
lying mechanism leading to these life-threatening clinical
events (2). Platelet aggregation that occurs at the site of
atherosclerotic plaque rupture initiates a cascade of
thrombus formation and intravascular coagulation and is
mediated by the specific platelet adhesion receptor, gly-
coprotein IIb/IIIa. This receptor complex, which in its
active form on platelets serves to cross-link platelets
through the binding of adhesive proteins such as fibrino-
gen and von Willebrand factor, plays a central role in
thrombosis (3-7).

Thrombosis may also occur at the site of percuta-
neous coronary intervention (PCI), which is performed to
relieve ischemia due to fixed stenosis but may also dam-
age the vascular endothelium as a consequence. The
most common procedure is percutaneous transluminal
coronary angioplasty (PTCA) (8-10). Balloon catheters or
other devices utilized during PCI frequently fissure the
lesions containing underlying atherosclerotic plaque
resulting in acute adhesion and activation of platelets
accompanied by activation of coagulation pathways.
Although thrombotic events can occur acutely during the
PTCA procedure, leading to abrupt closure of the vessel,
they can also occur in the subsequent hours or days post-
PCI procedures.

Antithrombotic agents used during the PTCA proce-
dure inhibit either platelet function (aspirin) or coagulation
(heparin), but are only partially effective in reducing the
acute complications during the intervention. Recently, the
monoclonal antibody fragment, abciximab, was approved
for use during angioplasty. This agent binds to platelet
GPIIb/IIIa and blocks its adhesive function, reducing the
acute complications of angioplasty (abrupt closure of the
index vessel) and longer term clinical events measured
as a 30-day composite endpoint which include death, MI
or the need for urgent revascularization (11, 12).

Since early observations that peptides containing the
arginyl-glycyl-aspartyl (RGD) sequence could effectively
inhibit the adhesive function of GPIIb/IIIa (10), the search
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Synthesis

Similar to other small disulfide-linked peptides, eptifi-
batide can be prepared by conventional solid-phase pep-
tide synthesis (1) or by fragment synthesis in solution.

Description

The acetate salt of eptifibatide is a noncrystalline
amorphous white powder, freely soluble in water. The
product preparation is a clear, colorless, sterile solution
for intravenous injection.

Introduction

Vascular occlusive artery disease remains a primary
cause of death in Western cultures with the most common
syndromes including myocardial infarction, angina and
stroke. Platelet-mediated thrombosis is a primary under-
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µg/kg/min enhanced the lysis rate yet failed to modify the
reocclusion rate. When a lower dose of eptifibatide (2.5
µg/kg/min) was administered in combination with the
direct thrombin inhibitor, hirudin (10 µg/kg/min), a syner-
gistic effect was noted with the combined regimen also
reducing the reocclusion rate by 25% (24). Eptifibatide
has also been studied in a cardiopulmonary bypass
model in dogs. Dogs received a 90 µg/kg bolus and a 2
µg/kg/min infusion during 2.5 h of hypothermic cardiopul-
monary bypass. In animals receiving eptifibatide infusion,
there was a significant preservation of platelets and
platelet function compared to controls. The eptifibatide-
treated animals also had less postoperative bleeding
(25).

In baboon studies, eptifibatide (SB-1) inhibited
baboon platelets in vitro with an IC50 value of 160 nM.
Infusion of SB-1 (2-10 µg/kg/min) produced a steady-
state inhibition of ex vivo platelet aggregation within 15
min of initiating infusion, suggesting a short in vivo half-
life. To assess antithrombotic effects, eptifibatide was
infused at 5 and 10 µg/kg/min into baboons with ongoing
thrombus formation quantitated by λ-scintillation camera
imaging of 111In-platelet accumulation onto Dacron vascu-
lar grafts placed within femoral arteriovenous shunts. The
two infusion regimens reduced subsequent thrombus for-
mation over 75 min by 24% and 55%, respectively. When
shunts were placed 15 min after initiation of eptifibatide
infusion, platelet deposition was reduced by the two
doses of eptifibatide by 47% and 80%, respectively.
Measured bleeding times in control animals averaged 4.4
± 0.2 min and were prolonged to 7.3 ± 1.3 min in the 5
µg/kg/min infusion animals and to 11.7 ± 1.2 min in the 10
µg/kg/min infusion animals (26). When collagen coated
grafts were stenosed to reduce cross-sectional areas by
50%, 75% and 90% creating wall shear rates that ranged
between 1250-20,000 s-1, infusion of eptifibatide at 10
µg/kg/min was found to be effective in inhibiting platelet
deposition at all shear rates (27).

Pharmacokinetics and Metabolism

The pharmacokinetic parameters measured for eptifi-
batide have been obtained and evaluated from five phase
I studies enrolling 99 healthy volunteers where the plas-
ma clearance (CL) of eptifibatide ranged between 150-
300 ml/kg/h and the plasma half-life (t1/2) ranged between
0.6-1.80 h. In patients with mild renal impairment (creati-
nine clearance = 30-60 ml/min), CL was 80-85 ml/kg/h
with a t1/2 value of 2.4 h. In phase II and phase III studies,
the plasma clearance of eptifibatide has ranged between
80-250 ml/kg/h and the t1/2 values have ranged between
1.8-3.0 h (28). The estimates of plasma clearance were
consistently lower and the plasma half-life consistently
longer in these patients. There has been no indication of
an interaction of eptifibatide with either heparin or aspirin
in these studies.

Eptifibatide is cleared by both nonrenal and renal
mechanisms, with renal clearance accounting for approx-

for more potent, short-acting and specific inhibitors of
GPIIb/IIIa which are either peptides or nonpeptide mimet-
ics of the RGD sequence have been intensively investi-
gated (1, 13-16). The most clinically advanced of these
agents have been reviewed (17, 18).

A member of the peptide class of GPIIb/IIIa inhibitors,
eptifibatide is a highly specific cyclic RGD-like heptapep-
tide antagonist of GPIIb/IIIa which was designed based
on an active pharmacophore of the disintegrin inhibitor,
barbourin, found in the venom of the southeastern pigmy
rattlesnake, Sistrurus milarus barbouri (1, 19). Eptifibatide
was developed as a short-acting parenteral antithrombot-
ic agent to be used during PCI procedures, for the
treatment of unstable angina and as an adjunct to throm-
bolytic agents for the treatment of acute myocardial
infarction.

Pharmacological Actions

Eptifibatide selectively blocks the binding of adhesive
proteins to GPIIb/IIIa and is a relatively weak inhibitor of
the most closely related receptor of the integrin family,
namely the vitronectin receptor, αvβ3 (1). The binding of
tritiated eptifibatide, [3H]-C68-22, has been studied with
purified GPIIb/IIIa, where it displays a Kd = 150 nM (19).
Direct binding experiments of radiolabeled eptifibatide
with platelets have not been reported and have proven
difficult to perform, most likely because the peptide dis-
plays moderate affinity for the receptor and has very rapid
dissociation rate from intact unactivated platelets. This is
consistent with binding studies with a radioiodinated ana-
log of eptifibatide, which has been shown to bind to
thrombin-stimulated washed platelets with a Kd = 120 nM
(21). Eptifibatide inhibits the binding of biotinylated
fibrinogen to purified platelet GPIIb/IIIa with an IC50 value
of 8.7 ± 1.2 nM (20), and inhibits human platelet aggre-
gation induced by ADP with an IC50 value of 140 ± 40 nM
in citrate collected platelet rich plasma (PRP) and with an
IC50 value of 570 ± 70 nM in PPACK anticoagulated PRP
(20).

Eptifibatide has been evaluated in dog and baboon
models of thrombosis. In the canine Folt�s model of coro-
nary artery injury, eptifibatide completely inhibited cyclic
flow variations at an average dose of 2.85 ± 1.8 µg/kg/min
when administered intravenously. As the measured shear
rates in the coronary artery were increased, correspond-
ingly higher doses of eptifibatide were required to abolish
the cyclic flow variations in the vessel. Total inhibition of
cyclic flow variations corresponded to a 76 ± 17% reduc-
tion in ex vivo ADP/epinephrine-induced platelet aggre-
gation (22). In an electrical injury-induced canine model
of arterial thrombosis, eptifibatide (4 µg/kg/min) prevent-
ed primary occlusion. In this same animal model, eptifi-
batide (4 µg/kg/min) also reduced the time to thromboly-
sis of clots mediated by streptokinase by 30% and
prevented reocclusion of the canine femoral arteries (23).
In similar studies in dogs using tissue plasminogen acti-
vator-induced thrombolysis, eptifibatide administered at 5
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Harrington et al. (33) also studied eptifibatide in
patients undergoing elective coronary angioplasty.
Patients were randomized to placebo (n = 19) or 4 differ-
ent eptifibatide dosing regimens (total n = 54). The doses
studied were 180 µg/kg bolus + 1.0 µg/kg/min infusion,
135 µg/kg bolus + 0.75 µg/kg/min infusion or 0.5
µg/kg/min infusion, and 90 µg/kg bolus + 0.75 µg/kg/min
infusion for 18-24 h with concomitant aspirin and heparin
regimens. The two highest eptifibatide bolus dosing regi-
mens provided > 80% inhibition of ADP-induced platelet
aggregation in > 75% of the patients at 15 min after the
bolus. A constant eptifibatide infusion of 0.75 µg/kg/min
maintained a steady-state platelet aggregation inhibitory
effect over the 18-24 h period which reversed rapidly with
platelet aggregation approaching control values 4-6 h
postinfusion termination. No significant increase in seri-
ous bleeding events was noted among the eptifibatide-
treated patients. In a subgroup of patients, the effects of
eptifibatide infusion (135 µg/kg bolus + 0.75 µg/kg/min
infusion) on ex vivo flow models of platelet adhesion/
aggregation were determined. Under these conditions in
viscometer experiments, shear-induced platelet aggrega-
tion was reduced by 61-71% in samples collected at 45
min into the infusion and was readily reversed upon ter-
mination of drug infusion (34).

The IMPACT II investigators (35-37) have examined
eptifibatide in a study enrolling 4010 patients undergoing
elective, urgent or emergency coronary intervention.
Patients were assigned to one of three treatments: place-
bo (n = 1328), a bolus of 135 µg/kg eptifibatide followed
by a continuous infusion of 0.50 µg/kg/min for 20-24 h
(n = 1349), or 135 µg/kg eptifibatide bolus with a 0.75
µg/kg/min continuous infusion (n = 1333). The primary
endpoint measured in this study was the 30-day compos-
ite occurrence of death, myocardial infarction, urgent sur-
gical or repeat percutaneous revascularization, or coro-
nary stent implantation for abrupt closure (by intention to
treat). The primary safety endpoints were major and
minor bleeding. By a �treated as randomized� analysis,
the 135/0.50 group produced a significant reduction in the
composite endpoint (11.6 vs. 9.1%, p = 0.035) and the
135/0.75 group also produced reduction in the efficacy
endpoint which was not however statistically significant
(11.6 vs. 10.0%, p = 0.18). A reduction in death and MI
was also sustained for up to at least 6 months. The rates
of major bleeding, transfusion or other morbidity did not
increase with either eptifibatide regimen. As might be
expected for an agent whose effects are readily
reversible, clinical efficacy was greatest during the infu-
sion period. Secondary analysis at the 24 h composite
endpoint demonstrated significant differences in compos-
ite event rates between treatment and placebo groups -
placebo group 124 (9.3%) compared with 92 (6.8%) in the
135/0.50 group (p = 0.017) and 93 (7.0%) in the 135/0.75
group (p = 0.026). At 24 h, the 135/0.50 and the 135/0.75
regimens reduced the incidence of the composite end-
point in relation to placebo by 31% and 28%, respective-
ly, for patients who received treatment.

imately 40% of total body clearance in healthy subjects.
Within the first 24 h, the drug is primarily excreted in the
urine as unmodified eptifibatide (34%), deamidated eptifi-
batide (19%) and more polar metabolites (13%) (29).
There is evidence of extrarenal clearance of eptifibatide,
as the estimated clearance consistently exceeds the nor-
mal glomerular filtration rate and urinary recovery of the
drug and metabolites is well below 100% of the adminis-
tered dose. Following its elimination from plasma, eptifi-
batide undergoes rapid and extensive degradation in
urine. A major metabolite identified in animal studies,
deamidated eptifibatide, has been shown to be formed in
urine ex vivo. This metabolite has not been detected in
significant amounts in plasma.

Toxicity

Safety evaluation studies with eptifibatide do not indi-
cate any evidence of unexpected toxic effects in rats, rab-
bits and monkeys. In monkeys, administration up to 7.2
mg/kg/day for 28 days by continuous intravenous infusion
did not produce any signs of toxicity. In a 14-day study of
a higher dose (72 mg/kg/day), contusions, excessive
bleeding and petechial hemorrhages were observed.
These effects are the expected pharmacological respons-
es to this potent platelet aggregation inhibitor.

Clinical Studies

In a randomized, double-blind, placebo-controlled
study in 63 normal healthy volunteers, eptifibatide (0.2-
1.5 µg/kg/min) administration was well tolerated (30).
Plasma levels of the drug were found to be proportional
to its effects on ex vivo platelet aggregation inhibition.
Rapid inhibition of ex vivo platelet aggregation was noted
which readily returned to control values upon discontinu-
ation of infusion. Complete inhibition of ADP-induced
platelet aggregation ex vivo was observed at infusion
rates above 1.0 µg/kg/min and the highest infusion rate
only slightly prolonged the template bleeding time in indi-
viduals (31). No episodes of clinical bleeding were noted.
The plasma half-life of eptifibatide was found to be 50-60
min. Coadministration of heparin (aPTT, 1.5-2.0 times
control) during eptifibatide infusion did not potentiate
platelet aggregation inhibition or enhance bleeding times.

Tcheng et al. (32) studied eptifibatide in 150 patients
undergoing elective percutaneous coronary interventions
who were randomly assigned to placebo, a 90 µg/kg bolus
+ 1.0 µg/kg/min infusion of eptifibatide for 4 h or a 90 µg/kg
bolus + 1.0 µg/kg/min infusion for 12 h. At 1 h after admin-
istration of the eptifibatide bolus, 86% inhibition of ex vivo
platelet aggregation was observed which was maintained
during the 4 or 12 h infusion. There was a trend toward
reduction in endpoint events at 30 days which was not sta-
tistically significant. Minor bleeding was increased in the
eptifibatide-treated patients but major bleeding was not
increased over that in the placebo group.
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committee. The estimate of the treatment effect was
apparent in those patients undergoing percutaneous
intervention in the 72 h following randomization (14.4%
event rate in placebo-treated patients (n = 631) vs. 9.0%
in the eptifibatide-treated patients (n = 619)) compared
with those patients who did not undergo early intervention
(6.5% placebo-treated (n = 4108) vs. 5.4% eptifibatide-
treated patients (n = 4103)) at 72 h. In addition, patients
undergoing PCI also benefited from treatment with eptifi-
batide before the procedure (events in placebo-treated
patients 5.5% vs. eptifibatide-treated patients 1.8%).
However, the effects of eptifibatide treatment were evi-
dent whether or not patients went on to have percuta-
neous intervention, coronary artery bypass surgery
(CABG) or were medically managed. All of the effects of
the drug occurred within the first 72 h, essentially during
drug administration (placebo event rate = 7.6%, eptifi-
batide treatment = 5.9%, p = 0.001). An absolute
decrease of 1.5% in the incidence of death and/or
myocardial infarction was maintained throughout the 30-
day study period. Bleeding was more common among the
patients receiving eptifibatide. However, the bleeding risk
was as expected, the majority of the observed bleeding
was mild, procedure-related and occurred at the femoral
access site. There were fewer strokes among patients
treated with eptifibatide compared with those receiving
placebo (0.7% vs. 0.9%). The incidence of thrombocy-
topenia was similar between eptifibatide and placebo
patients. The absolute occurrence of platelet counts
below 100,000/µl was similar in eptifibatide-treated and
placebo-treated patients.

Ohman et al. (40) studied glycoprotein IIb/IIIa block-
ade with eptifibatide in combination with accelerated tis-
sue plasminogen activator (alteplase) in acute ST-seg-
ment elevation myocardial infarction. After an initial
open-label, dose-escalation phase in 132 patients as-
signed in a 2:1 ratio receiving a bolus and continuous in-
fusion of six different doses of eptifibatide, an additional
48 patients were randomized in a 3:1 double-blind fash-
ion to receive the highest dose (180 µg/kg bolus + 0.75
µg/kg/min infusion) from the first phase or placebo.
Patients received the eptifibatide bolus dosing within 10
min of alteplase administration followed by infusion for 24
h. The highest eptifibatide dose group from the nonran-
domized phase and the randomized patients were pooled
for analysis and compared to placebo. The primary end-
point was TIMI grade 3 flow at 90-min angiography.
Secondary endpoints were time to ST-segment recovery
and an in-hospital composite of death, reinfarction,
stroke, revascularization procedures, new heart failure or
pulmonary edema. Patients in the highest eptifibatide
dose group had more complete reperfusion at 90 min
(TIMI grade 3 flow 66% vs. 38% for placebo-treated
patients; p = 0.006) and a shorter time to ST-segment
recovery (65 min vs. 116 min for placebo; p = 0.05).
Patients treated with eptifibatide also had greater overall
patency (TIMI grade 2 + 3 flow) rates measured at 90 min
(87% vs. 69%, p = 0.01). The treatment groups had sim-
ilar rates of the composite endpoint (43% vs. 42% for

Schulman et al. (38) studied two doses of eptifibatide
in patients with unstable angina. All patients received
heparin and aspirin and were randomized to receive epti-
fibatide (45 µg/kg bolus + 0.50 µg/kg/min) infusion or epti-
fibatide (90 µg/kg bolus + 1.0 µg/kg/min) infusion for 24-
72 h. Holter monitoring of all patients was performed.
Patients receiving high-dose eptifibatide experienced
fewer ischemic episodes and the duration of episodes
was reduced compared to placebo. No rebound ischemia
was observed in eptifibatide-treated patients upon with-
drawal of study drug. Overall, the eptifibatide regimens
were well tolerated and bleeding complications were sim-
ilar between eptifibatide- and placebo-treated patients.

Harrington et al. (39) studied eptifibatide in the PUR-
SUIT trial designed to test the hypothesis that potent
platelet inhibition would add incremental clinical benefit
beyond standard treatment with heparin and aspirin in
reducing adverse outcomes in patients without persistent
ST-segment elevation acute coronary syndromes. In this
study, conducted in 28 countries, patients were enrolled
with symptoms of ischemic chest pain at rest lasting 10
min or longer within the previous 24 h provided they had
either transient ST-segment elevation > 0.5 mm or tran-
sient or persistent ST-segment depression > 0.5 mm or
T-wave inversion > 1 mm within 12 h of an episode of
chest pain, or had a creatine kinase myocardial enzyme
(MB) fraction above the upper limit of normal for that hos-
pital. Patients were randomized in a double-blind fashion
to one of three treatment groups: bolus and infusion of
placebo, 180 µg/kg bolus eptifibatide followed by contin-
uous infusion of 1.3 µg/kg/min or 180 µg/kg bolus eptifi-
batide followed by continuous infusion of 2.0 µg/kg/min. It
was recommended that the study drug be infused for up
to 72 h. If coronary intervention was performed near the
end of the 72-h infusion, the infusion of the study drug
could be continued for an additional 24 h. After 3218 total
patients were enrolled in the trial, the data safety and
monitoring committee recommended dropping the lower
eptifibatide dose, as specific in the protocol, after it had
been determined that the 180/2.0 regimen was safe.
Randomization continued with the 180 µg/kg bolus eptifi-
batide followed by continuous infusion of 2.0 µg/kg/min
group or placebo. The primary endpoint was the compos-
ite of death from any cause or nonfatal myocardial
(re)infarction at 30 days after randomization. A total of
10,948 patients were randomized in 14 months. Data
from the trial are for the primary comparison groups, 180
µg/kg bolus eptifibatide with 2.0 µg/kg/min infusion versus
placebo. The occurrence of the composite efficacy end-
point of death and myocardial (re)infarction at 30 days
was 15.7% (n = 4739) in the placebo-treated patients and
14.2% (n = 4722) in drug-treated patients (p = 0.042). The
1.5% absolute difference in the composite efficacy end-
point rate was reached at 3 days and was maintained to
30 days without deterioration or increase in the treatment
effect. The investigator determined events at 30 days
were lower and the absolute treatment effect with eptifi-
batide was greater (10.0% placebo vs. 8.0% eptifibatide,
p = 0.001) than those adjudicated by the clinical events
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placebo) and severe bleeding (4% vs. 5%). From this
study it is apparent that the incidence and speed of reper-
fusion can be enhanced with eptifibatide in combination
with accelerated alteplase, aspirin and intravenous
heparin. Larger studies will be required to confirm these
results in acute myocardial infarction and to demonstrate
effects on clinical events.

Eptifibatide (IntegrilinTM) has been launched in the
U.S. for the treatment of patients with acute coronary syn-
drome, including patients who are to be managed med-
ically and those undergoing percutaneous coronary inter-
vention (PCI), as well those patients undergoing PCI who
do not present with acute coronary syndrome. It is sup-
plied as 10-ml vials containing 2 mg/ml eptifibatide as
solution for i.v. injection, and 100-ml vials containing 0.75
mg/ml eptifibatide (41).
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