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By DAVID FITCHETT, MD
Evidence-based management strategies have had a significant impact on the reduction of adverse outcomes in patients
with acute coronary syndromes (ACS). Yet, recurrent ischemic
events remain all too frequent despite advances in both diagnosis and medical, interventional, and surgical treatment.1
Chest pain is a common complaint, and the evaluation of
patients with a possible ACS in the hospital emergency department is a challenge. Optimizing outcomes depends upon
improvements in patient management during all stages of the
care process (Table 1). This issue of Cardiology Scientific Update
reviews developments that have the potential to improve
patient outcomes.

Novel techniques for diagnosis
and risk stratification
Clinical judgment and the electrocardiogram (ECG) are
important in the diagnosis and risk stratification of patients with
chest pain. However, the majority of patients have atypical
symptoms and ECGs are not always diagnostic of an ACS. In
these patients, biomarkers and noninvasive imaging techniques
may provide a rapid diagnosis and predict short- and long-term
outcomes. Furthermore, additional information available from
biomarkers may lead to an optimal management strategy.

Biomarkers
Cardiac troponin (cTn) I and cTn T are the most useful
markers for both diagnosis and risk assessment. In the patient
with symptoms compatible with an ACS, small increments in
cTn not only confirm the diagnosis, but also indicate a higher

Division of Cardiology
Thomas Parker, MD (Head)
Gordon W. Moe, MD (Editor)
David H. Fitchett, MD (Assoc. Editor)
Juan C. Monge, MD (Assoc. Editor)
Beth L. Abramson, MD
Abdul Alhesayan, MD

Warren Cantor, MD
Luigi Casella, MD
Asim Cheema, MD
Robert J. Chisholm, MD
Chi-Ming Chow, MD
Paul Dorian, MD
Michael R. Freeman, MD

Shaun Goodman, MD
Anthony F. Graham, MD
Robert J. Howard, MD
Stuart Hutchison, MD
Victoria Korley, MD
Michael Kutryk, MD
Anatoly Langer, MD

risk of recurrent events. A meta-analysis of the prognostic value
of cTn in patients with chest pain reveals that a positive cTn
confers an almost 4-fold greater risk for both death and
death/myocardial infarction (MI).2 An increased cTn is more
often associated with the presence of thrombus, stenosis severity, total coronary occlusion, and impaired microcirculatory flow.3
Furthermore, patients with increased cTn levels have enhanced
benefit from treatment with an early invasive strategy, the use of
the low-molecular weight heparin (LMWH), enoxaparin, and
the early use of glycoprotein (GP) IIb/IIIa inhibitors.2 Consequently, patients with a suspected ACS and detectable levels of
cTn constitute a high-risk group who benefit from an aggressive
management strategy.
However, it is apparent that many patients with ACS are at
a high risk of adverse events despite a lack of either high-risk
clinical features or ECG findings, and cTn levels beneath the
normal reference range. New biomarkers (eg, B-type natriuretic
peptide [BNP]4 and myeloperoxidase5,6) hold promise for the
detection of higher risk individuals without either elevated cTn
or other high-risk features. It is likely that the use of multiple
markers will provide the best application of biomarkers for risk
stratification.7 The development of multi-marker panels will
provide a valuable clinical tool for diagnosis and risk stratification and act as a guide for optimal management strategy. As yet,
the new markers, either alone or in combination, have not
helped in determining specific management strategies and are
still under investigation to establish their clinical application.8

Noninvasive imaging techniques
Noninvasive imaging technology has increasing promise
in the diagnosis of ACS, the detection and quantification of
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Stage 1

Diagnosis – Is this an acute coronary
syndrome?

Stage 2

Risk Stratification – What is the risk of an
adverse outcome?

Stage 3

Immediate management – Prevention of
recurrent thrombotic occlusion

Stage 4

Revascularization – How early should the
patient have angiography?

Stage 5

Long-term vascular protection – Stabilize
atherosclerosis

necrosed and at-risk myocardium, identification of myocardial
ischemia and infarct-related coronary artery stenosis, and the
establishment of both prognosis and risk/benefit of treatments.
Available techniques include echocardiography (contrast
and stress); nuclear (single proton emission computerized
tomography [SPECT] perfusion and positron emission tomography [PET] perfusion and viability); magnetic resonance
(perfusion, function, and infarct imaging); and multi-slice
computed tomography (CT) (coronary angiography and
cardiac function). Magnetic resonance imaging (MRI) has
much potential for detecting recent ACS with a diagnostic
accuracy beyond currently used techniques.9 Furthermore,
MRI imaging distinguishes acute from chronically infarcted
myocardium.10 Contrast echocardiography is valuable for the
immediate assessment of patients presenting to the emergency
department with chest pain before serum markers are known
and when the ECG is not diagnostic.11 Echocardiographic
regional left ventricular function and contrast myocardial perfusion provide incremental prognostic value above the TIMI
risk score in the prediction of short- and long-term clinical
events. Noninvasive imaging techniques, perhaps in combination, have a definite role in assessing both short- and long-term
risk and the indications and benefits of revascularization.
However, before complex, expensive, and time-consuming
techniques are more widely deployed, it is important to
demonstrate that the greater diagnostic accuracy results in
improved clinical outcomes.

The 5-year outcome of the RITA-3 trial, which examined an
early interventional strategy in moderate- and high-risk patients
with non-ST-elevation (NSTE) ACS, was recently reported.13
Although the 1-year RITA-3 results showed no difference in either
death or nonfatal MI rates, the 5-year follow-up results showed
that the group receiving early interventional treatment had a 32%
reduction in cardiovascular (CV) death (odds ratio [OR] 0.68;
95% confidence interval [CI], 0.49-0.95, p = 0.026) and a 26%
reduction in CV death or nonfatal MI (OR 0.74; 95% CI,
0.56-0.97, p = 0.030); (Figure 1). The study again confirmed
that patients in the highest risk category were most likely to die
or have a recurrent MI if managed by a conservative strategy that
encompassed ischemia- or symptom-driven angiography.
Early coronary angiography and revascularization – preferably within 48 hours of presentation when feasible – is recommended in higher risk patients with NSTE ACS. The immediate
administration of the most effective antiplatelet and antithrombotic combination reduces the risk of events prior to, and
during, revascularization.

Figure 1: 5-year follow-up of the RITA-3 trial13
The early intervention and conservative groups are
categorized into quartiles of risk, with the upper quartile
further divided into equal-sized two-eighths of risk
(4a and b). There is long-term reduction in death/MI.
However, the benefit of an early interventional strategy
is greatest in the higher risk patients.
Intervention

Cumulative risk (%)

Table 1: Management of the patient with chest pain

Groups 3+4
OR 0.67 (95% CI, 0.49 -0.90)
Groups 1+2
OR 1.06 (95% CI, 0.67 -1.67
4a
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Early invasive versus
conservative management of ACS
The American College of Cardiology (ACC)/American Heart
Association (AHA)2 and European Society of Cardiology1 Guidelines recommend early coronary angiography and revasularization in patients with higher risk ACS. A recent meta-analysis12 of
all trials of early invasive vs conservative management indicates
that an early invasive strategy reduces MI, severe angina, and
rates of re-hospitalization over a mean follow-up of 18 months.
High-risk patients with positive troponin and/or ST segment
depression benefited most from an invasive strategy.
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Inhibition of platelet function plays a vital role in the prevention of recurrent vascular events in a wide range of patients
with acute and chronic coronary disease. Twenty years ago,
aspirin (ASA) was shown to be beneficial in ACS management.
In 4 trials that included >3000 patients, with or without MI,
aspirin reduced recurrent cardiovascular events by 50%-60% in
the first few days after presentation and over the next 2 years.14-17
The thienopyridine adenosine diphosphate (ADP) antagonists,
ticlopidine and clopidogrel, provide further inhibition of platelet
activation and aggregation, with benefits additional to those
provided by aspirin in both NSTE ACS and STEMI.
The CURE trial18 demonstrated the early and long-term benefits of clopidogrel – in addition to treatment with aspirin – in
patients with NSTE ACS. Patients entered into the CURE trial
had been hospitalized within 24 hours after symptom onset and
had ischemic changes on ECG (but not STE) or elevated cardiac
markers to twice the upper limit of normal. Initially, patients >60
years old without ECG abnormalities, but with a history of coronary artery disease, were included. During the average 9-month
period of the trial, cardiovascular mortality, nonfatal MI, and
stroke were reduced by 20%. At 30 days, the absolute risk
reduction was 1.2% and, at 9 months, 2.1%. The benefit of
clopidogrel in the CURE trial was consistent across a wide risk
range as stratified by the Thrombolysis in Myocardial Infarction
(TIMI) risk score (Figure 2).19 Patients undergoing percutaneous
coronary intervention (PCI) benefited from pre-treatment with
clopidogrel and had a reduction in events before and after the
Figure 2: The CURE Trial
Rates of primary outcome (cardiovascular death, nonfatal
MI, or stroke) and major bleeding in low-, intermediate-,
and high-risk patients.19
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NNT = the number of patients to treat to avoid one of the primary
outcomes.
NNH = the number of patients treated to encounter 1 major
hemorrhage.
The greatest benefit /risk ratio is in the high-risk group.

Figure 3 : PCI-CURE
Cumulative hazard rates for cardiovascular death or MI
from randomization to end of follow-up. A benefit from
early clopidogrel treatment is seen before and after PCI
in patients with NSTE ACS.19
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procedure (Figure 3).20 Although major bleeding was increased
by 1% in patients receiving aspirin and clopidogrel, there was no
increase in life-threatening hemorrhage. Furthermore, in higher
risk patients who have the same bleeding rates as lower risk individuals, the absolute benefit from clopidogrel greatly exceeds
the bleeding risk.19 A recent analysis21 shows a modest increase
in risk of hospitalization for bleeding from dual antiplatelet
therapy in elderly patients after MI (ASA alone: 0.03/patient
year; aspirin and a thienopyridine [clopidogrel or ticlopidine]:
0.07/patient year).
Recent studies demonstrate the value of clopidogrel in
patients receiving thrombolysis for ST-segment elevated acute MI.
In the Clopidogrel as Adjunctive Reperfusion Therapy (CLARITY)
TIMI 28 trial,22 patients receiving thrombolysis were given either
clopidogrel (loading dose 300 mg and then 75 mg daily) or
placebo. Clopidogrel was continued until coronary angiography
2-8 days later. The trial revealed that clopidogrel improved the
patency rate of the infarct-related artery and reduced ischemic
complications without any increase in bleeding. Of the 3491
patients in the CLARITY study, 1863 went on to have PCI. In the
patients undergoing PCI, there was a 46% reduction in CV death,
MI, and stroke following PCI in the 30 days after randomization
(clopidogrel 3.6%, no pretreatment 6.2%, OR 0.54, 95% CI,
0.35-0.85).23 Clopidogrel pre-treatment reduced the risk of
cardiovascular death or ischemic complications before and after
PCI in patients who had received thrombolysis. Again, the benefit
was observed without any increased hemorrhagic risk.
The platelet GP IIb/IIIa inhibitors have been widely evaluated in the management of patients with NSTE ACS. Although
the GP IIb/IIIa inhibitors reduce cardiovascular death/MI during
the administration of the agent, this benefit is reduced by 30 days
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unless the patient undergoes early PCI.24-26 The small molecule GP IIb/IIIa inhibitors, eptifibatide and tirofiban, are the
only agents shown to result in any significant, albeit modest,
overall benefit.27-29 However, in high-risk patients with troponin elevation or other high-risk features undergoing early
PCI, the early use of either eptifibatide or tirofiban reduces
events prior to, and during, the procedure.30
Current guidelines support the use of aspirin and clopidogrel in the majority of patients with NSTE ACS.
GP IIb/IIIa inhibitors (either eptifibatide or tirofiban) are
recommended in high-risk patients (with troponin elevation
and/or ST segment depression) who are likely to undergo
early cardiac catheterization and revascularization.2

Resistance to antiplatelet agents and
the need for multiple antiplatelet agents
A wide variability of inhibition of in vitro platelet aggregation has been described with aspirin and clopidogrel. Not
only are the mechanisms of this variability unknown, but
the clinical significance is also unclear. Furthermore, there
is no standardized definition of resistance to antiplatelet
agents. Aspirin “resistance” is reported in 8%-56% of
individuals, depending on the test performed and the population studied.31 A similar incidence of “clopidogrel resistance” has been described.32 As yet, only one study has
related clinical outcomes to the antiplatelet response of
clopidogrel.33 Patients with ACS have increased baseline
platelet reactivity and a greater probability of a reduced antiaggregatory response. If the response to clopidogrel, as
determined by laboratory tests, has any meaning, it is apparent that a reduced response to clopidogrel is minimized
by the administration of a larger loading dose and a longer
duration of treatment. A recent report34 suggests that a
larger loading dose of clopidogrel (600 mg administered 6
hours prior to PCI) reduces peri-procedural MI and appears
to be safe when compared to the standard 300 mg loading
dose. Furthermore, the ALBION study,35 also reported at the
European Society of Cardiology (ESC), indicates that an even
larger loading dose of 900 mg prior to PCI, results in greater
and faster platelet inhibition and a trend towards less major
adverse events without any safety concerns. Although resistance to the small molecule GP IIb/IIIa inhibitors has not
been described, there is considerable variability in the
antiplatelet response to the antibody GP IIb/IIIa inhibitor,
abciximab, and its effect appears to be reduced during
infusions of >12-15 hours.36

Dual or triple antiplatelet therapy?
As the variability of the antiplatelet response appears to
be common and, as yet, unrecognizable in the individual
patient, it makes sense to use dual antiplatelet therapy with
ASA and clopidogrel in patients with an unambiguous diagnosis of an ACS. In higher risk patients who will undergo

very early coronary angiography and revascularization, adding
a small molecule GP IIb/IIIa inhibitor (eptifibatide or
tirofiban) will prevent events before and during PCI. Recent
data from the ELISA 2 trial support this approach.
The ELISA-2 trial, which was also presented at the 2005
ESC meeting, examined whether there are additional benefits from triple antiplatelet treatment with ASA, clopidogrel,
and the GP IIb/IIIa inhibitor, tirofiban, compared to treatment with ASA and clopidogrel alone. The high-risk patients
(84% Tn positive, 61% >0,1 mV ST depression) underwent
angiography within 48 hours and 82% had PCI. The trial
was underpowered to show a difference in the primary endpoint of infarct size. However, coronary flow in the infarctrelated artery was improved and there was a strong trend
toward enhanced event-free survival in patients receiving
triple therapy, especially in those with both ST segment
depression and troponin elevation. It is notable that there
was no increase in non-coronary artery bypass graft (CABG)
or CABG-related bleeding in the patients receiving the triple
antiplatelet regimen for 24-48 hours.
Although confirmation of the value of triple antiplatelet
therapy will be provided in the on-going ISAR-REACT II
study, current ACC/AHA2 and ESC1 guidelines recommend
that high-risk NSTE ACS patients receive aspirin, clopidogrel, and a GP IIb/IIIa inhibitor. However, based on the
Canadian ACS,37 GRACE38 and CRUSADE39 registries, only
15%-33% of high-risk patients are currently receiving a
GP IIb/IIIa inhibitor as early initial treatment.

Antithrombotic treatment and NSTE ACS
Addition of the antithrombin heparin to ASA in the
early management of NSTE ACS results in an additional
62% risk reduction from early (1 week) death or non-fatal
MI.2 LMWHs, in general, appear to be as effective as unfractionated heparin (UFH).2 However, only the LMWH, enoxaparin, has been shown to be superior to UFH in 2 trials.40-41
Yet, when patients underwent early coronary angiography
within the first 24-36 hours in the SYNERGY trial,42 the
benefits of enoxaparin observed in earlier trials were not
seen and bleeding events were more frequent. However,
SYNERGY (in >3,000 patients undergoing PCI), demonstrated that enoxaparin anticoagulation could be continued
during the intervention without the need for additional
anticoagulation. Similar periprocedural complication rates
were observed in both treatment groups.
The STEEPLE trial, presented at the 2005 ESC meeting,
demonstrated that enoxaparin can be used as the primary
anticoagulant for elective PCI, yet with a 57% reduction in
major bleeding rates compared to UFH. Again, enoxaparin
was used as the sole anticoagulant during PCI and there
was no difference in ischemic complications. It is possible
that the increased bleeding observed in SYNERGY resulted
from transitioning the patient from LMWH to UFH in the
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Figure 4: OASIS-5
The cumulative incidence of major bleeding observed
in the OASIS-5 trial over the first 30 days of the study.
The duration of administration of enoxaparin was
5.2 ± 2.3 days and fondaparinux 5.4 ± 2.4 days.43
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catheterization laboratory. Switching anticoagulants could
have also been responsible for the increased major bleeding
observed in patients randomized to enoxaparin compared to
fondaparinux in OASIS-5.
OASIS-5 43 randomized 20,078 patients with NSTE ACS
within 24 hours of symptom onset to either enoxaparin
(1 mg/kg twice daily) or the factor Xa inhibitor, fondaparinux 2.5 mg daily. Treatment in both arms was for an average
of 5 days. There was no difference in the primary efficacy
endpoint of death/MI/refractory ischemia at 9 days, with the
confidence intervals of the point estimate meeting predefined non-inferiority criteria for fondaparinux. However,
major bleeding by day 9 was 47% lower in the group receiving fondaparinux (Figure 4). By 30 days, there was a reduction in mortality in favour of fondaparinux compared to
enoxaparin that was linked to a reduction in bleeding. In
the 6207 patients undergoing PCI, there was a significant
increase in thrombus formation on the PCI guide-wire in
patients receiving fondaparinux. In the last 330 patients,
routine UFH was given to the group receiving fondaparinux,
and only one case of guide-wire thrombosis was observed.
In patients undergoing PCI randomized to enoxaparin,
53.8% also received UFH, compared to only 18.8% of the
fondaparinux group. It is possible that combined and potentially excessive antithrombin activity in the enoxaparin
group was responsible for some of the enhanced bleeding
observed with enoxaparin. Additional analyses will be necessary before fondaparinux replaces enoxaparin as the
most frequently used anticoagulant for the management of
patients with NSTE ACS. However, the trial emphasizes the
observation that early bleeding translates into later adverse

cardiac outcomes. Consequently, it is important to be vigilant
in our selection of antiplatelet and antithrombotic therapy
and identify patients at higher risk of hemorrhage, such as
the elderly and those with renal insufficiency.

Conclusions
Based on the above review, the following conclusions
can be drawn:
• Diagnostic techniques that can recognize ACS earlier
and predict the risk of an adverse outcome will optimize
management for the individual patient. New biomarkers and
noninvasive techniques show promise in achieving these goals.
• Recent studies, especially with longer-term followup, support the strategy of early cardiac catheterization and
revascularization (when possible) in higher risk patients
with NSTE ACS.
• Despite improvements in medical treatment, recurrent ischemic events remain common. Recent trials with
dual and triple antiplatelet agents (aspirin, clopidogrel and
an intravenous GP IIb/IIIa inhibitor such as tirofiban or eptifibatide) have been shown to reduce early and late ischemic
events. Newer anti-thrombotic agents such as fondaparinux
appear to achieve a comparable reduction in ischemic events,
yet with a reduction in major hemorrhage.
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