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Antithrombotic Therapy During
Percutaneous Coronary
Intervention

The Seventh ACCP Conference on
Antithrombotic and Thrombolytic
Therapy

Jeffrey J. Popma, MD; Peter Berger, MD;
E. Magnus Ohman, MD, FCCP; Robert A. Harrington, MD;
Cindy Grines, MD; and Jeffrey I. Weitz, MD

This chapter about antithrombotic therapy during
percutaneous coronary intervention (PCI) is part of
the seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy: Evidence Based Guide-
lines. Grade 1 recommendations are strong and
indicate that the benefits do, or do not, outweigh
risks, burden, and costs. Grade 2 suggests that indi-
vidual patients’ values may lead to different choices
(for a full understanding of the grading, see Guyatt
et al, CHEST 2004;126:179S–187S). Among the key
recommendations in this chapter are the following:
For patients undergoing PCI, we recommend pre-
treatment with aspirin, 75 to 325 mg (Grade 1A). For
long-term treatment after PCI, we recommend aspi-
rin, 75 to 162 mg/d (Grade 1A). For long-term
treatment after PCI in patients who receive anti-
thrombotic agents such as clopidogrel or warfarin,
we recommend lower-dose aspirin, 75 to 100 mg/d
(Grade 1C!). For patients who undergo stent place-
ment, we recommend the combination of aspirin and
a thienopyridine derivative (ticlopidine or clopi-
dogrel) over systemic anticoagulation therapy
(Grade 1A). We recommend clopidogrel over ticlo-
pidine (Grade 1A). For all patients undergoing PCI,
particularly those undergoing primary PCI, or those
with refractory unstable angina or other high-risk
features, we recommend use of a glycoprotein (GP)
IIb-IIIa antagonist (abciximab or eptifibatide)
[Grade 1A]. In patients undergoing PCI for ST-
segment elevation MI, we recommend abciximab
over eptifibatide (Grade 1B). In patients undergoing
PCI, we recommend against the use of tirofiban as
an alternative to abciximab (Grade 1A). In patients
after uncomplicated PCI, we recommend against
routine postprocedural infusion of heparin (Grade
1A). For patients undergoing PCI who are not
treated with a GP IIb-IIIa antagonist, we recom-
mend bivalirudin over heparin during PCI (Grade
1A). In PCI patients who are at low risk for compli-

cations, we recommend bivalirudin as an alternative
to heparin as an adjunct to GP IIb-IIIa antagonists
(Grade 1B). In PCI patients who are at high risk for
bleeding, we recommend that bivalirudin over hep-
arin as an adjunct to GP IIb-IIIa antagonists (Grade
1B). In patients who undergo PCI with no other
indication for systemic anticoagulation therapy, we
recommend against routine use of vitamin K antag-
onists after PCI (Grade 1A).

(CHEST 2004; 126:576S–599S)

Key words: anticoagulation; percutaneous coronary interven-
tion; prophylaxis; stent; unstable angina

Abbreviations: ACT ! activated clotting time; CABG ! coronary
artery bypass graft surgery; CI ! confidence interval;
CREDO ! Clopidogrel for the Reduction of Events During
Observation; CURE ! Clopidogrel in Unstable Angina to Pre-
vent Recurrent Events; EPILOG ! Evaluation of PTCA to
Improve Long-Term Outcome by Abciximab GP IIb-IIIa Block-
ade; EPISTENT ! Evaluation of Platelet IIb-IIIa Inhibitor for
Stenting; ESPRIT ! Enhanced Suppression of the Platelet
IIb/IIIa Receptor With Integrilin Therapy; GP ! glycoprotein;
IMPACT ! Integrilin to Minimise Platelet Aggregation and
Coronary Thrombosis; LMWH ! low molecular weight hep-
arin; MI ! myocardial infarction; NS ! not significant;
NSTEMI ! non–ST-segment elevation MI; OR ! odds ratio;
PCI ! percutaneous coronary intervention; PTCA ! percutane-
ous transluminal coronary angioplasty; RCT ! randomized clin-
ical trial; REPLACE ! Randomized Evaluation in PCI Linking
Angiomax to Reduced Clinical Events; SC ! subcutaneous;
RESTORE ! Randomized Efficacy Study of Tirofiban for Out-
comes and Restenosis; STEMI ! ST-segment elevation MI;
TIMI ! Thrombolysis in Myocardial Infarction; TVR ! target
vessel revascularization; UA ! unstable angina; UFH ! unfrac-
tionated heparin

T he use of percutaneous coronary intervention (PCI) as
an alternative to coronary artery bypass graft surgery

(CABG) in patients with ischemic heart disease has ex-
panded dramatically over the past 2 decades. In the
United States, it is estimated that PCI was performed in
" 900,000 patients in 2003, exceeding the number of
patients undergoing CABG. The procedural success,
safety, and durability of PCI have improved dramatically
since its introduction, reflecting continual technological
improvements (eg, drug-eluting stents, distal protection
devices), refinements in periprocedural adjunctive phar-
macology (eg, glycoprotein [GP] IIb-IIIa inhibitors, alter-
native thrombin inhibitors), and a better understanding of
patient and lesion selection criteria and their relationship
to early and late clinical outcomes.

Initially, antithrombotic agents were evaluated based on
their capacity to reduce the major ischemic complications
associated with balloon angioplasty, including periprocedural
death (0 to 1.7%), myocardial infarction (MI) [1.3 to 8.6%],
vessel occlusion (immediate or delayed) [6.8 to 8.3%], and
the need for early (# 30 days) emergent CABG surgery (1.3
to 3.6%) or repeat PCI (4.5%).1–5 These complications were
caused by arterial thrombus formation at the site of vessel
injury, a complication that occurred alone or in association
with coronary artery dissection. The introduction of coronary
stents reduced the risk of acute complications, thereby
lowering the need for emergency CABG surgery to # 1%,6,7
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and reducing the rate of recurrent symptoms due to reste-
nosis. With the availability of new drug-eluting stents, late
recurrence rates of # 4% have been reported.8 Because of
these results, coronary stents are now used in " 90% of
patients undergoing PCI.

Appropriate use of antiplatelet agents (eg, aspirin, clo-
pidogrel, and GP IIb-IIIa inhibitors) and anticoagulants
(eg, IV heparin, low molecular weight heparin [LMWH],
or bivalirudin) during PCI is aimed at improving early
(30-day) clinical outcome, and focuses on preventing
complications at the site of intervention. In contrast,
extended therapy with antiplatelet drugs may reduce the
frequency of thrombotic complications at remote sites.
None of the antithrombotic regimens tested to date have
had a significant effect on restenosis. In this chapter, the
evidence supporting the use of antithrombotic agents in
the PCI setting is reviewed and recommendations are
provided. Table 1 lists the question definition and eligibil-
ity criteria for the studies considered in this review.

1.0 Patients Undergoing PCI: Oral Antiplatelet
Therapy

1.1 Aspirin

Aspirin irreversibly inhibits cyclooxygenase, thereby
blocking platelet synthesis of thromboxane A2, a hu-
meral mediator that promotes platelet aggregation.
Initial studies evaluating aspirin in the PCI setting were
designed to determine whether aspirin prevented reste-
nosis. Although aspirin had no impact on this end point,
these studies also provided information on the effect of
aspirin on short-term ischemic complications.9,10 Many
of these early studies used aspirin in conjunction with
other antiplatelet drugs, such as dipyridamole or ticlo-
pidine.10,11 Nonetheless, these early trials set the stage
for aspirin as part of the foundation of antiplatelet drugs
used in PCI. Furthermore, because aspirin reduces

Table 1—Level of Evidence for Antithrombotic Therapy Trials After PCI

Recommendation Inclusion Criteria Intervention Outcomes Methodology

1.1 All PCI patients Aspirin vs placebo In-hospital MI and thrombus RCT, registries
1.1.1 All PCI patients Low-dose vs high-dose aspirin In-hospital complications RCT*
1.1.2 All PCI patients Short- vs long-term aspirin therapy Late (9–12 mo) death, MI;

Restenosis
RCT

1.1.3 All PCI patients Aspirin dose plus clopidogrel Late (12 mo) death, MI,
stroke

Subgroup analysis

1.2 All PCI patients Addition of thienopyridine derivative 30-d ischemic events RCT
1.2.1 Stented patients Clopidogrel vs ticlopidine 30-d ischemic events RCT
1.2.2 All PCI patients Clopidogrel pretreatment vs none 30-d ischemic events RCT subgroup analysis
1.2.3 Aspirin-sensitive

patients
Alternative antiplatelet agents 30-d ischemic events RCT*, registries

1.2.4.1 All PCI patients One month vs 9–12 mo clopidogrel 9–12 mo events RCT
1.2.4.2 Drug-eluting stent

patients
Prolonged therapy with clopidogrel 9–12 mo events Registry

1.3 All PCI patients Other antiplatelet agents 30-d and 6-mo events RCT
2.1 All PCI patients GP IIb-IIIa inhibitors versus placebo 30-d ischemic events RCT
2.2 All PCI patients Abciximab vs eptifibatide 30-d ischemic events RCT
2.3 All PCI patients Abciximab or eptifibatide bolus vs placebo 30-d ischemic events RCT
2.4 All PCI patients Abciximab or eptifibatide vs tirofiban 30-d ischemic events RCT
2.5–2.6 NSTEMI-UA patients Upstream GP IIb–IIIa antagonist vs

placebo
30-d ischemic events RCT

2.7 NSTEMI patients Early abxicimab vs placebo 30-d ischemic events RCT
3.1 All PCI patients Heparin dosing 30-d ischemic events, including

bleeding
Registries

3.2 GP IIb–IIIa treated
patients

Heparin dosing 30-d ischemic events, including
bleeding

RCT

3.3 All PCI patients Prolonged heparin vs none 30-d ischemic events, including
bleeding

RCT

4.1 All PCI patients UFH after LMWH administration 30-d ischemic events, including
bleeding

Registries

5.2.1 All PCI patients Bivalirudin vs UFH 30-d ischemic events, including
bleeding

RCT

5.2.2 PCI patients (low risk) Bivalirudin vs UFH plus GP IIb–IIIa
inhibitor

30-d ischemic events, including
bleeding

RCT

5.2.3 PCI patients (high risk) Bivalirudin vs UFH plus GP IIb–IIIa
inhibitor

30-d ischemic events, including
bleeding

RCT

6.0 All PCI patients Warfarin vs placebo or aspirin alone 30-d and 6-mo ischemic events RCT

*Unpublished abstracts.
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cardiovascular death, MI, and stroke in patients with
coronary artery disease, most patients are administered
this medication.

The studies supporting the use of aspirin in PCI are
reviewed in Table 2. In a study of 376 patients randomly
assigned to receive aspirin (990 mg/d) plus dipyridamole
(225 mg/d) or placebo starting 24 h before angioplasty and
continued for 4 to 7 months after the procedure, the
frequency of periprocedural MI was significantly lower
with combined antiplatelet therapy than with placebo
(1.6% and 6.9%, respectively; p ! 0.011).9 A second study
that has not been published randomized 333 patients
undergoing balloon angioplasty to one of three treatment
arms; the combination of aspirin (650 mg/d) plus dipyrid-
amole (225 mg/d), to ticlopidine (750 mg/d) or to placebo
before the procedure. Immediate procedural complica-
tions, such as abrupt occlusion, thrombosis, or major
dissection, occurred in 7% of the patients; complications
were less frequent in patients treated with aspirin plus
dipyridamole or ticlopidine (5% and 2%, respectively)
than in those receiving placebo (14%; p # 0.005).9 The
beneficial effect of aspirin plus dipyridamole in reducing
ischemic complications was also documented in a retro-
spective study10 that included 300 patients undergoing
coronary angioplasty. Stepwise logistic regression demon-
strated that the lack of antiplatelet therapy at the time of
coronary angioplasty was the most important predictor for
the development of angiographically and clinically signif-
icant periprocedural thrombosis.10

Aspirin alone has been compared with aspirin plus

dipyridamole in patients undergoing elective balloon an-
gioplasty. Lembo and colleagues11 randomized 232 pa-
tients to either aspirin (325 mg/d) or the same dose of
aspirin plus dipyridamole (225 mg/d). Rates of periproce-
dural MI were 1.7% and 4.3%, respectively, in the two
treatment groups (p ! not significant [NS]). Thus, this
study failed to demonstrate a benefit of dipyridamole
addition to aspirin.

1.1.1 Aspirin dose

Aspirin exerts its inhibitory effect within 60 min of oral
administration, and its effect on platelet inhibition lasts for up
to 7 days after the last dose of aspirin.12 The minimum
effective aspirin dosage in the setting of PCI has not been
established. In an unpublished randomized trial,13 495 pa-
tients were randomly assigned to low-dose (80 mg/d) or
high-dose (1,500 mg/d) aspirin starting 24 h before balloon
angioplasty. There were no differences between the two
groups with respect to the occurrence of MI (3.6% vs 3.9%,
respectively) or need for CABG surgery (3.6% vs 3.7%,
respectively) [Table 2]. Because the GI side effects of aspirin
are dose related, an empiric dose of aspirin of 75 to 325 mg
is administered at least 2 h prior to the procedure. A longer
pretreatment period (up to 24 h) should be considered if a
lower dose of aspirin (75 to 100 mg) is used because of the
potential delay in bioavailability and attainment of a platelet
inhibitory effect.

Table 2—Effect of Antiplatelet Agents on Procedural Outcome After PCI*

Source Year
Clinical
Status

Patients,
No.

Type of
Study Treatment

Procedural Outcome, %

Death MI
CABG or

PTCA
Thrombus or
Complications

Schwartz et al9 1988 Elective 187 RCT Aspirin, 330 mg tid
and dipyridamole,
75 mg tid

NR 1.6† 2.1

189 Placebo NR 6.9 2.1
White et al46 1987 Elective 111 RCT Aspirin, 325 mg bid

and dipyridamole,
75 mg tid

5‡

112 Ticlopidine, 250
mg tid

2‡

110 Placebo 14
Barnathan et al10 1987 All patients 32 Observational

study
Aspirin and

dipyridamole
0†

110 Aspirin alone 1.8‡
121 No aspirin 10.7

Mufson et al13 1988 Elective 253 RCT Aspirin, 80 mg/d 0 3.6 3.6
242 Aspirin, 1,500 mg/d 0 3.9 3.7

Lembo et al11 1990 Elective 117 RCT Aspirin, 325 mg tid
and dipyridamole,
75 mg tid

0.9 4.3 6.1

115 Aspirin, 325 mg tid 0 1.7 2.6
Knudtson et al58 1990 Elective 134 RCT Prostacyclin for 48 h 0 0.8 1.4 3.0‡

136 Placebo 0.7 2.0 0.7 10.3

*NR ! not reported.
†p # 0.05 compared with placebo.
‡p # 0.01 compared with placebo.
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1.1.2 Effect of aspirin on restenosis

Studies9,14 –16 evaluating the effect of aspirin on the
prevention of restenosis after balloon angioplasty have
provided conflicting results, likely attributable to the
varied dosage, timing, and duration of aspirin therapy,
small sample sizes, and incomplete angiographic fol-
low-up (Table 3). Overall, however, there is no evidence
that aspirin influences the rate of restenosis. For exam-
ple, in one trial,9 376 patients were randomized to
treatment with the combination of aspirin (990 mg/d)
and dipyridamole (75 mg/d) or with placebo for 6
months after balloon angioplasty. There was no differ-
ence in the rate of binary restenosis in the two treat-
ment groups (37.7% and 38.6%, respectively).9 A
smaller randomized study16 assigned 212 patients to 6
months of treatment with aspirin (100 mg/d) or placebo
within 2 weeks of successful angioplasty. Angiographic
restenosis occurred in 25% of aspirin-treated patients
and in 38% of those receiving placebo (p # 0.025).
However, there were no significant differences in clin-
ical outcomes between the two groups. Although these
trials suggest that aspirin has little or no effect on
angiographic or clinical restenosis, long-term aspirin

therapy is useful for secondary prevention of cardiovas-
cular events (ie, death, MI, or stroke).17

1.1.3 Dose of aspirin when administered in
combination with other antithrombotic drugs

When aspirin is administered in combination with
other antiplatelet agents or with anticoagulants, it is
reasonable to use a daily dose of 75 to 162 mg, rather
than 325 mg, to minimize bleeding complications.
Although there are no randomized trials comparing 75
to 162 mg with 325 mg of aspirin, the concept is
supported by a post hoc analysis of data from the
Clopidogrel in Unstable Angina to Prevent Recurrent
Events (CURE) study.18 For this analysis, patients were
classified into three aspirin dose groups: # 100 mg, 101
to 199 mg, and ! 200 mg.18 The combined incidence of
cardiovascular death, MI, or stroke was reduced by
clopidogrel regardless of aspirin dose, but the incidence
of major bleeding increased as a function of the aspirin
dose, both in patients receiving aspirin plus placebo
(1.9%, 2.8%, and 3.7%, respectively; p ! 0.0001) and in

Table 3—Effect of Antiplatelet Agents on Restenosis After PCI*

Source Year
Study

Design

Total
Patients,

No.
Angiographic

Follow-up
Stent
Use Treatment

Pretreatment
Duration

Duration
Therapy

Restenosis
Rates, %

Schwartz et al9 1988 RCT 376 249 No Aspirin, 330 mg tid;
dipyridamole, 75 mg tid

24 h 4–7 mo 37.7

Placebo 38.6
Taylor et al16 1991 RCT 216 212 No Aspirin, 100 mg qd NR 6 mo 25†

Placebo 38
Bussman et al15 1987 Registry 356 333 No Aspirin, 1500 mg qd NR 6 mo 17‡

Aspirin, # 1500 mg qd 32
Aspirin, reduced or

discontinued
38

Serruys et al59 1991 RCT 697 522 No GR32191B, 80 mg then
40 mg bid

" 1 h 6 mo 21§

Placebo 19
Finci et al60 1989 RCT 107 57 No Sulotroban, 3,200 mg qd 24 h 6 mo 66‡

Placebo 61
Savage et al61 1995 RCT 752 503 No Sulotroban, 800 mg qd " 1 h 6 mo 53

Aspirin, 325 mg qd 39
Placebo 43

Serruys et al62 1993 RCT 658 592 No Ketanserin, 40 mg bid " 1 h 6 mo 32
Placebo 32

Fujita et al63 2003 RCT 79 NR Yes Sarpogrelate NR 6 mo 4.3†
Placebo 28.6

Knudtson et al58 1990 RCT 270 250 No Prostacyclin, IV for 48 h # 1 h 48 h 27‡
Placebo 32

Gershlick et al64 1994 RCT 135 125 No Prostaglandin I2, 4 ng/
kg/min

NR 36 h 29.2‡

Placebo 38.3
Darius et al65 1992 RCT 32 24 No Ciprostene, 120 ng/kg/min None 48 h 63†§

Placebo 55

*See Table 2 for expansion of abbreviation.
†p # 0.05; restenosis defined as " 50% follow-up diameter stenosis unless indicated otherwise.
‡Restenosis defined a loss of 50% of initial gain.
§Mean follow-up percentage stenosis.
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those receiving aspirin plus clopidogrel (3.0%, 3.4%,
and 4.9%, respectively; p ! 0.0009).18

Recommendations

1.1.1. For patients undergoing PCI, we recommend
pretreatment with aspirin, 75 to 325 mg (Grade 1A).

1.1.2. For long-term treatment after PCI, we recom-
mend aspirin, 75 to 162 mg/d (Grade 1A).

1.1.3. For long-term treatment after PCI in patients
who receive antithrombotic agents such as clopidogrel or
warfarin, we recommend lower-dose aspirin, 75 to 100
mg/d (Grade 1C$).

1.2 Thienopyridine derivatives

Thienopyridine derivatives produce irreversible inhibi-
tion of the platelet adenosine diphosphate receptor,
thereby attenuating platelet aggregation in response to
adenosine diphosphate released from activated plate-
lets.19,20 Aspirin and thienopyridines derivatives have com-
plementary mechanisms of action, and the combination of
these agents inhibits platelet aggregation to a greater
extent than either agent alone.21 Combined antiplatelet
therapy with aspirin and a thienopyridine is superior to
systemic anticoagulation therapy for prevention of compli-
cations after coronary stent insertion. Thus, subacute
vessel closure, which occurred 2 to 14 days after stent
placement, was reported in 3 to 5% of cases in the initial
series, despite the use of an aggressive antithrombotic
regimen that included aspirin, dipyridamole, dextran, and
IV heparin overlapping with a vitamin K antagonist. The
risk of acute complications is reduced with aspirin plus a
thienopyridine.22,23 Thus, in a randomized trial24 that
included 517 high-risk patients treated with Palmaz-
Schatz stents (Cordis Corporation, Warren, NJ) for acute
MI, suboptimal angioplasty, or other “high-risk” clinical
and anatomic features, patients were assigned to antiplate-
let therapy (aspirin plus ticlopidine) or anticoagulant
therapy (aspirin, heparin, and a vitamin K antagonist) after
successful stent placement. The primary end point, a
composite of cardiovascular death, MI, CABG surgery, or
repeat angioplasty, occurred in 1.5% of patients receiving
antiplatelet therapy and 6.2% of those randomized to
anticoagulant treatment (p ! 0.01).24 Subacute stent
thrombosis occurred in 0.8% of patients in the antiplatelet
therapy group and in 5.4% of those receiving anticoagu-
lants. The Stent Anti-thrombotic Regimen Study25 ran-
domized 1,653 lower-risk patients to aspirin alone (325
mg/d), the combination of aspirin (325 mg/d) plus ticlopi-
dine (500 mg/d) for 1 month, or to aspirin (325 mg/d) plus
warfarin after successful placement of a Palmaz-Schatz
stent.25 The composite of death, target lesion revascular-
ization, angiographic thrombosis, or MI at 30 days was
reduced from 3.6% in patients assigned to aspirin alone
and 2.7% in those assigned to aspirin plus warfarin to 0.5%
in those receiving the combination of aspirin and ticlopi-
dine (p # 0.001).25 Thus, based on these studies, the
combination of aspirin plus a thienopyridine has become
the standard of care.

Patients with a compelling need for coronary stenting
who have contraindications to thienopyridine derivatives
or who require a truncated course of thienopyridine
therapy may benefit from heparin-, phosphorylcholine-, or
carbon-coated stents because thrombosis rates appear to
be low with these types of stents, even if patients are
treated only with aspirin.26,27 Thus, in a multicenter,
prospective, nonrandomized, pilot study,26 200 patients
were treated with aspirin alone after insertion of a hepa-
rin-coated stent.26 The primary end point, stent thrombo-
sis at 30 days, occurred in only 2 of 200 patients (1%).

1.2.1 Ticlopidine vs clopidogrel

Side effects are common with ticlopidine, and the drug
can cause neutropenia and thrombocytopenia. Clopidogrel
is safer than ticlopidine and easier to administer. Thus,
clopidogrel does not cause neutropenia, thereby obviating
the need for blood count monitoring (Table 4). Further-
more, hemolytic uremic syndrome and thrombotic throm-
bocytopenic purpura are rare complications of clopi-
dogrel.28,29 Finally, unlike ticlopidine, which requires
twice-daily administration, clopidogrel can be adminis-
tered once daily.30–32

In two randomized trials,33,34 clopidogrel and ticlopi-
dine had similar efficacy, but clopidogrel produced
fewer side effects. The Clopidogrel Aspirin Stent Inter-
national Cooperative Study53 randomized 1,020 patients
to clopidogrel (300-mg loading dose followed by 75
mg/d) plus aspirin (325 mg/d) or clopidogrel (75 mg/d
without a loading dose) and aspirin, or to ticlopidine
(500 mg/d) and aspirin. The primary end point, a
composite of major bleeding complications, neutrope-
nia, thrombocytopenia, or early discontinuation of study
drug, occurred in 9.1% of patients in the ticlopidine
group and 4.6% of patients in the combined clopidogrel
groups (relative risk, 0.50; p ! 0.005).33 Overall rates of
major adverse cardiac events (cardiac death, MI, target
lesion revascularization) were low and comparable be-
tween treatment groups (0.9% with ticlopidine, and
1.5% and 1.2% with clopidogrel, without or with a
loading dose; p ! NS for all comparisons).33 In another
study,34 700 patients were randomly assigned to receive
a 4-week course of either ticlopidine (500 mg/d) or
clopidogrel (75 mg/d) in addition to aspirin (100 mg/d).
The prespecified primary cardiac end point, a compos-
ite of cardiac death, urgent target vessel revasculariza-
tion (TVR), angiographically documented occlusion, or
nonfatal MI within 30 days, occurred in 3.1% of patients
assigned to clopidogrel and in 1.7% of those receiving
ticlopidine (p ! 0.24). Side effects were significantly
less frequent in patients receiving clopidogrel than in
those assigned to ticlopidine (4.5% and 9.6%, respec-
tively; p ! 0.01). A meta-analysis35 of these trials
showed that compared with ticlopidine, clopidogrel was
associated with a significant reduction in the incidence
of major adverse cardiac events (odds ratio [OR], 0.50;
p ! 0.001) and mortality (OR, 0.43; p ! 0.001). If
ticlopidine is administered after stent placement, it is
reasonable to restrict its use to 14 days so as to minimize
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the risk of hematologic toxicity. In one large study36 that
evaluated a 14-day course of ticlopidine, the frequency
of ischemic events was 0.73%; only 0.27% of patients
had possible stent thrombosis between day 15 and day
30 (95% confidence interval [CI], 0.06 to 0.77).

Although the majority of subacute thrombotic events
occur within the first 24 h after stent placement in patients
treated with aspirin and a thienopyridine derivative,37 it is
reasonable to delay nonemergent, noncardiac surgery for 6
weeks after stent placement.38 Thus, in a series38 of 207
patients who underwent surgery shortly after successful
coronary stent placement, 4.0% died, suffered an MI, or
acquired stent thrombosis. All patients with complications
underwent surgery within 6 weeks after stent placement.
No events occurred in the remaining patients who under-
went surgery between 7 weeks and 9 weeks after stent
placement.38 There are no studies evaluating morbidity
and mortality associated with noncardiac surgery after
placement of drug-eluting stents.

1.2.2 Pretreatment with thienopyridines prior
to PCI

Most randomized trials demonstrating the benefit of
ticlopidine or clopidogrel started the drug immediately
after PCI was completed. In PCI-CURE,39 pretreat-
ment with clopidogrel for up to 10 days prior to PCI in

patients with acute coronary syndromes resulted in
improved 30-day outcomes compared with no clopi-
dogrel pretreatment. An overall beneficial effect of
pretreatment with clopidogrel could not be demon-
strated in patients undergoing elective stent placement.
In a subset analysis of the Clopidogrel for the Reduction
of Events During Observation (CREDO) trial40 (de-
scribed below), however, patients pretreated with clo-
pidogrel at least 6 h prior to PCI experienced a 38.6%
relative reduction in the combined end point of death,
MI, or TVR compared with those who did not receive
clopidogrel pretreatment (p ! 0.01). Additional analysis
of the CREDO trial has suggested that the benefit of
pretreatment may be limited to those patients who
received pretreatment " 15 h prior to PCI.41

The platelet inhibitory effects of thienopyridines are
delayed after drug administration, but can be achieved
more rapidly by giving a loading dose. Thus, higher
doses of clopidogrel (450 to 600 mg) prior to PCI may
provide additional benefit compared with the conven-
tional 300-mg loading dose.42 A recent randomized
trial43 demonstrated that after a 600-mg loading dose of
clopidogrel administered " 2 h prior to PCI, patients
treated with high-dose heparin (140 IU/kg) had out-
comes similar to those in patients treated with abcix-
imab and lower-dose heparin (70 IU/kg). However,
more information is needed before a high-dose clopi-
dogrel loading regimen can be recommended on a

Table 4—Comparison of Ticlopidine and Clopidogrel After Coronary Stent Placement*

Source Year Type of Study
Patients,

No. Treatment

Stent
Thrombosis,

%

Side
Effects,

%

30-d Outcomes, %

Any
Event Death MI CABG

Moussa et al31 1999 Observational registry 1,406 Aspirin, 325 mg qd
Ticlopidine, 250 mg bid

1.5 10.6 3.1 0.9 1.8 0.4

283 Aspirin, 325 mg qd
Clopidogrel 75 mg qd

1.4 5.3‡ 2.4 1.0 0.7 0.7

Berger135 1999 Observational registry 827 Aspirin, 325 mg qd
Ticlopidine, 250 mg bid

0.7 NR 1.6 1.1 0.5 0.5§

500 Aspirin, 325 mg qd
Clopidogrel 75 mg qd

0.2 NR 0.8 0.4 0 0.4

Mishkel et al32 1999 Observational registry 361 Aspirin, 325 mg qd
Ticlopidine, 250 mg bid

0.3 NR 1.4 0.6 0 0.3

514 Aspirin, 325 mg qd
Clopidogrel 75 mg qd

0.2 NR 2.1 0.9 1.0 0.4

Muller et al34 2000 RCT 345 Aspirin, 325 mg qd
Ticlopidine, 250 mg bid

0.6 9.6 1.7 0.3 1.2 NR

355 Aspirin, 325 mg qd
Clopidogrel 75 mg qd

2 4.5† 3.1 0.3 2 NR

Bertrand et al33 2000 RCT 340 Aspirin, 325 mg qd
Ticlopidine, 250 mg bid

9.1 0.9

335 Aspirin, 325 mg qd
Clopidogrel, 75 mg qd

6.3 1.5

345 Aspirin, 325 mg qd
Clopidogrel, 300/75 mg qd

2.9 1.2

*See Table 2 for expansion of abbreviation.
†p ! 0.01 compared with ticlopidine.
‡p ! 0.006 compared with ticlopidine.
§PTCA or CABG surgery.
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routine basis. Furthermore, the potential beneficial
effect of pretreatment must be balanced against the
increased risk of bleeding with clopidogrel should
emergency CABG surgery be needed because of unfa-
vorable anatomy or a PCI-induced complication.

1.2.3 Aspirin-intolerant patients

Hypersensitivity to aspirin can be manifested as acute
asthma, urticaria, angioedema or, less commonly, as a sys-
temic anaphylactoid reaction.44 Although rapid oral chal-
lenge-desensitization to aspirin can be safely performed after
PCI,44,45 aspirin desensitization provides little protection for
the reduction of events during PCI. In aspirin-intolerant
patients, thienopyridine derivatives or GP IIb-IIIa inhibitors
can be substituted for aspirin prior to PCI. An unpublished,
randomized trial assigned 333 patients to treatment with
either placebo, a combination of aspirin (650 mg/d) plus
dipyridamole (225 mg/d), or ticlopidine (750 mg/d) before

balloon angioplasty.46 Immediate procedure-related compli-
cations (abrupt occlusion, thrombosis, or major dissection)
occurred in 23 of the 333 patients (7%); complications were
less frequent with aspirin plus dipyridamole and ticlopidine
than they were with placebo (5%, 2%, and 14%, respectively;
p # 0.005).46

1.2.4 Duration of thienopyridine therapy after
stent placement

Extended treatment with the combination of aspirin
and clopidogrel after PCI for an acute coronary syn-
drome39 or after elective angioplasty40 appears to reduce
the rate of ischemic events (Table 5). The CREDO trial39

was a randomized, blinded, placebo-controlled trial con-
ducted in 2,116 patients undergoing elective PCI. Patients
were randomly assigned to receive a 300-mg clopidogrel
loading dose or placebo 3 to 24 h before PCI. Thereafter,
all patients received clopidogrel (75 mg/d) until day 28.39

Table 5—Benefits of Combined Use of Aspirin and Clopidogrel After PCI

Variables

CURE* PCI-CURE† CREDO‡

Aspirin
Alone,

%

Aspirin Plus
Clopidogrel,

%
Relative

Risk

Aspirin
Alone,

%

Aspirin Plus
Clopidogrel,

%
Relative

Risk

Aspirin
Alone,

%

Aspirin Plus
Clopidogrel,

%

Relative Risk
Reduction,

%

Patients, No. 6,303 6,259 1,345 1,313 1,063 1,053
Events before PCI

MI or refractory ischemia 15.3 12.1 0.76¶
MI 5.1 3.6 0.68!

Events to 30 d§
Cardiovascular death, MI,

urgent TVR
6.4 4.5 0.70! 8.3 6.8 0.82

Cardiovascular death, MI 4.4 2.9 0.66!
Cardiovascular death 1.0 1.1 1.10 0.4 0
MI 3.8 2.1 0.56 6.6 5.8

Q-wave MI 2.4 0.8 0.35
Urgent TVR 2.8 1.9 0.67 1.3 1.0

9–12 mo outcomes Cumulative From PCI to 9 mo Cumulative

Cardiovascular death, MI,
stroke

11.4 9.3 0.80# 11.5 8.5! 26.9!

Cardiovascular death, MI 8.0 6.0 0.75! 10.4 7.9 24.0
Cardiovascular death 5.5 5.1 0.93 2.3 2.4 1.07 2.3 1.7 24.6
MI 6.7 5.2 0.77 6.4 4.5 0.71 8.4 6.7 20.8

Q-wave MI 3.1 1.9 0.60! 3.5 1.5 0.43
Non-Q-wave MI 3.8 3.5 0.89

Stroke 1.4 1.2 0.86 0.9 0.9 10.0
Refractory ischemia 9.3 8.7 0.93
Any revascularization 17.1 14.2 0.82! 21.0 21.3 % 1.1

Any TVR 13.6 13.1 4.0
Urgent TVR 2.2 2.0 8.1

*From Yusuf et al.47

†From Mehta et al.39

‡From Steinhubl et al.40

§Patients undergoing stent placement received open-label thienopyridines for 28 days after PCI. Strategies assessed pretreatment with
clopidogrel.

!p # 0.05.
¶p # 0.01.
#p # 0.001.
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From day 29 through 12 months, patients in the loading-
dose group received clopidogrel (75 mg/d), while those in
the control group received placebo. Both groups received
aspirin throughout the study. The 12-month incidence of
the composite of death, MI, or stroke in the intent-to-treat
population was reduced by 26.9% in patients treated with
long-term clopidogrel (p ! 0.02).40 A limitation of this
study is that patients assigned to no pretreatment were not
administered a loading dose of clopidogrel after the
procedure.

Compared with aspirin alone, there was an excess of minor
and major bleeding with the combination of aspirin and
clopidogrel in patients with non–ST-segment elevation MI
(NSTEMI) in the CURE trial (Table 6), although the
incidence of life-threatening bleeding was not different be-
tween the two groups.47 Using the Thrombolysis in Myocar-
dial Infarction (TIMI) criteria for major bleeding, the rate of
major bleeding with the combination of aspirin plus clopi-
dogrel were similar to that with aspirin alone (1.1% and 1.2%,
respectively; p ! 0.70).47 Major or life-threatening bleeding
in the PCI-CURE study39 was similar in the two groups, even
in patients who received a GP IIb-IIIa inhibitor. In the
CREDO trial,40 major bleeding as defined by the TIMI
criteria tended to be higher in the clopidogrel group than in
those receiving placebo (8.8 and 6.7%, respectively;
p ! 0.07), although most of the major bleeding episodes
were related to invasive procedure, such as CABG. Minor
bleeding episodes were significantly more common with
combination antiplatelet therapy in both the CURE and

PCI-CURE studies. The CREDO trial40 did not find differ-
ences in minor bleeding between the two groups. It is
possible that the incidence of bleeding complications can be
reduced if lower doses of aspirin are used in combination
with clopidogrel.40

Three randomized trials8,48,49 have shown a marked (70 to
80%) reduction in clinical events with the use of sirolimus-
eluting stents. Because of the potential for delayed endothe-
lialization of these devices, the combination of aspirin and a
thienopyridine derivative, most often clopidogrel, was admin-
istered for 2 months8 or 3 months49 after the procedure.
Subacute stent thrombosis was an uncommon event (# 1%)
in these studies. Likewise, with the combination of aspirin
plus a thienopyridine for 6 months, clinical events after
stenting were reduced by 70% with paclitaxel-eluting stents.
Rates of subacute stent thrombosis were similar with drug-
eluting and bare metal stents with 6 months of dual antiplate-
let therapy with aspirin and clopidogrel.50,51 Because of cost
and risk of potential bleeding complications, some clinicians
prefer a shorter course of treatment with clopidogrel after
PCI, particularly in patients with an isolated coronary artery
lesion or with a low atherosclerotic risk.

Recommendations
1.2.1. Ticlopidine versus clopidogrel after stent

placement

1.2.1.1. For patients who undergo stent placement, we
recommend the combination of aspirin and a thienopyri-

Table 6—Bleeding Event Rates Associated with Long-term Clopidogrel Use*

Variables

CURE† PCI-CURE‡ CREDO§

Aspirin
Alone, %

Aspirin Plus
Clopidogrel, %

Relative
Risk

Aspirin
Alone, %

Aspirin Plus
Clopidogrel, %

Relative
Risk

Aspirin
Alone, %

Aspirin Plus
Clopidogrel, %

Relative
Risk

Up to 30 d
Major 1.4 1.6 1.13 3.8 4.8 1.26

Life threatening 0.7 0.7 0.92
Not life threatening 0.7 0.9 1.37

Minor 0.7 1.0 1.33 2.2 3.0 1.36
Blood transfusion " 2 U 1.1 1.1 0.96

Up to 9–12 mo From PCI to Follow-Up
Major 2.7 3.7 1.38¶ 2.5 2.7 1.12 6.7 8.8 1.31

Life threatening 1.8 2.2 1.21 1.3 1.2 0.91
Not life threatening 0.9 1.5 1.70¶ 1.1 1.5 1.37

Minor 2.4 5.1 2.12# 2.1 3.5 1.68# 5.6 5.3 0.95
Blood transfusion " 2 U 2.2 2.8 1.30! 2.0 2.1 1.06

*Major bleeding was defined as intracranial bleeding or bleeding associated with a decrease in hemoglobin of " 5 g/dL or hematocrit decrease
of at least 15%. Life-threatening bleeding included bleeding events that were fatal or led to a reduction in the Hg level of at least 5 g/dL drop
or to substantial hypotension requiring the use of intravenous inotropic agents, if it necessitated a surgical intervention, if it was symptomatic
intracranial hemorrhage, or if it necessitated the transfusion of ! 4 U of blood. TIMI bleeding was defined as disabling bleeding, intraocular
bleeding leading to loss of vision, or bleeding necessitating the transfusion of at least 2 U of blood. Minor bleeding included other bleeding that
required the discontinuance of study medication.

†From Yusuf et al.136

‡From Mehta et al.39

§From Steinhubl et al.40

!p # 0.05.
¶p # 0.005.
#p # 0.001.
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dine derivative (ticlopidine or clopidogrel) over systemic
anticoagulation therapy (Grade 1A).

1.2.1.2. We recommend clopidogrel over ticlopidine
(Grade 1A).

1.2.2.1. We recommend a loading dose of 300 mg of
clopidogrel at least 6 h prior to planned PCI (Grade 1B).
If clopidogrel is started # 6 h prior to planned PCI, we
suggest a 600-mg loading dose of clopidogrel (Grade 2C).

1.2.2.2. If ticlopidine is administered, we recommend
that a loading dose of 500 mg at least 6 h before planned
PCI (Grade 2C).

1.2.3 Aspirin intolerant patients

1.2.3.1. For PCI patients who cannot tolerate aspirin,
we recommend that the loading dose of clopidogrel (300
mg) or ticlopidine (500 mg) be administered at least 24 h
prior to planned PCI (Grade 2C).

1.2.4 Duration of thienopyridine therapy after
stent placement

1.2.4.1. After PCI, we recommend, in addition to aspirin,
clopidogrel (75 mg/d) for at least 9 to 12 months (Grade 1A).

1.2.4.2. If ticlopidine is used in place of clopidogrel after
PCI, we recommend ticlopidine for 2 weeks after placement
of a bare metal stent in addition to aspirin (Grade 1B).

1.2.4.3. In patients with low atherosclerotic risk such as
those with isolated coronary lesions, we recommend clo-
pidogrel for at least 2 weeks after placement of a bare
metal stent (Grade 1A), for 2 to 3 months after placement
of a sirolimus-eluting stent (Grade 1C!), and 6 months
after placement of a paclitaxel-eluting stent (Grade 1C).

1.3 Other oral antiplatelet agents

Cilostazol, which selectively inhibits 3&5&-cyclic nucleotide
phosphodiesterase III, has antiplatelet and vasodilating ef-

fects. In addition, this agent also inhibits vascular smooth-
muscle cell proliferation in vitro.52 Early studies with cilosta-
zol suggested that this agent could be used as an alternative
to ticlopidine in patients undergoing stent implantation,53 but
the capacity of cilostazol to prevent subacute thrombosis in
patients with drug-eluting stents has been questioned.54

Five studies52,55–57 have evaluated cilostazol for prevention
of restenosis after coronary stenting (Table 7), and have
yielded conflicting results. Although initial small studies
suggested that cilostazol reduces restenosis,52,55–57 the largest
study53 failed to demonstrate a benefit of cilostazol. This
study53 randomized 409 patients undergoing elective stent
placement to receive aspirin plus ticlopidine or aspirin plus
cilostazol starting 2 days before stenting. The angiographic
restenosis rate was 27% in patients treated with aspirin and
ticlopidine, and 22.9% in those receiving aspirin and cilosta-
zol (p ! NS).53 The Cilostazol for Restenosis Trial
(CREST) is an ongoing evaluation of 705 patients under-
going elective treatment with stent implantation. Patients
are randomized to either aspirin and clopidogrel or to
aspirin, clopidogrel, and cilostazol 100 mg twice daily for 6
mo. Preliminary results from this larger study found an
approximately 30% reduction in angiographic restenosis
associated with the long-term use of cilostazol (William
Weintraub, MD; Emory University, Atlanta, GA; personal
communication, November 2003).

The addition of dipyridamole to aspirin provides little
incremental benefit over aspirin alone for the prevention of
early complications after coronary angioplasty. In a study11 of
232 patients randomly assigned to aspirin alone (975 mg/d) or
the combination of aspirin (975 mg/d) plus dipyridamole (225
mg/d) before coronary angioplasty, there were no differences
in the frequency of Q-wave MI (1.7% vs 4.3%, respectively)
or in the need for emergency CABG surgery (2.6% vs 6.1%,
respectively). Other antiplatelet agents, such as prostacyclin,
ketanserin, sarpogrelate, and sulotroban, have had little or no
effect on the prevention of acute complications58 or resteno-
sis59–65 after PCI.

Recommendations

1.3.1. For patients after stent placement, we suggest
ticlopidine (Grade 1B) or clopidogrel (Grade 1C) over
cilostazol.

Table 7—Effect of Cilostazol on Restenosis After PCI*

Source Year
Study

Design

Total
Patients,

No.

Angiographic
Follow-up,

No.
Stent
Use Treatment

Pretreatment
Duration

Duration
Therapy

Restenosis
Rates, %

Kunishima et al52 1997 RCT 70 64 Yes Cilostazol, 200 mg qd 3 d NR 8.6†
Aspirin, 250 mg qd 26.8

Tsuchikane et al57 1999 RCT 211 193 No Cilostazol, 200 mg qd None 3 mo 18
Aspirin, 250 mg qd 40

Park et al53 2000 RCT 409 380 Yes Cilostazol, 100 mg bid 48 h 6 mo 23
Ticlopidine 48 h 1 mo 27

Tanabe et al56 2001 Registry 109 NR No Cilostazol, 200 mg qd " 48 h 4 mo 12.5†
Aspirin, 81 mg qd " 48 h 43.8

Kamishirado et al55 2002 RCT 130 111 Yes Cilostazol, 200 mg qd 48 h 6 mo 13†
Ticlopidine 31

*See Table 2 for expansion of abbreviation. Restenosis defined as " 50% follow-up diameter stenosis.
†p # 0.05.
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1.3.2. In aspirin-intolerant patients undergoing PCI, we
suggest clinicians do not use dipyridamole as an alterna-
tive to a thienopyridine derivative (Grade 2C).

2.0 Patients Undergoing PCI: GP IIb-IIIa
Inhibitors

Ligation of fibrinogen by platelet GP IIb-IIIa receptors
and, under high shear conditions, von Willebrand factor,
serves as the “final common pathway” of platelet aggrega-
tion by bridging adjacent platelets together. Three IV
inhibitors of the GP IIb-IIIa receptor are licensed in
North America, and these agents produce a 35 to 50%
reduction in clinical events in patients with acute coronary
syndromes (Table 8). These agents include abciximab,
eptifibatide and tirofiban.

Abciximab

Abciximab was first studied in the Evaluation of 7E3
for the Prevention of Ischemic Complications Trial,2
which included 2,099 high-risk patients undergoing
PCI. All patients received aspirin (325 mg) and a
nonweight-adjusted heparin bolus (10,000 to 12,000 IU)
prior to PCI. Patients were then randomly assigned to
treatment with placebo, a bolus of abciximab (0.25
mg/kg), or the same bolus dose of abciximab followed by
a 12-h abciximab infusion (10 'g/min). Compared with
placebo, bolus plus infusion abciximab was associated
with a 35% reduction in frequency of the end point, a
composite of death, nonfatal MI, need for repeat
revascularization, or procedural failure (12.8% and
8.3%, respectively; p ! 0.008).2 However, major bleed-
ing complications were twice as frequent in patients
receiving abciximab, reflecting the high-dose of heparin
that was administered in this study.

The Evaluation of PTCA to Improve Long-Term Out-
come by Abciximab GP IIb-IIIa Blockade (EPILOG)
trial66 included 2,792 low-risk patients undergoing PCI.
All patients in the EPILOG trail received aspirin and were
then randomized to weight-adjusted heparin (100 IU/kg
with target activated clotting time [ACT] of 300 s) plus
placebo; the same heparin dose plus abciximab; or lower-
dose heparin (70 IU/kg with minimum ACT target of
200 s) plus abciximab. Compared with placebo, the 30-day
end point, a composite of death, MI, or urgent revascu-
larization, was significantly lower in patients treated with
abciximab plus lower-dose or usual-dose heparin (11.7%,
5.2%, and 5.4%, respectively; p # 0.001).66 The need for
transfusion was 3.9% in patients receiving the usual
heparin dose plus placebo, whereas it was 3.3% and 1.9%
in the abciximab-treated patients receiving usual-dose or
low-dose heparin, respectively. Based on these results, the
use of a lower-dose heparin regimen became the standard
of care.

The Evaluation of Platelet IIb-IIIa Inhibitor for Stent-
ing (EPISTENT) trial67 randomly assigned 2,399 patients
with ischemic coronary artery disease to stenting plus
placebo, stenting plus abciximab, or balloon angioplasty
plus abciximab. The primary 30-day end point, a combi-

nation of death, MI, or need for urgent revascularization,
occurred in 10.8% of patients in the stent plus placebo
group, 5.3% of those in the stent-plus-abciximab group
(hazard ratio, 0.48; p # 0.001), and 6.9% in the group
undergoing balloon PTCA and receiving abciximab (haz-
ard ratio, 0.63; p ! 0.007). No significant differences in
bleeding complications were noted among the various
treatment groups.

The effect of periprocedural abciximab on the preven-
tion of late restenosis has been controversial. Although the
Evaluation of 7E3 for the Prevention of Ischemic Com-
plications study68 showed a 23% reduction in cumulative
6-month clinical events (p ! 0.001), these events were
primarily related to the prevention of early (# 30-day)
periprocedural events. A subgroup of diabetic patients
undergoing stent implantation in EPISTENT trial69

showed a reduction in 6-month TVR, from 16.6% in those
receiving placebo to 8.1% in those receiving abciximab;
but a larger study70 of 1,117 diabetics undergoing stent
placement and treatment with either tirofiban or abcix-
imab failed to confirm a beneficial effect of GP IIb-IIIa
inhibitors on the incidence of late restenosis. In this trial,70

TVR occurred in 9.5% of patients treated with tirofiban
and 11.1% of patients treated with abciximab (p ! 0.366).
Thus, the major benefit of GP IIb-IIIa inhibitors appears
to be a reduction of acute ischemic events associated with
PCI; these agents do not appear to influence vascular
remodeling or restenosis.

Abciximab does not reduce complication rates associ-
ated with saphenous venous graft interventions.71 Al-
though “bailout” abciximab is often administered during or
just after PCI if there is residual dissection, thrombus, or
suboptimal results,72 this approach has not been evaluated
in prospective studies.

Late mortality benefits have been reported after use
of abciximab.73 In a meta-analysis73 of 12 trials that
enrolled 20,186 patients, 30-day mortality was signifi-
cantly reduced with GP IIb-IIIa inhibition (OR, 0.73;
95% CI, 0.55 to 0.96; p ! 0.024). Although 10 of the 12
trials showed a beneficial effect of GP IIb-IIIa inhibitor
treatment on mortality, no individual trial detected a
statistically significant mortality benefit.73 At 6 months,
the OR was 0.84 (95% CI, 0.69 to 1.03; p ! 0.087).73

This survival benefit amounts to a saving of 3.2 lives
after 6 months per 1,000 patients treated (number
needed to treat, 313).73

Eptifbatide

The Integrilin to Minimize Platelet Aggregation and
Coronary Thrombosis (IMPACT)-II trial74 enrolled
4010 patients undergoing PCI. Patients were random-
ized to treatment with placebo, a low-dose bolus of
eptifibatide (135 'g/kg) followed by a low-dose infusion
(0.5 'g/kg/min for 20 to 24 h), or the same eptifibatide
bolus and a slightly higher-dose infusion (0.75 'g/kg/
min for 20 to 24 h). In IMPACT-II,74 the primary end
point, a 30-day composite of death, MI, unplanned
CABG surgery or repeat PCI, or coronary stenting for
abrupt closure, occurred in 11.4% of patients in the
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placebo group compared with 9.2% in the 135/0.5
eptifibatide group (p ! 0.063) and 9.9% in the eptifi-
batide 135/0.75 group (p ! 0.22).74 Eptifibatide treat-
ment did not increase rates of major bleeding or
transfusion.

It is now recognized that the eptifibatide dose used in
the IMPACT-II trial was insufficient to provide ade-
quate platelet GP IIb-IIIa inhibition during PCI. The
Enhanced Suppression of the Platelet IIb/IIIa Receptor
With Integrilin Therapy (ESPRIT) trial75 evaluated a
higher-dose, double-bolus, eptifibatide regimen (two
180 'g/kg boluses administered 10 min apart, followed
by an infusion of 2.0 'g/kg/min for 18 to 24 h) vs
placebo in a randomized study of 2,064 patients under-
going stent implantation in a native coronary artery. The
primary end point, a composite of death, MI, urgent
TVR, or bailout GP IIb/IIIa inhibitor therapy within
48 h of randomization, occurred in 10.5% of 1,024
patients receiving placebo and in 6.6% of those treated
with eptifibatide (p ! 0.0015). The key 30-day second-
ary end point was also reduced, from 10.5% to 6.8%
(p ! 0.0034). These effects were sustained 1 year after
the procedure, and eptifibatide also was effective in the
subgroup of high-risk diabetic patients.63 Major bleed-
ing was infrequent, but occurred more frequently with
eptifibatide than with placebo (1.3% and 0.4%, respec-
tively; p ! 0.027).75,76 Based on the results of this trial,
the eptifibatide regimen used in the ESPRIT trial has
become the standard of care with this agent.

Tirofiban

A nonpeptidyl tyrosine derivative, tirofiban is approved
for treatment of patients with acute coronary syndromes.77

Like the other GP IIb-IIIa inhibitors, tirofiban also has
been evaluated in patients undergoing PCI. The Random-
ized Efficacy Study of Tirofiban for Outcomes and Reste-
nosis (RESTORE) trial78 enrolled 2,139 patients undergo-
ing PCI within 72 h of an acute coronary syndrome. After
pretreatment with aspirin and heparin, patients were
randomized to receive tirofiban (bolus of 10 'g/kg fol-
lowed by an infusion of 0.15 'g/kg/min over 36 h) or
placebo. In the RESTORE trial,78 the primary 30-day end
point, a composite of death, MI, CABG surgery, or repeat
angioplasty for recurrent ischemia, or stent insertion for
abrupt closure, was 16% lower with tirofiban treatment
than with placebo (p ! 0.161). However, the risk reduc-
tion decreased from 38% at 48 h (p ! 0.005) to 27% at 7
days (p ! 0.022).78 Major bleeding occurred in 5.8% of
those receiving tirofiban and in 3.7% of those randomized
to placebo (p ! 0.096).

In a larger study,79 4,809 patients destined for coro-
nary stent placement were randomly assigned to receive
either the same dose of tirofiban used in the RESTORE
trial or abciximab prior to the procedure. The primary
end point, a composite of death, nonfatal MI, or urgent
TVR at 30 days, occurred more frequently in the
tirofiban group than in the abciximab group (7.6% and
6.0%, respectively; p ! 0.038). The relative benefit of
abciximab was consistent regardless of age, sex, the

presence or absence of diabetes, or the presence or
absence of pretreatment with clopidogrel.79 Subsequent
studies80 – 83 have suggested that the bolus dose of
tirofiban administered in this study may have been
suboptimal. Supporting this concept, larger tirofiban
bolus doses have been shown to produce more inhibi-
tion of platelet aggegration than lower doses.84 How-
ever, a higher-dose tirofiban regimen has yet to be
evaluated in a large-scale clinical trial. Based on the
results of the studies done with tirofiban to date, this
agent is not recommended in the PCI setting.

Upstream use of GP IIb-IIIa inhibitors prior to
PCI

Treatment with GP IIb/IIIa inhibitors reduces recur-
rent ischemia in patients with NSTEMI and unstable
angina (UA), at least in part because these patients often
undergo PCI.77,85,86 The TIMI risk score has been used to
identify NSTEMI/UA patients at moderate-to-high risk
for recurrent ischemic events. These patients benefit from
early administration of GP IIb-IIIa inhibitors and routine
PCI.87–89 An elevated troponin level also may help to
identify high-risk patients. In the c7E3 Fab Antiplatelet
Therapy in Unstable Refractory Angina trial,85 275 pa-
tients (30.9%) were identified as high risk for recurrent
events based on an elevated level of troponin T at
presentation.85 Compared with placebo, the relative risk of
death or nonfatal MI with abciximab was 0.32 (p ! 0.002),
attributable to a reduction in the rate of MI (OR, 0.23;
p # 0.001).85

Although tirofiban was inferior to abciximab for the
prevention of 30-day events in patients undergoing PCI,79

favorable clinical outcomes after extended upstream use of
tirofiban for NSTEMI/UA have been documented in two
studies.90,91 In the Treat Angina with Aggrestat and deter-
mine Cost of Therapy with Invasive or Conservative
Strategy (TACTICS) TIMI 18 trial, 2,220 patients with
NSTEMI/UA were treated with aspirin, heparin, and
tirofiban. Patients were then randomly assigned to an early
invasive strategy (cardiac catheterization and revascular-
ization within 4 to 48 h) or to a more conservative
(selectively invasive) strategy. With tirofiban pretreatment
and frequent use of coronary stents, the 6-month primary
end point, a composite of death, nonfatal MI, and rehos-
pitalization, was 15.9% with the early invasive strategy and
19.4% with the conservative strategy (p ! 0.025). In an-
other study,90 410 patients with NSTEMI/UA were as-
signed to early (# 6 h) PCI after pretreatment with
high-dose clopidogrel and tirofiban or delayed (3 to 5
days) PCI after prolonged antithrombotic therapy. The
primary end point was reached in 11.6% of the group
receiving prolonged antithrombotic pretreatment and in
5.9% of the group receiving early intervention
(p ! 0.04).90 Based on these trials, eptifibatide or tirofiban
is recommended in moderate-to-high-risk patients with
NSTEMI/UA. Abciximab is not recommended in this
setting unless the coronary anatomy is known and PCI is
planned within 24 h.
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Use of GP IIb-IIIa inhibitors in ST-segment eleva-
tion MI

The use of GP IIb-IIIa inhibitors in patients with
ST-segment elevation MI (STEMI) has been controver-
sial. Using a two-by-two factorial design, the Controlled
Abcixamab and Device Investigation to Lower Late
Angioplasty Complications (CADILLAC) trial92 as-
signed 2,082 patients with STEMI to treatment with
balloon angioplasty alone, balloon angioplasty plus ab-
ciximab therapy, Multilink (Guidant; Santa Clara, CA)
stenting alone, or Multilink stenting plus abciximab
therapy. There was little incremental benefit with the
use of abciximab on the 6-month primary end point, a
composite of death, MI, disabling stroke, and ischemia-
driven revascularization of the target vessel. Thus, the
primary end point occurred in 20.0% of patients after
balloon angioplasty, 16.5% after balloon angioplasty
plus abciximab, 11.5% after stenting, and 10.2% after
stenting plus abciximab (p # 0.001). In contrast, a
smaller study93 randomly assigned 300 patients with
STEMI to abciximab plus stenting or placebo plus
stenting before they underwent coronary angiography.
At 30 days, the primary end point, a composite of death,
MI, or urgent TVR, occurred in 6.0% of the patients in
the abciximab group compared with 14.6% of those in
the placebo group (p ! 0.01).93 By 6 months, the
corresponding figures were 7.4% and 15.9%, respec-
tively (p ! 0.02).93 Patients in the abciximab group had
a greater frequency of grade 3 TIMI flow than those in
the placebo group before the procedure (16.8% and
5.4%, respectively; p ! 0.01). Immediately after stent-
ing, grade 3 TIMI flow was found in 95.5% and 86.7%
of those randomized to abciximab or placebo, respec-
tively (p ! 0.04); whereas at 6 months, grade 3 TIMI
flow was found in 94.3% and 82.8% in the abciximab
and placebo group, respectively (p ! 0.04). Although
small series94 have documented favorable outcomes in
STEMI patients treated with eptifibatide prior to PCI,
large randomized trials have yet to be performed.

Recommendations

2.1. For all patients undergoing PCI, particularly those
undergoing primary PCI, or those with refractory UA or
other high-risk features, we recommend use of a GP
IIb-IIIa antagonist (abciximab or eptifibatide) [Grade
1A].

2.2. In patients undergoing PCI for STEMI, we recom-
mend abciximab over eptifibatide (Grade 1B).

Remark: Whenever possible, abciximab should be started
prior to balloon inflation.

2.3. We recommend administration of abciximab as a
0.25 mg/kg bolus followed by a 12 h infusion at a rate of 10
'g/min (Grade 1A) and eptifibatide as a double bolus
(each of 180 'g/kg administered 10 min apart) followed by
an 18-h infusion of 2.0 'g/kg/min (Grade 1A).

2.4. In patients undergoing PCI, we recommend
against the use of tirofiban as an alternative to abciximab
(Grade 1A).

2.5. For patients with NSTEMI/UA who are designated
as moderate-to-high risk based on TIMI score, we recom-
mend that upstream use of a GP IIb-IIIa antagonist
(either eptifibatide or tirofiban) be started as soon as
possible prior to PCI (Grade 1A).

2.6. In NSTEMI/UA patients who receive upstream
treatment with tirofiban, we recommend that PCI be
deferred for at least 4 h after initiating the tirofiban
infusion (Grade 2C).

2.7. With planned PCI in NSTEMI/UA patients with an
elevated troponin level, we recommend that abciximab be
started within 24 h prior to the intervention (Grade 1A).

Underlying values and preferences: these recommenda-
tions for the use of GP IIb-IIIa inhibitors place a relatively
high value on preventing cardiovascular events and a
relatively low value on cost and bleeding complications.

3.0 Patients Undergoing PCI: Unfractionated
Heparin

Unfractionated heparin (UFH) is the most commonly
used anticoagulant during PCI. ACT monitoring in the
cardiac catheterization laboratory facilitates heparin dose
titration during PCI95 because the required level of anti-
coagulation is beyond the range that can be measured
using the activated partial thromboplastin time.96 At least
two studies97,98 have retrospectively related ACT values to
clinical outcomes after PCI. A third retrospective analy-
sis99 of data from 5,216 patients receiving heparin during
PCI suggested that ischemic complications at 7 days were
34% lower with an ACT in the range of 350 to 375 s than
they were with an ACT between 171 s and 295 s
(p ! 0.001). In all of these studies, heparin was adminis-
tered without adjunctive GP IIb-IIIa inhibitors. In the
same setting, two small randomized trials100,101 have eval-
uated empiric and weight-adjusted heparin dosing regi-
mens, and have shown comparable results with both
approaches. Based on these data, heparin administered in
doses of 60–100 IU/kg and a target ACT between 250 s
and 350 s are advocated in the absence of adjunctive GP
IIb-IIIa inhibition. In contrast, a target ACT of 200 s is
advocated when heparin is administered in conjunction
with a GP IIb-IIIa inhibitor. Removal of the femoral
sheath should be delayed until the ACT is between 150 s
and 180 s.

Routine use of IV heparin after PCI is no longer used
because several randomized studies102,103 have shown
that prolonged heparin infusions do not reduce isch-
emic complications, and are associated with a higher
rate of bleeding at the catheter insertion site. Like the
results with other antithrombotic agents, heparin does
not reduce the risk of restenosis after balloon angio-
plasty (Table 9). Thus, IV heparin administered for 24 h
after successful coronary angioplasty failed to reduce
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angiographic restenosis in a randomized clinical trial
(RCT) comparing heparin with dextrose (41.2% and
36.7%, respectively; p ! NS).102 In another study,104

339 patients were randomized to no heparin or to
twice-daily subcutaneous (SC) heparin (12,500 IU) for 4
months after successful angioplasty.104 No differences
in angiographic or clinical indexes of restenosis were
identified between the two groups.

Recommendations

3.1. In patients receiving a GP IIb-IIIa inhibitor, we
recommend a heparin bolus of 50 to 70 IU/kg to achieve
a target ACT " 200 s (Grade 1C).

3.2. In patients not receiving a GP IIb-IIIa inhibitor, we
recommend that heparin be administered in doses suffi-

cient to produce an ACT of 250 to 350 s (Grade 1C!).
We suggest a weight-adjusted heparin bolus of 60 to 100
IU/kg (Grade 2C).

3.3. In patients after uncomplicated PCI, we recom-
mend against routine postprocedural infusion of heparin
(Grade 1A).

4.0 Patients Undergoing PCI: LMWH

Increasingly, LMWH is replacing heparin for treat-
ment of patients with NSTEMI/UA, many of whom
undergo PCI (Table 10).105–111 Because of difficulties
monitoring levels of anticoagulation with LMWH dur-
ing PCI, empiric dosing algorithms have been devel-
oped.112 Enoxaparin is the most commonly used
LMWH used in this setting. Thus, if the last dose of

Table 9—Effect of Thrombin Inhibitors on Restenosis After PCI*

Source Year
Study

Design

Total
Patients,

No.

Angiographic
Follow-up,

No.
Stent
Use Treatment

Pretreatment
Duration

Duration
Therapy

Restenosis
Rates,

%

UFH
Ellis et al102 1989 RCT 416 255 No UFH, 800–1,200 U/h None 18–24 h 41

Placebo 37
Brack et al104 1995 RCT 339 299 No UFH, 12,500 U bid None 4 mo 41†

Placebo 51
LMWH

Faxon et al117 1994 RCT 458 357 No Enoxaparin, 40 mg SQ qd None 1 mo 43
Placebo 45

Cairns et al137 1996 RCT 653 625 No Enoxaparin, 30 mg bid None 6 wk 38
Placebo 40.4

Karsch et al138 1996 RCT 625 514 No Reviparin, 3,500 U bid None 28 d 0.25‡
Placebo 0.29

Schmid et al139 1993 RCT 41 37 No Reviparin, 2,500 U bolus
plus 5,000 U SC qd

None 21 d 18

Reviparin, 5,000 U bolus
plus 5,000 U SC qd

None 21 d 20

Reviparin, 10,000 U bolus
plus 10,000 U SC qd

None 21 d 9

UFH, 10,000 U bolus plus
2,500 U SC qd

None 21 d 25

Lablanche et al118 1997 RCT 354 269 No Nadroparin, 6,150 U SQ qd 72 h 3 mo 51.9
Placebo 48.8

Amann et al119 1993 Registry 20 20 No Fraxiparin, 0.6 mL SQ qd 24 h 4 wk 30
Grassman et al140 2001 RCT 118 102 No Certoparin, 80 mg SQ bid NR 3 mo 31

Placebo NR 3 mo 49
Direct thrombin inhibitors

Burchenal et al128 1998 RCT 87 87 No Bivalirudin bolus and
infusion

None 36 h 62.2

Heparin, 175 U/kg bolus 58
Serruys et al124 1995 RCT 1,141 986 No Hirudin, 40 mg bolus plus

IV
None 24 h 0.32‡

Hirudin, 40 mg bolus plus
IV plus SQ

None 72 h 0.26

Heparin, 10,000 U bolus
and infusion

None 24 h 0.26

*Restenosis defined as " 50% follow-up diameter stenosis unless indicated otherwise. See Table 2 for expansion of abbreviation.
†Restenosis defined a loss of 50% of initial gain.
‡Restenosis defined as late lumen loss.
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enoxaparin is administered # 8 h before PCI, no addi-
tional enoxaparin is used. When the last dose of enox-
aparin is administered between 8 h and 12 h before
PCI, a 0.3 mg/kg bolus of IV enoxaparin is advocated at
the time of PCI; whereas if the last enoxaparin dose is
administered " 12 h before PCI, conventional antico-
agulation therapy is advocated during PCI.

IV enoxaparin has been evaluated as the primary
anticoagulant during PCI, administered in doses of 0.5
to 1.0 mg/kg.113 This regimen has yet to be compared
with heparin. A point-of-care assay for measuring the
anti-factor Xa activity of enoxaparin has been devel-
oped. Enoxaparin appears to be safe when used in
combination with tirofiban114 or eptifibatide115 during
PCI. A favorable outcome has been reported with the
combination of dalteparin and abciximab in patients
undergoing PCI.116

Short-term administration of LMWH after PCI does
not significantly reduce the occurrence of early isch-
emic events. In the Antiplatelet Therapy alone vs.
Lovenox plus Antiplatelet therapy in patients at in-
creased risk of Stent Thrombosis trial,36 1,102 patients
at increased risk of stent thrombosis (STEMI within
48 h, diffuse distal disease, large thrombus volume,
acute closure, or residual dissection) were randomly
assigned to receive either enoxaparin (40 mg or 60 mg
SC q12h for 14 days based on patient weight # 60 kg or
" 60 kg) or placebo; all patients received aspirin (325

mg/d) and ticlopidine (250 mg bid) for 14 days. The
primary end point, a 30-day composite of death, non-
fatal MI, and urgent revascularization, occurred in 1.8%
of patients receiving enoxaparin and in 2.7% of those
receiving placebo (p ! 0.295).36 LMWH treatment has
no effect on restenosis (Table 9).117–119

Recommendation

4.1. In patients who have received LMWH prior to PCI,
we recommend that administration of additional anticoag-
ulant therapy is dependent on the timing of the last dose
of LMWH (Grade 1C). If the last dose of enoxaparin is
administered " 8 h prior to PCI, we suggest no additional
anticoagulant therapy (Grade 2C). If the last dose of
enoxaparin is administered between 8 h and 12 h before
PCI, we suggest a 0.3 mg/kg bolus of IV enoxaparin at the
time of PCI (Grade 2C). If the last enoxaparin dose is
administered " 12 h before PCI, we suggest conventional
anticoagulation therapy during PCI (Grade 2C).

5.0 Patients Undergoing PCI: Direct Thrombin
Inhibitors

Three direct thrombin inhibitors, hirudin, bivalirudin,
and argatroban, have been evaluated as alternatives to
heparin during PCI.120–124

Table 10—LMWHs During PCI*

Source
Patients,

No. Indication Agent Dose Route
GP IIb–IIIa

Use

Plavix
Clopidogrel

Pretreatment

30-d
Ischemic
Events

Major
Bleeding

Minor
Bleeding

Rabah et al106 30 Elective Enoxaparin 1.0 mg/kg IV No No
30 UFH 10,000 U

Miller et al112 198 ACS Enoxaparin 0.5 mg/kg IV Double-bolus
eptifibatide

300 mg 0.5 0.5 0

Kereiakes
et al141

828 Elective or
urgent

Enoxaparin 1.0 mg/kg IV No No 7.7 1.1 6.2

Ferguson
et al110

671 ACS Enoxaparin 1.0 mg/kg† SQ Abciximab,
eptifibatide,
or tirofiban

No 7.4% 1.4 3.2

Kereiakes
et al141

818 Elective Enoxaparin 0.75 mg/kg IV Abciximab No 0.2 0.4 7

Bhatt et al115 129 Elective or
urgent

Enoxaparin 0.75 mg/kg IV Double-bolus
eptifibatide

Variable 10 2.5 1.6

132 UFH 60 U/kg IV Double-bolus
eptifibatide

7.6 1.6 8.9

Collet et al142 132 ACS Enoxaparin 1.0 mg/kg SQ None None 3.0 0.8 2.4
Choussat

et al143
242 Elective or ACS Enoxaparin 0.5 mg/kg IV No No 2.5 0.4 1.2

Kereiakes
et al116

103 Elective or ACS Dalteparin 40–60 IU/kg IV Abciximab NR 15.5 2.8 10.3

Preisack
et al111

306 Elective or ACS Reviparin 10,500 IV No No 3.9‡ 2.3 NR

306 UFH 24,000 IV No No 8.2 2.6 NR

*ACS ! acute coronary syndrome. See Table 2 for expansion of abbreviation.
†Enoxaparin, 0.1 mg/kg SQ initiated on admission. No further enoxaparin was given if PCI was performed within 8 h of last SQ injection. If PCI
was performed between 8–12 h after PCI, an additional 0.3 mg/kg IV was given.

‡p # 0.05. Restenosis defined as " 50% follow-up diameter stenosis unless indicated otherwise.
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5.1 Hirudin

In the Hirudin in a European Trial vs Heparin in the
Prevention of Restenosis After PTCA Study,124 1,141
patients with UA undergoing PCI were treated with
aspirin and randomly assigned to receive a heparin
bolus of 10,000 IU plus infusion of 15 IU/kg/h for 24 h;
a hirudin bolus of 40 mg plus IV infusion of 0.2 mg/kg/h
for 24 h; or a hirudin bolus of 40 mg followed by an IV
infusion of 0.2 mg/kg/h for 24 h, followed by SC hirudin
injections of 40 mg bid for an additional 3 days. Hirudin
use was associated with a 39% reduction in early (96-h)
ischemic events (p ! 0.023), but the primary outcome,
the angiographically detected rate of restenosis at 7
months, was similar in all three treatment groups.

5.2 Bivalirudin

A synthetic 20 amino acid analog of hirudin, bivalirudin
has been extensively evaluated as an alternative to heparin
in patients undergoing PCI (Table 11).120–122,125–129

The Bivalirudin Angioplasty Trial126 compared bivaliru-
din with UFH in 4,098 patients with postinfarction
angina or UA undergoing PCI. Patients were random-
ized to treatment with a high-dose heparin bolus (175
IU/kg bolus followed by a 15 IU/kg/h infusion for 18 to
24 h) or to bivalirudin (1.0 mg/kg bolus followed by an
infusion of 2.5 mg/kg/h infusion for 4 h, which was then
reduced to 0.2 mg/kg/h for the subsequent 14 to 20 h).
Bivalirudin did not reduce the risk of in-hospital death,
Q-wave, or non–Q-wave MI, or emergency CABG
surgery, but did reduce the risk of bleeding complica-
tions (OR, 0.4; p # 0.001).126 In patients with post-MI
angina, a prespecified high-risk group, the rate of major
ischemic complications was lower with bivalirudin than
with heparin (9.1% and 14.2%, respectively; p ! 0.04),
as was the rate of major bleeding (3.0% and 11.1%,
respectively; p # 0.001).126 An intention-to-treat re-
analysis of the data from this study using a contempo-
rary composite end point of death, MI, or repeat
revascularization127 demonstrated event rates of 6.2% in
the bivalirudin group and 7.9% in the heparin group at

Table 11—Bivalirudin Use in PCI Trials

Variables

Bittl* REPLACE-2†

High-Dose,
Heparin Bivalirudin p Value

Heparin plus
GP IIb–IIIa Bivalirudin p Value

Patients, No. 2039 2059 3008 2994
Age 54.70 54.70 62.6 62.6
Female gender, No. 32 33 25.9 25.3
Prior MI 36.7 37.4
UA # 48 h 31 30 14.7 14.3
MI # 7 d 8.4 8.4
Stent Use 85.7 85.1
Multivessel PCI 15 17.2
Thienopyridine pretreatment 85.4 86.7
Planned GP IIb–IIIa 96.5

Abciximab 42.9
Eptifibatide 53.4

30-d events
Death, MI, TVR, bleeding 12.2 11.4 10.0 9.2 0.32
Death, MI, TVR 5.1 4.6 0.42 7.1 7.6 0.40
Death 0.2 0.4 0.27 0.4 0.2 0.26
MI 3.9 3.2 0.20 6.2 7.0 0.23

Q-wave MI 0.4 0.4 0.43
Non-Q-wave MI 5.8 6.6 0.43

Creatine kinase-MB # 3 ( control 0.1 0.1 0.41
Creatine kinase-MB 3–5 ( control 2.5 2.4 0.41
Creatine kinase-MB 5–10 ( control 1.7 2.4 0.41
Creatine kinase-MB " 10 ( control 1.3 1.4 0.41

Urgent revascularization 1.7 1.7 1.00 1.4 1.2 0.44
Bleeding events

Major bleeding 9.8 3.8 0.001 4.1 2.4 # 0.001
Minor bleeding 25.7 13.4 # 0.001
Intracranial 0.09 0.05 0.62 0.1 0 " 0.99
TIMI criteria (major) 0.9 0.6 0.30
Any transfusion 2.5 1.7 0.02
Thrombocytopenia 1.7 0.7 # 0.001

*From Bittl et al.126, 127 Bittl et al126 is primary publication.
†From Lincoff et al.121
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7 days (p ! 0.039). These differences persisted at 90
days (p ! 0.012) and 180 days (p ! 0.153).

The Randomized Evaluation in PCI Linking Angiomax
to Reduced Clinical Events (REPLACE)-2 trial121 ran-
domly assigned 6,010 patients undergoing PCI to receive
IV bivalirudin (0.75 mg/kg bolus followed by an infusion of
1.75 mg/kg/h for the duration of PCI) with provisional GP
IIb/IIIa inhibition, or heparin (65 IU/kg bolus) plus a GP
IIb/IIIa inhibitor (either abciximab or eptifibatide). In
REPLACE-2,121 the primary end point, a composite of
death, MI, urgent repeat revascularization, or in-hospital
major bleeding at 30 days, occurred in 9.2% of patients in
the bivalirudin group and in 10.0% of those receiving
heparin plus a GP IIb-IIIa antagonist (p ! 0.32). Bivaliru-
din with provisional GP IIb-IIIa blockade was statistically
not inferior to heparin plus planned GP IIb-IIIa blockade
in terms of suppression of acute ischemic end points and
bivalirudin was associated with less bleeding. It is possible,
however, that the higher dose of UFH (65 IU/kg) may
have contributed to the increase in bleeding complications
that occurred in patients assigned to treatment with UFH
plus a GP IIb-IIIa inhibitor.

Bivalirudin may be particularly useful for patients at high
risk for bleeding, such as the elderly or those with renal
insufficiency. It also may be better than heparin for patients
who do not get adjunctive treatment with a GP IIb-IIIa
inhibitor.

5.3 Argatroban

A small molecule derivative of arginine, argatroban
targets the active site of thrombosis. This agent has been
compared with heparin in patients with acute coronary
syndromes, but has not been rigorously evaluated as an
alternative to heparin in the PCI setting. However, ar-
gatroban has been used successfully in PCI in patients
with heparin-induced thrombocytopenia.123

Recommendations

5.2.1. For patients undergoing PCI who are not treated
with a GP IIb-IIIa antagonist or heparin, we recommend

bivalirudin (0.75 mg/kg bolus followed by an infusion
of 1.75 mg/kg/h for the duration of PCI) during PCI
(Grade 1A).

5.2.2. In PCI patients who are at low risk for complica-
tions, we recommend bivalirudin as an alternative to heparin
as an adjunct to GP IIb-IIIa antagonists (Grade 1B).

5.2.3. In PCI patients who are at high risk for bleeding,
we recommend bivalirudin over heparin as an adjunct to
GP IIb-IIIa antagonists (Grade 1B).

6.0 Patients Undergoing PCI: Vitamin K
Antagonists

Initially, antithrombotic regimens after stent placement
included aspirin, dipyridamole, dextran, IV heparin, and
warfarin for 30 days. These aggressive antithrombotic
regimens were used in an attempt to prevent subacute
stent thrombosis.22,23 Randomized trials have since shown
that warfarin provides little incremental benefit over
aspirin alone on early outcomes in patients undergoing
stent implantation. In the Stent Anti-thrombotic Regimen
Study25 the primary end point, a composite of death,
revascularization of the target lesion, angiographically
evident thrombosis, or MI within 30 days, occurred in
3.6% of patients assigned to receive aspirin alone, 2.7% of
patients assigned to receive aspirin plus warfarin, and in
only 0.5% assigned to receive aspirin plus ticlopidine
(p ! 0.001 for the comparison of all three groups). In a
smaller series of 164 patients who were randomly assigned
to aspirin (100 mg/d) or to aspirin plus warfarin after
provisional coronary stenting, subacute closure occurred
in 10.1% of those receiving aspirin alone and in 3.5% of
those receiving aspirin plus warfarin (p ! 0.09).130

The effect of long-term warfarin on the prevention of
restenosis after PCI has been evaluated in five trials (Table
12).14,131–134 Random assignment to warfarin or placebo
was performed in 110 patients after angioplasty.131 The
frequency of angiographic restenosis was not different in
the warfarin and placebo groups (29% and 37%, respec-

Table 12—Effect of Warfarin on Restenosis After PCI*

Source Year
Study

Design

Total
Patients,

No.

Angiographic
Follow-up,

No.

Stent
Use,

% Treatment
Pretreatment

Duration
Duration
Therapy

Restenosis
Rates, %

Urban et al131 1988 RCT 110 85 No Warfarin (PT " 2.5 ( normal) None 5 mo 29
Placebo 37

Kastrati et al134 1997 RCT 496 432 Yes Warfarin (INR 3.5–4.5) None 4 wk 28.9
Ticlopidine, 250 mg bid 26.8

Garachemani et al132 2002 RCT 191 176 36 Warfarin (INR 2.5–4.0) None 6 mo 33
Aspirin plus warfarin 30

Thornton et al14 1984 RCT 248 178 No Aspirin, 325 mg qd 24 h 6 mo 27†
Warfarin (to PT 2.5 ( normal) 36

ten Berg et al133 2003 RCT 531 480 34 Coumarin (INR 2.1–4.8) 7 d 6 mo 38.9‡
Placebo 39.1

*INR ! international normalized ratio; PT ! prothrombin time. Restenosis defined as " 50% follow-up diameter stenosis unless indicated
otherwise.

†Restenosis defined a loss of 50% of initial gain.
‡Mean percentage stenosis at follow-up.
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tively).131 A second study of 248 patients randomly as-
signed to aspirin (325 mg/d) or warfarin also failed to
identify an incremental benefit of warfarin over aspirin for
the prevention of restenosis.14 Another study132 random-
ized 191 patients undergoing uncomplicated PTCA to
aspirin (100 mg/d) or to aspirin plus warfarin for 6 months.
Stents were implanted in 33% and 36% of patients in the
two respective treatment groups. Restenosis at 6 months
occurred in 30% of patients assigned to aspirin and in 33%
of those receiving aspirin plus warfarin.132 The Balloon
Angioplasty and Anticoagulation Study133 studied the ef-
fect of pretreatment with coumarins on 6-month angio-
graphic outcomes in 531 patients. Subjects were random-
ized to aspirin alone or to aspirin plus a coumarin
derivative started 1 week before the procedure. Mean
luminal diameter at 6 months was similar in both
groups.133

Recommendation

6.0. In patients who undergo PCI with no other indi-
cation for systemic anticoagulation therapy, we recom-
mend against routine use of warfarin (or other vitamin K
antagonists) after PCI (Grade 1A).

Summary of Recommendations

1.0 Patients Undergoing PCI: Oral Antiplatelet
Therapy

1.1 Aspirin

1.1.1. For patients undergoing PCI, we recommend
pretreatment with aspirin, 75 to 325 mg (Grade 1A).

1.1.2. For long-term treatment after PCI, we recom-
mend aspirin, 75 to 162 mg/d (Grade 1A).

1.1.3. For long-term treatment after PCI in patients
who receive antithrombotic agents such as clopidogrel or
warfarin, we recommend lower-dose aspirin, 75 to 100
mg/d (Grade 1C!).

1.2.1 Ticlopidine versus clopidogrel after stent
placement

1.2.1.1. For patients who underwent stent placement,
we recommend the combination of aspirin and a thien-
opyridine derivative (ticlopidine or clopidogrel) over sys-
temic anticoagulation therapy (Grade 1A).

1.2.1.2. We recommend clopidogrel over ticlopidine
(Grade 1A).

1.2.2.1. We recommend a loading dose of 300 mg of
clopidogrel at least 6 h prior to planned PCI (Grade 1B).
If clopidogrel is started # 6 h prior to PCI, we suggest a
600-mg loading dose of clopidogrel (Grade 2C).

1.2.2.2. If ticlopidine is administered, we recommend
that a loading dose of 500 mg at least 6 h before planned
PCI (Grade 2C).

1.2.3 Aspirin intolerant patients

1.2.3.1. For PCI patients who cannot tolerate aspirin,
we recommend that the loading dose of clopidogrel (300
mg) or ticlopidine (500 mg) be administered at least 24 h
prior to planned PCI (Grade 2C).

1.2.4 Duration of thienopyridine therapy after
stent placement

1.2.4.1. After PCI, we recommend, in addition to
aspirin, clopidogrel (75 mg/d) for at least 9 to 12 months
(Grade 1A).

1.2.4.2. If ticlopidine is used in place of clopidogrel after
PCI, we recommend ticlopidine for 2 weeks after place-
ment of a bare metal stent in addition to aspirin (Grade
1B).

1.2.4.3. In patients with low atherosclerotic risk, such
as those with isolated coronary lesions, we recommend
clopidogrel for at least 2 weeks after placement of a
bare metal stent (Grade 1A), for 2 to 3 months after
placement of a sirolimus-eluting stent (Grade 1C!),
and 6 months after placement of a paclitaxel-eluting
stent (Grade 1C).

1.3 Other oral antiplatelet agents

1.3.1. For patients after stent placement, we suggest
ticlopidine (Grade 1B) or clopidogrel (Grade 1C) over
cilostazol.

1.3.2. In aspirin-intolerant patients undergoing PCI, we
suggest clinicians not use dipyridamole as an alternative to
a thienopyridine derivative (Grade 2C).

2.0 Patients Undergoing PCI: GP IIb-IIIa
Inhibitors

2.1. For all patients undergoing PCI, particularly
those undergoing primary PCI, or those with refractory
UA or other high-risk features, we recommend use of a
GP IIb-IIIa antagonist (abciximab or eptifibatide)
[Grade 1A].

2.2. In patients undergoing PCI for STEMI, we recom-
mend abciximab over eptifibatide (Grade 1B).

Remark: Whenever possible, abciximab should be started
prior to balloon inflation.

2.3. We recommend administration of abciximab as a
0.25 mg/kg bolus followed by a 12-h infusion at a rate of 10
'g/min (Grade 1A) and eptifibatide as a double bolus
(each of 180 'g/kg administered 10 min apart), followed
by an 18-h infusion of 2.0 'g/kg/min (Grade 1A).
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2.4. In patients undergoing PCI, we recommend
against the use of tirofiban as an alternative to abciximab
(Grade 1A).

2.5. For patients with NSTEMI/UA who are designated
as moderate-to-high risk based on TIMI score, we recom-
mend that upstream use of a GP IIb-IIIa antagonist
(either eptifibatide or tirofiban) be started as soon as
possible prior to PCI (Grade 1A).

2.6. In NSTEMI/UA patients who receive upstream
treatment with tirofiban, we recommend that PCI be
deferred for at least 4 h after initiating the tirofiban
infusion (Grade 2C).

2.7. With planned PCI in NSTEMI/UA patients with an
elevated troponin level, we recommend that abciximab be
started within 24 h prior to the intervention (Grade 1A).
Underlying values and preferences: These recommenda-
tions for the use of GP IIb-IIIa inhibitors place a relatively
high value on preventing cardiovascular events and a
relatively low value on cost and bleeding complications.

3.0 Patients Undergoing PCI: Unfractionated
Heparin

3.1. In patients receiving a GP IIb-IIIa inhibitor, we
recommend a heparin bolus of 50 to 70 IU/kg to achieve
a target ACT " 200 s (Grade 1C).

3.2. In patients not receiving a GP IIb-IIIa inhibitor, we
recommend that heparin be administered in doses suffi-
cient to produce an ACT of 250 to 350 s (Grade 1C!).
We suggest a weight-adjusted heparin bolus of 60 to 100
IU/kg (Grade 2C).

3.3. In patients after uncomplicated PCI, we recom-
mend against routine postprocedural infusion of hepa-
rin (Grade 1A).

4.0 Patients Undergoing PCI: Low Molecular
Weight Heparin

4.1. In patients who have received LMWH prior to
PCI, we recommend that administration of additional
anticoagulant therapy is dependent on the timing of the
last dose of LMWH (Grade 1C). If the last dose of
enoxaparin was administered " 8 h prior to PCI, we
suggest no additional anticoagulant therapy (Grade
2C). If the last dose of enoxaparin was administered
between 8 h and 12 h before PCI, we suggest a 0.3
mg/kg bolus of IV enoxaparin at the time of PCI (Grade
2C). If the last enoxaparin dose was administered " 12
h before PCI, we suggest conventional anticoagulation
therapy during PCI (Grade 2C).

5.0 Patients Undergoing PCI: Direct Thrombin
Inhibitors

5.2.1. For patients undergoing PCI who are not treated
with a GP IIb-IIIa antagonist, we recommend bivalirudin

(0.75 mg/kg bolus followed by an infusion of 1.75 mg/kg/h
for the duration of PCI) over heparin during PCI
(Grade 1A).

5.2.2. In PCI patients who are at low risk for complica-
tions, we recommend bivalirudin as an alternative to
heparin as an adjunct to GP IIb-IIIa antagonists (Grade
1B).

5.2.3. In PCI patients who are at high risk for bleeding,
we recommend bivalirudin over heparin as an adjunct to
GP IIb-IIIa antagonists (Grade 1B).

6.0 Patients Undergoing PCI: Vitamin K
Antagonists

6.0. In patients who undergo PCI with no other indi-
cation for systemic anticoagulation therapy, we recom-
mend against routine use of warfarin (or other vitamin K
antagonists) after PCI (Grade 1A).

ACKNOWLEDGMENT: We are grateful to Serap Sobnosky,
MD, who reviewed the chapter and provided editorial comments.

References
1 Myler RK, Shaw RE, Stertzer SH, et al. Lesion morphology

and coronary angioplasty: current experience and analysis.
J Am Coll Cardiol 1992; 19:1641–1652

2 Use of a monoclonal antibody directed against the platelet
glycoprotein IIb/IIIa receptor in high-risk coronary angio-
plasty: the EPIC Investigation. N Engl J Med 1994; 330:
956–961

3 de Feyter P, van den Brand M, Jaarman G, et al. Acute
coronary artery occlusion during and after percutaneous
transluminal coronary angioplasty: frequency, prediction,
clinical course, management and follow-up. Circulation
1991; 83:927–936

4 Detre KM, Holmes DR Jr, Holubkov R, et al. Incidence and
consequences of periprocedural occlusion: the 1985–1986
National Heart, Lung, and Blood Institute Percutaneous
Transluminal Coronary Angioplasty Registry. Circulation
1990; 82:739–750

5 Lincoff AM, Popma JJ, Ellis SG, et al. Abrupt vessel closure
complicating coronary angioplasty: clinical, angiographic and
therapeutic profile. J Am Coll Cardiol 1992; 19:926–935

6 Altmann DB, Racz M, Battleman DS, et al. Reduction in
angioplasty complications after the introduction of coronary
stents: results from a consecutive series of 2242 patients. Am
Heart J 1996; 132:503–507

7 Lindsay J, Hong MK, Pinnow EE, et al. Effects of endolu-
minal coronary stents on the frequency of coronary artery
bypass grafting after unsuccessful percutaneous translumi-
nal coronary vascularization. Am J Cardiol 1996; 77:647–649

8 Morice M, Serruys P, Sousa J, et al. A randomized compar-
ison of a sirolimus-eluting stent with a standard stent for
coronary revascularization. N Engl J Med 2002; 346:1773–
1780

9 Schwartz L, Bourassa M, Lesperance J, et al. Aspirin and
dipyridamole in the prevention of restenosis after percuta-

594S Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


neous transluminal coronary angioplasty. N Engl J Med
1988; 318:1714–1719

10 Barnathan E, Schwartz J, Taylor L, et al. Aspirin and
dipyridamole in the prevention of acute coronary thrombosis
complicating coronary angioplasty. Circulation 1987; 76:
125–134

11 Lembo N, Black A, Roubin G, et al. Effect of pretreatment
with aspirin versus aspirin plus dipyridamole on frequency
and type of acute complications of percutaneous translumi-
nal coronary angioplasty. Am J Cardiol 1990; 65:422–426

12 Cho L, Bhatt D. Antiplatelet therapy in percutaneous
coronary intervention. Philadelphia, PA: Temple University
School of Medicine, 2002; 5–14

13 Mufson L, Black A, Roubin G, et al. A randomized trial of
aspirin in PTCA: effect of high versus low dose aspirin on
major complications and restenosis [abstract]. J Am Coll
Cardiol 1988; 11:236A

14 Thornton M, Gruentzig A, Hollman J, et al. Coumadin and
aspirin in prevention of recurrence after transluminal coro-
nary angioplasty: a randomized study Circulation 1984;
69:721–727

15 Bussman W-D, Kaltenbach M, Kober G, et al. The Frank-
furt experience in restenosis after coronary angioplasty.
Am J Cardiol 1987; 60:48B–49B

16 Taylor R, Gibbons F, Cope G, et al. Effects of low-dose
aspirin on restenosis after coronary angioplasty. Am J Car-
diol 1991; 68:874–878

17 Wallentin L. Aspirin (75 mg/day) after an episode of unsta-
ble coronary artery disease: long-term effects on the risk for
myocardial infarction, occurrence of severe angina and the
need for revascularization. Research Group on Instability in
Coronary Artery Disease in Southeast Sweden. J Am Coll
Cardiol 1991; 18:1587–1593

18 Peters R, Mehta S, Fox K, et al. Effects of aspirin dose when
used alone or in combination with clopidogrel in patients
with acute coronary syndromes: observations from the Clo-
pidogrel in Unstable angina to prevent Recurrent Events
(CURE) study. Circulation 2003; 108:1682–1687

19 Hollopeter G, Jantzen H, Vincent D, et al. Identification of
the platelet ADP receptor targeted by antithrombotic drugs.
Nature 2001; 409:202–207

20 Sharis P, Cannon C, Loscalzo J. The antiplatelet effects
of ticlopidine and clopidogrel. Ann Intern Med 1998; 129:
394–405

21 Herbert J, Dol F, Bernat A, et al. The antiaggregating and
antithrombotic activity of clopidogrel is potentiated by aspi-
rin in several experimental models in the rabbit. Thromb
Haemost 1998; 80:512–518

22 Fischman DL, Leon MB, Baim DS, et al. A randomized
comparison of coronary-stent placement and balloon angio-
plasty in the treatment of coronary artery disease. Stent
Restenosis Study Investigators. N Engl J Med 1994; 331:
496–501

23 Serruys P, de Jaegere P, Kiemeneij F, et al. A comparison of
balloon expandable stent implantation with balloon angio-
plasty in patients with coronary artery disease. N Engl J Med
1994; 8:489–495

24 Schomig A, Neumann FJ, Kastrati A, et al. A randomized
comparison of antiplatelet and anticoagulant therapy after
the placement of coronary-artery stents. N Engl J Med 1996;
334:1084–1089

25 Leon M, Baim D, Popma J, et al. A clinical trial comparing
three antithrombotic-drug regimens after coronary-artery
stenting. Stent Anticoagulation Restenosis Study Investiga-
tors. N Engl J Med 1998; 339:1665–1671

26 Mehran R, Aymong E, Ashby D, et al. Safety of an
aspirin-alone regimen after intracoronary stenting with a

heparin-coated stent: final results of the HOPE (HEP-
ACOAT and an Antithrombotic Regimen of Aspirin Alone)
study. Circulation 2003; 108:1078–1083

27 Bartorelli A, Trabattoni D, Montorsi P, et al. Aspirin alone
antiplatelet regimen after intracoronary placement of the
Carbostent: the ANTARES study. Catheter Cardiovasc In-
terv 2002; 55:150–156

28 Moy B, Wang J, Raffel G, et al. Hemolytic uremic syndrome
associated with clopidogrel: a case report. Arch Intern Med
2000; 160:1370–1372

29 Bennett CL, Connors JM, Carwile JM, et al. Thrombotic
thrombocytopenic purpura associated with clopidogrel.
N Engl J Med 2000; 342:1773–1777

30 Berger P, Bell M, Rihal C, et al. Clopidogrel versus ticlopi-
dine after intracoronary stent placement. J Am Coll Cardiol
1999; 34:1891–1894

31 Moussa I, Oetgen M, Roubin G, et al. Effectiveness of
clopidogrel and aspirin versus ticlopidine and aspirin in
preventing stent thrombosis after coronary stent implanta-
tion. Circulation 1999; 99:2364–2366

32 Mishkel G, Aguirre F, Ligon R, et al. Clopidogrel as
adjunctive antiplatelet therapy during coronary stenting.
J Am Coll Cardiol 1999; 34:1884–1890

33 Bertrand M, Rupprecht H, Urban P, et al. Double-blind
study of the safety of clopidogrel with and without a loading
dose in combination with aspirin compared with ticlopidine
in combination with aspirin after coronary stenting : the
clopidogrel aspirin stent international cooperative study
(CLASSICS). Circulation 2000; 102:624–629

34 Muller C, Buttner H, Petersen J, et al. A randomized
comparison of clopidogrel and aspirin versus ticlopidine and
aspirin after the placement of coronary-artery stents. Circu-
lation 2000; 101:590–593

35 Bhatt D, Marso S, Hirsch A, et al. Amplified benefit of
clopidogrel versus aspirin in patients with diabetes mellitus.
Am J Cardiol 2002; 90:625–628

36 Berger P, Mahaffey K, Meier S, et al. Safety and efficacy of
only 2 weeks of ticlopidine therapy in patients at increased
risk of coronary stent thrombosis: results from the Antiplate-
let Therapy alone versus Lovenox plus Antiplatelet therapy
in patients at increased risk of Stent Thrombosis (ATLAST)
trial. Am Heart J 2002; 143:841–846

37 Wilson S, Rihal C, Bell M, et al. Timing of coronary stent
thrombosis in patients treated with ticlopidine and aspirin.
Am J Cardiol 1999; 83:1006–1011

38 Wilson S, Fasseas P, Orford J, et al. Clinical outcome of
patients undergoing non-cardiac surgery in the two months
following coronary stenting. J Am Coll Cardiol 2003; 42:
234–240

39 Mehta S, Yusuf S, Peters R, et al. Effects of pretreatment
with clopidogrel and aspirin followed by long-term therapy
in patients undergoing percutaneous coronary intervention:
the PCI-CURE study. Lancet 2001; 358:527–533

40 Steinhubl S, Berger P, Mann J, et al. Early and sustained
dual oral antiplatelet therapy following percutaneous coro-
nary intervention: a randomized controlled trial. JAMA
2002; 288:2411–2420

41 Steinhubl S, Darrah S, Brennan D, et al. Optimal duration
of pretreatment with clopidogrel prior to PCI: data from the
CREDO trial. Circulation 2003; 108(Suppl IV):374

42 Seyfarth H, Koksch M, Roethig G, et al. Effect of 300- and
450-mg clopidogrel loading doses on membrane and soluble
P-selectin in patients undergoing coronary stent implanta-
tion. Am Heart J 2002; 143:118–123

43 Kastrati A, Mehilli J, Schuhlen H, et al. A clinical trial of
abciximab in elective percutaneous coronary intervention

www.chestjournal.org CHEST / 126 / 3 / SEPTEMBER, 2004 SUPPLEMENT 595S

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


after pretreatment with clopidogrel. N Engl J Med 2004;
350:232–238

44 Schaefer O, Gore J. Aspirin sensitivity: the role for aspirin
challenge and desensitization in postmyocardial infarction
patients. Cardiology 1999; 91:8–13

45 Wong J, Nagy C, Krinzman S, et al. Rapid oral challenge-
desensitization for patients with aspirin-related urticaria-
angioedema. J Allergy Clin Immunol 2000; 105:997–1001

46 White C, Chaitman B, Lassar T, et al. Antiplatelet agents are
effective in reducing the immediate complications of PTCA:
results of the ticlopidine multicenter trial [abstract]. Circu-
lation 1987; 76:IV-400

47 Yusuf S, Zhao F, Mehta S, et al. Effects of clopidogrel in
addition to aspirin in patients with acute coronary syn-
dromes without ST-segment elevation. N Engl J Med 2001;
345:494–502

48 Schofer J, Schluter M, Gershlick A, et al. Sirolimus-eluting
stents for treatment of patients with long atherosclerotic
lesions in small coronary arteries: double-blind, randomised
controlled trial (E-SIRIUS). Lancet 2003; 362:1093–1099

49 Moses J, Leon M, Popma J, et al. Sirolimus-eluting stents
versus standard stents in patients with stenosis in a native
coronary artery. N Engl J Med 2003; 349:1315–1323

50 Stone G, Ellis S, Cox D, et al. A polymer-based, paclitaxel-
eluting stent in patients with coronary artery disease. N Engl
J Med 2004; 350:221–231

51 Colombo A, Drzewiecki J, Banning A, et al. Randomized
study to assess the effectiveness of slow- and moderate-
release polymer-based paclitaxel-eluting stents for coronary
artery lesions. Circulation 2003; 108:788–794

52 Kunishima T, Musha H, Eto F, et al. A randomized trial of
aspirin versus cilostazol therapy after successful coronary
stent implantation. Clin Ther 1997; 19:1058–1066

53 Park S, Lee C, Kim H, et al. Effects of cilostazol on
angiographic restenosis after coronary stent placement.
Am J Cardiol 2000; 86:499–503

54 Park S, Shim W, Ho D, et al. A paclitaxel-eluting stent for
the prevention of coronary restenosis. N Engl J Med 2003;
348:1537–1545

55 Kamishirado H, Inoue T, Mizoguchi K, et al. Randomized
comparison of cilostazol versus ticlopidine hydrochloride for
antiplatelet therapy after coronary stent implantation for
prevention of late restenosis. Am Heart J 2002; 144:303–308

56 Tanabe Y, Ito E, Nakagawa I, et al. Effect of cilostazol on
restenosis after coronary angioplasty and stenting in com-
parison to conventional coronary artery stenting with ticlo-
pidine. Int J Cardiol 2001; 78:285–291

57 Tsuchikane E, Fukuhara A, Kobayashi T, et al. Impact of
cilostazol on restenosis after percutaneous coronary balloon
angioplasty. Circulation 1999; 100:21–26

58 Knudtson ML, Flintoft VF, Roth DL, et al. Effect of
short-term prostacyclin administration on restenosis after
percutaneous transluminal coronary angioplasty. J Am Coll
Cardiol 1990; 15:691–697

59 Serruys PW, Rutsch W, Heyndrickx GR, et al. Prevention of
restenosis after percutaneous transluminal coronary angio-
plasty with thromboxane A2-receptor blockade: a random-
ized, double-blind, placebo-controlled trial. Coronary Artery
Restenosis Prevention on Repeated Thromboxane-Antago-
nism Study (CARPORT). Circulation 1991; 84:1568–1580

60 Finci L, Hofling B, Ludwig B, et al. Sulotroban during and
after coronary angioplasty: a double-blind, placebo con-
trolled study. Kardiologie 1989; 78:50–54

61 Savage M, Goldberg S, Macdonald R, et al. Multi-hospital
Eastern Atlantic restenosis trial II: A placebo-controlled trial
of thromboxane blockade in the prevention of restenosis

following coronary angioplasty. Am Heart J 1991; 122:1239–
1244

62 Serruys PW, Klein W, Tijssen JP, et al. Evaluation of
ketanserin in the prevention of restenosis after percutaneous
transluminal coronary angioplasty: a multicenter random-
ized double-blind placebo-controlled trial. Circulation 1993;
88:1588–1601

63 Fujita M, Mizuno K, Ho M, et al. Sarpogrelate treatment
reduces restenosis after coronary stenting. Am Heart J 2003;
145:E16

64 Gershlick A, Spriggins D, Davies S, et al. Failure of
epoprostenol (prostacyclin, PGI2) to inhibit platelet aggre-
gation and to prevent restenosis after coronary angioplasty:
results of a randomised placebo controlled trial. Br Heart J
1994; 71:7–15

65 Darius H, Nixdorff U, Zander J, et al. Effects of ciprostene
on restenosis rate during therapeutic transluminal coronary
angioplasty. Agents Actions Suppl 1992; 37:305–311

66 Platelet glycoprotein IIb/IIIa receptor blockade and low-
dose heparin during percutaneous coronary revasculariza-
tion. The EPILOG Investigators. N Engl J Med 1997;
336:1689–1696

67 Randomised placebo-controlled and balloon-angioplasty-
controlled trial to assess safety of coronary stenting with use
of platelet glycoprotein-IIb/IIIa blockade: evaluation of
platelet IIb/IIIa inhibitor for stenting. The EPISTENT
Investigators. Lancet 1998; 352: 87–92

68 Topol EJ, Califf RM, Weisman HF, et al. Randomised trial
of coronary intervention with antibody against platelet IIb/
IIIa integrin for reduction of clinical restenosis: results at six
months. The EPIC Investigators. Lancet 1994; 343:881–886

69 Marso S, Bhatt D, Tanguay J-F, et al. Synergy of stenting
plus abciximab in diabetic patients: persistence through
1-year follow-up from EPISTENT [abstract]. Circulation
1999; 100:I-365

70 Roffi M, Moliterno D, Meier B, et al. Impact of different
platelet glycoprotein IIb/IIIa receptor inhibitors among
diabetic patients undergoing percutaneous coronary inter-
vention: Do Tirofiban and ReoPro Give Similar Efficacy
Outcomes Trial (TARGET) 1-year follow-up. Circulation
2002; 105:2730–2736

71 Mathew V, Grill D, Scott C, et al. The influence of
abciximab use on clinical outcome after aortocoronary vein
graft interventions. J Am Coll Cardiol 1999; 34:1163–1169

72 Muhlestein JB, Karagounis LA, Treehan S, et al. “Rescue”
utilization of abciximab for the dissolution of coronary
thrombus developing as a complication of coronary angio-
plasty. J Am Coll Cardiol 1997; 30:1729–1734

73 Kong D, Hasselblad V, Harrington R, et al. Meta-analysis of
survival with platelet glycoprotein IIb/IIIa antagonists for
percutaneous coronary interventions. Am J Cardiol 2003;
92:651–655

74 Randomised placebo-controlled trial of effect of eptifibatide
on complications of percutaneous coronary intervention:
IMPACT-II; Integrilin to Minimise Platelet Aggregation
and Coronary Thrombosis-II. Lancet 1997; 349:1422–1428

75 Novel dosing regimen of eptifibatide in planned coronary
stent implantation (ESPRIT): a randomised, placebo-con-
trolled trial. Lancet 2000; 356:2037–2044

76 O’Shea J, Hafley G, Greenberg S, et al. Platelet glycoprotein
IIb/IIIa integrin blockade with eptifibatide in coronary stent
intervention: the ESPRIT trial; a randomized controlled
trial. JAMA 2001; 285:2468–2473

77 Inhibition of the platelet glycoprotein IIb/IIIa receptor with
tirofiban in unstable angina and non-Q-wave myocardial
infarction: Platelet Receptor Inhibition in Ischemic Syn-
drome Management in Patients Limited by Unstable Signs

596S Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


and Symptoms (PRISM-PLUS) Study Investigators. N Engl
J Med 1998; 338:1488–1497

78 Effects of platelet glycoprotein IIb/IIIa blockade with tiro-
fiban on adverse cardiac events in patients with unstable
angina or acute myocardial infarction undergoing coronary
angioplasty: the RESTORE Investigators; Randomized Ef-
ficacy Study of Tirofiban for Outcomes and Restenosis.
Circulation 1997; 96:1445–1453

79 Topol E, Moliterno D, Herrmann H, et al. Comparison of
two platelet glycoprotein IIb/IIIa inhibitors, tirofiban and
abciximab, for the prevention of ischemic events with
percutaneous coronary revascularization. N Engl J Med
2001; 344:1888–1894

80 Simon D, Liu C, Ganz P, et al. A comparative study of light
transmission aggregometry and automated bedside platelet
function assays in patients undergoing percutaneous coro-
nary intervention and receiving abciximab, eptifibatide, or
tirofiban. Catheter Cardiovasc Interv 2001; 52:425–432

81 Soffer D, Moussa I, Karatepe M, et al. Suboptimal inhibition
of platelet aggregation following tirofiban bolus in patients
undergoing percutaneous coronary intervention for unstable
angina pectoris. Am J Cardiol 2003; 91:872–875

82 Kabbani S, Aggarwal A, Terrien E, et al. Suboptimal early
inhibition of platelets by treatment with tirofiban and impli-
cations for coronary interventions. Am J Cardiol 2002;
89:647–650

83 Batchelor W, Tolleson T, Huang Y, et al. Randomized
comparison of platelet inhibition with abciximab, tirofiban
and eptifibatide during percutaneous coronary intervention
in acute coronary syndromes: the COMPARE trial; Com-
parison Of Measurements of Platelet aggregation with Ag-
grastat, Reopro, and Eptifibatide. Circulation 2002; 106:
1470–1476

84 Schneider D, Herrmann H, Lakkis N, et al. Enhanced early
inhibition of platelet aggregation with an increased bolus of
tirofiban. Am J Cardiol 2002; 90:1421–1423

85 Hamm C, Heeschen C, Goldmann B, et al. Benefit of
abciximab in patients with refractory unstable angina in
relation to serum troponin T levels: c7E3 Fab Antiplatelet
Therapy in Unstable Refractory Angina (CAPTURE) Study
Investigators. N Engl J Med 1999; 340:1623–1629

86 Inhibition of platelet glycoprotein IIb/IIIa with eptifibatide
in patients with acute coronary syndromes: The PURSUIT
Trial Investigators. Platelet Glycoprotein IIb/IIIa in Unsta-
ble Angina: Receptor Suppression Using Integrilin Therapy.
N Engl J Med 1998; 339:436–443

87 Antman E, Cohen M, Bernink P, et al. The TIMI risk score
for unstable angina/non-ST elevation MI: a method for
prognostication and therapeutic decision making. JAMA
2000; 284:835–842

88 Sabatine M, Antman E. The thrombolysis in myocardial
infarction risk score in unstable angina/non-ST-segment
elevation myocardial infarction. J Am Coll Cardiol 2003;
41:89S–95S

89 Morrow D, Antman E, Snapinn S, et al. An integrated
clinical approach to predicting the benefit of tirofiban in
non-ST elevation acute coronary syndromes: application of
the TIMI Risk Score for UA/NSTEMI in PRISM-PLUS.
Eur Heart J 2002; 23:223–229

90 Neumann F, Kastrati A, Pogatsa-Murray G, et al. Evaluation
of prolonged antithrombotic pretreatment (“cooling-off”
strategy) before intervention in patients with unstable cor-
onary syndromes: a randomized controlled trial. JAMA 2003;
290:1593–1599

91 Cannon C, Weintraub W, Demopoulos L, et al. Comparison
of early invasive and conservative strategies in patients with
unstable coronary syndromes treated with the glycoprotein

IIb/IIIa inhibitor tirofiban. N Engl J Med 2001; 344:1879–
1887

92 Stone G, Grines C, Cox D, et al. Comparison of angioplasty
with stenting, with or without abciximab, in acute myocar-
dial infarction. N Engl J Med 2002; 346:957–966

93 Montalescot G, Barragan P, Wittenberg O, et al. Platelet
glycoprotein IIb/IIIa inhibition with coronary stenting for
acute myocardial infarction. N Engl J Med 2001; 344:1895–
1903

94 Kaul U, Gupta R, Haridas K, et al. Platelet glycoprotein
IIb/IIIa inhibition using eptifibatide with primary coronary
stenting for acute myocardial infarction: a 30-day follow-up
study. Catheter Cardiovasc Interv 2002; 57:497–503

95 Bowers J, Ferguson J. The use of activated clotting times to
monitor heparin therapy during and after interventional
procedures. Clin Cardiol 1994; 17:357–361

96 Dougherty K, Gaos C, Bush H, et al. Activated clotting times
and activated partial thromboplastin times in patients un-
dergoing coronary angioplasty who receive bolus doses of
heparin. Cathet Cardiovasc Diagn 1992; 26:260–263

97 Narins CR, Hillegass WB Jr, Nelson CL, et al. Relation
between activated clotting time during angioplasty and
abrupt closure. Circulation 1996; 93:667–671

98 Ferguson J, Dougherty K, Gaos C, et al. Relation between
procedural activated clotting time and outcome after percu-
taneous transluminal coronary angioplasty. J Am Coll Car-
diol 1994; 23:1061–1065

99 Chew D, Bhatt D, Lincoff A, et al. Defining the optimal
activated clotting time during percutaneous coronary inter-
vention: aggregate results from 6 randomized, controlled
trials. Circulation 2001; 103:961–966

100 Koch KT, Piek JJ, de Winter RJ, et al. Early ambulation after
coronary angioplasty and stenting with six French guiding
catheters and low-dose heparin. Am J Cardiol 1997; 80:
1084–1086

101 Boccara A, Benamer H, Juliard J, et al. A randomized trial of
a fixed high dose versus a low weight adjusted low dose of
intravenous heparin during coronary angioplasty. Eur
Heart J 1997; 18:631–635

102 Ellis S, Roubin G, Wilentz J, et al. Effect of 18- to 24-hour
heparin administration for prevention of restenosis after
uncomplicated coronary angioplasty. Am Heart J 1989;
117:777–782

103 Friedman HZ, Cragg DR, Glazier SM, et al. Randomized
prospective evaluation of prolonged versus abbreviated in-
travenous heparin therapy after coronary angioplasty. J Am
Coll Cardiol 1994; 24:1214–1219

104 Brack MJ, Ray S, Chauhan A, et al. The Subcutaneous
Heparin and Angioplasty Restenosis Prevention (SHARP)
trial: results of a multicenter randomized trial investigating
the effects of high dose unfractionated heparin on angio-
graphic restenosis and clinical outcome. J Am Coll Cardiol
1995; 26:947–954

105 Kereiakes D, Montalescot G, Antman E, et al. Low-molec-
ular-weight heparin therapy for non-ST-elevation acute cor-
onary syndromes and during percutaneous coronary inter-
vention: an expert consensus. Am Heart J 2002; 144:615–
624

106 Rabah M, Premmereur J, Graham M, et al. Usefulness of
intravenous enoxaparin for percutaneous coronary interven-
tion in stable angina pectoris. Am J Cardiol 1999; 84:1391–
1395

107 Grines C. Anticoagulation requirements for coronary inter-
ventions and the role of low molecular weight heparins.
J Invasive Cardiol 1999; 11:7A–12A

108 Brieger D, Solanki V, Gaynor M, et al. Optimal strategy for
administering enoxaparin to patients undergoing coronary

www.chestjournal.org CHEST / 126 / 3 / SEPTEMBER, 2004 SUPPLEMENT 597S

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


angiography without angioplasty for acute coronary syn-
dromes. Am J Cardiol 2002; 89:1167–1170

109 Arjomand H, Surabhi S, Cohen M. Unfractionated versus
fractionated heparin for percutaneous coronary interven-
tion. Curr Cardiol Rep 2002; 4:327–333

110 Ferguson J, Antman E, Bates E, et al. Combining enoxapa-
rin and glycoprotein IIb/IIIa antagonists for the treatment of
acute coronary syndromes: final results of the National
Investigators Collaborating on Enoxaparin-3 (NICE-3)
study. Am Heart J 2003; 146:628–634

111 Preisack M, Bonan R, Meisner C, et al. Incidence, outcome
and prediction of early clinical events following percutane-
ous transluminal coronary angioplasty: a comparison be-
tween treatment with reviparin and unfractionated heparin/
placebo (results of a substudy of the REDUCE trial). Eur
Heart J 1998; 19:1232–1238

112 Miller L, Gupta A, Bertolet B. Use of clopidogrel loading,
enoxaparin, and double-bolus eptifibatide in the setting of
early percutaneous coronary intervention for acute coronary
syndromes. J Invasive Cardiol 2002; 14:247–250

113 Young J, Kereiakes D, Grines C. Low-molecular-weight
heparin therapy in percutaneous coronary intervention: the
NICE 1 and NICE 4 trials. National Investigators Collabo-
rating on Enoxaparin Investigators. J Invasive Cardiol 2000;
12(Suppl E):E14–E18; discussion E25–E28

114 Cohen M, Theroux P, Borzak S, et al. Randomized double-
blind safety study of enoxaparin versus unfractionated hep-
arin in patients with non-ST-segment elevation acute coro-
nary syndromes treated with tirofiban and aspirin: the
ACUTE II study. Am Heart J 2002; 144:470–477

115 Bhatt D, Lee B, Casterella P, et al. Safety of concomitant
therapy with eptifibatide and enoxaparin in patients under-
going percutaneous coronary intervention: results of the
Coronary Revascularization Using Integrilin and Single bo-
lus Enoxaparin Study. J Am Coll Cardiol 2003; 41:20–25

116 Kereiakes D, Kleiman NS, Fry E, et al. Dalteparin in
combination with abciximab during percutaneous coronary
intervention. Am Heart J 2001; 141:348–352

117 Faxon DP, Spiro TE, Minor S, et al. Low molecular weight
heparin in prevention of restenosis after angioplasty: results
of Enoxaparin Restenosis (ERA) Trial. Circulation 1994;
90:908–914

118 Lablanche JM, McFadden EP, Meneveau N, et al. Effect of
nadroparin, a low-molecular-weight heparin, on clinical and
angiographic restenosis after coronary balloon angioplasty:
the FACT study. Fraxiparine Angioplastie Coronaire Trans-
luminale. Circulation 1997; 96:3396–3402

119 Amann FW, Neuenschwander C, Meyer BJ. Fraxiparin for
prevention of restenosis after percutaneous transluminal
coronary angioplasty. Semin Thromb Haemost 1993;
1:160–163

120 Antman E. Should bivalirudin replace heparin during per-
cutaneous coronary interventions? JAMA 2003; 289:903–905

121 Lincoff A, Bittl J, Harrington R, et al. Bivalirudin and
provisional glycoprotein IIb/IIIa blockade compared with
heparin and planned glycoprotein IIb/IIIa blockade during
percutaneous coronary intervention: REPLACE-2 random-
ized trial. JAMA 2003; 289:853–863

122 Lincoff A, Kleiman N, Kottke-Marchant K, et al. Bivalirudin
with planned or provisional abciximab versus low-dose hep-
arin and abciximab during percutaneous coronary revascu-
larization: results of the Comparison of Abciximab Compli-
cations with Hirulog for Ischemic Events Trial (CACHET).
Am Heart J 2002; 143:847–853

123 Lewis B, Matthai W, Cohen M, et al. Argatroban anticoag-
ulation during percutaneous coronary intervention in pa-
tients with heparin-induced thrombocytopenia. Catheter

Cardiovasc Interv 2002; 57:177–184
124 Serruys PW, Herrman JP, Simon R, et al. A comparison of

hirudin with heparin in the prevention of restenosis after
coronary angioplasty. Helvetica Investigators. N Engl J Med
1995; 333:757–763

125 Shah P, Popma J, Piana R. Bivalirudin in percutaneous
coronary interventions and acute coronary syndromes: new
concepts, new directions. Curr Interv Cardiol Rep 1999;
1:346–358

126 Bittl JA, Strony J, Brinker JA, et al. Treatment with biva-
lirudin (Hirulog) as compared with heparin during coronary
angioplasty for unstable or postinfarction angina. Hirulog
Angioplasty Study Investigators. N Engl J Med 1995; 333:
764–769

127 Bittl J, Chaitman B, Feit F, et al. Bivalirudin versus heparin
during coronary angioplasty for unstable or postinfarction
angina: final report reanalysis of the Bivalirudin Angioplasty
Study. Am Heart J 2001; 142:952–959

128 Burchenal JE, Marks DS, Tift Mann J, et al. Effect of direct
thrombin inhibition with bivalirudin (hirulog) on restenosis
after coronary angioplasty. Am J Cardiol 1998; 82:511–515

129 Campbell K, Mahaffey K, Lewis B, et al. Bivalirudin in
patients with heparin-induced thrombocytopenia undergo-
ing percutaneous coronary intervention. J Invasive Cardiol
2000; 12(Suppl F):14F–19F

130 Machraoui A, Germing A, von DS, et al. Comparison of the
efficacy and safety of aspirin alone with coumadin plus
aspirin after provisional coronary stenting: final and fol-
low-up results of a randomized study. Am Heart J 1999;
138:663–669

131 Urban P, Buller N, Fox K, et al. Lack of effect of warfarin on
the restenosis rate or on clinical outcome after balloon
coronary angioplasty. Br Heart J 1988; 60:485–488

132 Garachemani A, Fleisch M, Windecker S, et al. Heparin and
Coumadin versus acetylsalicylic acid for prevention of reste-
nosis after coronary angioplasty. Catheter Cardiovasc Interv
2002; 55:315–320

133 ten Berg J, Kelder J, Suttorp M, et al. A randomized trial
assessing the effect of coumarins started before coronary
angioplasty on restenosis: results of the 6-month angio-
graphic substudy of the Balloon Angioplasty and Anticoag-
ulation Study (BAAS). Am Heart J 2003; 145:58–65

134 Kastrati A, Schuhlen H, Hausleiter J, et al. Restenosis after
coronary stent placement and randomization to a 4-week
combined antiplatelet or anticoagulant therapy: six-month
angiographic follow-up of the Intracoronary Stenting and
Antithrombotic Regimen (ISAR) Trial. Circulation 1997;
96:462–467

135 Berger P. Clopidogrel instead of ticlopidine after coronary
stent placement: is the switch justified? Am Heart J 2000;
140:354–358

136 Yusuf S, Mehta S, Zhao F, et al. Early and late effects of
clopidogrel in patients with acute coronary syndromes.
Circulation 2003; 107:966–972

137 Cairns JA, Gill J, Morton B, et al. Fish oils and low-
molecular-weight heparin for the reduction of restenosis
after percutaneous transluminal coronary angioplasty: the
EMPAR Study. Circulation 1996; 94:1553–1560

138 Karsch KR, Preisack MB, Baildon R, et al. Low molecular
weight heparin (reviparin) in percutaneous transluminal
coronary angioplasty: results of a randomized, double-blind,
unfractionated heparin and placebo-controlled, multicenter
trial (REDUCE trial). Reduction of Restenosis After PTCA,
Early Administration of Reviparin in a Double-Blind Un-
fractionated Heparin and Placebo-Controlled Evaluation.
J Am Coll Cardiol 1996; 28:1437–1443

139 Schmid K, Preisack M, Voelker W, et al. First clinical

598S Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


experience with low molecular weight heparin LU 47311
(reviparin) for prevention of restenosis after percutaneous
transluminal coronary angioplasty. Semin Thromb Haemost
1993; 19(Suppl 1):155–159

140 Grassman E, Leya F, Fareed J, et al. A randomized trial of
the low-molecular-weight heparin certoparin to prevent
restenosis following coronary angioplasty. J Invasive Cardiol
2001; 13:723–728

141 Kereiakes D, Grines C, Fry E, et al. Enoxaparin and
abciximab adjunctive pharmacotherapy during percutane-

ous coronary intervention. J Invasive Cardiol 2001; 13:
272–278

142 Collet J, Montalescot G, Lison L, et al. Percutaneous
coronary intervention after subcutaneous enoxaparin pre-
treatment in patients with unstable angina pectoris. Circu-
lation 2001; 103:658–663

143 Choussat R, Montalescot G, Collet J, et al. A unique, low
dose of intravenous enoxaparin in elective percutaneous
coronary intervention. J Am Coll Cardiol 2002; 40:1943–
1950

www.chestjournal.org CHEST / 126 / 3 / SEPTEMBER, 2004 SUPPLEMENT 599S

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


DOI: 10.1378/chest.126.3_suppl.576S 
 2004;126;576-599 Chest

Grines and Jeffrey I. Weitz 
Jeffrey J. Popma, Peter Berger, E. Magnus Ohman, Robert A. Harrington, Cindy

 Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy
Antithrombotic Therapy During Percutaneous Coronary Intervention: The

This information is current as of March 5, 2006 

 & Services
Updated Information

 S
http://www.chestjournal.org/cgi/content/full/126/3_suppl/576
figures, can be found at: 
Updated information and services, including high-resolution

 References

 S#BIBL
http://www.chestjournal.org/cgi/content/full/126/3_suppl/576
free at: 
This article cites 142 articles, 73 of which you can access for

 Citations

 S#otherarticles
http://www.chestjournal.org/cgi/content/full/126/3_suppl/576
This article has been cited by 4 HighWire-hosted articles: 

 Permissions & Licensing

 http://www.chestjournal.org/misc/reprints.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.chestjournal.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 Email alerting service
sign up in the box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article

 Images in PowerPoint format

article figure for directions. 
teaching purposes in PowerPoint slide format. See any online 
Figures that appear in CHEST articles can be downloaded for

 by on March 5, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org/cgi/content/full/126/3_suppl/576S
http://www.chestjournal.org/cgi/content/full/126/3_suppl/576S#BIBL
http://www.chestjournal.org/cgi/content/full/126/3_suppl/576S#otherarticles
http://www.chestjournal.org/misc/reprints.shtml
http://www.chestjournal.org/misc/reprints.shtml
http://www.chestjournal.org

