
Remember when the treatment for a heart attack was simply
bed rest, morphine, and diazepam? Back then (not really that long
ago), treatment of an acute
infarction with nitrates, aspirin,
heparin, or streptokinase was
considered harmful. And cardi-
ologists were fearful of perform-
ing coronary angiography in
such an unstable patient. How
much as changed! In fact, so
many studies have been done on
different patient populations,
with diverse combinations of
agents and procedures, and with
various outcome measures, that
it is difficult to know what is
best for an individual patient.
The authors of this two-part
series have reviewed numerous
clinical trials to develop a sum-
mary of the current medical
management of acute coronary syndrome (ACS), concluding with
their (bottom line) recommendations. I believe this information

will be useful for emergency physicians to initiate dialogue and
develop consensus with cardiologists and cardiothoracic surgeons

regarding the treatment of ACS
patients in their institution.  

—J. Stephan Stapczynski,
MD, Editor

Introduction
It’s a daunting task to read

from A to Z through the numer-
ous clinical trials in cardiology
in pursuit of a cure for acute
coronary syndrome (ACS), to
capture the essence of what is
important, find some clarity on
the topic, and to commit this
information to memory and
advance our daily practice car-
ing for these patients.

Emergency physicians play
an important role in the early

diagnosis of myocardial infarction (MI) and ACS, as well as the
early initiation of pharmacologic therapies that can salvage
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ischemic myocardium and save lives. These tasks are challenging
since the definitive diagnosis may not be immediately available,
and significant controversy exists over which of the many thera-
peutic agents are most effective in various patient settings.
Should a patient receive one, two, or three antiplatelet agents? Is
it safe to administer clopidogrel (Plavix) prior to results of coro-
nary angiography? Which patients should receive glycoprotein
IIb/IIIa inhibitors? Should patients scheduled for percutaneous
coronary intervention (PCI) be treated with unfractionated
heparin (UFH) or low-molecular weight heparin (LMWH)? Are
oxygen, nitroglycerin, and beta-blockers essential? Should statins
or angiotensin-converting enzyme (ACE) inhibitors be given in
the ED? Does it make a difference to transfuse anemic patients
or treat hyperglycemia? This review will attempt to clarify the
reasonable use of antiplatelet, antithrombotic, anti-ischemic, and
miscellaneous therapies for ACS.  

Specific reperfusion strategies, such as thrombolysis, PCI or
facilitated PCI, will not be specifically addressed. Throughout
the article, results of various trials will be expressed both in
terms of absolute risk reductions (ARR) or absolute risk differ-
ence (ARD) (which can be used to calculate “numbers needed to
treat” [NNT] and “numbers needed to harm” [NNH]) and rela-
tive risk reductions (RRR). (See Table 1 for abbreviations.)

ACS encompasses unstable angina (UA), defined as a new
symptom or a change from stable angina; non-ST segment eleva-
tion MI (NSTEMI), defined as positive cardiac markers with ST-
depression or with nonspecific or normal electrocardiogram
(ECG); and ST-segment elevation myocardial infarction
(STEMI), defined as anginal symptoms with greater than or
equal to 1 mm ST elevation in 2 contiguous leads on ECG. ACS
is a spectrum of disease states with a broad range of etiologies
including atherosclerotic plaque rupture, platelet aggregation,
thrombosis, spasm and distal embolization of clot, with the final
common outcome of myocardial ischemia. During ACS of any
cause, some of these areas of at-risk ischemic myocardium may
be salvaged by early therapy,1 and studies have demonstrated that
long-term prognosis after acute myocardial infarction (AMI) is
improved by limiting infarct size with the prevention of further
ischemia or reperfusion injury.2,3

Numerous advances in therapeutic options have been dis-
cussed in the literature and between emergency physicians and
cardiologists since the American College of Cardiology (ACC)
and the American Heart Association (AHA) last updated their
guidelines for the management of patients with NSTEMI ACS in
20024-6 and STEMI in 2005.7 According to these guidelines,
antiplatelet (aspirin, clopidogrel, glycoprotein IIb-IIIa inhibitors),
antithrombotic (unfractionated heparin [UFH], low-molecular
weight heparin [LMWH]), and anti-ischemic (oxygen, nitrates,
beta-blockers) therapy should be administered as soon as possi-
ble for all patients with high-risk ACS or STEMI. This early
decision of which medications are to be used requires significant
skill and is based on risk stratification, since definitive diagnosis
may not available for hours (pending results of cardiac biomark-
ers and coronary artery imaging).

Risk Stratification
Various methods are available to risk stratify ACS patients, but

prior to their use it is important to exclude the various non-cardiac
causes of acute chest pain, some of which would have detrimental
consequences if treated with antiplatelet or anti-thrombotic thera-
py (e.g., aortic dissection, pericarditis), as well as chronic stable
angina.4 The ACC/AHA guidelines4 recommend risk stratification
into low, intermediate, and high risk for death or nonfatal MI with
historical features, pain character, and clinical, electrocardiogram
(ECG), and cardiac biomarker findings. (See Table 2.) Important
aspects of the high-risk criteria include the presence of left-sided
heart failure, hemodynamic instability, rest angina with ECG
changes (new bundle-branch block, ST-segment depression >
0.05 mV, ventricular tachycardia) or elevated troponin (TnT or
TnI) > 0.1 ng/mL. Low-risk patients may have risk factors for
coronary artery disease, but have fewer than 20 minutes of rest
pain, normal or unchanged ECG, age younger than 70 years, and
normal cardiac biomarkers. Therefore, by ACC/AHA guideline
definition, all patients stratified into low-, intermediate-, or high-
risk criteria must have at least an ECG and cardiac biomarkers
measured. The authors believe that there exist patient sets that are
“very low risk” and do not require cardiac marker measurements
as part of the workup. We would suggest that a thorough history
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and physical, an ECG, and chest radiograph are often enough in
the very low risk patients.

In the risk stratification of potential ACS patients it is impor-
tant to consider a potential ischemic event, according to the
ACC/AHA 2002 guidelines,4 as an episode of non-traumatic
chest pain or severe epigastric pain described as central or sub-
sternal compression, crushing, pressure, tightness, heaviness,
cramping, burning, or aching sensation, or unexplained indiges-
tion, belching, or epigastric pain, especially if associated with
radiating pain in the neck, jaw, shoulders, back or one or both
arms, with dyspnea, nausea, vomiting, or diaphoresis.  

Troponin elevation has become one of the most important
measures of risk assessment since it is associated with a three- to
five-fold increased risk of 30-day mortality or recurrent MI.8,9 Sev-
eral clinical trials (such as CURE)10 have inclusion criteria for the
high-risk group as elevated troponin or ST-depression on ECG.
Others use multiple criteria, such as recurrent ischemia despite
anti-ischemic therapy, sustained ventricular tachycardia, PCI with-
in 6 months or prior coronary artery bypass graft (CABG) surgery,
in addition to elevated troponin or ST-depression.

Another stratification method is the Thrombolysis in Myocar-
dial Infarction (TIMI) Risk Score,11 a 7-point score based on var-
ious clinical findings (see Table 3), where the risk of adverse out-
come, defined as death, reinfarction, or need for target vessel
revascularization (TVR), increases from 5% (score 0, 1) to 41%
(score 6, 7).11 For ACS, high risk is defined as a score of greater
than 3 in studies on invasive strategy, or a score greater than 4 in
studies on GP IIb/IIIa antagonists. 

Authors’ Bottom Line Recommendations: High-risk
patients with elevated troponin, ECG evidence of ischemia or
left-sided heart failure, hemodynamic instability, or persistent
rest pain are likely to benefit from combination antiplatelet,
antithrombotic, and anti-ischemic agents. 

Antiplatelet Therapy
Platelets are of primary importance in the pathogenesis of

ACS. Erosion or rupture of atherosclerotic plaque, as often
occurs in ACS or during PCI, leads to platelet activation and
aggregation. Platelet activation results in alteration in platelet
shape with an increase in receptor number, and platelet aggrega-
tion involves the cross-linking of platelets via the glycoprotein
IIb/IIIa receptors and fibrinogen. Antiplatelet agents, therefore,
play a central therapeutic role in ACS. The three classes of
antiplatelet agents include aspirin, adenosine diphosphate recep-
tor antagonists (thienopyridenes), and glycoprotein (GP) IIb/IIIa
receptor antagonists.

Aspirin. Aspirin inhibits platelet activation by irreversibly
blocking (for the life of the platelet) cyclooxygenase 1, reducing
thromboxane A2 production, with effects apparent within 30
minutes of oral ingestion. Between 5% and 19% of patients have
aspirin resistance to cyclooxygenase 1 inhibition, perhaps
because of genetic polymorphism or drug-drug interactions.12

Several non-steroidal anti-inflammatory drugs (NSAIDs), such
as ibuprofen, can diminish the protective antiplatelet effects of
aspirin by competitively blocking cyclooxygenase 1.13,14 Aspirin
resistance may explain the predictive ability of recent aspirin use
(within prior 7 days) for adverse outcome in the TIMI risk
score.11

Aspirin has been shown to be beneficial in the setting of ACS,
including AMI, as well as in PCI, by decreasing the risk of re-
occlusion.15 The pooled effects from four randomized, placebo-
controlled, clinical trials in 2448 ACS patients demonstrated a
6% ARR (NNT=16), 49% RRR in early death or MI.4 In patients
with suspected AMI, the ISIS-2 trial16 demonstrated a 2.4% ARR
(NNT=42), 23% RRR in early death, and 1% ARR (NNT=100),
46% RRR in recurrent MI with 160 mg/day aspirin, without
increased risk of bleeding. The Antithrombotic Trialists Collabo-
ration17 meta-analysis of 15 trials with more than 19,000 acute
MI patients demonstrated a 3.8% ARR (NNT=26), 27% RRR in
vascular death, nonfatal MI, or stroke. In patients with stable
angina undergoing PCI, the M-HEART II study found aspirin
demonstrated a significant 4.5% absolute (ARR) (NNT=22), and
79% relative (RRR) risk reduction in post-PCI MI.18

There are a few contraindications for aspirin use.7 Absolute
contraindications to aspirin include active bleeding (especially
central nervous system, retinal, gastrointestinal, or serious geni-
tourinary) and true aspirin allergy (urticaria or anaphylaxis),
whereas relative contraindications include hemophilia, previous
bleeding, anticoagulant use, and severe uncontrolled hypertension.

Aspirin can result in nausea, dyspepsia, gastrointestinal bleed-
ing, and a small increased risk of major bleeding of 0.2%-4%.
The CURE trial10 noted that major bleeding from aspirin alone
increased from 2% with less than 100 mg aspirin, to 2.3% with
100-200 mg aspirin, and to 4% with more than 200 mg aspirin.
Also, major bleeding with aspirin use increased with age from
2.1% with age younger than 65 years to 3.6% with age older than
75 years.

Aspirin is recommended for all patients (unless contraindicat-
ed) with ACS, regardless of risk, in an initial oral dose of 162-325
mg. Chewing the tablet, whether or not it is enteric-coated, pro-
vides the fastest onset and is especially recommended for patients
with acute MI.7 When the patient is vomiting or unable to swallow,
a 300-mg dose of rectal aspirin is a reasonable alternative. The best
daily dose of aspirin, especially when combined with other
antiplatelet agents, is uncertain. The Antiplatelet Trialists’ Collabo-
ration19 suggests that doses of 75-150 mg/day are as effective as
150-325 mg/day. In a study of 495 patients undergoing elective
PCI, 80 mg was as effective as higher doses (up to 1500 mg/day).20

The CURE study10 demonstrated that when clopidogrel is used in
combination with aspirin, the efficacy is independent of the aspirin
dose, yet major bleeding is dose-dependent on aspirin, such that
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Table 1. Abbreviations

ARR = Absolute risk reduction
ARD = Absolute risk difference 
NNT = Numbers needed to treat
NNH = Numbers needed to harm
RRR = Relative risk reductions 



doses less than 100 mg result in 2.6% major bleeding event rate,
100-200 mg results in 3.5%, and more than 200 mg in 4.9%. This
suggests that the optimal daily dose of aspirin when used in com-
bination with clopidogrel may be less than 100 mg.

Because of an emphasis on the importance of aspirin therapy
in ACS, many prehospital providers as well as emergency physi-
cians will repeat a full dose of 325 mg orally, even if the patient
has taken aspirin already that day, although the efficacy and safe-
ty of this practice has not been established and certainly may
increase the bleeding risk.

Authors’ Bottom Line Recommendations: Use an initial
dose of 162-325 mg of chewed aspirin, 300 mg rectal dose for
those unable to swallow, in all patients with ACS without active
bleeding or true aspirin allergy.

Thienopyridines. Thienopyridines, such as ticlopidine
(Ticlid) and clopidogrel (Plavix), irreversibly inhibit platelet acti-
vation by blocking the adenosine diphosphate (ADP) receptors
(PsY1 and P2Y12), which would otherwise trigger platelet acti-
vation, expression of glycoprotein IIb/IIIa receptors, the release
of granules, and formation of thrombin from prothrombin.
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Table 2. Short-Term Risk of Death or Nonfatal MI in Patients with UA*

FEATURE HIGH RISK INTERMEDIATE RISK LOW RISK

At least 1 of the following  No high-risk feature but must  No high- or intermediate-risk
features must be present: have 1 of the following: feature but may have any of the

following features:

History Accelerating tempo of ischemic Prior MI, peripheral or cerebro-
symptoms in preceding 48 h vascular disease, or CABG, prior 

aspirin use

Character of Prolonged ongoing (>20 minutes) Prolonged (>20 min) rest angina,  New-onset or progressive  
pain rest pain now resolved, with moderate or high CCS Class III or IV* angina

likelihood of CAD the past 2 weeks without
Rest angina (<20 min) or relieved prolonged (>20 min) rest pain but 
with rest or sublingual NTG with moderate or high likelihood of 

CAD

Clinical findings Pulmonary edema, most likely due Age >70 years
to ischemia
New or worsening MR murmur
S3 or new/worsening rales
Hypotension, bradycardia,
tachycardia
Age >75 years

ECG Angina at rest with transient T-wave inversions >0.2 mV Normal or unchanged ECG during 
ST-segment changes >0.05 mV Pathological Q waves an episode of chest discomfort
Bundle-branch block, new or
presumed new
Sustained ventricular tachycardia

Cardiac markers Elevated (e.g., TnT or Slightly elevated (e.g., TnT > 0.01  Normal
TnI > 0.1 ng/mL) but < 0.1 ng/mL)

*Estimation of the short-term risks of death and nonfatal cardiac ischemic events in UA is a complex multivariable problem that cannot
be fully specified in a table such as this;
therefore, this table is meant to offer general guidance and illustration rather than rigid algorithms. CCS is Canadian Cardiovascular
Society.

Adapted from AHCPR Clinical Practice Guideline No. 10, Unstable Angina: Diagnosis and Management, May 1994. Braunwald E,
Mark DB, Jones RH, et al. Unstable angina:diagnosis and management. Rockville, MD: Agency for Health Care Policy and Research
and the National Heart, Lung, and Blood Institute, US Public Health Service, US Department of Health and Human Services; 1994;
AHCPR Publication No. 94-0602. Reproduced with permission ACC/AHA 2002 guideline update for the management of patients with
unstable angina and non-ST-segment elevation myocardial infarction. © 2002, American Heart Association, Inc.



Ticlopidine has fallen out of favor for ACS primarily because
of its slow onset of action where pretreatment for 3 days may be
necessary,21 and lack of reduction in delayed restenosis,22 but also
because of the risk of serious adverse events, such as severe neu-
tropenia (1% of patients), bronchiolitis obliterans organizing
pneumonia, and rare instances of thrombotic thrombocytopenia
purpura-hemolytic uremic syndrome (TTP-HUS) (1 in 1600 to
4800 cases).23,24

Clopidogrel has been studied in several large trials of various
settings, including elective PCI (CREDO25), in high-risk ACS
(CURE10), high-risk ACS undergoing PCI (on average 6 days
after presentation)(PCI-CURE26), and with fibrinolysis for
STEMI (CLARITY,27 COMMIT28), as well as STEMI treated
with thrombolysis followed by PCI on average 3 days after pres-
entation (PCI-CLARITY29) (see Table 4). There are, as yet, no
large trials supporting the early use of clopidogrel prior to emer-
gent PCI for STEMI.  

The CREDO25 trial found no difference in 28-day outcome
unless the 300-mg loading dose was given more than 6 hours
prior to PCI. Smaller reductions were noted in those who
received a GP IIb/IIIa inhibitor, which did not increase risk of
major bleeding. This suggests that clopidogrel loading is not nec-
essary if the patient is going to PCI within 6 hours, especially if
GP IIb/IIIa inhibitors are administered.

Clopidogrel may be beneficial in the whole spectrum of ACS
patients, from low to high risk, since the CREDO25 study found
benefit in stable patients with elective PCI (not ACS), and the
CURE trial found clopidogrel improved outcome in TIMI low-
risk groups (RR 0.71) as much as in the intermediate- (RR 0.95)
and high-risk (RR 0.73) groups30 (although all patients had posi-
tive troponin or ECG changes on entry.) Only the COMMIT28

mega-trial was able to demonstrate significant mortality reduc-
tion in STEMI patients undergoing thrombolysis, whereas the
others showed trends toward decreased death rate but were inad-
equately powered.10,25-27,29,30

Clopidogrel is absolutely contraindicated in hypersensitivity
and active gastrointestinal or central nervous system bleeding.

Caution should be used in those who have undergone recent trau-
ma or surgery (exact length of time not defined), anticipated sur-
gery fewer than 5 days, as well as previous reactions such as neu-
tropenia or thrombotic thrombocytopenic purpura.  

The most common complication of clopidogrel use is bleeding
(discussed below). Less common adverse events include itching,
purpura, diarrhea, dyspepsia, and rash. Rare events include severe
neutropenia (0.05%) and thrombotic thrombocytopenic purpura-
hemolytic uremic syndrome (4 cases in one million exposed).

Some clopidogrel resistance, measured with in vitro platelet
aggregation studies, can occur in between 4% and 30% of indi-
viduals,31 more so in overweight or obese individuals.32 This
clopidogrel resistance may result in more frequent coronary
events in the months following PCI (40% in the lowest quartile
of ADP-induced platelet aggregation vs none in the third and
fourth quartiles).33

Except for the CURE trial, no differences in the rates of
major, minor, or intracranial bleeding were noted between clopi-
dogrel with aspirin vs. aspirin alone. Intracranial bleeding occurs
on the order of 0.4%, and gastrointestinal bleeding occurs in less
than 2% (CAPRIE).34 The CURE trial10 found increased rates of
major and minor bleeding such that for every 100 patients treated
with clopidogrel, there might be approximately 2 cases of car-
diac death, MI, or stroke prevented, and one major bleed and 2-3
minor bleeds. (See Table 4.)

Bleeding is a significant concern in patients treated with clopi-
dogrel within 5 days of CABG surgery (CURE). An analysis35 of
2858 ACS patients from the CRUSADE registry identified 852
(30%) receiving clopidogrel, and those with CABG surgery fewer
than 5 days of clopidogrel experienced an 8.1% absolute
(NNH=12), and 14% relative increase in blood transfusion. Sever-
al smaller, retrospective studies36-40 have also described the associ-
ation of early CABG surgery within fewer than 5 days of clopido-
grel therapy with increased morbidity,38,41 including increased
chest tube drainage by 20% to 98% (averaging as high as 1485
mL in 24 hours),38 as much as an 11-fold increase in transfusion
of blood products,39 and re-operation rates from 4.9% to
14.6%.38,39 Most of these studies have been underpowered to
demonstrate increased mortality; however, a single study of 91
CABG patients found significantly increased mortality in those
receiving clopidogrel within 72 hours of CABG surgery.40

As many as 15-17% of high-risk ACS patients10,41 and 6% of
STEMI27 patients eventually require elective CABG. Fortunately,
the incidence of urgent or emergent CABG following PCI has
decreased significantly recently, and is now less than 2%.42-44

Although clopidogrel-induced bleeding during CABG may be
minimized by platelet transfusion and intraoperative aprotinin,45

it is safest to avoid CABG early after clopidogrel administration,
and the ACC/AHA guidelines4 suggest withholding clopidogrel
for 5-7 days prior to elective CABG. Since patients requiring
CABG are difficult to identify based on early presentations,41 the
American College of Chest Physicians46 suggests withholding
clopidogrel prior to PCI until the coronary anatomy is defined by
cardiac catheterization (angiography) and the need for urgent
CABG is excluded. The American College of Emergency Physi-
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Table 3. TIMI Risk Score

• Age > 65
• More than 3 coronary risk factors (male, dyslipidemia, smoking, 

hypertension, diabetes, obesity, family history)
• Prior angiographic coronary obstruction (> 50%)
• ST-segment deviation (persistent depression or transient 

elevation)
• More than 2 angina events within 24 hours
• Aspirin use within 7 days 
• Elevated cardiac biomarkers

The total score is the sum of each of the previous components
assigned a weight of one. High risk ACS is defined as a score >
3. The risk of adverse outcome (death, reinfarction, revascular-
ization) increases from 5% with score of 0 or 1 to 41% with score
of 6 or 7.11



cians6 clinical policy suggests a loading dose of clopidogrel be
given in the ED prior to PCI in ACS patients considered “not at
significant risk for urgent CABG,” but ambiguously implies it
could be given “cautiously” to those at greater risk for urgent
CABG with unknown coronary anatomy.

At institutions where cardiologists, cardiothoracic surgeons,
and emergency physicians are in agreement to consider an early
loading dose of clopidogrel to patients prior to coronary angiog-
raphy and PCI, it is best to establish a form of risk-stratification
for those likely to require urgent CABG. A score to predict the
risk of CABG was derived47 from the TACTICS-TIMI-18 study
of 2220 ACS patients (see Table 5) and found a risk of CABG of
6% for a score less than 3, 22% for a score of 3-5, and 55% for a
score greater than 5. Others at high risk are those with ECG
changes suggesting left main occlusion (see special situations
below), those with prior angiogram results suggesting left main
or triple vessel disease, and those with recent stress imaging sug-
gesting diffuse, non-localized ischemia.

Clopidogrel is usually given in an initial loading dose of 300
mg for all high-risk patients (up to 75 years of age) not undergo-
ing immediate PCI, and when aspirin is contraindicated, and then
followed by 75 mg daily. Alternatively, a 600-mg dose may be
effective in 2-3 hours48-50 (in comparison to 6 hours for the 300-
mg dose),26 is more effective than the 300-mg loading dose,51

with an 8% ARR (NNT=13), 67% RRR in comparison to 300
mg, and the 600-mg dose may diminish the likelihood of clopi-
dogrel resistance.52

Authors’ Bottom Line Recommendations:
• Initiate early dialogue with cardiologists and cardiothoracic

surgeons regarding preferences for dose (300 mg vs 600 mg) and
timing (before or after coronary angiography) to load clopidogrel
in the PCI setting.  

• Give a loading dose (300 mg or 600 mg) of clopidogrel sev-
eral hours prior to planned PCI in high-risk patients with elevated
troponin or ECG changes if these patients are not at high risk for
emergent CABG surgery. Consider the 600-mg clopidogrel dose,
or a GPIIb/IIIa inhibitor in combination with the 300-mg clopi-
dogrel dose, when the time to PCI is expected to be less than 6
hours.

• Give clopidogrel by 300 mg oral loading dose in high-risk
patients, with elevated troponin or ECG changes, undergoing
conservative management (no PCI anticipated).

• Give 300 mg clopidogrel loading dose to STEMI patients
treated with thrombolysis.  

Glycoprotein IIb-IIIa Inhibitors. The glycoprotein IIb/IIIa
receptor is the primary mechanism for platelet-platelet adhesion
by binding fibrinogen. The GP IIb-IIIa inhibitors are more potent
antiplatelet agents than aspirin or thienopyridenes and are effec-
tive within minutes of intravenous (IV) administration. Abcix-
imab (ReoPro), eptifibatide (Integrilin), and tirofiban (Aggrastat)
are the agents available for clinical use. Abciximab is a mono-
clonal antibody with a short serum half-life but prolonged clini-
cal effect of approximately 24-48 hours.4 Eptifibatide, a peptide
inhibitor, and tirofiban, a peptidomimetic inhibitor, are smaller
molecules with very brief half-lives (15 minutes and 2 hours,
respectively).

Numerous large trials have investigated the efficacy and safe-
ty of GP IIb/IIIa inhibitors in a variety of ACS settings (see Table
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Table 4. Clinical Trials of Clopidogrel

TRIAL SETTING OUTCOME N ARD NNT NNH RRR

CREDO25 Elective PCI 1 yr cardiac death, MI, stroke 2116 3% 33 - 27%
TIMI major & minor bleeding NS NS

CURE10 High-risk ACS 30 d cardiac death, MI, stroke 12562 2.1% 48 - 20%
Major bleeding 1% 100 40%
Minor bleeding 2.7% 37 53%

PCI-CURE26 High-risk ACS 30 d cardiac death, MI, TVR 2658 1.9% 53 - 31%
+ PCI Major or minor bleeding NS NS

CLARITY27 STEMI thrombolysis 30 d cardiac death, MI, TVR 3491 2.5% 40 - 20%
TIMI major or minor bleeding NS NS

PCI-CLARITY29 STEMI thrombolysis 30 d cardiac death, MI, stroke 1863 4.5% 23 38%
+ PCI TIMI major or minor bleeding NS NS

COMMIT28 STEMI thrombolysis 4 wk death, MI, stroke 45852 0.9% 111 9%
Any death 0.6% 167 7%
Major or minor bleeding NS NS

Key:
STEMI = ST-segment elevation myocardial infarction; TIMI = Thrombolysis in Myocardial Infarction; MI = myocardial infarction; TVR =
target vessel revascularization; NS = not significant



6). A meta-analysis53 of 21 trials of IV GP IIb/IIIa inhibitors
show their effectiveness in reducing 30 day outcomes of death,
MI, or TVR by 3.8% ARR (NNT = 26), 33% RRR in ACS with
PCI; by 1.4% (NNT = 71), 11% RRR in the setting of NSTE-
MI/ACS; and by 3.9% ARR (NNT = 26), 49% RRR in STEMI
with PCI.

Abciximab. Abciximab has been demonstrated to be useful in
STEMI, NSTEMI, and ACS with PCI, but not in ACS without
PCI.54 A meta-analysis55 of five major trials (RAPPORT56, ISAR-
2,57 ADMIRAL,58 ACE,59 CADILLAC60) (see Table 6) of abcix-
imab in AMI noted a 1% ARR (NNT=100), 29% RRR in 30 day
mortality, with effects persisting to 6-12 months, 1.8% ARR
(NNT=56), 29% RRR, without an increase in bleeding. Further-
more, the upstream use of abciximab for STEMI in the ED or
ambulance improved 30 day death, MI, or TVR by 18.5% ARR
(NNT=5), 88% RRR.58 The large trials of abciximab in ACS,
including EPIC,61 EPILOG,62 EPISTENT,63 and CAPTURE64 (see
Table 6) have also been favorable, with the EPIC trial61 noting a
two-fold increase in major bleeding and transfusion. Another
meta-analysis65 of eight trials and 9290 PCI patients found a sig-
nificant reduction in 30-day (0.5% ARR), 6-month (0.7% ARR),
one-year (0.9% ARR) and three-year (1.8% ARR) mortality.

Abciximab is indicated in ACS or STEMI undergoing PCI
within 24 hours and is given as a 0.25 mg/kg IV bolus (10-60
min prior to PCI) followed by 0.125 micrograms/kg/min (maxi-
mum of 10 micrograms/min) for 12 hours. Abciximab can be
given with aspirin and low-dose, weight-adjusted UFH.61-64 When
patients with intermediate risk chronic stable angina (ISAR-
REACT)50 are pretreated with 600 mg clopidogrel 2 hours prior
to PCI, the addition of abciximab provides no further benefit.66

However, in patients with ACS undergoing PCI (ISAR-REACT
2),66 the addition of abciximab to 600 mg clopidogrel and aspirin
decreased 30-day death, MI, or TVR by 3% ARR (NNT=33),
25% RRR with no increase in major or minor bleeding. This
improvement is greater in patients with ACS and positive tro-
ponin, 5.2% ARR (NNT=19), 28% RRR and not significant in
patients with negative troponin.

Eptifibatide. Eptifibatide has been studied in several large tri-
als in the settings of high-risk ACS (positive biomarkers or ECG
changes)(PURSUIT67), and elective, urgent, and emergent PCI
(IMPACT II,68 ESPRIT69) with favorable effects on composite
outcomes. (See Table 6.) In general, the risks of major and minor

bleeding, intracranial hemorrhage, thrombocytopenia, and
platelet transfusion are no different than placebo, yet an increase
in bleeding adverse events (not meeting the definition of major or
minor bleeding such as a decrease of Hb > 3 gm) of 1-10% have
been noted. The ESPRIT trial69 found that early upstream use (as
might be given in the ED prior to results of biomarkers) of a dou-
ble bolus of eptifibatide, instead of administration in the catheter-
ization lab, had a significant reduction in 6-month outcome that
was sustained for 12 months.

Eptifibatide is indicated in the setting of high- or intermedi-
ate-risk ACS, whether managed medically or with PCI. For ACS
without PCI the dose is 180 micrograms/kg followed by 2 micro-
grams/kg/min up to discharge, CABG, or 72 hours. For PCI, the
recommended dose is 180 micrograms/kg immediately prior to
PCI followed by 2 micrograms/kg/min, with second 180 micro-
grams/kg bolus 10 minutes after first bolus, and continued until
discharge or 24 hours after procedure. The dose is decreased to 1
microgram/kg/min in patients with renal disease with creatinine
clearance (CrCl) less than 50 mL/min or serum creatinine greater
than 2 mg/dL.

Tirofiban. Tirofiban has been studied in several large trials,
including ACS with PCI within 72 hours (RESTORE),70 ACS
without PCI (PRISM,71 PRISM-PLUS72), and patients getting
PCI, with or without ACS (ADVANCE73) (see Table 6). In the
PRISM study,74 tirofiban did not improve 30 day composite out-
come except in those with elevated troponin, whether treated
medically or with PCI, with 4.6% ARR (NNT=22) 75% RRR in
death and 4.1% ARR (NNT=24), 63% RRR in MI. Similarly, the
ADVANCE trial73 confirmed that non-ACS patients did not bene-
fit from tirofiban, whereas those with high-risk ACS (positive
biomarkers or ECG changes) did. In the PRISM-PLUS study72

patients who benefited from tirofiban could be predicted by hav-
ing more than 2 of the following: age older than 65, prior CABG,
prior aspirin use, prior beta-blocker use, and ST depression.  

For STEMI patients undergoing PCI, both the TIGER-PA75

and On-TIME76 trials found early ED dosing of tirofiban in 100
and 507 STEMI patients (average of 33 minutes or 79 minutes
prior to PCI, respectively) improved angiographic evidence of
flow without adequate power to detect differences in outcome or
bleeding.  In STEMI patients not candidates for PCI or thrombol-
ysis (usually because of delayed presentation)(TETAMI),77

tirofiban failed to improve outcome over standard medical thera-
py. Tirofiban has not been studied with thrombolysis.

Tirofiban is indicated for high- or intermediate-risk ACS or
NSTEMI, along with aspirin and UFH or enoxaparin, at 0.4
micrograms/kg/min for 30 minutes, then 0.1 micrograms/kg/min
infusion for 12-24 hours after PCI (or up to 108 hours.) For renal
impairment (CrCl < 30 ml/min) the infusion rate is 0.05 micro-
grams/kg/min. Tirofiban is equally effective with either enoxa-
parin or UFH,78 but has not been studied in combination with
clopidogrel or thrombolytic agents. Tirofiban results in a 2.5%
absolute (NNH=40), 24% relative increased risk of minor bleed-
ing without increased risk of major bleeding events, and a risk of
thrombocytopenia of less than 2%.

Early upstream use of abciximab is likely beneficial prior to
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Table 5. Predictors of Risk of CABG

Elevated troponin 3
Prior stable angina 1
ST-segment deviation > 0.5 mm 1
Male gender 1
Peripheral artery disease 1
History of previous CABG -2

The risk of CABG is 6% for score < 3, 22% for score of 3-5, and
55% for score > 5.47



PCI for STEMI.58 In a meta-analysis79 of 6 trials of PCI for
STEMI in 931 patients, early upstream administration of abcix-
imab or tirofiban in the ED resulted in improved TIMI flow, with
a non-significant trend toward lower mortality.  

A frequent question for emergency physicians, however, is
whether it makes a difference in high-risk ACS patients without
STEMI if a GP IIb/IIIa inhibitor is administered upstream in the
ED or just prior to PCI by the interventional cardiologist in the
catheterization lab. Although this question has been inadequately
addressed by the literature, there is preliminary evidence that
upstream use may be important. Early upstream use has been
shown to improve coronary flow and minimize myocardial dam-
age.80 Upstream use of eptifibatide in the ESPRIT trial69 demon-
strated significant improvement in outcome in comparison to
“bailout” use in the catheterization lab. A systematic review of
the CAPTURE, PURSUIT, and PRISM-PLUS data suggests that
GP IIb/IIIa inhibitors are effective at reducing 30-d composite
outcomes, both upstream prior to PCI (if performed) (1.3% ARR,
(NNT=77), 34% RRR), as well as when given after PCI (for
PCI-related events) (3.1% ARR (NNT=32), 41% RRR).81

GP IIb/IIIa inhibitors also may be considered in combination
with thrombolytic agents during acute STEMI, although results
of clinical trials have not been impressive. Of 8 clinical trials in
25,275 patients using GP IIb/IIIa inhibitors (except tirofiban) and
thrombolytic combinations (IMPACT-AMI,82 TIMI 14,83 SK-
eptifibatide,84 SPEED,85 INTRO AMI,86 INTEGRITI,87 GUSTO
V,88 ASSENT-389), almost all trials demonstrated improvements
in TIMI flow, trends or significant increases in bleeding, yet none
demonstrated improvements in survival.

Another common question for emergency physicians is how
safe and effective is the use of triple antiplatelet therapy with
aspirin, thienopyridene, and GP IIb/IIIa inhibitor in ACS? At

least for abciximab, the ISAR-REACT50 and ISAR-REACT 266

demonstrated a significant benefit of abciximab in addition to
aspirin and 600 mg clopidogrel prior to PCI only in ACS
patients, especially those with elevated troponin. In contrast, the
GRACE registry90 reported on 8081 ACS patients, and noted
similar mortality rates, but a 1% absolute (NNH = 100) and 50%
relative increase in major bleeding among the 37% (3011) of
patients on triple antiplatelet therapy in comparison to aspirin
and thienopyridine. 

Although there are significant differences both in action and
cost between the various GP IIb/IIIa inhibitors,91 the relative effi-
cacy of these agents has been inadequately studied. One compar-
ison trial has addressed clinical outcome between abciximab vs.
tirofiban in 4809 non-emergent PCI patients (TARGET-ACS),92

with significant benefit with abciximab at 30 days (1.6% ARR,
21% RRR) but not at 6 months. With abciximab there was an
increase in minor bleeding and thrombocytopenia, but not major
bleeding. Another trial93 of 642 PCI patients demonstrated no dif-
ference in outcome between eptifibatide and abciximab, although
thrombocytopenia was more frequent with abciximab. In a retro-
spective analysis of 267 PCI patients, no significant differences
were noted between abciximab and non-abciximab-treated
patients, except a trend toward increased length of stay and hem-
orrhagic complications was noted in the abciximab group.94 In a
cost analysis (sponsored by Lilly, producers of abciximab)95 of
32,529 patients in 99 hospitals, abciximab had the greatest cost
and the most significant benefit, but also the most favorable cost-
effectiveness ratio, whereas eptifibatide had the fewest complica-
tions, and tirofiban had the lowest incremental cost.

Perhaps the most significant difference between the three
agents is ease of reversibility for urgent or emergent CABG.96

The antiplatelet effects of both eptifibatide and tirofiban are
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Table 6. Clinical Trials of GP IIb/IIIa Inhibitors

AGENT NAME SETTING OUTCOME N ARD NNT RRR

Abciximab RAPPORT56 AMI angioplasty 30 d death, MI, TVR 483 5.4% 19 48%
(ReoPro) ISAR-257 AMI PCI 30 d death, MI, TVR 401 5.5% 18 53%

ADMIRAL58 AMI PCI 30 d death, MI, TVR 300 8.6% 12 59%
ACE59 AMI PCI 30 d death, MI, TVR 400 6% 17 57%
EPIC61 High-risk PCI 30 d death, MI, TVR 2099 4.5% 22 35%
EPILOG62 PCI 30 d death, MI, TVR 2792 6.3% 16 54%
EPISTENT63 ACS PCI 6 mo death, MI 2399 5.8% 17 53%
CAPTURE64 UA PCI 30 d death, MI, TVR 1265 4.6% 22 29%

Eptifibatide PURSUIT67 High-risk ACS 30 d death, MI 10948 1.5% 67 10%
(Integrilin) IMPACT II68 PCI 30 d death, MI, TVR 4010 2.5% 40 22%

ESPRIT69 PCI 30 d death, MI, TVR 2064 3.7% 27 36%

Tirofiban RESTORE70 ACS PCI 30 d death, MI, TVR 2139 1.9% 53 16%
(Aggrastat) PRISM71 ACS 30 d death, MI, ischemia 3232 NS NS

30 d death 1.3% 77 36%
PRISM-PLUS72 ACS 30 d death, MI, ischemia 1915 3.8% 23 22%
ADVANCE73 High-risk PCI 6 month death, MI, TVR 202 15% 7 49%



short-lived, and discontinuation of their infusions at least 4 hours
prior to surgery is recommended, whereas abciximab generally
requires multiple units of platelet transfusions prior to surgery,
although CABG can be performed safely in these patients.97

GP IIb/IIIa inhibitors are contraindicated in several conditions
(see Table 7), as well as in aortic dissection, acute pericarditis,
traumatic or protracted CPR, and pregnancy because of their
increased risk of bleeding. Complications of GP IIb/IIIa
inhibitors include bleeding and severe thrombocytopenia (<
50,000 /mL). Severe thrombocytopenia occurs more often (0.4-
1%) with abciximab than eptifibatide (0.2%) or tirofiban (0.3%).
Human anti-chimeric antibodies (HACA) are formed with abcix-
imab, and these may increase risk of thrombocytopenia, and have
the potential to interfere with efficacy or cause allergy or hyper-
sensitivity reactions. Most clinical trials use the TIMI major and
TIMI minor criteria. TIMI major bleeding involves a drop in
hemoglobin more than 5 g/dL (with or without an identified site),
intracranial hemorrhage, or cardiac tamponade. TIMI minor
bleeding involves a drop of hemoglobin greater than 3 g/dL but
less than 5 g/dL with bleeding from a known site or spontaneous
gross hematuria, hemoptysis, or hematemesis. Most GP IIb/IIIa
trials have not detected increases in TIMI major bleeding,
although several have noted an increase in TIMI minor bleeding
in the range of 2-8% with any agent.

Authors’ Bottom Line Recommendations:
• Initiate early dialogue with cardiologists regarding the

upstream use of a GP IIb/IIIa inhibitor prior to PCI; preference
for individual agent used; use of GP IIb/IIIa inhibitor if patient
has already received aspirin and clopidogrel (triple antiplatelet
therapy); and use of GP IIb/IIIa inhibitor in STEMI patients
treated with thrombolysis.

• Give abciximab, eptifibatide, or tirofiban, upstream in high-
risk ACS patients with elevated troponin, even if pretreated with
aspirin and clopidogrel, prior to PCI.

• Avoid abciximab in patients not undergoing PCI.
• Consider eptifibatide or tirofiban infusions in high-risk ACS

patients (ongoing ischemia, elevated troponin, TIMI risk score >
4, or ECG changes) not undergoing early PCI.

Antithrombotic Therapy
Antithrombotic agents useful in ACS include unfractionated

heparin (UFH); enoxaparin (Lovenox), a low molecular weight
heparin (LMWH); and bivalirudin (Angiomax, previously named
Hirulog), a direct antithrombin.  

Unfractionated Heparin (UFH). UFH binds antithrombin
III and potentiates inactivation of thrombin as well as several
other circulating coagulation factors. Because UFH is a heteroge-
neous mixture of various sized molecules, with high and variable
protein binding and low bioavailability, its antithrombotic activi-
ty is variable and difficult to predict. UFH has several disadvan-
tages in that it is unable to inhibit clot-bound thrombin, is inacti-
vated by circulating platelet factor 4 and heparinase, and can
increase platelet activation by increasing platelet GP IIb/IIIa
receptor protein and ADP-induced binding. A rebound increase
in ischemia and thrombosis after UFH discontinuation98 can
occur in fewer than 1% of patients, yet result in a two-fold
increase in MI and eight-fold increase in mortality (PURSUIT,67

ESSENCE,99 TIMI 11B100). UFH results in bleeding in approxi-
mately 10% of cases, and serious bleeding in 2% of cases. UFH
also can result in heparin-induced thrombocytopenia (HIT), with
platelet counts typically less than 100,000/microL and paradoxi-
cally increased thrombosis, in less than 3% of patients.101,102

Although HIT typically occurs after approximately 5 days of
heparin therapy, it can occur within 1 day in patients previously
sensitized. HIT can be diagnosed by thrombocytopenia (less than
150,000/ microL or 50% decrease from baseline) in the presence
of anti-platelet factor 4(PF4)/heparin antibodies. An advantage of
UFH is that it can be reversed by protamine, and may be prefer-
able when CABG or other surgery is anticipated. 

UFH is now considered standard therapy for MI, especially
STEMI, although the evidence is not strong. Studies in MI prior to
the routine use of aspirin suggested 17% and 22% reductions in
death and MI, respectively, with UFH.103 In the era of thromboly-
sis, both the International Study Group104 of 20,891 patients and
the ISIS-3 study105 of 41,299 patients failed to show benefit in
mortality, but did increase major bleeding episodes. A meta-analy-
sis106 of these and other early trials suggested, however, that UFH
with aspirin provided a 0.5% ARR (NNT=200), 6% RRR in mor-
tality compared to aspirin alone. A systematic analysis107 of 6 trials
with tissue plasminogen activator in STEMI found an insignificant
trend toward (9% RRR) decreased mortality with UFH and
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Table 7. Contraindications* to GP IIb/IIIa
Inhibitor Use

• Hypersensitivity
• Active internal bleeding
• Recent clinically relevant (e.g., GI, genitourinary) bleeding 

within 30 days (tirofiban, eptifibatide)
• Major surgery or trauma < 6 weeks (eptifibatide, tirofiban)
• Major surgery or trauma < 2 months (abciximab)
• Stroke < 2 years or with residual deficit (abciximab)
• Stroke < 30 days (eptifibatide, tirofiban)
• Intracranial disease (neoplasm, arteriovenous malformation, 

aneurysm)
• Hemorrhagic stroke (tirofiban, eptifibatide)
• Bleeding diathesis (abciximab) or clotting disturbance such as 

INR > 1.5 (tirofiban) or > 2 (eptifibatide)
• Thrombocytopenia (< 100,000 cells/microL) 
• Severe uncontrolled hypertension (> 200/110 mmHg)
• Vasculitis (abciximab)
• Hypertensive retinopathy (abciximab)
• Renal insufficiency (eptifibatide) or requiring dialysis 

(abciximab)
• Severe liver failure (abciximab, tirofiban) 
• Clinically significant liver failure (eptifibatide)
• Concomitant or planned use of another IV GP IIb/IIIa inhibitor 

(eptifibatide)

* All of these are absolute contraindications for abciximab, eptifi-
batide, and tirofiban, unless otherwise noted in parentheses indi-
cating the medication to which they apply. 



aspirin, with a significant increase in bleeding complications. 
UFH also is considered by many to be standard therapy for

ACS undergoing PCI because of familiarity with its use and abil-
ity to monitor its effects on the activated clotting time (ACT; nor-
mal range 70-180 seconds). Early ACS studies, however, were
inconsistent in demonstrating superiority of UFH and aspirin
compared with aspirin alone. A trial of 479 ACS patients108 with
UA found that in comparison to aspirin alone, the combination of
aspirin and UFH provided a 1.7% ARR (NNT = 59), 52% RRR
decrease in MI and 5.8% ARR (NNT = 17), 35% RRR in recur-
rent ischemia. In contrast, the RISC trial109 of 796 ACS patients
found the combination of heparin and aspirin together trended
toward improved outcome over aspirin alone, but not significant-
ly. A meta-analysis110 of six randomized trials suggested a strong
trend toward improved outcome in ACS with heparin and aspirin
vs. aspirin alone, with decreased death or MI at 2-12 weeks post-
randomization by 2.4% ARR (NNT = 42), 18% RRR. 

In ACS without thrombolytic or GP IIb/IIIa inhibitor, UFH is
given at 70 U/kg (up to 5000 U bolus) and then 15 U/kg/hr (up to
1200 U/hr), with a target aPTT of 60-100 sec. In STEMI treated
with thrombolytic, or ACS treated with GP IIb/IIIa inhibitor,
UFH is given at 60 U/kg (up to 4000 U bolus) and then 12
U/kg/hr (up to 1000 U/hr), with a target aPTT of 50-70 sec. Prior
to PCI, UFH is adjusted (commonly by repeat bolus) in the
catheterization lab based on results of the ACT, aiming for levels
of 250-350 s (or 200-250 s when using a GP IIb/IIIa inhibitor).  

Enoxaparin. LMWHs such as enoxaparin have several
advantages over UFH, including more predictable antithrombotic
effects, increased binding of factor Xa compared to factor IIa,
reduced risk of thrombocytopenia, and lack of requirement for
monitoring. Although monitoring of anti-Xa activity is possible,
it is not practiced routinely. Approximately 8% of enoxaparin
treated patients with ACS are under-anticoagulated (anti-Xa
activity < 0.5 IU/mL), and these patients have a 13.9% ARD,
2.4-fold increase in 30-day death or MI.111 Enoxaparin also does
not increase platelet GP IIb/IIIa receptor protein or ADP-induced
binding.

The ESSENCE trial99 of 3171 ACS patients demonstrated
3.5% ARR (NNT=29), 15% RRR in 30 day death, MI, or recur-
rent angina with enoxaparin over UFH, without significant dif-
ference in major bleeding, but a 4.2% absolute (NNH=24), 30%
relative increase in overall bleeding. PCI was not used routinely
in ESSENCE patients. The TIMI 11B100 trial of 3910 ACS
patients found a 2.4% ARR (NNT=41), 12% RRR in 43 day
death, MI or TVR, without a significant increase of in major
bleeding during hospitalization. Both the ESSENCE99 and TIMI
11B100 trials demonstrated an increase in minor bleeding. These
two trials provided the evidence for the AHA/ACC guidelines4 to
recommend enoxaparin over UFH in ACS.

The recent SYNERGY trial112 comparing enoxaparin and
UFH in 10,027 ACS patients undergoing PCI after aspirin (95%),
thienopyridine (66%), and GP IIb/IIIa inhibitor use (57%), and
found an insignificant difference in 30 day MI or death (14% vs
14.5%).112 Similarly, the recent A to Z trial113 of 3987 ACS
patients, when using tirofiban and aspirin, found no clinical ben-

efit of enoxaparin over UFH. Both SYNERGY112 and A to Z tri-
als113 suggest enoxaparin significantly increases major bleeding
[1.5% absolute (NNH=67), 16% relative and 0.8% absolute
(NNH=63), 36% relative, respectively.] In a systematic overview
of 21,946 patients in 6 randomized controlled trials,114 there was
no difference in death at 30 d, blood transfusion, or major bleed-
ing at 7 days between groups, but enoxaparin had a 0.9% ARR
(NNT=111), 8% RRR in 30 d death or MI over UFH.

Although the ACC/AHA guidelines recommend antithrom-
botic therapy for all patients with ACS regardless of risk, the
TIMI 11B study noted improved outcome only in the group with
elevated troponin values. In a meta-analysis115 of the ESSENCE
and TIMI 11B subjects, the greatest benefit of enoxaparin over
UFH is in patients with TIMI risk scores greater than 4.

Although UFH traditionally has been preferred in the setting
of thrombolysis for STEMI, enoxaparin may be a reasonable
alternative. The recent EXTRACT-TIMI 25 trial116 of 20,506
STEMI patients treated with thrombolysis, enoxaparin improved
30 day death or MI by 2.1% ARR (NNT=48), 17% RRR, in
comparison to UFH, with an increase in major bleeding [0.7%
absolute (NNH=143), 50% relative.] Despite a lower dose of
0.75 mg/kg for elderly patients, and once daily dosing for those
with renal insufficiency, there was an increase in major bleeding
in comparison to UFH.

It is important not to give UFH to those already receiving sub-
cutaneous enoxaparin within 12 hours, and not to give enoxa-
parin to those getting IV UFH because of an increased risk of
bleeding.114 In the SYNERGY open-label trial,112 almost 800
patients underwent post-randomization crossover with a signifi-
cant 4.6% absolute (NNH=22), 33% relative increase in 30-day
death or MI, and a 16.3% absolute (NNH=6), 107% relative
increase in major bleeding requiring transfusion. 

Enoxaparin is contraindicated in patients with active major
bleeding, thrombocytopenia in the presence of anti-PF4/heparin
antibody, and should be used with caution in those with history
of HIT, bleeding diathesis, uncontrolled hypertension, hemor-
rhagic stroke, recent GI bleeding, retinopathy, renal insufficiency,
indwelling epidural catheters, or recent spinal puncture or spinal
surgery. Enoxaparin may result in HIT as infrequently as UFH102

(much less than 3%) in non-surgical patients, and cross-reacts
with the anti-PF4/heparin antibody in about one-third of HIT
patients.117 Enoxaparin is relatively contraindicated with previous
HIT, but can be used cautiously if results of platelet aggregation
studies are negative.

Enoxaparin is given in doses of 1 mg/kg (based on ideal body
weight, rounded off to the nearest 5 mg, and without a maximum
dosage) subcutaneous every 12 hours. For PCI patients, when
enoxaparin has been given within 8 hours of procedure, further
dosing is not necessary, yet when the dose is between 9 and 12
hours, another dose of enoxaparin 0.3-0.5 mg/kg can be given IV
just prior to PCI in the catheterization lab, or a 0.75 mg/kg IV
dose of enoxaparin if GP IIb/IIIa inhibitor is also being given.
Patients weighing less than 45 kg are at increased risk of bleed-
ing, and UFH may be preferred. In severe renal insufficiency
with creatinine clearance less than 30 mL/min, UFH may be pre-
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ferred, but enoxaparin can be given in daily dose of 1 mg/kg.
Calculate creatinine clearance routinely in elderly (age older than
75 years) or low body weight (less than 80 kg) individuals, even
when creatinine values are less than 2.0 mg/dL (see Figure 1). As
an example, a 70-kg, 75-year-old female with creatinine level of
1.8 has a creatinine clearance of 29 mL/min.

Bivalirudin. Bivalirudin (Angiomax, previously named Hiru-
log), is an analogue of hirudin, a direct thrombin inhibitor with
several theoretical advantages over UFH, including lack of
dependence on antithrombin III for effect, ability to inactivate
thrombin in soluble and fibrin-bound states, lack of platelet
aggregating activity, predictable anticoagulant response without
need for monitoring, and a wider therapeutic window.118

Bivalirudin was studied in the REPLACE-2 trial,119 along with
provisional use (based on complicated findings at angiography) of
GP IIb/IIIa inhibitor in comparison to heparin and GP IIb/IIIa
inhibitor in 6002 patients undergoing elective PCI. Although there
was an insignificant trend toward a higher rate of death, MI, or
TVR (7.6% vs 7.1%) at 30 days, bivalirudin had a significantly
lower rate of major hemorrhage, 1.7% ARR (NNT=59), 41% RRR.

In the BAT trial120 of 4312 ACS patients undergoing angio-
plasty, bivalirudin, in comparison to high-dose UFH, decreased
the 7 day primary combined outcome of death, MI or TVR by
1.7% ARR (NNT=59), 22% RRR, which persisted at 3 months
and 6 months, with a decrease in major bleeding of 5.8% ARR
(NNT=17), 62% RRR.

Bivalirudin is indicated in ACS patients undergoing PCI as
well as those with history or risk of heparin-induced thrombocy-
topenia (HIT) syndrome, and usually is given with aspirin and
provisionally may be given with a GP IIb/IIIa inhibitor.
Bivalirudin is contraindicated in patients with active major bleed-
ing and hypersensitivity. The loading dose of 0.75 mg/kg bolus is
followed by 1.75 mg/kg/hr through and usually up to 4 hours fol-
lowing PCI. The ACT obtained 5 minutes after the bolus is used
to determine the need for second bolus of 0.2 mg/kg (with a target
ACT of > 350 sec). In renal insufficiency with creatinine clear-
ance < 30 mL/min, the infusion rate is decreased to 1 mg/kg/h,
and in dialysis patients, to 0.25 mg/kg/h.

Authors’ Bottom Line Recommendations:
• Initiate early dialogue with cardiologists regarding prefer-

ences for UFH, enoxaparin, or bivalirudin prior to PCI.  
• Give weight-based UFH or enoxaparin for STEMI and ACS

patients undergoing PCI (and adjust doses if giving a GP IIb/IIIa
inhibitor or thrombolytic).  

• Consider using enoxaparin for ACS patients undergoing
medical management. 

• Use bivalirudin in the setting of prior HIT or ACS undergo-
ing PCI.

• Avoid crossover from enoxaparin to UFH, or UFH to enoxa-
parin, within 12 hours of prior dosing.
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Physician CME Questions

111. High-risk characteristics include each of the following except:

A. left heart failure.

B. elevated troponin.

C. relief of angina with nitroglycerin.

D. ECG changes such as ST depression.

112. High-risk ACS patients should routinely receive each of the following

treatments except:

A. chewable aspirin.

B. oxygen if symptomatic.

C. blood transfusion. 

D. UFH or LMWH.

113. A medication not requiring dose adjustments for renal insufficiency

is:

A. enoxaparin.

B. bivalirudin.

C. tirofiban.

D. aspirin.

114. Clopidogrel has been shown to be effective in clinical trials involving

the all of the following types of patients except:

A. STEMI undergoing thrombolysis.

B. STEMI undergoing primary PCI. 

C. ACS undergoing delayed PCI.

D. ACS without PCI.

115. Ibuprofen potentially could diminish effectiveness of which

antiplatelet agent?

A. Clopidogrel

B. Tirofiban

C. Aspirin

D. Abciximab

116. Abciximab is beneficial in each of the following patient settings

except:

A. STEMI undergoing thrombolysis.

B. high-risk ACS patients treated medically (not undergoing PCI).

C. high-risk ACS patients undergoing PCI.

D. STEMI undergoing PCI.

117. Which of the following statements is true?

A. Abciximab is indicated for ACS patients managed medically

without PCI.

B. Eptifibatide has a short serum half-life but a long clinical effect.
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C. GP IIb/IIIa inhibitors in combination with thrombolytic agents

for the treatment of STEMI have not shown an improvement in

survival.

D. A contraindication to the use of a GP IIb/IIIa agent is if the

patient has already received aspirin and clopidogrel.

118. Compared to unfractioned heparin, enoxaparin has:

A. shorter duration of action.

B. more predictable antithrombotic effect.

C. increased risk of thrombocytopenia.

D. cannot be given intravenously.

119. Which of the following agents is a direct acting thrombin inhibitor?

A. Bivalirudin

B. Enoxaparin

C. Tirofiban

D. Heparin

120. Recent trials suggest that in the setting of ACS with PCI:

A. crossover to UFH after pretreatment with enoxaparin increases

bleeding risk.

B. UFH is clinically superior to bivalirudin, with less risk of 

bleeding.

C. enoxaparin is recommended for patients with history of heparin-

induced-thrombocytopenia.

D. enoxaparin is clinically inferior to UFH, without increased risk

of major bleeding.
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CME Objectives
To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

(including the implications of pharmaceutical therapy 
discussed) to patients with the particular medical problems 
discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.

CME Instructions

Physicians participate in this continuing medical education
program by reading the article, using the provided references for
further research, and studying the questions at the end of the arti-
cle. Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to evaluate their
knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. After
completing this activity, you must complete the evaluation form
that will be provided at the end of the semester and return it in
the reply envelope provided to receive a certificate of completion.
When your evaluation is received, a certificate will be mailed to
you.

In Future Issues: Cardioprotection 
Part II

CME Answer Key

111. C
112. C
113. D
114. B
115. C

116. B
117. C
118. B
119. A
120. A

Clarification

In the September 18, 2006 issue of Emergency Medicine
Reports, question 68 should read “Topical agents for use in
epistaxis control include ...” We apologize for any confusion
this may have caused.



Cardioprotection,
Part I

RAPID ACCESS MANAGEMENT GUIDELINES

®

Exclusive to our subscribers

Short-Term Risk of Death or Nonfatal MI in Patients with UA*

FEATURE HIGH RISK INTERMEDIATE RISK LOW RISK

At least 1 of the following  No high-risk feature but must  No high- or intermediate-risk
features must be present: have 1 of the following: feature but may have any of the

following features:

History Accelerating tempo of ischemic Prior MI, peripheral or cerebro-
symptoms in preceding 48 h vascular disease, or CABG, prior 

aspirin use

Character of Prolonged ongoing (>20 minutes) Prolonged (>20 min) rest angina,  New-onset or progressive  
pain rest pain now resolved, with moderate or high CCS Class III or IV* angina

likelihood of CAD the past 2 weeks without
Rest angina (<20 min) or relieved prolonged (>20 min) rest pain but 
with rest or sublingual NTG with moderate or high likelihood of 

CAD

Clinical findings Pulmonary edema, most likely due Age >70 years
to ischemia
New or worsening MR murmur
S3 or new/worsening rales
Hypotension, bradycardia,
tachycardia
Age >75 years

ECG Angina at rest with transient T-wave inversions >0.2 mV Normal or unchanged ECG during 
ST-segment changes >0.05 mV Pathological Q waves an episode of chest discomfort
Bundle-branch block, new or
presumed new
Sustained ventricular tachycardia

Cardiac markers Elevated (e.g., TnT or Slightly elevated (e.g., TnT > 0.01  Normal
TnI > 0.1 ng/mL) but < 0.1 ng/mL)

*Estimation of the short-term risks of death and nonfatal cardiac ischemic events in UA is a complex multivariable problem that can-
not be fully specified in a table such as this;
therefore, this table is meant to offer general guidance and illustration rather than rigid algorithms. CCS is Canadian Cardiovascular
Society.

Adapted from AHCPR Clinical Practice Guideline No. 10, Unstable Angina: Diagnosis and Management, May 1994. Braunwald E,
Mark DB, Jones RH, et al. Unstable angina:diagnosis and management. Rockville, MD: Agency for Health Care Policy and Research
and the National Heart, Lung, and Blood Institute, US Public Health Service, US Department of Health and Human Services; 1994;
AHCPR Publication No. 94-0602. Reproduced with permission ACC/AHA 2002 guideline update for the management of patients with
unstable angina and non-ST-segment elevation myocardial infarction. © 2002, American Heart Association, Inc.

Clinical Trials of Clopidogrel

TRIAL SETTING OUTCOME N ARD NNT NNH RRR

CREDO Elective PCI 1 yr cardiac death, MI, stroke 2116 3% 33 - 27%
TIMI major & minor bleeding NS NS

CURE High-risk ACS 30 d cardiac death, MI, stroke 12562 2.1% 48 - 20%
Major bleeding 1% 100 40%
Minor bleeding 2.7% 37 53%

PCI-CURE High-risk ACS 30 d cardiac death, MI, TVR 2658 1.9% 53 - 31%
+ PCI Major or minor bleeding NS NS

CLARITY STEMI thrombolysis 30 d cardiac death, MI, TVR 3491 2.5% 40 - 20%
TIMI major or minor bleeding NS NS

PCI-CLARITY STEMI thrombolysis 30 d cardiac death, MI, stroke 1863 4.5% 23 38%
+ PCI TIMI major or minor bleeding NS NS

COMMIT STEMI thrombolysis 4 wk death, MI, stroke 45852 0.9% 111 9%
Any death 0.6% 167 7%
Major or minor bleeding NS NS

Key:
STEMI = ST-segment elevation myocardial infarction; TIMI = Thrombolysis in Myocardial Infarction; MI = myocardial infarction; TVR =
target vessel revascularization; NS = not significant

Contraindications* to GP IIb/IIIa 
Inhibitor Use

• Hypersensitivity
• Active internal bleeding
• Recent clinically relevant (e.g., GI, genitourinary) bleeding 

within 30 days (tirofiban, eptifibatide)
• Major surgery or trauma < 6 weeks (eptifibatide, tirofiban)
• Major surgery or trauma < 2 months (abciximab)
• Stroke < 2 years or with residual deficit (abciximab)
• Stroke < 30 days (eptifibatide, tirofiban)
• Intracranial disease (neoplasm, arteriovenous malformation, 

aneurysm)
• Hemorrhagic stroke (tirofiban, eptifibatide)
• Bleeding diathesis (abciximab) or clotting disturbance such as 

INR > 1.5 (tirofiban) or > 2 (eptifibatide)
• Thrombocytopenia (< 100,000 cells/microL) 
• Severe uncontrolled hypertension (> 200/110 mmHg)
• Vasculitis (abciximab)
• Hypertensive retinopathy (abciximab)
• Renal insufficiency (eptifibatide) or requiring dialysis 

(abciximab)
• Severe liver failure (abciximab, tirofiban) 
• Clinically significant liver failure (eptifibatide)
• Concomitant or planned use of another IV GP IIb/IIIa inhibitor 

(eptifibatide)

* All of these are absolute contraindications for abciximab, eptifi-
batide, and tirofiban, unless otherwise noted in parentheses indi-
cating the medication to which they apply. 

TIMI Risk Score

• Age > 65
• More than 3 coronary risk factors (male, dyslipidemia, smoking, 

hypertension, diabetes, obesity, family history)
• Prior angiographic coronary obstruction (> 50%)
• ST-segment deviation (persistent depression or transient 

elevation)
• More than 2 angina events within 24 hours
• Aspirin use within 7 days 
• Elevated cardiac biomarkers

The total score is the sum of each of the previous components
assigned a weight of one. High risk ACS is defined as a score > 3.
The risk of adverse outcome (death, reinfarction, revascularization)
increases from 5% with score of 0 or 1 to 41% with score of 6 or 7.

Predictors of Risk of CABG

Elevated troponin 3
Prior stable angina 1
ST-segment deviation > 0.5 mm 1
Male gender 1
Peripheral artery disease 1
History of previous CABG -2

The risk of CABG is 6% for score < 3, 22% for score of 3-5, and
55% for score > 5.
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Clinical Trials of GP IIb/IIIa Inhibitors

AGENT NAME SETTING OUTCOME N ARD NNT RRR

Abciximab RAPPORT AMI angioplasty 30 d death, MI, TVR 483 5.4% 19 48%
(ReoPro) ISAR-2 AMI PCI 30 d death, MI, TVR 401 5.5% 18 53%

ADMIRAL AMI PCI 30 d death, MI, TVR 300 8.6% 12 59%
ACE AMI PCI 30 d death, MI, TVR 400 6% 17 57%
EPIC High-risk PCI 30 d death, MI, TVR 2099 4.5% 22 35%
EPILOG PCI 30 d death, MI, TVR 2792 6.3% 16 54%
EPISTENT ACS PCI 6 mo death, MI 2399 5.8% 17 53%
CAPTURE UA PCI 30 d death, MI, TVR 1265 4.6% 22 29%

Eptifibatide PURSUIT High-risk ACS 30 d death, MI 10948 1.5% 67 10%
(Integrilin) IMPACT II PCI 30 d death, MI, TVR 4010 2.5% 40 22%

ESPRIT PCI 30 d death, MI, TVR 2064 3.7% 27 36%

Tirofiban RESTORE ACS PCI 30 d death, MI, TVR 2139 1.9% 53 16%
(Aggrastat) PRISM ACS 30 d death, MI, ischemia 3232 NS NS

30 d death 1.3% 77 36%
PRISM-PLUS ACS 30 d death, MI, ischemia 1915 3.8% 23 22%
ADVANCE High-risk PCI 6 month death, MI, TVR 202 15% 7 49%

Cockroft-Gault Equation 
for Creatinine Clearance

Males: (140-age) x(actual body wt in kg)
72 x (serum creatinine)

Females: (140 - age) x (actual body wt in kg) x (0.85)
72 x (serum creatinine)

Abbreviations

ARR = Absolute risk reduction
ARD = Absolute risk difference 
NNT = Numbers needed to treat
NNH = Numbers needed to harm
RRR = Relative risk reductions 


