica-
tion. It can identify the 10% to 20% of patients with no
significant coronary stenoses as well as the approximately
20% with 3-vessel disease with LV dysfunction or left main
CAD who derive a substantial survival benefit from CABG
(Section V). For the other approximately 60% to 70%, PCI
of the culprit lesion can reduce subsequent hospitalizations
and the need for multiple antianginal drugs. Contemporary
anticoagulant and antiplatelet therapies have lessened the
early hazard of PCI. Excluding those in need of urgent
intervention, 2 alternatives for the invasive approach have
emerged: early (“immediate”) or deferred angiography (i.e.,
before or after a 12- to 48-h window). Support for imme-
diate angiography comes from the Intracoronary Stenting
with Antithrombotic Regimen Cooling-off Study (ISAR-

COOL) trial (193). In that trial, all 410 UA/NSTEMI
patients were treated with intensive medical therapy, includ-
ing ASA, heparin, clopidogrel (600-mg loading dose), and
the intravenous GP IIb/IIIa receptor inhibitor tirofiban, and
were randomized to immediate angiography (median time
2.4 h) or delayed angiography after a prolonged “cooling off”
period (median 86 h) before catheterization. Patients ran-
domized to immediate angiography had fewer deaths or
MIs at 30 d (5.9% vs. 11.6%, p � 0.04). Importantly, this
difference was attributed to events that occurred before
catheterization. Additional data comparing these 2 invasive
strategies are needed.

4. Comparison of Invasive and Conservative Strategies

Prior meta-analyses have concluded that routine invasive
therapy is better than a conservative or selectively invasive
approach (194). In contrast, the Invasive versus Conserva-
tive Treatment in Unstable coronary Syndromes (ICTUS)
trial (192) favored a strategy of selective invasive therapy.
ICTUS randomized 1,200 UA/NSTEMI patients to rou-
tine invasive or selective invasive management. At the end
of 1 year, there was no significant difference in the compos-
ite ischemic end point. Results were unchanged during
3-year follow-up (192a). ICTUS required troponin positiv-
ity. Thus, troponin alone might not be an adequate single
criterion for strategy selection. Proposed explanations for
the lack of incremental benefit with an invasive strategy
include the high rate of revascularization in the selective
invasive therapy arm (47%), more aggressive medical ther-
apy (statins, clopidogrel) in both arms, routine use of
clopidogrel in the conservative arm, and limited power
owing to the relatively low rate of hard end points (195).
Given the results of ICTUS, these guidelines recognize that
an initially conservative (selective invasive) strategy may be
considered as a treatment option in stabilized UA/
NSTEMI patients. Additional comparative trials of a selec-
tive versus a routine invasive strategy are encouraged using
aggressive contemporaty medical therapies in both arms.

In the RITA-3 trial (Third Randomized Intervention
Treatment of Angina), 1,810 UA/NSTEMI patients were
randomized to interventional versus conservative treatment.
At 1 year, death and MI rates were similar, but at 5 years,
a significant reduction in death or MI emerged in the early
invasive treatment arm (196). Benefits were seen mainly in
high-risk patients, which supports appropriate risk stratifi-
cation. Long-term outcomes of the FRagmin and fast
revascularization during InStability in Coronary artery dis-
ease (FRISC II) trial have also been published (197). At 5
years, the invasive strategy was favored for the primary end
point of death or nonfatal MI (HR 0.81, p � 0.009).
Benefit was confined to men, nonsmokers, and patients with
2 or more risk factors.

A contemporary meta-analysis of 7 randomized trials
of management strategies in UA/NSTEMI, including IC-
TUS, supports the long-term benefit of an early invasive
strategy (Fig. 14) (198). Among 8,375 patients, the inci-
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Figure 14. Relative Risk of Outcomes With Early Invasive Versus Conservative Therapy in UA/NSTEMI

A: Relative risk of all-cause mortality for early invasive therapy compared with conservative therapy at a mean follow-up of 2 years. B: Relative risk of recurrent nonfatal myo-
cardial infarction for early invasive therapy compared with conservative therapy at a mean follow-up of 2 years. C: Relative risk of recurrent unstable angina resulting in
rehospitalization for early invasive therapy compared with conservative therapy at a mean follow-up of 13 months. Modified from the Journal of the American College of Cardi-
ology, 48, Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit of early invasive therapy in acute coronary syndromes a meta-analysis of contemporary randomized
clinical trials, 1319–25, Copyright 2006, with permission from Elsevier (198). CI � confidence interval; FRISC-II � FRagmin and fast Revascularization during InStability in
Coronary artery disease; ICTUS � Invasive versus Conservative Treatment in Unstable coronary Syndromes; ISAR-COOL � Intracoronary Stenting with Antithrombotic Regimen
COOLing-off study; RITA-3 � Third Randomized Intervention Treatment of Angina trial; RR � risk ratio; TIMI-18 � Thrombolysis In Myocardial Infarction-18; TRUCS � Treat-
ment of Refractory Unstable angina in geographically isolated areas without Cardiac Surgery; VINO � Value of first day angiography/angioplasty In evolving Non-ST segment
elevation myocardial infarction: Open multicenter randomized trial.
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dence of all-cause mortality at 2 years was 4.9% in the early
invasive group compared with 6.5% in the conservative
groups (RR 0.75, 95% CI 0.63 to 0.90, p � 0.001). Nonfatal
MI (7.6% vs. 9.1%, respectively, RR 0.83, 95% CI 0.72 to
0.96, p � 0.012) and hospitalization (RR 0.69, 95% CI 0.65
to 0.74, p less than 0.0001) also were reduced. See the
full-text guidelines for discussion of individual trials.

A. SUBGROUPS

Caveats about the application of invasive and conservative
strategies in several subgroups of interest, including women
(Section VII.A), diabetics (Section VII.B), older patients
(Section VII.D), and those with chronic kidney disease (Sec-
tion VII.E), are addressed in Section VII. Patients with PCI
within the previous 6 months and those with prior CABG
represent subgroups for which coronary angiography without
preceding functional testing is generally indicated.

Management decisions must account for extensive co-
morbidities, such as 1) advanced or metastatic malignancy
with a limited life expectancy, 2) intracranial pathology that
contraindicates the use of systemic anticoagulation or causes
severe cognitive or physical limitations, 3) end-stage cirrho-
sis, and 4) CAD that is known from previous angiography
not to be amenable to revascularization.

5. Risk Stratification Before Discharge

A. GENERAL PRINCIPLES AND CARE OBJECTIVES

Important predischarge prognostication is derived from
careful initial assessment, the patient’s hospital course,
and response to anti-ischemic and anticoagulant therapy.
Formal risk assessment tools, such as GRACE and
TIMI, can be useful not only for in-hospital and short-
term assessments but also for longer term (6-month)
assessment of risk (Table 4, Fig. 3). Coronary angiogra-
phy and revascularization represent powerful modifiers of
risk and tools for prognostication. Cardiac biomarkers
(i.e., troponins and BNPs) add to the assessment of
postdischarge and in-hospital risk. An assessment of LV
function by any of several methods is generally recom-
mended to guide therapy and assess prognosis. Noninva-
sive stress testing before or shortly after discharge also
provides very useful supplemental information to clini-
cally based risk assessment (Table 9).

The goals of noninvasive testing are to 1) determine the
presence or absence of ischemia in patients with a low or
intermediate likelihood of CAD and 2) estimate prognosis.
A detailed discussion of noninvasive stress testing in CAD
is presented in the ACC/AHA Guidelines for Exercise
Testing, the ACC/AHA Guidelines for the Clinical Use of
Cardiac Radionuclide Imaging, and the ACC/AHA
Guidelines for the Clinical Application of Echocardiogra-
phy (Table 9) (31,199–201). Noninvasive criteria for esti-
mating risk as high, intermediate, or low are summarized in
Table 9.

Stress echocardiography and nuclear ventriculography
represent important alternatives. Myocardial perfusion im-

aging with pharmacological stress is particularly useful in
patients who are unable to exercise. Cardiac magnetic
resonance is a newer imaging modality that can effectively
and simultaneously assess cardiac function, perfusion (ie.,
with adenosine stress), and viability (202).

B. NONINVASIVE TEST SELECTION

There are no conclusive data comparing various noninvasive
tests. Furthermore, prognostic information is largely extrap-
olated from studies in stable angina/chronic CAD popula-
tions. Hence, test selection may be based primarily on
individual patient characteristics, physician judgment, and
test expertise and availability (204). Low- and intermediate-
risk patients may undergo symptom-limited stress testing if
they have been clinically stable for 12 to 24 h. Earlier stress
testing (i.e., within 3 to 7 d after UA/NSTEMI) is superior
to later testing (i.e., at 1 month) (205) in that it identifies
patients at risk for adverse events within the first month.

C. SELECTION FOR CORONARY ANGIOGRAPHY

Coronary angiography provides detailed structural informa-
tion as the basis for assessing prognosis and directing
management. When combined with LV angiography, it also

Table 9. Noninvasive Risk Stratification

High risk (greater than 3% annual mortality rate)

Severe resting LV dysfunction (LVEF less than 0.35)

High-risk treadmill score (score �11 or less)

Severe exercise LV dysfunction (exercise LVEF less than 0.35)

Stress-induced large perfusion defect (particularly if anterior)

Stress-induced multiple perfusion defects of moderate size

Large, fixed perfusion defect with LV dilation or increased lung uptake
(thallium-201)

Stress-induced moderate perfusion defect with LV dilation or increased lung
uptake (thallium-201)

Echocardiographic wall-motion abnormality (involving more than 2
segments) developing at low dose of dobutamine (10 mg per kg per min
or less) or at a low heart rate (less than 120 beats per min)

Stress echocardiographic evidence of extensive ischemia

Intermediate risk (1% to 3% annual mortality rate)

Mild/moderate resting LV dysfunction (LVEF � 0.35 to 0.49)

Intermediate-risk treadmill score (�11 to 5)

Stress-induced moderate perfusion defect without LV dilation or increased
lung intake (thallium-201)

Limited stress echocardiographic ischemia with a wall-motion abnormality
only at higher doses of dobutamine involving less than or equal to 2
segments

Low risk (less than 1% annual mortality rate)

Low-risk treadmill score (score 5 or greater)

Normal or small myocardial perfusion defect at rest or with stress*

Normal stress echocardiographic wall motion or no change of limited resting
wall-motion abnormalities during stress*

*Although the published data are limited, patients with these findings will probably not be at low
risk in the presence of either a high-risk treadmill score or severe resting LV dysfunction (LVEF
less than 0.35). Reproduced from Table 23 in Gibbons RJ, Abrams J, Chatterjee K, et al.
ACC/AHA 2002 guideline update for the management of patients with chronic stable angina: a
report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1999 Guidelines for the Management of Patients With
Chronic Stable Angina). 2002. Available at: http://www.acc.org/qualityandscience/clinical/
statements.htm (203).

LV � left ventricular; LVEF � left ventricular ejection fraction.
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provides an assessment of global and regional LV function.
Indications for coronary angiography are interwoven with
indications for possible therapeutic plans such as PCI or
CABG. In contemporary practice, many intermediate- and
high-risk patients receive coronary angiography as part of an
invasive management strategy. In addition, coronary an-
giography is usually indicated in other UA/NSTEMI pa-
tients who have either recurrent symptoms or ischemia
despite adequate medical therapy or who develop high-risk
features clinically (Tables 5 and 9) (205a).

V. Coronary Revascularization

A. General Principles and Care Objectives

As discussed in Section IV, coronary angiography is useful for
defining the coronary artery anatomy in patients with UA/
NSTEMI and for identifying subsets of high-risk patients who
can benefit from early revascularization. Coronary revascular-
ization (PCI or CABG) is performed to improve prognosis,
relieve symptoms, prevent ischemic complications, and im-
prove functional capacity. The indications for coronary revas-
cularization in patients with UA/NSTEMI are similar to those

for patients with chronic stable angina and are presented in
greater detail in the ACC/AHA Guidelines for the Manage-
ment of Patients With Chronic Stable Angina (31) and in the
ACC/AHA Guidelines for Coronary Artery Bypass Graft
Surgery (206) and the 2005 ACC/AHA/SCAI Guidelines
Update for Percutaneous Coronary Intervention (5). These
indications are tempered by individual patient characteristics.
Selection criteria for coronary revascularization in patients with
UA/NSTEMI are, in general, similar to those for patients with
stable angina (122). Revascularization appears to be of most
benefit when performed early in the hospital course, particu-
larly in those with high-risk characteristics. See Figure 15 for
details of the decision tree.

In recent years, stenting, other technological advances,
and the use of improved antiplatelet and anticoagulant
agents have improved the safety and durability of PCI in
UA/NSTEMI. Stenting has reduced the risks of both acute
vessel closure and late restenosis. Drug-eluting stents have
reduced the risk of restenosis but modestly increase the risk
of late coronary thrombotic events (129–131).

Published success rates of PCI in patients with UA/
NSTEMI are high overall. Outcomes have approached those

Figure 15. Revascularization Strategy in UA/NSTEMI

*There is conflicting information about these patients. Most consider CABG to be preferable to PCI. CABG � coronary artery bypass graft; LAD � left anterior descending cor-
onary artery; PCI � percutaneous coronary intervention UA/NSTEMI � unstable angina/non–ST-elevation myocardial infarction.
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of elective surgery with the use of stents and potent antiplatelet
therapy (207–209). The use of drug-eluting stents for UA/
NSTEMI has increased dramatically in recent years, with
favorable rates of early death and recurrent infarction (210).

1. Platelet Inhibitors and PCI

Glycoprotein IIb/IIIa receptor antagonists and thienopyri-
dines represent important therapeutic advances in patients
with UA/NSTEMI, particularly in the setting of PCI, as
reviewed in Section IV.B. Key trials of these agents in the
settings of PCI and UA/NSTEMI are summarized in Table
8. Only 1 comparative trial (TARGET: Do Tirofiban And
ReoPro Give similar Efficacy Trial) directly compared these
agents (tirofiban vs. abciximab) in patients undergoing PCI
with intended stenting. An advantage of abciximab in
preventing early ischemic events was observed among the
subgroup presenting with UA/NSTEMI (211). An insuffi-
cient loading dose of tirofiban to achieve an optimal early
(periprocedural) antiplatelet effect has been proposed as a
possible explanation for this difference (212).

Whether GP IIb/IIIa inhibition is still useful in UA/
NSTEMI patients undergoing PCI who have received a high
loading dose (600 mg) of clopidogrel was raised by a study in
an elective setting (ISAR-REACT) (213). To address this
issue, ISAR-REACT 2 enrolled patients with UA/NSTEMI
undergoing PCI, loaded them with clopidogrel 600 mg at least
2 h before the procedure, and then randomized them to receive
either abciximab or placebo at the time of PCI (74). As
discussed earlier, the primary end point of death, nonfatal
reinfarction, or urgent target-vessel revascularization within
30 d was reduced by 25% in the abciximab group, an advantage
limited entirely to patients with an elevated troponin level.
These findings have been incorporated into the overall UA/
NSTEMI treatment algorithm shown in Figures 6, 7, and 8.

Comparisons of PCI and CABG are summarized in the
next section.

B. Surgical Revascularization

Dramatic changes in surgical technique and in medical and
percutaneous therapies have occurred over the past 2 de-
cades, limiting the implications of older trial results for
contemporary practice. The Bypass Angioplasty Revascu-
larization Investigation (BARI) trial, the largest randomized
comparison of CABG and percutaneous transluminal cor-
onary angioplasty (PTCA) in multivessel CAD (214, 215),
observed a survival benefit with CABG that was confined to
patients with diabetes mellitus. The Coronary Angioplasty
versus Bypass Revascularization Investigation (CABRI) also
showed a survival benefit for CABG in patients with
diabetes and multivessel CAD (216). An Emory University
study also was confirmatory (217). However, a CABG-
related advantage was not reproduced in the BARI registry
(218), which suggests that physicians might be able to
recognize characteristics of CAD in diabetic patients that
permits the safe selection of either revascularization therapy.

Hannan et al. (219) compared 3-year risk-adjusted sur-
vival rates in 29,646 CABG patients and 29,930 PTCA
patients undergoing revascularization in the state of New
York in 1993. Anatomic extent of disease was the only
variable that interacted with revascularization therapy to
influence survival. Patients with 1-vessel disease not involv-
ing the LAD had higher survival rates with PTCA, whereas
patients with proximal LAD stenosis and 3-vessel disease
had higher survival rates with CABG. A follow-up study
using the same registry compared 37,212 patients who
underwent CABG with 22,102 patients who underwent
PCI using stents (220). The unanticipated finding was that
the risk-adjusted long-term mortality of patients in all 5
anatomic subsets assessed was lower with CABG.

The most recent randomized comparisons of PCI and
CABG surgery can be summarized as follows: The Angina
With Extremely Serious Operative Mortality Evaluation
[AWESOME] trial found comparable survival with CABG
and PCI, which included stenting or atherectomy (221).
Similarly, the ARTS trial (Arterial Revascularization Ther-
apy Study), which compared coronary stenting with CABG
(222) and which included but was not limited to patients
with UA, found identical 3-year survival rates free of stroke
and MI (222). A meta-analysis of 4 trials of CABG versus
PCI with bare-metal stenting for multivessel disease be-
tween 1995 and 2000 also reported no difference in the
primary composite end point of death, MI, and stroke or
death alone between the CABG and the stent groups. None
of these trials adequately reflect current interventional car-
diology practice, which includes a broad use of drug-eluting
stents, double- or triple-antiplatelet therapy, and newer
anticoagulants. Surgical management also has evolved, and
risk-adjusted mortality for CABG has declined progres-
sively (223).

Nevertheless, when data from available trials and cohort
studies are combined, these data suggest that it is reasonable
to consider CABG to be a preferred revascularization
strategy for most patients with 3-vessel disease, especially if
it involves the proximal LAD, and for patients with mul-
tivessel disease and treated diabetes mellitus or LV dysfunc-
tion (Fig. 15). However, it would be unwise to deny
contemporary PCI to a patient with diabetes mellitus and
less severe CAD on the basis of the current information
(224,225).

VI. Late Hospital Care, Hospital Discharge,
and Post-Hospital Discharge Care

A. General Principles and Care Objectives

Two broad goals during the hospital discharge phase are 1)
to prepare the patient for normal activities to the extent
possible and 2) to use the acute event as an opportunity to
reevaluate care, focusing on lifestyle and aggressive risk
factor modification. Patients who have undergone successful
PCI with an uncomplicated course are usually discharged
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the next day. Patients who undergo uncomplicated CABG
generally are discharged 4 to 7 d later. Low-risk patients
may be discharged soon after noninvasive testing or coro-
nary angiography. Management of high-risk, unstable pa-
tients often requires more prolonged and vigilant inpatient
care.

Inpatient oral anti-ischemic, antiplatelet, and other sec-
ondary preventive medications used in the nonintensive
phase generally should be continued after discharge A
multidisciplinary team is ideal to prepare the patient for
discharge.

1. Long-Term Medical Therapy

Patients with UA/NSTEMI require secondary prevention
at discharge. The acute phase of UA/NSTEMI is usually
over within 1 to 3 months, after which most patients assume
a course of chronic CAD. Therefore, chronic secondary
prevention measures are similar to those for other CAD
patients (3,8,12,13,31) (see Section VI.C below). Recom-
mendations for lipid lowering are fully discussed elsewhere
(3,12,13).

B. Postdischarge Risk Assessment and Follow-Up

Patient-specific risk within 1 year can be predicted on the
basis of clinical information and the ECG. The PURSUIT,
TIMI, and GRACE risk models, introduced in Section
III.B, are also useful for postdischarge risk assessment (see
Fig. 3).

At discharge, detailed discharge instructions for post-
UA/NSTEMI patients should include education on medi-
cations, diet, exercise, and smoking cessation (if appropri-
ate); referral to a cardiac rehabilitation/secondary prevention
program (when appropriate); and the scheduling of a timely
follow-up appointment. Low-risk medically treated patients
and revascularized patients should return in 2 to 6 weeks,
and higher-risk patients should return within 14 d. When
stable, typically by 1 to 3 months after discharge, patients
may be followed up as for stable CAD.

Minimizing the risk of recurrent cardiovascular events
requires optimizing patient compliance with prescribed
therapies and recommended lifestyle modifications.

C. Risk Factor Modification

A health care team with expertise in aggressively managing
CAD risk factors should work with patients and their
families, including patients who have undergone revascular-
ization (226), to educate them in detail regarding specific
targets for LDL-C and HDL-C (3,12,13), blood pressure
(6), diabetes mellitus, diet and weight management (12),
physical activity (12), tobacco cessation (12), and other
appropriate lifestyle modifications (226,228). There is a
wealth of evidence that cholesterol-lowering therapy re-
duces vascular events in patients with CAD and hypercho-
lesterolemia (229) or mild cholesterol elevation after MI
(230,231). Indeed, there is mounting evidence that statin
therapy is beneficial regardless of baseline LDL-C levels

(232–234). More aggressive lipid lowering further lowers
cardiovascular event rates and is safe, although the incre-
mental impact on mortality over moderate lipid-lowering
remains to be clearly established (235).

Data on the utility of ACE inhibitors in stable CAD in
the absence of HF or LV dysfunction have been conflicting.
A meta-analysis of 3 major trials (HOPE [Heart Outcomes
Prevention Evaluation], EUROPA [EUropean trial on
Reduction Of cardiac events with Perindopril in patients
with stable coronary Artery disease], and PEACE [Preven-
tion of Events with Angiotensin Converting Enzyme Inhi-
bition]) supports a benefit across the risk spectrum studied
(236); however, the absolute benefit is proportional to
disease-related risk, with those at lowest risk benefiting least
(236,237). All patients with elevated systolic or diastolic
blood pressures should be educated and motivated to
achieve systolic and diastolic blood pressures in the normal
range (i.e., less than 140/90 mm Hg; 130/80 mm Hg if the
patient has diabetes or chronic kidney disease) (6,12).

For patients who smoke, tobacco cessation has substantial
potential to improve survival (238). Physician counseling,
referral to a smoking cessation program, and the use of
pharmacological agents (239–242) are recommended (239).

Overweight patients should be instructed in a weight loss
regimen, with emphasis on the importance of regular
exercise and a lifelong prudent diet to maintain ideal body
mass index.

Glycemic control is discussed in Section VII.B.
The use of NSAIDS and COX-2–selective inhibitors

should be minimized in post-UA/NSTEMI patients be-
cause of an increase in cardiovascular risk (112,243,244).
Cardiovascular risk associated with NSAID use may be
lowest with naproxen, which has antiplatelet activity
(111,243). An AHA scientific statement on the use of
NSAIDS has recommended a stepped-care approach to
musculoskeletal pain control to minimize risk (245).

Folic acid/B-vitamin supplementation given to reduce
homocysteine levels did not reduce the risk of CAD events
in 2 major trials (246,247), and its routine use for secondary
prevention is not recommended. Antioxidant vitamins (C,
E, beta carotene) also have not demonstrated benefit in
secondary prevention and are not recommended (13).

See Section I.C.5.B for lipid lowering and other risk
factor modification recommendations.

D. Physical Activity

Regular physical activity is important to improving func-
tional capacity and well-being, losing weight and main-
taining weight loss, and reducing other risk factors such
as insulin resistance (248,249). Exercise training gener-
ally can begin within 1 to 2 weeks after revascularized
UA/NSTEMI (249). Unsupervised exercise may target a
heart rate range of 60% to 75% of maximum predicted;
supervised training (see next section) may target a some-
what higher heart rate (70% to 85% of maximum) (249).
Additional restrictions apply when residual ischemia is

Anderson et al ACC/AHA UA/NSTEMI Guideline Revision 851

 by on August 9, 2010 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


present. Activity questionnaires and nomograms have
been developed for cardiac and general populations to
help guide exercise prescriptions (250). In addition to
aerobic training, mild- to moderate-resistance training
may be considered and may start 2 to 4 weeks after
aerobic training has begun (251).

E. Cardiac Rehabilitation

Cardiac rehabilitation has been shown to improve exercise
tolerance without increasing cardiovascular complications,
to improve exercise tolerance and reduce cardiovascular
symptoms, and to improve blood lipid levels; it has also been
shown to reduce cigarette smoking in conjunction with a
smoking cessation program, to decrease stress, and to
improve psychosocial well-being (252). A limited, con-
trolled evidence base also suggests a beneficial potential on
cardiovascular outcomes (253,254). The benefits of rehabil-
itation after uncomplicated UA/NSTEMI with revascular-
ization and modern medical therapy are less clear in com-
parison with STEMI or complicated NSTEMI, and
physician judgment is recommended. Comprehensive car-
diac rehabilitation involves individualized risk factor assess-
ment, education, and modification, as well as prescribed
exercise, and may occur in a variety of settings (255).
Alternative approaches, including home exercise, Internet-
based programs, and transtelephonic monitoring/supervision,
also can be implemented effectively and safely for selected
patients (256).

F. Return to Work and Disability

Cardiac functional status and LVEF are not strong
predictors of return to work, although physical require-
ments of work play a role (257,258). Psychological
variables such as trust, job security, feelings about dis-
ability, absence of depression, pre-event functional inde-
pendence, and expectations of recovery are more predic-
tive (257,259). Resumption of full employment also is
lower with diabetes mellitus, older age, Q-wave MI, and
preinfarction angina (258). Cardiac rehabilitation pro-
grams can contribute to return to work (260). Contem-
porary information on the impact of current aggressive
interventional treatment of UA/NSTEMI, with short-
ened hospital length of stay and early rehabilitation, on
return to work and disability is needed. In PAMI
(Primary Angioplasty in Myocardial Infarction)-II, a
study of primary PTCA in low-risk patients with MI,
patients were encouraged to return to work at 2 weeks
(261). Although the actual timing of return to work was
not reported, no adverse events occurred as a result of this
strategy.

G. Other Activities

Daily walking can be encouraged immediately in all
patients. In stable patients without complications, sexual
activity with the usual partner can be resumed within 1
week to 10 d. For stable patients, driving can begin 1

week after discharge if otherwise in compliance with state
laws. After complicated MI, driving should be delayed
until 2 to 3 weeks after symptoms have resolved. Air
travel within the first 2 weeks of MI should be under-
taken only if a patient has no angina, dyspnea, or
hypoxemia at rest or fear of flying, flies with a compan-
ion, carries NTG, and avoids rushing and increased
physical demands of travel. Low-risk patients with UA/
NSTEMI who are revascularized and otherwise stable
may accelerate their return to work, driving, flying, and
other normal activities (often, within a few days).

H. Patient Records and Other Information Systems

Effective medical record systems, including electronic sys-
tems, that document the course and plan of care should be
established or enhanced. Tools such as the ACC’s “Guide-
lines Applied in Practice” and the AHA’s “Get With the
Guidelines” can improve quality of care and patient safety.
Reliable health care information relevant to UA/NSTEMI
patients is available, and patient access to it should be
encouraged (http://www.heartauthority.com; http://
www.nhlbi.nih.gov/health/dci/index.html; http://
www.nlm.nih.gov/medlineplus/tutorial.html; http://
www.fda.gov/hearthealth/index.html).

VII. Special Groups

A. Women

1. Profile of UA/NSTEMI in Women

Women present at an older age but account for a
considerable proportion of UA/NSTEMI. Women are
more likely to have hypertension, diabetes mellitus, and
HF with preserved systolic function; to manifest UA
rather than NSTEMI; to have atypical symptoms (e.g.,
primarily dyspnea); and to have causes unrelated to CAD
(22,32,262–265,266) Women have similar rates of ST
depression but less often have elevated biomarkers (267).
Nevertheless, the prognostic value of elevated biomarkers
is similar in women and men (268). Coronary angiogra-
phy reveals less extensive CAD in women and a higher
proportion (as high as 37%) with nonobstructive CAD
(262,269). This profile makes it challenging to confirm
the diagnosis of UA/NSTEMI and is a likely cause of
underutilization or overutilization of therapies in women
(267). Unlike STEMI, female sex is not a risk factor for
adverse outcomes for UA/NSTEMI when adjusted for
baseline characteristics (22,203,267,270 –277).

2. Stress Testing

Indications for noninvasive testing in women are the same
as in men (203,270). Exercise ECG testing is less predictive
in women, however, primarily because of the lower pretest
probability of CAD (271–273). Perfusion studies with
sestamibi have good sensitivity and specificity in women
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(275). The Duke Treadmill Score performs well in women
for the exclusion of CAD (276).

3. Management

A. PHARMACOLOGICAL THERAPY

Women derive the same treatment benefit as men from
ASA, clopidogrel, anticoagulants, beta blockers, ACE in-
hibitors, and statins, but they are given ASA and other
anticoagulant less frequently (278). A meta-analysis of GP
IIb/IIIa antagonists in UA/NSTEMI reported an apparent
lack of efficacy and possible harm in women (187); however,
women with elevated troponin levels received the same
beneficial effect as men. Higher rates of dosing errors and
subsequent bleeding with antiplatelet and anticoagulant
therapy have been reported for women than for men (279).
Creatinine clearance (Cockroft-Gault formula) and weight-
based adjustments of medications, where recommended,
can reduce this risk.

B. CORONARY ARTERY REVASCULARIZATION

Angiographic success and late outcomes after PCI for
women, including those presenting with UA/NSTEMI,
have improved and are generally similar to men, although in
some series, early complications occurred more frequently in
women (264,280,281). Similarly, more recent studies show
a favorable outlook for women with ACS undergoing
CABG (262,282,282a).

C. INITIAL INVASIVE VERSUS INITIAL CONSERVATIVE STRATEGY

Clinical trials of UA/NSTEMI have consistently demon-
strated a benefit with an invasive strategy for men (see
Section IV.C), but results in women have been conflicting.
A meta-analysis of trials in the era of stents and GP IIb/IIIa
antagonists has failed to show a survival benefit of a direct
invasive strategy in women at 6 to 12 months (OR for
women 1.07, 95% CI 0.82 to 1.41; OR for men 0.68, 95%
CI 0.57 to 0.81) (283).

In TACTICS (Treat Angina with Aggrastat and deter-
mine Cost of Therapy with Invasive or Conservative Strat-
egy) TIMI-18, there was a reduction in the composite risk
of death, nonfatal MI, or rehospitalization for UA in
women with intermediate (3 to 4) or high (5 to 7) TIMI risk
scores undergoing an early invasive strategy that was similar
to that in men (284). In contrast, women with a low TIMI
risk score had an increased risk of events (OR 1.59, 95% CI
0.69 to 3.67) with the invasive versus the conservative
strategy, whereas low-risk men had similar outcomes with
the 2 strategies. However, the number of events was small (n
� 26 events), and the probability value for interaction did
not achieve significance (p � 0.09). Similarly, women with
an elevated troponin T benefited from an invasive strategy
(adjusted OR 0.47, 95% CI 0.26 to 0.83), whereas the
primary end point was significantly more frequent in women
(but not men) treated invasively with a negative troponin
(OR 1.46, 95% CI 0.78 to 2.72) (284). The FRISC II (197)
and RITA-3 (196,269,285) randomized trials reported im-

proved outcomes with an invasive strategy only in men, but
a high percentage of women were low risk, and an assess-
ment of outcomes by risk or troponin status has not been
reported.

In summary, women with UA/NSTEMI and high-risk
features, including elevated cardiac biomarkers, appear to
benefit from an invasive strategy with adjunctive GP IIb/
IIIa antagonist use, although more data are needed. There is
no benefit of a direct invasive strategy for low-risk women,
and the weight of evidence suggests that there may be excess
risk in this group, for which a conservative strategy is
recommended.

B. Diabetes Mellitus

1. Profile and Initial Management of Diabetic and
Hyperglycemic Patients With UA/NSTEMI

Coronary artery disease accounts for 75% of deaths in
patients with diabetes, and approximately 20% to 25% of
patients with UA/NSTEMI have diabetes mellitus
(215,286). Diabetic patients with UA/NSTEMI have more
severe CAD (286–288), more ulcerated plaques and intra-
coronary thrombi (289), more vascular comorbidities, and
are more often post-CABG patients (290). Diabetic auto-
nomic dysfunction raises the threshold for the perception of
angina, which confounds the diagnosis of UA/NSTEMI
(291). Importantly, diabetes mellitus is an independent
predictor of death, MI, or readmission with UA (292).

Glucose level on admission to the hospital is a significant
predictor of 1-year mortality (293); however, the optimal
approach to managing hyperglycemia remains uncertain
(294–296). Pending additional trials that include ACS
patients, a reasonable approach may be to target a blood
glucose goal of less than 150 mg per dL during the first 3 d
in the intensive care unit/critical care unit in very ill patients
(e.g., those with ventilators or on parenteral feeding) (297).
Thereafter, or in less ill patients, a more intensive insulin
regimen could be instituted, with a goal of normoglycemia
(80 to 110 mg per dL).

2. Coronary Revascularization

An advantage for CABG over PTCA was found in treated
patients with diabetes mellitus in the randomized BARI
(286), CABRI (216), and Emory University trials (217), as
discussed in Section V.C. Specifically, mortality was lower
in patients who received internal thoracic artery grafts.
However, a CABG-related advantage was not reproduced
in the BARI registry population (218), which suggests that
physicians might be able to recognize characteristics of
CAD in diabetic patients that permit the safe selection of
either revascularization therapy. Similarly, in the Duke
University registry study, although outcome was worse in
diabetic patients, there was no differential effect of PCI
versus CABG (298).

Stents have improved the outcome of patients with
diabetes mellitus who undergo PCI. In a study with histor-
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ical controls, the outcome after coronary stenting was
superior to that after PTCA, and the restenosis rate was
reduced (63% vs. 36%, diabetes vs. no diabetes, with balloon
PTCA at 6 months [p � 0.0002] compared with 25% and
27% with stents [p � NS]) (299). Nevertheless, “BARI-
like” comparisons of long-term survival after PCI with
frequent stenting versus CABG have reported better risk-
adjusted long-term survival in diabetic subgroups with
3-vessel disease treated with CABG (300).

Glycoprotein IIb/IIIa antagonists improve the outcome
of PCI in patients with diabetes mellitus. In the Evaluation
of PTCA to Improve Long-term Outcome by c7E3 GP
IIb/IIIa receptor blockade (EPILOG), abciximab resulted
in a greater decline in death/MI over 6 months after PCI in
patients with diabetes mellitus (HR 0.36, 95% CI 0.21 to
0.61) than in those without diabetes (HR 0.60, 95% CI 0.44
to 0.829) (301). A similar differential benefit in diabetic
patients has been reported for tirofiban (225). In the
Evaluation of IIb/IIIa Platelet Inhibitor for STENTing
(EPISTENT) trial, which studied 2,399 patients, 21% with
diabetes and 20% with UA (178), abciximab reduced the
30-d event rate (death, MI, or urgent revascularization) in
diabetic patients from 12.1% (stent plus placebo) to 5.6%
(stent plus abciximab; p � 0.040). At 6 months, revascu-
larization of target arteries was reduced by more than 50%
(16.6% vs. 8.1%, p � 0.02). Death or MI was reduced to a
similar degree in diabetic and nondiabetic patients (303),
and benefits were maintained at 1 year (304).

Data on outcomes in diabetic patients with the contem-
porary use of drug-eluting stents, GP IIb/IIIa inhibitors,
and long-term clopidogrel are limited. However, given the
diffuse nature of diabetic CAD, the relative benefits of
CABG over PCI may persist for diabetic patients, even in
the era of drug-eluting stents.

C. Post-CABG Patients

Overall, up to 20% of patients presenting with UA/
NSTEMI have previously undergone CABG (290). Con-
versely, approximately 20% of post-CABG patients develop
UA/NSTEMI during an interval of 7.5 years (305). Post-
CABG patients who present with UA/NSTEMI are at
higher risk than those who have not undergone surgery.

1. Pathological Findings

Pathologically, post-CABG patients have a particular ten-
dency for atherosclerotic and thrombotic lesions to develop
in SVGs, as well as native-vessel progression, which can
lead to UA/NSTEMI (306). Angiographically, SVGs more
frequently have friable plaques, complex lesions, thrombi,
and total occlusions than native vessels (307). Approxi-
mately 50% of SVGs develop obstructive lesions within 5
years and more than 90% at greater than 10 years (307), and
there is a high rate of early graft failure in current practice
(occlusion in up to one third at 1 year). Thus, SVG disease
is a serious and unstable process.

2. Clinical Findings and Approach

Post-CABG patients are more frequently male, older, and
diabetic; have more extensive CAD; and have more prior
MIs and LV dysfunction than non-CABG patient present-
ing with UA/NSTEMI. Resting ECG abnormalities often
limit the utility of ECG stress testing, but myocardial stress
perfusion imaging or dobutamine echocardiography can
help to identify and define areas of ischemia. Given complex
disease with many anatomic possibilities that cause isch-
emia, there should be a low threshold for angiography in
post-CABG patients with UA/NSTEMI.

Revascularization with either PCI or reoperation may be
considered in post-CABG patients with UA/NSTEMI on
the basis of individual characteristics. Stents are generally
preferred to balloon angioplasty of SVGs (308). When
possible, PCI of a native vessel is preferred to PCI of an
SVG. Embolization of friable atherosclerotic can increase
the risk of PCI-related complications (309). Despite rela-
tively similar early outcomes, post-CABG patients experi-
ence up to twice the incidence of adverse events (death, MI,
or recurrent UA) during the first year, which is attributable,
at least in part, to a lower rate of complete revascularization
(305,310).

D. Older Adults

The terms “elderly” or “older adults” are often used to refer
to those aged 75 years and older. Older adults account for
more than one-third of UA/NSTEMI patients (311) and
present with special challenges. First, they more often
present with atypical symptoms, including dyspnea and
confusion (312). Second, they are more likely to have altered
cardiovascular physiology, including hypertension or hypo-
tension, cardiac hypertrophy, and HF and LV dysfunction,
especially diastolic dysfunction (313), and they more fre-
quently have other cardiac comorbidities. Third, older
patients tend to be treated with a greater number of
medications, have reduced renal function, and are at greater
risk for adverse drug interactions. Hence, older age is
associated with both higher disease severity and greater
treatment risk (311).

1. Pharmacological Management

Overall, older subgroups in clinical trials have relative or
absolute risk reductions that are relatively similar to those
of younger patients for many commonly used treatments
for UA/NSTEMI. Despite this, older patients less often
receive an early invasive strategy and key pharmacother-
apies, including anticoagulants, beta blockers, clopi-
dogrel, and GP IIb/IIIa inhibitors (44,311,314). With
this said, proper drug selection and dose adjustment are
needed to account for altered drug metabolism, distribu-
tion, and elimination, as well as exaggerated drug effects.
In a community-based registry, 38% of UA/NSTEMI
patients aged 75 years or older received an excessive dose
of UFH, 17% received excessive LMWH, and 65%
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received an excessive dose of a GP IIb/IIIa antagonist
(311); 15% of major bleeding could be attributed to
excess dosing (279). Mortality and length of stay were
greater with excessive dosing. Altered pharmacodynamic
responses to drugs also result from lower cardiac output,
plasma volume, and vasomotor tone and responsiveness.

2. Functional Studies

Older persons often have difficulty performing exercise
testing and have a higher prevalence of preexisting ECG
abnormalities. In such patients, pharmacological stress test-
ing with cardiac imaging can be useful.

3. Contemporary Revascularization Strategies in
Older Patients

Experience has shown that coronary stenting can be per-
formed in older patients with high procedural success and
acceptably low complication rates (315). Similarly, an inva-
sive strategy in UA/NSTEMI can benefit older patients
with UA/NSTEMI. In the TACTICS TIMI-18 trial
(316), the early invasive strategy conferred an absolute
reduction in total ischemic events of 10.8 percentage points
and a relative risk reduction of 50% (10.8% vs. 21.6%; p �
0.016) in patients older than 75 years. Benefits came with an
increased risk of major bleeding events (16.6% vs. 6.5%; p �
0.009). Thus, selection of older patients for an early invasive
strategy remains challenging and requires clinical judgment
and individual application; however, age alone should not
preclude the use of a PCI-based strategy.

Operative morbidity and mortality rates also increase for
CABG with advanced age, but outcomes have progressively
improved and are favorable compared with medical therapy;
quality of life improves as well (317). A contemporary
review of 662,033 patients enrolled in the Society of
Thoracic Surgeons National Cardiac Database (318) found
a CABG operative mortality rate of 2.8% for patients 50 to
79 years of age, 7.1% for patients 80 to 89 years of age, and
11.8% for patients aged 90 years or greater. Risk was lower
in the absence of certain factors (renal failure, emergency
surgery, and noncoronary vascular disease). Thus, with
appropriate selection, CABG surgery can be an appropriate
revascularization strategy, even in the oldest patient sub-
groups.

E. Chronic Kidney Disease

Chronic kidney disease is a potent risk factor for cardiovas-
cular disease and qualifies as a coronary risk equivalent
(319). Chronic kidney disease is also a risk factor for adverse
outcomes after MI, including NSTEMI (47,320,321). Of
concern, however, is the underrepresentation of patients
with renal disease in randomized controlled trials (322).
Limited evidence and current opinion suggest that when
appropriately monitored, cardiovascular medications and
interventional strategies can be safely applied to these
patients (320). However, bleeding risk is higher because of
platelet dysfunction and dosing errors (279). Renin-

angiotensin-aldosterone inhibitors can impose a greater risk
of hyperkalemia and worsening renal function. Angiography
carries an increased risk of contrast-induced nephropathy,
and PCI is associated with a higher rate of early and late
complications (322). Thus, chronic kidney disease carries a
far worse prognosis, but unlike in several other high-risk
subsets, the value of aggressive therapeutic interventions is
less certain and should be further studied.

In patients with chronic kidney disease or chronic kidney
disease and diabetes mellitus who are undergoing angiog-
raphy, isosmolar contrast material has been shown to lessen
the rise in creatinine: It reduced the risk of contrast-induced
nephropathy in both a randomized clinical trial (RE-
COVER [Renal Toxicity Evaluation and Comparison Be-
tween Visipaque (Iodixanol) and Hexabrix (Ioxaglate) in
Patients With Renal Insufficiency Undergoing Coronary
Angiography]) comparing iodixanol with ioxaglate (323)
and a meta-analysis of 2,727 patients from 16 randomized
clinical trials (324).

An assessment of renal function is critical to proper
medical therapy of UA/NSTEMI. Many cardiovascular
drugs used in UA/NSTEMI patients are renally cleared;
their doses should be adjusted for estimated creatinine
clearance. Clinical studies and labeling that defines adjust-
ments for several of these drugs have been based on the
Cockroft-Gault formula for estimating creatinine clearance,
which should be used to generate dose adjustments.

F. Cocaine and Methamphetamine Users

The widespread use of cocaine and, more recently, meth-
amphetamines and their known association with UA/
NSTEMI makes it mandatory to consider these drugs as a
potential cause of UA/NSTEMI, because pathophysiology
and therapy for these drugs are distinctive.

1. Pathophysiology and Presentation

The potential of cocaine to induce coronary spasm has been
demonstrated both in vitro (325) and in vivo (326–328).
Treatment with calcium antagonists inhibits or reverses
cocaine-induced vasoconstriction (328,329). Cocaine also in-
creases platelet responsiveness and reduces anticoagulant fac-
tors, which predisposes the individual to coronary thrombosis
(326,330).

Cocaine users can develop chest discomfort that is indis-
tinguishable from UA/NSTEMI secondary to coronary
atherosclerosis. Thus, UA/NSTEMI patients should be
questioned about the use of cocaine and methamphetamines
(331).

2. Treatment

Initial management of cocaine-induced ACS should include
sublingual NTG and a calcium antagonist (e.g., diltiazem 20
mg IV) (326,332). If ST-segment elevation is present and the
patient is unresponsive to initial treatment, immediate coro-
nary angiography is preferred over fibrinolytic therapy. After
cocaine use, increased motor activity causing CK and CK-MB
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elevations can occur in the absence of MI (333); hence,
troponin levels should be used to assess myocardial injury. The
use of beta blockers for cocaine-induced ischemia is controver-
sial (334). If used, labetalol, an alpha and beta blocker, has been
advocated, because it has been shown not to induce coronary
artery vasoconstriction (335). However, NTG and calcium
antagonists are preferred (332,334). Cocaine users with possi-
ble/probable UA/NSTEMI should be observed and managed
medically for 9 to 24 h. Thereafter, if the ECG and biomarkers
are normal and the patient is stable, the patient can be
discharged (336).

3. Methamphetamine Use and UA/NSTEMI

Although methamphetamine abuse has increased dramati-
cally, the evidence base for UA/NSTEMI after metham-
phetamine use and its treatment is limited to a few publi-
cations of case reports and small series (337–339). These
suggest a clinical presentation that resembles cocaine-
associated ACS. Therapy similar to that for cocaine-
induced UA/NSTEMI is reasonable pending information
more specific to methamphetamine use.

G. Variant (Prinzmetal’s) Angina

Variant angina (Prinzmetal’s angina, periodic angina) is an
unusual form of UA that usually occurs spontaneously, is
classically characterized by transient ST-segment elevation,
and spontaneously resolves or resolves with NTG use,
usually without progression to MI.

1. Clinical Picture, Pathogenesis, and Diagnosis

Anginal discomfort usually occurs at rest, simulating UA/
NSTEMI. Attacks can be precipitated by emotional stress,
hyperventilation, exercise, or exposure to cold and occur
more frequently in the early morning. Patients with variant
angina are generally younger and, except for smoking, have
fewer coronary risk factors (340,341). Occasionally, pro-
longed vasospasm can result in MI, atrioventricular block,
ventricular tachycardia, or sudden death (342,343).

The cause of variant angina is epicardial coronary artery
spasm, most commonly focal but potentially at more than 1 site
(344). ST-segment elevation implies transmural ischemia as-
sociated with complete or near-complete coronary occlusion.
These sites can be angiographically normal (presumably with
endothelial dysfunction or inapparent plaques) (345) or may
show nonobstructive or obstructive CAD (346). The key to
diagnosis is the documentation of transient ST-segment ele-
vation during chest discomfort. Both noninvasive tests (ambu-
latory ECG recording, morning treadmill exercise) and coro-
nary angiography (which can include pharmacological
provocation) can be useful in diagnosis.

2. Treatment and Prognosis

Variant angina is usually responsive to NTG, long-acting
nitrates, and calcium antagonists (347–349), which are

considered first-line therapies. (Beta blockers have theoret-
ical adverse potential, and their clinical effect is controver-
sial.) Smoking should be discontinued. Patients with very
active disease can require a combination of nitrates and 2
calcium antagonists of different classes (i.e., a dihydropyri-
dine with verapamil or diltiazem). Alpha-receptor blockers
may be tried in resistant patients (350). Coronary spasm
(with or without provocation) that occurs during coronary
angiography should be treated with 0.3 mg of NTG infused
directly into the coronary artery involved. Prognosis with
medical therapy is usually good in the presence of a normal
or near-normal coronary arteriogram (351) but is worse in
the presence of CAD (352).

H. Cardiovascular “Syndrome X”

1. Definition and Clinical Picture

Cardiovascular “syndrome X” refers to with a syndrome of
angina or angina-like discomfort with exercise, ST-segment
depression on exercise testing or other objective signs of
ischemia (353), and normal or nonobstructed coronary
arteries on arteriography (354). Syndrome X is more com-
mon in women than in men (354–357). Chest discomfort
can be typical or atypical (356), may occur with activity or at
rest, and may or may not respond to NTG (358). Prolonged
episodes can simulate UA/NSTEMI. The cause of syn-
drome X is not well understood but has been postulated to
involve microvascular dysfunction and/or abnormal pain
perception (359,360). Recent data from the Women’s Isch-
emia Syndrome Evaluation (WISE) (361,362) suggest that
long-term prognosis might not be as benign as previously
thought: Women with no or minimal obstructive disease
had a 9.4% occurrence of MI or death by 4 years.

2. Treatment

Persistence of symptoms is common, and many patients do
not return to work (358). The demonstration of normal
coronary arteries on angiography can be reassuring. Beta
blockers and calcium antagonists can reduce the number of
episodes of chest discomfort (363,364). Nitrates are effective
in one-half of patients. Imipramine 50 mg daily can benefit
patients with chronic pain syndromes, including syndrome
X (365). Estrogen in postmenopausal women can reduce the
frequency of chest pain episodes (366) but can increase
cardiovascular risk. Statin therapy and exercise training can
improve exercise capacity, endothelial function, and symp-
toms (367,368). Cognitive behavioral therapy can be bene-
ficial (369). Other causes of chest discomfort, especially
esophageal dysmotility, should be ruled out. Coronary risk
factor reduction is appropriate, especially if even minimal
CAD is present. Transcutaneous electrical nerve stimulation
and spinal cord stimulation have been used for pain control
in highly symptomatic, refractory cases (370).
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APPENDIX 1. RELATIONSHIPS WITH INDUSTRY—ACC/AHA COMMITTEE TO UPDATE THE 2002 GUIDELINES FOR
THE MANAGEMENT OF PATIENTS WITH UNSTABLE ANGINA/NON–ST-ELEVATION MYOCARDIAL INFARCTION

Committee Member Research Grant Speaker’s Bureau Stock Ownership
Consultant/

Advisory Member

Cynthia D. Adams None ● GlaxoSmithKline
● Guidant
● Medtronic
● Pfizer

None ● CHF Technologies

Jeffery L. Anderson ● AstraZeneca
● Bristol-Myers Squibb*

● Merck* ● Bristol-Myers Squibb
● Merck*
● Sanofi
● ThromboVision

Elliott M. Antman ● Accumetrics
● Amgen, Inc.
● AstraZeneca
● Bayer Healthcare LLC
● Biosite
● Boehringer Mannheim
● Beckman Coulter, Inc.
● Bristol-Myers Squibb
● Centocor
● CV Therapeutics
● Dade
● Dendrion
● Eli Lilly*
● Genetech
● GlaxoSmithKline
● Inotek Pharmaceuticals Corp.
● Integrated Therapeutics Corp.
● Merck
● Millennium*
● Novartis Pharmaceuticals
● Nuvelo, Inc.
● Ortho-Clinical Diagnostics, Inc.
● Pfizer, Inc.
● Roche Diagnostics GmbH
● Sanofi-Aventis Research
Institute

● Sanofi-Synthelabo Recherche
● Schering-Plough
● Sunoz Molecular
● The National Institutes of Health

None None ● Eli Lilly
● Sanofi-Aventis

Charles R. Bridges None None None None
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Committee Member Research Grant Speaker’s Bureau Stock Ownership
Consultant/

Advisory Member

Robert M. Califf ● Abbott Laboratories
● Abbott Vascular Devices
● Acorn Cardiovascular
● Actelion
● Acushphere, Inc
● Advanced CV Systems
● Advanced Stent Tech
● Agilent Technologies
● Ajinomoto
● Alexion
● Allergan
● Alsius
● Amgen
● Amylin Pharmaceuticals Inc.
● Anadys
● ANGES MG, Inc.
● Argionx Pharmeceuticals
● Ark Therapeutics, Ltd.
● AstraZeneca
● Aventis
● Aviron Flu Mist
● Bayer AG
● Bayer Corp.
● Berlex
● Biocompatibles, Ltd.
● Biogen
● Bioheart
● Biomarin
● Biosense Webster, Inc.
● Biosite
● Biotronik
● Biotechnology General Corp.
● Boehringer Ingleheim
● Boston Scientific
● Bracco Diagnostics
● Bristol-Myers Squibb
● CanAm Bioresearch, Inc.
● Cardiac Science, Inc.
● Cardiodynamics
● CardioKinetix, Inc.
● Caro Research
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In the article by Anderson et al, “ACC/AHA 2007 Guidelines for the Management of Patients
With Unstable Angina/Non–ST-Elevation Myocardial Infarction—Executive Summary: A Report
of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 2002 Guidelines for the Management of Patients
With Unstable Angina/Non–ST-Elevation Myocardial Infarction),” which appeared in the August
14, 2007, issue of the journal (Circulation. 2007;116:803–877), the following corrections are
necessary:

1. On multiple pages: Replace “calcium antagonist(s)” with “calcium channel blocker(s)” at all
occurrences. These are as follows:
● page 810: Class IIa Recommendation 4, Class IIb Recommendation 1;

● page 811: Class IIb Recommendation 2 (top of left column), Class III Recommendation 3;

● page 820: Class I Recommendations 1, 2, and 3, Class IIa Recommendation 2, and
Class IIb Recommendation in “Cocaine and Methamphetamine Users” Section;

● page 855, right column: first paragraph under “Pathophysiology and Presentation,” first
paragraph under “Treatment”; and

● page 856, left column: first paragraph, last paragraph; right column: first paragraph, last
paragraph.

2. On page 824, left column, first paragraph: Delete phrase “with increasing risk score” from the
second-to-last line so that sentence reads “. . . platelet GP IIb/IIIa inhibition (43), and an
invasive strategy (44).”

3. On page 826, left column, under “Cardiac Biomarkers of Necrosis and the Redefinition of
AMI”: Delete the word “biomarker” so that the sentence reads “Favorable features of
biomarkers of necrosis are high concentrations . . . .”

4. On page 829, left column, second paragraph under “Early Hospital Care”: Change “and” to
“and/or” so that sentence reads “. . . a GP IIb/IIIa receptor antagonist, and/or a thienopyridine
(i.e., clopidogrel; initiation may be deferred until a revascularization decision is made).”

5. On page 831, Figure 6 caption: Delete “B” from first sentence so that parenthetical wording
is “e.g., Boxes B1 and B2.”

6. On page 831, right column, last line: Insert a space between “formulations” and “than.”

7. On page 832, left column, first paragraph: Change “has been” to “had been,” “implementa-
tion” to “implantation,” and “which had been” to “but this has been” so that the sentence reads
“ASA of 325 mg per day had been recommended for 1 month after bare-metal stent
implantation and 3 to 6 months after drug-eluting stent implantation, but this has been
modified to an initial dose range of 162 to 325 mg per day based on the risk of excess bleeding
with higher doses and an update of current evidence of outcomes after PCI (Table 6, Fig. 9).”

8. On page 834, Table 6: In the Ticlopidine row, add the phrase “(duration same as clopidogrel)”
after “MD of 250 mg orally twice daily” in both the “After PCI” and “At Hospital Discharge”
columns.

9. On page 835, Table 6: In the Abciximab row, “meg” should be “mcg.”

10. On page 835, Table 6: In the first sentence of the footnote, add “of UFH” after “50 to 60 U
per kg.”

(Circulation. 2008;117:e178-e179.)
© 2008 American Heart Association, Inc.
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11. On page 843, left column, first line: Change “conformation” to “conformational” so that
sentence reads as follows: “When platelets are activated by a number of mechanisms, their GP
IIb/IIIa cell membrane receptors undergo a conformational change that increases receptor
affinity for fibrinogen (168).”

12. On page 845, right column, middle of third paragraph: Change “lower-risk” to “intermediate-
risk” and delete “, troponin-negative” and “, troponin-positive” so that sentence reads “. . .
either an intravenous GP IIb/IIa inhibitor or clopidogrel should be added to ASA and
anticoagulant therapy before diagnostic angiography (upstream) for intermediate-risk pa-
tients, and that both should be given before angiography for high-risk patients (Class I
recommendation).”

13. On page 846, left column, first line: Delete “urgent” so that sentence reads “The first group
consists of patients requiring angiography/revascularization urgently because of ongoing
ischemic symptoms or hemodynamic or rhythm instability.”

14. On page 846, right column, second paragraph: Delete “routine use of clopidogrel in the
conservative arm” so that sentence reads “Proposed explanations for the lack of incremental
benefit with an invasive strategy include the high rate of revascularization in the selective
invasive therapy arm (47%), more aggressive medical therapy (statins, clopidogrel) in both
arms, and limited power owing to the relatively low rate of hard end points (195).”

15. On page 848, right column, first paragraph: Add the following sentence to the end of the
paragraph: “Coronary CT angiography now offers noninvasive imaging of the coronary
arteries (88,89).”

16. In Figure 8, page 833: Add “Class I” inside the parentheses (before LOE) after “duration of
hospitalization” and after “at physician’s discretion.”

17. In Table 8, page 844:
• For the PURSUIT row: The GP IIb/IIIa n should be 670/4722; the GP IIb/IIIa percentage

should be 14.2*; the ARR percentage should be 1.5; the RR should be 0.90; the 95% CI
should be 0.82 to 1.00; and the p should be 0.04.

• For the ISAR-REACT (ACS) row: The 95% CI should be 0.57 to 0.97.

• For the All ACS trials row: The GP IIb/IIIa n should be 1726/16 668; the GP IIb/IIIa
percentage should be 10.4; the ARR percentage should be 1.3; the RR should be 0.86; and
the 95% CI should be 0.81 to 0.93.

• For the All PCI trials and ACS trials row: The GP IIb/IIIa n should be 2134/24 274; the GP
IIb/IIIa percentage should be 8.8; the ARR percentage should be 1.7; the RR should be 0.83;
and the 95% CI should be 0.83 to 0.84.
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