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Overview
This supplement provides an

overview of treatment considerations
for patients with unstable
angina/non-ST-segment elevation
myocardial infarction (UA/NSTEMI)
acute coronary syndrome (ACS). 
It presents an overview of the disease
process and what pharmacological
agents in the context of percutaneous
coronary intervention (PCI) are appro-
priate at different stages in the disease
process. In addition, this supplement
features an expert debate, which
discusses recent clinical data with
respect to advantages and dis-
advantages in the treatment of ACS
prior to and during PCI with various
therapies, such as antiplatelet agents,
antithrombin agents, direct thrombin
inhibitors, and GP IIb/IIIa inhibitors. 

Learning Objectives
At the conclusion of this activity,

participants will be able to: 

• describe current therapeutic classes
of antiplatelet agents, antithrombin
agents (including direct thrombin
inhibitors), and GP IIb/IIIa inhibitors.

• recognize the clinical differences
between therapeutic agents and
their role in disease management
strategies. 

• discuss the clinical pharmacist’s role
in optimizing outcomes by identify-
ing high-risk patients, 
appropriate drug selection and dos-
ing, risk for serious adverse events,
and related monitoring require-
ments.

• recognize formulary considerations
in choosing an ACS therapy or other 
therapy.
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sive thrombi in response to rupture of atheroscle-
rotic plaques on the vessel wall.3,4 Rupture of the
atherosclerotic plaque promotes adhesion of
platelets from the circulation, followed by platelet
activation and platelet aggregation. Platelet aggre-
gation leads to formation of partially occlusive coro-
nary thrombi, which clinically manifest as UA or, if
the occlusion is prolonged, as NSTEMI. 

NSTEMI also may be caused by dislodgment and
embolization of platelet-rich thrombi into the coro-
nary microvasculature. Complete occlusion of coro-
nary arteries manifests clinically as an STEMI.3,4

If a patient can produce high enough levels of
endogenous tissue plasminogen activator (t-PA),
the thrombus may be kept from progressing to a full
occlusion through the process of fibrinolysis. When
thrombi partially or completely occlude the coro-
nary arteries and/or microvasculature, ultimately
the myocardial cells die. The amount of myocardial
cell damage can be quantitatively determined by
the extent of elevation in cardiac markers, such as
creatine kinase–MB (CK-MB) or troponin.3,4

Antithrombotic management of ACS should focus
on the prevention of two key underlying processes,
namely formation of a platelet-rich thrombus (with
antiplatelet agents such as clopidogrel, ticlopidine,
aspirin, and glycoprotein [GP] IIb/IIIa inhibitors)
and formation of a fibrin-rich mesh (with anti-

Introduction and Overview

Sandra L. Chase, BS, PharmD

Acute coronary syndrome (ACS) is a clinical syn-
drome characterized by unstable angina (UA) and
both non–ST-segment elevation myocardial infarc-
tion (NSTEMI) and ST-segment elevation myocar-
dial infarction (STEMI). In many, but not all, cases,
the primary mechanism of development of ACS is
atherosclerotic plaque formation.

ACS is the most common cause of cardiovascu-
lar disability and death in the United States, affect-
ing approximately 1.8 million Americans annually.1

Of these, 450,000 are admitted to hospitals through
the emergency department. Approximately 1.4 mil-
lion hospital admissions annually in the United
States are for patients with UA/NSTEMI. Of these
patients, the risk of cardiovascular death or acute
myocardial infarction (AMI) is 6% to 8% during both
the initial hospitalization and the following two
years.1 Evidence has demonstrated that risk strati-
fication prior to treatment is essential to appropri-
ate management as well as reduction of mortality in
UA/NSTEMI patients. Recent studies indicate that
mortality from ACS can be more effectively reduced
with new treatments.

The purpose of this CPE activity is to provide an
overview and discussion of medical management
options for patients with non–ST-
segment elevation ACS (NSTE-ACS)
encompassing UA and NSTEMI. 

Pathophysiology of ACS
All forms of ACS are characterized by

an imbalance between myocardial oxy-
gen supply and demand, and many fac-
tors contribute to this imbalance. Each
form of ACS can result in sudden death.
In addition, patients with UA can pro-
gress to NSTEMI and STEMI, and those
with NSTEMI can progress to STEMI
(Figure 1).2,3

The most common cause of ACS is
the reduced myocardial perfusion that
results from coronary artery narrowing
caused by the formation of nonocclu-

Pharmacological Considerations in Acute Coronary
Syndrome (ACS): An Expert Debate

FIGURE 1
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thrombin agents such as unfractionated heparin
(UFH) or low-molecular-weight heparin [LMWH],
argatroban, lepirudin, or bivalirudin). Although
there are a variety of approaches to enhancing
anticoagulant effects, none is completely satisfac-
tory as single-agent therapy. Combined use of anti-
platelet and antithrombin agents ultimately trans-
lates into reduced rates of adverse outcomes, such
as death or myocardial infarction (MI).5–8 It should
be noted that patients with complete occlusion lead-
ing to STEMI are managed somewhat differently
from those with UA/NSTEMI.3

ACC/AHA Class I Treatment Guidelines 
The American College of Cardiology and the

American Heart Association (ACC/AHA) have de-
fined a series of Class I recommendations for the
management of ACS that are dependent on the rel-
ative risk of the patient at the time of presentation
(Table 1). 3 Class I recommendations are those that
have accumulated a strong body of evidence that
has been reproduced in a large number of random-
ized clinical trials. The intensity of the treatment is
tailored to the individual patient risk. Although anti-
ischemic agents have a role in treating patients with
ACS, the focus of this discussion is on pharmaco-
logical agents for the treatment of ACS in the con-
text of percutaneous coronary intervention (PCI). 

If a patient presents with suspected ACS but fur-
ther evaluation is necessary to confirm the diagno-
sis, the recommended course of treatment is to give
aspirin at a minimum (an initial dose of 162 mg to
325 mg followed by 75 mg to 160 mg) until the diag-
nosis is confirmed. It is recommended that a patient
who presents with likely or definite ACS receive
aspirin in combination with a thrombin inhibitor,

either subcutaneously administered LMWH or UFH,
and clopidogrel (75 mg/day; loading dose of 300 mg
to 600 mg for rapid onset). Enoxaparin is the pre-
ferred agent for LMWH use, as stated in the guide-
lines, and is based on a class IIa recommendation,
although dalteparin may be used as well. Patients
who have a definitive presentation of ACS with con-
tinued ischemia and who exhibit other high-risk
features and are definitely proceeding directly to
cardiac catheterization should receive a combina-
tion of aspirin, some type of thrombin inhibitor (i.e.,
heparin), and a GP IIb/IIIa inhibitor, as well as clopi-
dogrel. 

Treatment Considerations: Pharmacist 
Perspective and Patient Risk Stratification 

Pharmacists can have an influence on patient out-
comes through consultation with treating physi-
cians. They can participate in the decision process
leading to specific treatment pathways with regard
to choice of a pharmacological agent as well as the
time to initiate treatment with a particular agent. 

The Platelet Glycoprotein IIb/IIIa in Unstable
Angina: Receptor Suppression Using Integrilin Ther-
apy (PURSUIT) study was a large meta-analysis that
evaluated the effect of a GP IIb/IIIa inhibitor (epti-
fibatide) in combination with aspirin versus placebo
in patients with UA/NSTEMI.9 Specifically, the study
evaluated whether timing of eptifibatide admin-
istration after the first onset of symptoms had an
effect on patient outcomes. When patients received
eptifibatide in less than six hours after the onset of
symptoms, they had a 2.8% reduction in 30-day death
or MI, compared with a 2.3% and 1.7% reduction if
it was given six to 12 hours or 12 to 24 hours after
the onset of symptoms, respectively (Figure 2).9

These data suggest that
the less time that elapses
from the onset of symp-
toms to the administration
of the study drug, the
greater the improvement
in patient outcomes.9

When a treatment strat-
egy is being selected for a
particular patient, several
factors should be consid-
ered, such as medical his-
tory, demographic charac-
teristics, and the degree of
risk established at the
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TABLE 1
Class I recommendations for the management of ACS based on patient risk

Possible ACS Likely/Definite ACS

Definite ACS with 
Continuing Ischemic or 

Other High-Risk Features 
or Planned Intervention

Aspirin Aspirin
+ subcutaneous LMWH*
or IV heparin

Aspirin
+ IV heparin/LMWH*
+ IV platelet GP IIb/IIIa antagonist

Clopidogrel Clopidogrel

* Class IIa recommendations: Enoxaparin is preferred over unfractionated heparin unless
coronary artery bypass graft surgery is planned within 24 hours.

Adapted from Braunwald E, et al. J Am Coll Cardiol. 2000;36:970-1062.



time of presentation. Patients defined as
being at higher risk require early invasive
management and should proceed directly
to PCI (Table 2). 3

Patients who are stratified into the cate-
gories of low or moderate risk, or when a
diagnosis of ACS has not been confirmed,
can be treated with a more conservative ap-
proach. The combination of aspirin, LMWH
or UFH, and a GP IIb/IIIa inhibitor is the
therapy recommended by the ACC/AHA
(Table 1).3,10 Clopidogrel is recommended
for use in patients with a contraindication to
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TABLE 2
Patient risk stratification: Short-term risk of death or nonfatal MI in patients with unstable angina 

Feature

High Risk
(at least one of the 
following features 
must be present)

Moderate Risk
(no high-risk feature, 

but must have one 
of the following features)

Low Risk
(no high- or intermediate-risk

feature but may 
have any of the 

following features)

History Accelerating tempo of ischemic
symptoms in preceding 48 hours

Prior MI, peripheral or 
cerebrovascular disease, 
or CABG, prior aspirin use

Pain 
characteristics

Prolonged ongoing (>20 minutes)
rest pain

• Prolonged (>20 minutes) rest
angina, now resolved, with
moderate or high likelihood 
of CAD

• Rest angina (<20 minutes) or 
relieved with rest or sublingual
nitroglycerin

New-onset CCS Class III or IV
angina in the past 2 weeks
without prolonged (>20 min-
utes) rest pain but with moder-
ate or high likelihood of CAD 

Clinical 
findings

• Pulmonary edema, most likely
caused by ischemia

• New or worsening MR murmur
S3 or new/worsening rales

• Hypotension, bradycardia,
tachycardia

• Age > 75 years

Age > 70 years

ECG • Angina at rest with transient 
ST-segment changes > 0.05 mV

• Bundle-branch block, new 
or presumed new 

• Sustained ventricular 
tachycardia

• T-wave inversions > 0.2 mV
• Pathological Q waves

Normal or unchanged ECG 
during an episode of chest 
discomfort

Cardiac 
markers 

Markedly elevated (e.g., troponin
T (TnT) or troponin I (TnI) > 0.1
ng/mL)

Slightly elevated (e.g., TnT >
0.01 but < 0.1 ng/mL)

Normal

CABG = coronary artery bypass graft; CAD = coronary artery disease; CCS = Canadian Cardiovascular Society; ECG = electrocardiogram;
MR = mitral regurgitation; mV = millivolt.

Adapted from Braunwald E, et al. J Am Coll Cardiol. 2000;36:970-1062.

FIGURE 2
Effect of early treatment on patient outcomes 

Adapted from Bhatt DL, Topol EJ. JAMA. 2000;284:1549-1558.
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aspirin.3,10 The use of GP IIb/IIIa inhibitors, which
include eptifibatide, tirofiban, and abciximab, is
recommended in patients who are undergoing PCI,
whether or not the procedure is emergent or
planned. However, abciximab should not be used
unless the patient is going directly to PCI, based on
results of the Global Utilization of Strategies to
Open Occluded Arteries (GUSTO-IV) trial. The
GUSTO-IV data revealed that there was no benefit
with regard to death or MI outcomes for patients
treated with abciximab versus placebo if the
patient did not undergo the PCI procedure.3,11

The ACC/AHA recommendations also state that
if tirofiban is used, there should be a four-hour wait-
ing or washout period before the patient proceeds
to PCI. In addition, tirofiban should not be used as
an alternative to abciximab or eptifibatide, because
abciximab or eptifibatide may be used during the

PCI procedure and tirofiban should not.3

The ACC/AHA recommends that clopidogrel
be administered prior to PCI and that it be con-
tinued for up to one month or nine months after
PCI, based on data from the Clopidogrel for the
Reduction of Events During Observation
(CREDO) trial and the Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE)
trial.3,12,13 The recommended time frame for clopi-
dogrel usage varies, however, based on data from
recent drug-eluting stent trials.

It is recommended that patients who receive a
drug-eluting stent be given clopidogrel for three to
six months, depending on the type of stent.14,15 How-
ever, recent evidence suggests that these patients
may need to receive clopidogrel up to one year or
longer after the procedure in addition to continuing
treatment with aspirin.14–16
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The Role of Glycoprotein IIb/IIIa 
Inhibitors in Combination with 
Heparin/Low-Molecular-Weight 
Heparin versus Bivalirudin: 
Evidence in Favor of Bivalirudin

Sarah A. Spinler, PharmD

A number of direct thrombin inhibitors are avail-
able today, such as recombinant hirudins, bival-
irudin, argatroban, and lepirudin. Because of the
amount of data available for bivalirudin and the
recently published results of the Acute Catheteri-
zation and Urgent Intervention Triage Strategy
(ACUITY) trial, the focus of this discussion is on bi-
valirudin. Other antithrombin agents such as fonda-
parinux will also be mentioned where appropriate.  

The Randomized Evaluation of PCI Linking An-
giomax to Reduced Clinical Events (REPLACE-2)
clinical trial was a randomized double-blind study
undertaken to determine whether the use of bival-
irudin plus the provisional use of GP IIb/IIIa inhibi-

tors during elective or urgent percutaneous coro-
nary intervention (PCI) would reduce the incidence
of major adverse ischemic complications compared
with treatment with unfractionated heparin (UFH)
in combination with GP IIb/IIIa inhibitors.17 The
study enrolled 2,994 patients in the heparin/GP
IIb/IIIa treatment arm and 3,008 patients in the
bivalirudin treatment arm. It should be noted that
the majority of patients enrolled in the study under-
went elective PCI. The study’s primary endpoint
consisted of a quadruple composite measure of
death, myocardial infarction (MI), urgent revascu-
larization, and major hemorrhage at 30 days. Sec-
ondary endpoints included the incidence of death,
MI, and urgent revascularization at 30 days; death,
MI, and target vessel revascularization at six
months; and death at one year.

When analyzed individually, the results of the 
REPLACE-2 trial showed no differences between
the heparin/GP IIb/IIIa treatment arm and the bival-
irudin treatment arm in the composite primary end-
point or the secondary endpoints of death, MI, or

An Evidence-Based Expert Debate on the Use of 
Glycoprotein IIb/IIIa Inhibitors or Direct Thrombin 

Inhibitors in the Treatment of UA/NSTEMI ACS



itor: UFH/enoxaparin + GP IIb/IIIa inhibitor and
bivalirudin + GP IIb/IIIa inhibitor. Therefore, for
the purpose of this activity, the UFH/enoxaparin +
GP IIb/IIIa inhibitor treatment arm and the bi-
valirudin-alone treatment arm will be compared.

When treatment with UFH/enoxaparin + GP
IIb/IIIa inhibitor was compared with that of bi-
valirudin alone, a significant reduction in the 30-day
rate of events comprising the net clinical outcome
endpoint was observed (11.7% vs. 10.1%; P < 0.02).
Similarly, the rate of major bleeding also showed a
significant reduction in the bivalirudin-alone arm,
compared with the UFH/enoxaparin + GP IIb/IIIa

vessel revascularization. However, there was a sig-
nificant reduction in the rate of major bleeding in
the bivalirudin-alone treatment arm compared with
the heparin/GP IIb/IIIa treatment arm (4.1% vs. 2.4%;
P < 0.001), suggesting that bivalirudin was effective
in lowering the rate of major hemorrhage following
PCI.17

The ACUITY trial was a randomized, controlled,
open-label study that enrolled 13,819 patients with
moderate to high-risk NSTEMI ACS.18 Patients were
enrolled in one of three treatment arms:

• UFH or enoxaparin in combination with a GP
IIb/IIIa inhibitor

• Bivalirudin in combination with
a GP IIb/IIIa inhibitor

• Bivalirudin alone (with provi-
sional GP IIb/IIIa inhibitor use
if required)

The REPLACE-2 study demon-
strated the safety of bivalirudin, and
the ACUITY study was designed to
evaluate safety in conjunction with
efficacy; therefore, the primary end-
points in the ACUITY trial were
composite endpoints that included
parameters for both efficacy and
safety. 

The primary endpoints were a
composite ischemia endpoint
(death, MI, or unplanned revascu-
larization for ischemia), major bleed-
ing, and the net clinical outcome,
defined as the combination of com-
posite ischemia or major bleeding
(noncoronary artery bypass graft
[non-CABG]-related bleeding or re-
operation for bleeding) at 30 days.18

Non–CABG-related bleeding con-
sisted of intracranial hemorrhage,
retroperitoneal bleeding, access site
bleeding, hematoma of more than 
5 cm, a hemoglobin drop of at least
3 g/dL with an overt source or 4 g/dL
without an overt source, need for a
transfusion, or secondarily reopera-
tion for bleeding.18

Outcomes did not differ signifi-
cantly between the two arms con-
taining a glycoprotein IIb/IIIa inhib-
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FIGURE 3
ACUITY Trial primary endpoints

Adapted from Stone GW, et al. N Engl J Med. 2006;355:2203-2216.18
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arm (3.0% vs. 5.3%; P < 0.0001). The rate of ischemic
events was similar between treatment arms, but
met the endpoint of noninferiority (Figure 3) (see
page 7).18

When bleeding endpoints were evaluated, there
was a significant reduction at 30 days for all major
bleeding as well as for non-CABG major bleeding in
the bivalirudin-alone treatment arm, compared with
either of the other two treatment arms that included
a GP IIb/IIIa inhibitor (Figure 4) (see page 7).18

The Role of Glycoprotein (GP) IIb/IIIa 
Inhibitors with Heparin/Low-Molecular-
Weight Heparin versus Bivalirudin: 
Evidence in Favor of GP IIb/IIIa 
Inhibitors

Paul P. Dobesh, PharmD

Extensive data exist on more than 30,000 patients
across a number of clinical trials that evaluated
both the upstream use of GP IIb/IIIa inhibitors as
well as its use during PCI in patients with UA/
NSTEMI ACS.19–27 The data from these studies have

consistently demonstrated the benefit of using GP
IIb/IIIa inhibitors and have led to an ACC/AHA Class
IIa recommendation for the use of upstream GP
IIb/IIIa inhibitors and a Class Ia recommendation for
use in the setting of PCI.3

A meta-analysis of six studies evaluated the up-
stream use of GP IIb/IIIa inhibitors with un-
fractionated heparin (UFH), compared with UFH
alone. The use of GPIIb/IIIa inhibitors produced a
statistically significant 9% relative risk reduction in
death and MI at 30 days (P = 0.015; odds ratio [OR],
0.91 [95% CI 0.85–0.98]).28

Another meta-analysis was conducted to evaluate
the effect of GP IIb/IIIa inhibitor usage on 30-day
mortality in patients that proceeded directly to PCI.
This meta-analysis included 12 clinical studies that
enrolled a total of 20,186 patients. Overall, it re-
vealed a statistically significant relative reduction in
30-day mortality of 27% (P = 0.024; OR, 0.73 [95% CI
0.55–0.96]) (Figure 5).29

Data derived from the large number of clinical
studies have established a role for the GP IIb/IIIa
inhibitor class of drugs in patients who have ACS.29

Their role in improving outcomes in high-risk
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FIGURE 5
Effect of GP IIb/IIIa inhibitor use on 30-day mortality in ACS patients proceeding directly to PCI
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According to baseline characteristics such as bio-
marker expression or ST-segment elevation, many
of the patients in the ACUITY trial would not meet
the definition of high risk; therefore, under real-
world conditions, these patients would not ordi-
narily be considered for GP IIb/IIIa inhibitor treat-
ment. 

The rate of death or MI at 30 days was higher in
the SYNERGY trial (13%), compared with the rates
in ACUITY for similar treatment arms (7% to 8%).29,33

Because as many as 30% of the patients in the
ACUITY trial who received medical management
may actually be lower-risk patients, according to
their baseline characteristics and/or TIMI score of
0 to 2, treatment with GP IIb/IIIa inhibitors might not
be necessary, or an optimal benefit might not be
realized in this study population. This subset of
patients also might have not received optimal ben-
efit from treatment with bivalirudin. The potential
treatment of patients in the ACUITY trial with ther-
apeutic agents that might not have been necessary,
given their level of risk, may explain the disparity in
outcomes results between the two studies. 

In the ACUITY trial, patients were randomly
assigned to one of the three treatment arms. The
average amount of time that elapsed from time of
hospital admission to study drug randomization was
approximately 14 hours. During this period, 73% of
patients received some other form of antithrom-
botic therapy, such as heparin or a GP IIb/IIIa inhib-
itor, before actually being randomized and treated
with the assigned study drug. The average time dur-
ing which patients were actually treated with the
study drug (i.e., the time the study drug was initiated
to the time of PCI) was approximately five hours.29

Two questions arise: (1) Is five hours enough
time to realize a benefit with the study drug treat-
ment? (2) At what point during the treatment is a

patients who are troponin-
positive has also been dem-
onstrated across a number of
studies and has resulted in a
reduction in event rates to
equal those in patients who
are troponin-negative.30–32

The ACUITY trial was de-
signed to study the use of GP
IIb/IIIa inhibitors versus bi-
valirudin in high-risk ACS
patients; from the meta-analy-
sis data, this would be a set-
ting in which optimal outcomes would be expected
from GP IIb/IIIa inhibitor use.18,29 However, when
patient enrollment was evaluated based on the
Thrombolysis in Myocardial Infarction (TIMI) risk
score, 15.7% of patients enrolled in the study had a
TIMI score of 0 to 2, which would actually correlate
to a low-risk profile. The majority of patients (54.6%)
had a TIMI score of 3 to 4, which corresponds to a
moderate risk, and 29.8% had a TIMI score of 5 to 6,
which corresponds to a high risk; therefore, only
about one third of patients enrolled in the ACUITY
trial could be defined as high-risk, based on the
TIMI score. In addition, patients are identified as
high-risk through positive levels of troponin or other
biomarkers as well as by exhibiting ST-segment
changes. In many cases, the presence of any one of
these additional criteria indicates the setting of high
risk. In the ACUITY trial, approximately 58% of the
patients across all treatment arms were identified as
biomarker-positive and 42% were identified as
biomarker-negative (Table 3).18

The Superior Yield of the New Strategy of Enoxa-
parin, Revascularization and Glycoprotein IIb/IIIa
Inhibitors (SYNERGY) trial was a prospective, ran-
domized, open-label, multicenter, international
study that enrolled 10,027 patients to receive treat-
ment with either enoxaparin or UFH. The primary
efficacy outcome was the composite clinical end-
point of all-cause death or nonfatal MI during the
first 30 days after randomization. The primary safety
outcome was major bleeding or stroke. 

In contrast to the ACUITY trial, approximately
86% of the patients enrolled in the SYNERGY trial
were positive for biomarker expression.33 In addi-
tion, when ST-segment changes were examined, ap-
proximately 35% of patients in the ACUITY trial
exhibited that high-risk feature alone, compared
with 60% to 65% in the SYNERGY trial (Table 3).29,33
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TABLE 3
Baseline biomarker and ST-segment change in the ACUITY Trial

UFH/Enoxaparin Bivalirudin Bivalirudin
+ GP IIb/IIIa + GP IIb/IIIa alone

(n=4,603) (n=4,604) (n=4,612)

Biomarker or ST-segment Δ 71.3% 70.1% 70.9%
Biomarker + 58.1% 56.9% 58.5%
ST-segment Δ 35.2% 35.4% 34.3%

Biomarker + and ST-segment Δ 21.9% 22.2% 21.9%

Biomarker = troponin I, tropinin T, or creatine phosphokinase-MB isoenzyme (CPK-MB).
Adapted from http://acc06online.acc.org/Lectures.aspx?sessionId=30&date=12 and Ref. 33.



benefit observed? 
At the end of the treatment

period (approximately five hours),
56% of patients received PCI, 33%
received medical management, and
11% received CABG. If patients
were treated during the first 14-
hour time period with a drug dif-
ferent from the one to which they
had been assigned, they had to
meet specific criteria (e.g., washout
period, waiting period) before ini-
tiating study treatment (Table 4).29

For example, if patients had re-
ceived LMWH before randomiza-
tion and were then randomized to
bivalirudin treatment, they had to
undergo a 12-hour washout period
before initiating bivalirudin. If they
had received prior UFH, then the
washout period was 30 minutes. If
they had used a GP IIb/IIIa inhibitor previously, the
washout period was four hours. Based on the study
design, it is not clear which criteria were used to
define the washout periods, whether these washout
time periods were appropriate, and how a complex
treatment algorithm affected ischemic outcomes
or bleeding rates. 

The ACUITY trial results show that treatment
with bivalirudin alone resulted in a clear benefit
with regard to major bleeding, compared with GP
IIb/IIIa inhibitor use in combi-
nation with UFH or enoxaparin.
The composite quadruple end-
point of death, MI, urgent revas-
cularization, and major bleed-
ing in ACUITY also showed a
benefit for treatment with bi-
valirudin alone, mainly because
of the difference in the major
bleeding endpoint (see Figures
3 and 4). For the ACUITY trial,
the demarcation for noninferi-
ority of one treatment arm was
set at 25%; that is, patients in
the bivalirudin treatment arm
could have experienced 25%
more adverse outcomes than
the heparin + GP IIb/IIIa inhib-
itor treatment arm and the out-
come would still be considered

noninferior. Although a benefit was realized with
bivalirudin with respect to bleeding outcomes, the
actual incidence of the ischemic composite (death,
MI, and revascularization) was 7.3% in the heparin
+ GP IIb/IIIa inhibitor arm versus 7.8% in the
bivalirudin arm (P = 0.32). 

In terms of the endpoint of ischemic outcomes,
the upper end of the confidence interval almost
intersects with the upper limit for noninferiority
(Figure 6).29
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TABLE 4
ACUITY Trial treatment algorithm

Prior LMWH use
• If randomized to heparin arm: continue 1 mg/kg SC every 12 hours
• If randomized to bivalirudin arm: give first dose of bivalirudin 12 hours

after last LMWH dose (proceed to angiography no earlier than 12 hours)
• If no GPI received prior to randomization, start GPI immediately
Prior UFH use
• If randomized to heparin arm: continue and dose to aPTT of 50-70 seconds
• If randomized to bivalirudin: stop UFH and start bivalirudin 30 minutes

later (no ACT or aPTT)
• If no GPI received prior to randomization: start GPI immediately
Prior GPI use
• If randomized to upstream use: continue GPI
• If randomized to downstream use: stop GPI and proceed to angiography

no earlier than 4 hours
• If randomized to bivalirudin: stop GPI, start bivalirudin within 30 minutes,

and proceed to angiography no earlier than 4 hours

ACT=activated clotting time; aPTT=activated partial thromboplastin time; GPI = GP
IIb/IIIa inhibitor; LMWH = low-molecular-weight heparin; UFH = unfractionated heparin.

Adapted from: http://acc06online.acc.org/Lectures.aspx?sessionId=30&date=12 
and Ref. 33.

FIGURE 6
Boundary of noninferiority in ACUITY in relation to outcomes

Adapted from http://acc06online.acc.org/Lectures.aspx?sessionId=30&date=12 and Ref. 33.
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7.5% [RR, 0.54; 95% CI (0.39–0.76)], respectively, in
patients treated with bivalirudin alone, compared
with UFH/LMWH plus a GP IIb/IIIa inhibitor.18 In
REPLACE-2, major bleeding was an independent
predictor of 12-month mortality (Figure 8).34

An analysis examined results of both the Clopido-
grel in Unstable Angina to Prevent Recurrent Events
(CURE) trial, which was designed to evaluate the use
of clopidogrel, and the Organization to Assess Strate-
gies for Ischemic Syndromes (OASIS)-2 trial, which
evaluated the use of the direct thrombin inhibitor
hirudin, for treating patients with NSTE ACS.35–37

This analysis also evaluated whether bleeding was a
predictor of mortality in more than 30,000 patients
enrolled across both studies. Results of this analysis
revealed that patients who experienced bleeding dur-
ing the first 30 days had a higher mortality rate than
patients without bleeding (Figure 9).35 The hazard ra-
tios indicate that patients who had the most severe
form of bleeding had a 10-fold increase in the likeli-
hood of dying at 30 days.35

Results from OASIS-5 also suggest a link between
bleeding and increased risk of mortality. OASIS-5
was a randomized, double blind, double-dummy
trial in which the factor Xa inhibitor fondaparinux
was compared with enoxaparin in patients with UA
or MI without ST-segment elevation; 20,078 patients
from 576 centers in 41 countries were included. 

The primary efficacy outcome (death, MI, or
refractory ischemia) was to demonstrate the non-
inferiority of fondaparinux, compared with enoxa-
parin, at nine days. The primary safety objective

Most clinical studies of this
type, such as SYNERGY, typi-
cally choose a noninferiority
boundary in the range of 10% to
15%.33 It is possible that if a
more appropriate definition for
noninferiority were picked, the
ischemic outcomes would have
favored not the bivalirudin arm
but the use of GP IIb/IIIa inhib-
itor therapy. 

When analyzing the outcomes
of the troponin-positive patients,
we see the benefit in preventing
ischemic outcomes with GP
IIb/IIIa inhibitors is shown. Fig-
ure 7 shows the results for each
of the study endpoints in the
subset of patients who are tro-
ponin-positive.29 When we evaluate the ischemic
composite in troponin-positive patients, the results,
although not statistically significant, reveal that even
with an upper boundary for noninferiority of 25%,
that boundary is crossed in the bivalirudin treat-
ment arm (95% CI, 0.88–1.42). Noninferiority is not
proven in the higher-risk troponin-positive patients,
and the absolute difference in the overall study has
now shifted in favor of using GP IIb/IIIa inhibitor
therapy for ischemic outcomes in this setting.

Rebuttals 
Evidence in Favor of Bivalirudin

Sarah A. Spinler, PharmD

Bleeding in patients with ACS has a significant
impact on patient outcomes and cost of care. In
ACUITY, major bleeding was lower in each of the
patient subgroups analyzed. The bleeding rates were
lower in all patients treated with bivalirudin alone
compared with unfractionated heparin/low-molec-
ular-weight heparin (UFH/LMWH) plus a GP IIb/IIIa
inhibitor when results were stratified by TIMI risk
criteria. The percentage of patients with major bleed-
ing and a TIMI risk score of 0 to 2 (low risk) was 2.5%
vs. 5.4% [RR, 0.47; 95% CI (0.26–0.84)] in patients
treated with bivalirudin alone compared with
UFH/LMWH plus a GP IIb/IIIa inhibitor. For patients
with a TIMI score of 3 to 4 (moderate risk) and 5 to
7 (high risk), the rates of major bleeding were 2.6%
vs. 4.8% [RR, 0.54; 95% CI (0.39–0.74)] and 4.1% vs.
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FIGURE 7
Treatment response in high-risk troponin-positive patients 
in the ACUITY Trial

Adapted from presentation, 2006 Transcather CardiovascularTherapeutics (TCT) Meeting, and Ref. 33.
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was to determine whether fondaparinux was supe-
rior to enoxaparin in preventing major bleeding.

The results of this study indicated that the
primary outcome of noninferiority was met in the
fondaparinux treatment group. However, the com-
posite of the primary outcome and major bleeding
at nine days revealed that patients with fonda-
parinux had significantly fewer bleeding events than
patients treated with enoxaparin (737 events [7.3%]
vs. 905 events [9.0%]; hazard ratio, 0.81; P < 0.001).
In addition, patients treated with fondaparinux also
had a significantly reduced number of deaths at 30
days (295 vs. 352, P = 0.02) and at 180 days (574 vs.
638; P = 0.05).38

CRUSADE (Can Rapid Risk Stratification of Un-

stable Angina Patients Suppress
ADverse Outcomes with Early Im-
plementation of the ACC/AHA
Guidelines) is a national registry
that enrolled more than 180,000
patients at 400 hospitals in the
United States. It provides real-
world data about the treatment of
UA/NSTEMI ACS. Inclusion in the
registry required ischemic symp-
toms lasting 10 minutes combined
with positive cardiac markers
(troponin or creatine phospho-
kinase–MB isoenzyme (CK-MB) or
ischemic ST-segment ECG changes
(ST-segment depression or tran-
sient ST-segment elevation) less
than 24 hours after hospital admis-
sion. Data collection includes
patient characteristics, immediate
use of medications (less than 24
hours from presentation), use and
timing of invasive cardiac pro-
cedures, laboratory results, physi-
cian and hospital characteristics,
and discharge therapies and inter-
ventions.39

A recent analysis by Alexander
and colleagues explored the rela-
tionship between patient gender,
GP IIb/IIIa inhibitor use, dose, and
bleeding in a subset of patients
participating in the CRUSADE reg-
istry.40 The subset analysis included
an initial population of 39,730
patients enrolled in the registry be-

tween January and December 2004. Patients were
excluded if they had contraindications to GP IIb/IIIa
inhibitors (n=7,129; 49.2% women, 50.8% men). The
contraindications for GP IIb/IIIa inhibitors included
platelet countbelow 100,000/ mm3, a creatinine level
above 4.0 mg/dL, recent major surgery or hemor-
rhage, prior stroke, prior allergic reaction, or severe
hypertension or comorbidity.

The remaining analysis population included
patients eligible for treatment with GP IIb/IIIa
inhibitors (n=32,601), 56.6% of whom received GP
IIb/IIIa treatment (n=18,436). In this analysis, the
dose of GP IIb/IIIa inhibitors was considered
excessive for full-dose tirofiban when the creati-
nine clearance was below 30 mL/minute and for
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FIGURE 8
Bleeding as a predictor of mortality in the REPLACE-2 Trial

FIGURE 9
Risk of 30-day mortality based on bleeding severity (CURE + OASIS-2)

OR= odds ratio (all odds ratios are statistically significant).
Adapted from Chew DP, et al. Heart. 2006; 92:945-950.34

N=34,146 with 783 bleeding events; P < .0001 for trend. 
Adjusted for baseline characteristics and propensity for bleeding.
Adapted from Eikelboom JW, et al. Circulation. 2006;114:774-782.35
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an excess GP IIb/IIIa inhibitor dose was associated
with a 46% increase in odds for major bleeding over-
all (adjusted OR, 1.46, 95% CI, 1.22–1.73), a 27%
increased odds of bleeding among men (adjusted
OR, 1.27, 95% CI 0.97–1.66), and a 72% increased
odds of bleeding among women (adjusted OR, 1.72,
95% CI 1.30–2.28), compared with an appropriate
dose.40 The major bleeding definition used in the
CRUSADE analysis was based on transfusion.
Transfusion rates were also about 50% lower in
patients treated with bivalirudin alone (1.6%) than
with UFH and a GP IIb/IIIa inhibitor (2.7%) in the
ACUITY trial (P <0.001), suggesting consistency of
the data with regard to bleeding and GP IIb/IIIa
inhibitor use.

Evidence in Favor of GP IIb/IIIa 
Inhibitors

Paul P. Dobesh, PharmD

Generally, when major bleeding is considered, it is
usually the definition for TIMI major bleeding that is
applied, defined as a 5-g/dL drop in hemoglobin, a 15%
drop in hematocrit, or intracranial bleeding.41 When
evaluating the results for the quadruple endpoint and
the rates of ACUITY major bleeding, we must consider
the major bleeding definition used in the trial. The
definition used in the ACUITY trial includes both TIMI
major and minor bleeding events, as well as other cri-
teria, such as the use of any blood product transfusion
and a hematoma more than 5 cm in diameter.18

Based on the presentation of the
ACUITY results, major bleeding
was largely driven by access-site
bleeding (specifically, a hematoma
larger than 5 cm) and a hemoglobin
drop of more than 3 g/dL (the cri-
teria for TIMI minor bleeding).
Consistency in the definition of
major bleeding varies by study,
particularly in the two bivalirudin
studies cited in this presentation,
and this can affect interpretation
of the results (Table 5) (see page
14). For example, when we con-
sider the quadruple endpoint, any
event that met the ACUITY major
bleeding definition counted the
same as any event from the effi-
cacy component of death, MI, or
urgent revascularization.

full-dose eptifibatide when the creatinine clearance
was below 50 mL/minute. In addition, an excess
heparin dose was considered in the adjustment as
defined. Major bleeding was defined as intracranial
hemorrhage, transfusion of 2 units of red blood
cells, or an absolute drop in hematocrit of 12% from
baseline.40

Results of the CRUSADE analysis revealed that
the most commonly used GP IIb/IIIa inhibitor was
eptifibatide (88.5%) and the median duration of GP
IIb/IIIa treatment was 19.95 hours. In addition, 29.2%
of patients received an excessive dose of a GP
IIb/IIIa inhibitor. Excess dosing was more common
in women than men and in patients 75 years of age
or older. Major bleeding events occurred in 10.1% of
patients treated with GP IIb/IIIa inhibitors versus
6.8% of those not treated (P < 0.0001); these events
were also significantly more frequent in women
than in men (15.8% vs. 7.3%; P < 0.0001). Approxi-
mately 15% of the men who received an excess GP
IIb/IIIa inhibitor dose experienced major bleeding,
which was about three times the rate of major bleed-
ing experienced in men who received an appropri-
ate dose or no GP IIb/IIIa inhibitor treatment. Sim-
ilarly, approximately 20% of women who received an
excess GP IIb/IIIa inhibitor dose experienced major
bleeding, which was about two times the rate
experienced by women who received an appropri-
ate dose or no GP IIb/III inhibitor treatment (Figure
10).40

In gender-specific models among treated patients,
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FIGURE 10
Rates of major bleeding by gender and GP IIb/IIIa 
treatment status in subset analysis of the CRUSADE registry

Adapted from Alexander KP, et al. Circulation. 2006;114:1380-1387.40

Men Women

%
 M

aj
o

r b
le

ed
in

g

25

20

15

10

5

0

P < 0.0001

P < 0.0001

P < 0.0001

P = 0.08

No GP IIb/IIIa

GP IIb/IIIa (appropriate)

GP IIb/IIIa (excess)



The bleeding definition in REPLACE-2 also in-
cludes many additional components that are not
part of the TIMI definition.17 In both REPLACE-2

and ACUITY, a 3-g/dL drop of hemoglobin is con-
sidered a criterion for major bleeding, whereas
based on the TIMI definition, it would be minor

bleeding. In addition, the ACUITY trial
definition of major bleeding took into
account the access site in hematomas,
which might or might not qualify as
major bleeding.

When the REPLACE-2 data are eval-
uated, the significant treatment benefit
observed in the bivalirudin-alone treat-
ment arm versus the heparin + GP
IIb/IIIa inhibitor treatment arm in
reducing major bleeding based on the
REPLACE-2 definition is no longer
significant when the TIMI definition for
major bleeding is applied (Figure 11).17

When we evaluate the ACUITY data,
especially ischemic outcomes, it be-
comes apparent that even with the
increase in bleeding, the ischemic out-

comes are lower in patients
treated with GP IIb/IIIa inhib-
itors.18 Therefore, we can be infer
that the increase in bleeding does
not correlate with a change in
ischemic outcomes, because they
are consistently lower with GP
IIb/IIIa inhibitor therapy.

When we consider the quadru-
ple endpoint, it is giving equal
weight to the occurrence of a
hematoma or access-site bleed-
ing as it is to mortality or occur-
rence of an MI. 
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TABLE 5
Bleeding Definitions by Study and TIMI Criteria

ACUITY 
Major Bleeding19

REPLACE-2 
Major Bleeding18

TIMI 
Major Bleeding41

TIMI 
Minor Bleeding41

• >3-g/dL hemoglobin drop 
with overt bleed

• >4-g/dL hemoglobin drop 
without overt bleed

• Intracranial bleed
• Intraocular bleed
• Access site bleed intervention

•• Hematoma, >5 cm in diameter 
•• Reoperation for bleeding

• Any blood transfusion

• >3-g/dL hemoglobin
drop with overt bleed

• >4-g/dL hemoglobin
drop without overt bleed

• Intracranial bleed
• Intraocular bleed
• Retroperitoneal 

hemorrhage  
• Blood transfusion: 

2 or more units

• >5-g/dL hemoglobin
drop with overt bleed

• >15% drop in hematocrit
(no hemoglobin)

• Intracranial bleed

• 3- to 5-g/dL hemoglobin
drop with overt bleed

• 9% to 15% drop in
hematocrit (no hemo-
globin)

Adapted from References 18, 19, and 42.

TABLE 6
Change in ACUITY outcomes based on definition of major bleeding

Enoxaparin/UFH Bivalirudin 
Outcome + GPI alone Difference (Δ)

ACUITY Definition
Major bleeding 5.7% 3% –2.7%
Ischemic endpoint 7.3% 7.8% +0.6%
Primary endpoint 11.7% 10.1% –1.6%

TIMI Definition
Major bleeding 1.8% 0.9% –0.9%
Ischemic endpoint 7.3% 7.8% +0.6%
Primary endpoint 9.1% 8.7% –0.4%

Adapted from Paul P. Dobesh PharmD, as presented at ASHP 2006, ACS satellite symposium.

FIGURE 11
Comparison of major bleeding in REPLACE-2 using 
REPLACE-2 definition or TIMI definition for major bleeding  

Adapted from Lincoff AM, et al. JAMA. 2003;289:853-863.17
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number of patients need to be treated to prevent a
bleed. 

A cost analysis presented at the 2006 Trans-
catheter Cardiovascular Therapeutics (TCT) sym-
posium indicated that the cost to use a GP IIb/IIIa
inhibitor was lower than that of bivalirudin alone.42

However, only 50% of the patients who were ran-
domly assigned to receive the GP IIb/IIIa inhibitor
actually received it, because some proceeded to
medical management and some received bypass
surgery. If those patients randomized to GP IIb/IIIa
treatment had actually received the study treat-
ment, then the cost might have been higher. Specif-
ically, when heparin + upstream GP IIb/IIIa inhibitor
usage was compared with that of bivalirudin alone,
the cost was $827 lower. When UFH/LMWH +
catheterization laboratory (“downstream”) GP
IIb/IIIa treatment was compared with bivalirudin
alone, the total costs were $297 lower. 

One of the significant predictors for the difference
in costs was bleeding, because patients who expe-
rienced bleeding complications as a result of GP
IIb/IIIa use had a longer hospital stay as well.39

Evidence in Favor of GP IIb/IIIa 
Inhibitors

Paul P. Dobesh, PharmD

Glycoprotein IIb/IIIa inhibitors have a long-
standing history, with a number of clinical trials
conducted on tens of thousands of patients.19–27 The
benefit of this class of drugs in patients with ACS
has been demonstrated through significant reduc-
tions in the occurrence of death or MI. Bleeding
may be important, but it has to have an impact on
the patient. 

As demonstrated in the presentation, ischemic
outcomes in the ACUITY trial were consistently
lower in patients receiving GP IIb/IIIa inhibitor ther-
apy, even though the patient population is not one
in whom the maximum benefit derived from GP
IIb/IIIa treatment would be expected. In addition,
when TIMI bleeding criteria were applied, the ben-
efit observed in the bivalirudin treatment group for
the primary endpoint was reduced to the extent
that the event rate between treatments was almost
the same. Further, because many of the patients
enrolled in ACUITY were not troponin-positive and
did not have ST-segment depression, they did not fit
the criteria for high-risk patients.18 The high-risk

When the ACUITY definition of bleeding is used
and the rate of major bleeding in the heparin + GP
IIb/IIIa inhibitor treatment arm is compared with the
rate in the bivalirudin-alone treatment arm (5.5%
vs. 3.0%), there is an absolute difference of 2.7%.19

This difference between treatment arms with re-
spect to bleeding is the major factor driving the ab-
solute difference observed in the primary endpoint,
and it benefits the bivalirudin-alone arm.

When we use the definition for TIMI major bleed-
ing, there is still a lower incidence of major bleed-
ing in the bivalirudin-alone arm (0.9%) than in the
heparin + GP IIb/IIIa inhibitor arm (1.8%), but the
absolute difference here is much smaller (0.9%),
because a more consistent and focused definition of
bleeding is being used (Table 6) (see page 14). The
difference between treatment arms decreased from
1.6% when the ACUITY definition was applied to
0.4% when the TIMI definition was applied (see
Table 6). 

A calculation on the statistical significance based
on the TIMI bleeding definition has not been per-
formed, but the magnitude of the change suggests
that the difference might no longer be significant. In
addition, the absolute difference in events associ-
ated with the primary endpoint has decreased in
both treatment groups, as has the overall differ-
ence.

Closing Arguments: 
Evidence in Favor of Bivalirudin

Sarah A. Spinler, PharmD

Bivalirudin is easy to use and has lower treat-
ment costs than the combination of UFH/LMWH
plus a GP IIb/IIIa inhibitor. The ACUITY trial
enrolled more than 13,000 patients in a real-world
setting, and it builds upon what was observed in the
REPLACE-2 trial. Bivalirudin has a very short half-
life, so it is eliminated rather quickly. The drug is
administered as a bolus and continuous infusion
prior to PCI and a second bolus and an increased
infusion rate are given during PCI. Bivalirudin is
stopped at the end of PCI, compared with GP IIb/IIIa
inhibitors, which are administered for 12 to 24 hours
following PCI.

Bivalirudin administration allows for the sheath
to be pulled sooner and for patients to ambulate and
possibly to leave the hospital sooner. Also, because
it is lower in cost, it can be assumed that a smaller
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patients are those for whom a maximum benefit
from GP IIb/IIIa inhibitors would be expected.

In regard to the cost analysis that was presented,
there are other considerations to take into account
before we conclude that treatment with bivalirud-
in alone would be less expensive. In the economic
analysis as presented, drug costs were actually
lower with the use of a GP IIb/IIIa inhibitor. The
analysis also described drug costs based on the
weight of the patient, but the analysis was based on
the clinical trial data, which generally involved a
four- to five-hour infusion time, without taking into
account the period of 14 hours or longer prior to ran-
domization before patients actually received the
study drug. In a real-world treatment scenario, a
larger amount of the drug would most likely be
used before PCI rather than the amount that was
used in the clinical trial. When a GP IIb/IIIa inhibitor
is used in the catheterization laboratory, the amount
of drug used will be more constant without much
variation. 

Another consideration to take into account is
that many of the bleeds that were classified as a
major bleed, based on the study protocol, were
actually hematomas, bleeds at the access site, or
both. The change in length of stay was given as 0.2
days; however, from a real-world perspective, a
patient would not be billed for a partial day but for
a full day, so that part of the cost analysis should not
necessarily be taken into account.

One additional point to consider is the analysis of
the number of patients who did or did not receive
pretreatment with clopidogrel. Those patients who
did not receive clopidogrel pretreatment had worse
outcomes when they were randomly assigned to
the bivalirudin-alone treatment arm.19 In many
cases, institutions wait until a patient undergoes
angiography to visualize the anatomy before mak-
ing a decision to start on clopidogrel, mainly be-
cause of the requirement of a five-day washout
period after clopidogrel treatment if the patient sub-
sequently requires bypass surgery. If the anatomy is
such that the patient undergoes PCI or medical man-
agement, then clopidogrel is given — but then the
patient is not being pretreated. In this frequently oc-
curring “wait and see” scenario, in which patients
would not undergo pretreatment with clopidogrel
but would receive bivalirudin, as opposed to a GP
IIb/IIIa inhibitor treatment, the outcomes might be
worse. This reflects the facts that platelet adhesion,
activation, and aggregation are taking place in these

UA/NSTEMI ACS patients and that patients under-
going PCI need antiplatelet therapy.

CONCLUSION
There is a considerable body of clinical trial data

in favor of a role for both the GP IIb/IIIa class of
platelet inhibitors, such as eptifibatide, and direct
thrombin inhibitors, such as bivalirudin, in the treat-
ment of patients with UA/NSTEMI ACS. Pharma-
cists play an important role in recognizing the ben-
efits and risks associated with antiplatelet and
antithrombin therapy with regard to monitoring
patients for excessive bleeding (e.g., by measuring
the International Normalized Ratio or prothrombin
time) and to understanding the dose requirements
and potential adverse events in order to provide a
balance between benefit and safety. Pharmacists
should take these data into consideration along with
current ACC/AHA guidelines and the individual
patient history to work with the treating physician
in achieving the most favorable outcomes.

Current Formulary Challenges: 
Translating Clinical Outcomes 
to Pharmaceutical Performance

Gene A. Gibson, PharmD

The strategy for establishing an effective formu-
lary is to follow a process that reviews potential
therapeutic agents that are positive for the institu-
tion or hospital and to minimize side effects and
improve clinical outcomes. There are a number of
steps in the formulary process, outlined in Table 7.

From efficacy and safety standpoints, it is
important to review data from clinical studies of the
drug in question. This involves evaluating efficacy
and safety data for each proposed indication as well
as side-effect profiles. In addition, if the agent has
been in use at your institution, a review of adverse
event reports associated with the drug should be
completed. By reviewing the adverse event reports,
we can determine whether the adverse events were
possibly a result of monitoring issues or were avoid-
able or preventable through a change in practice or
procedure. 

Furthermore, the ordering process (handwritten
versus computerized physician order entry) and the
dispensing process, along with administration ac-
tivities, should be reviewed. More specifically, the
dose, route, and timing of administration should be
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comes issues, and, from a humanistic point of
view, issues associated with prescribing the
drug, preparing the drug for dosing, and admin-
istering the actual dose. The formulary process
is more than just looking at costs and out-
comes—it is striving to evaluate many factors
and components to determine overall utiliza-
tion and benefit.

CASE STUDY
CD is a 61-year-old man who presented to a

hospital emergency department with severe
chest pain (with a score of 8 out of 10 on a 10-
point scale) that radiated down his right arm and
into his abdomen. The pain woke him at 6 
O’clock that morning. He then decided to eat
breakfast, but he became nauseated and began
sweating. He took some of his wife’s sublingual
nitroglycerin, which she kept in a plastic vial in
the bathroom. 

After he took three doses of nitroglycerin (the
current recommendation is one dose), his wife
called 9-1-1 at about 10 A.M. While waiting for the
ambulance, the patient also took 81 mg of as-
pirin. Upon arrival of the ambulance, he in-
formed the emergency medical technicians that
he had taken aspirin. His initial heart rate was
102 beats per minute; his blood pressure was
160/100 mm Hg. 

The patient’s medical history includes hyper-
tension, type-2 diabetes mellitus, hyper-
lipidemia, peptic ulcer disease (which started
three weeks prior to the current condition), and

mild chronic obstructive pulmonary disease. Con-
comitant medications include terazosin 
(5 mg daily), amlodipine (10 mg daily), glyburide 
(20 mg daily), niacin (500 mg twice daily), albuterol
(two puffs daily as needed), and triamcinolone
(three puffs twice daily).

The patient lives at home with his wife and
recently retired from his position as a pharmaceu-
tical company executive. He is 5 feet, 11 inches tall
and weighs 220 pounds. 

He had smoked one pack of cigarettes a day for
40 years. He drinks a glass of red wine almost every
night with his dinner and has cut down on salt in his
diet. He tries, but has not yet succeeded, in eating
a low-fat diet. He walks about a mile each night
with his wife for about 25 minutes.

His family medical history includes cardiovascu-
lar disease:

assessed. Part of the efficacy and safety analysis in-
cludes defining and educating the medical staff
about the required procedures and processes that
are necessary to ensure optimal outcomes and the
safe use of the medication.

Subsequently, an economic and financial review
is performed, which includes estimating the ex-
pected number of potential cases in a particular
institutional setting, the reimbursement rate, mar-
gin, and denial rates of insurance coverage. Another
part of the financial component would be catego-
rizing the drug based on Diagnosis-Related Group
(DRG) and other financial system programs as well
as assistance programs that may be in place by the
manufacturer. 

Other considerations are a utilization review to
determine and establish guidelines with respect to
drug usage, real-world reimbursement and out-
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TABLE 7
Steps in the formulary process

Review Efficacy Data: Clinical Trials
• Indications
Review Adverse Drug Event Reports: Clinical Trials
• Avoidable
• Monitoring issues
• Preventable
Review Safety Data: Clinical Trials and Medical Errors
• Indications
• Computerized physician order entry (CPOE)
• Dispensing: timing
• Dosing
• Administration
• Monitoring 
Perform Economic Review: Cost and Value
Perform Financial Review: Payers
• Inpatient vs. outpatient: diagnosis-related group, 

reimbursement
• Financial assistance programs: manufacturer
• Review facility requirements
• Admissions, length of stay
Perform Utilization Review: Effectiveness
• Access to care: eligibility, facilities
• Guidelines, restrictions, management strategies, systems,

training, coding
• Reimbursement, outcomes
• Perform medication use evaluation
Perform Humanistic Review
• Dosage forms
• Dosing
• Ease of use
• Ease of preparation

Source: Gene A. Gibson, PharmD.
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• His father died from MI at age 40 years.
• His mother died of breast cancer at 48 years of

age.
• His brother has had coronary artery disease

since he was 43 years old.
• His sister also has diabetes and hypertension.

Upon admission to the emergency department,
the patient’s blood pressure was elevated at 150/96
mm Hg, even though he had been taking blood pres-
sure medications. (In an acute situation, his blood
pressure is going to be elevated.) His heart rate was
also elevated at 110 beats per minute, and his res-
piration rate was 20 breaths per minute. His serum
creatinine was 1.4 mg/dL. He had an elevated tro-
ponin of 5.2 ng/L, and his electrocardiogram showed
2-mL ST-segment depression in 2, 3 and in aVF. 

Based on the current ACC/AHA guidelines for
NSTEMI, this patient should receive aspirin, clopi-
dogrel at a dose of 300 mg or 600 mg, UFH/LMWH
(enoxaparin preferred), and a GP IIb/IIIa inhibitor.
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1. Acute coronary syndrome (ACS) is a clinical
syndrome that comprises: 
a. UA
b. Non–ST-segment elevation MI
c. ST-segment elevation MI
d. All of the above

2. Which of the following are involved in the patho-
physiology of ACS? 
a. Rupture of atherosclerotic plaque 
b. Platelet activation, adhesion, and aggregation
c. Thrombin formation
d. All of the above

3. The PURSUIT study demonstrated that the quicker
administration of pharmacological agents relative
to the onset of ACS symptoms can play a role in
reducing the rate of death or MI. 
a. True
b. False

4. Class I recommendations for patients that present
with likely or definite ACS include administration of: 
a. Aspirin
b. LMWH or UFH
c. Clopidogrel
d. All of the above

5. The ACUITY trial demonstrated a significant
reduction in protocol-defined major bleeding 
in which treatment arm? 
a. Bivalirudin alone
b. Heparin + GP IIb/IIIa inhibitor
c. Bivalirudin + GP IIb/IIIa inhibitor
d. None of the above

6. A meta-analysis of 12 clinical studies enrolling over
20,000 patients demonstrated that GP IIb/IIIa
inhibitor treatment resulted in a significant
reduction of 30-day mortality in patients with ACS
proceeding directly to PCI. 
a. True
b. False

7. When evaluating high-risk, troponin-positive
patients in the ACUITY trial, there also was a signifi-
cant reduction in the ischemic composite endpoint
of 30-day death, MI, or urgent revascularization in
the bivalirudin-alone treatment arm. 
a. True
b. False

8. A combined analysis of the CURE and OASIS-2 trials
demonstrated that life-threatening bleeding
increased the odds of mortality at 30 days by
approximately: 
a. 1-fold
b. 2-fold
c. 10-fold
d. 20-fold

9. When applying the TIMI definition of major bleed-
ing to the results of the ACUITY trial, the absolute
difference in incidence between bleeding observed
in the heparin + GP IIb/IIIa inhibitor group and the
bivalirudin-alone group dropped from 2.7% to a
difference of: 
a. 0.9%
b. 1.7%
c. 2.0%
d. None of the above

10. The CRUSADE registry demonstrated gender and
age differences in the rates of major bleeding in
patients who received an excess dose of GP IIb/IIIa
inhibitors: 
a. Bivalirudin alone
b. Heparin + GP IIb/IIIa inhibitor
c. Bivalirudin + GP IIb/IIIa inhibitor
d. None of the above
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patients, appropriate drug selection and dosing,
risk for serious adverse events, and related 
monitoring requirements.

�� Yes �� No

Recognize formulary considerations specific 
to antiplatelet and antithrombin therapy.

�� Yes �� No

2. Was this publication fair, balanced, and free
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�� Yes �� No
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