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ACS and PCIACS and PCI
Plaque RupturePlaque Rupture

ThrombosisThrombosis EmbolizationEmbolization
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GP IIb/IIIa Interventional TrialsGP IIb/IIIa Interventional Trials
Primary Composite Endpoint at 30 DaysPrimary Composite Endpoint at 30 Days

EPICEPIC EPILOGEPILOG EPISTENTEPISTENT IMPACT IIIMPACT II ESPRITESPRIT RESTORERESTORE
00

33

66

99

1212

1515
Death, MI, Urg Revasc - 30 Days (%)Death, MI, Urg Revasc - 30 Days (%)

12.812.8

8.38.3

11.711.7

5.35.3

10.810.8

5.35.3

11.411.4
9.59.5

10.510.5

6.86.8

10.510.5

8.08.0

Placebo GP IIb/IIIa

(n = 2099)(n = 2099)
PTCAPTCA

(n = 2792)(n = 2792)
PTCAPTCA

(n = 1603)(n = 1603)
StentStent

(n = 4010)(n = 4010)
PTCAPTCA

(n = 2064)(n = 2064)
StentStent

(n = 2139)(n = 2139)
PTCAPTCA

AbciximabAbciximab EptifibatideEptifibatide TirofibanTirofiban

p = 0.008 p < 0.001 p < 0.001 p = 0.077 p = 0.003 p = 0.052



Primary EndpointPrimary Endpoint

NonNon--inferiority boundaryinferiority boundary

Upper bound of 95%Upper bound of 95%
confidence interval = 1.52confidence interval = 1.52

��

1.471.47

1.001.00

AbciximabAbciximab
BetterBetter

TirofibanTirofiban
BetterBetter

RR = 1.26

TirofibanTirofiban AbciximabAbciximab
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1010
% of Patients% of Patients

7.557.55

6.016.01

Death, MI,Death, MI, UrgUrg TVRTVR
at 30 Daysat 30 Days

p = 0.037



PeriproceduralPeriprocedural CKCK--MB ElevationMB Elevation

Ricciardi et al.  Circulation 2001;103:2780Ricciardi et al.  Circulation 2001;103:2780

CCFCCF EPILOGEPILOG EPISTENTEPISTENT WCCWCC BOATBOAT
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Late Mortality (%)Late Mortality (%)
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7.57.5

3.83.8

7.87.8
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No MI MI



33--Year Follow UpYear Follow Up
EPIC, EPILOG, EPISTENT TrialsEPIC, EPILOG, EPISTENT Trials

N = 5799 PatientsN = 5799 Patients
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Mortality Risk ScoreMortality Risk Score
EPIC, EPILOG, EPISTENT TrialsEPIC, EPILOG, EPISTENT Trials

Risk FactorRisk Factor Point ScorePoint Score

AgeAge yearsyears -- 1818
Hx CHFHx CHF 1818
Prior CABGPrior CABG 1212
DiabetesDiabetes 99
Smoked prior yrSmoked prior yr 99
PVODPVOD 66
HTNHTN 55
Prior MIPrior MI 44
CreatinineCreatinine 1 per 0.2 mg/dl1 per 0.2 mg/dl

Low
Risk
Low
Risk

Moderate
Risk

Moderate
Risk

High
Risk
High
Risk

00

33

66

99

1212
Mortality at 3 Years (%)Mortality at 3 Years (%)

Risk Tertile*Risk Tertile*

1.61.6 1.41.4

5.65.6
4.54.5

11.711.7

9.09.0

Placebo
Abciximab

Kereiakes et al. AJC 2002;90:628.Kereiakes et al. AJC 2002;90:628.



Abciximab and InflammationAbciximab and Inflammation
Reduced Monocyte Platelet InteractionReduced Monocyte Platelet Interaction

and Macand Mac--1 Expression During Stenting for Acute MI1 Expression During Stenting for Acute MI
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p <0.002 p <0.004

N = 100 pts N = 100 pts

Neumann et al.  JACC 1999;34:1420.Neumann et al.  JACC 1999;34:1420.



Acute Coronary SyndromesAcute Coronary Syndromes
Multiple Plaque Rupture Multiple Plaque Rupture -- IVUS StudyIVUS Study
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1010
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% of Patients% of Patients

#r Additional Ruptured Plaques#r Additional Ruptured Plaques

�� 24 pts within 2.3 24 pts within 2.3 
++ 1.5 wks of ACS 1.5 wks of ACS 
onsetonset

�� 33--vessel IVUSvessel IVUS

Rioufol et al.  Circulation 2002;106:804.Rioufol et al.  Circulation 2002;106:804.



HeparinsHeparins

Weitz JI.  NEJM 1997;337:689.Weitz JI.  NEJM 1997;337:689.
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Heparin During PCIHeparin During PCI
ACT and Clinical OutcomeACT and Clinical Outcome
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Death, MI, or Revasc (7 Days) - %Death, MI, or Revasc (7 Days) - %

ACT at Device Activation (s)ACT at Device Activation (s)

10.110.1
11.111.1

8.68.6 8.98.9

6.66.6
7.57.5 7.77.7

9.89.8
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200200 250250 300300 350350 400400 450450

Major Bleeding - %Major Bleeding - %

Maximum ACT (s)Maximum ACT (s)

16.916.9

12.412.4

8.68.6
9.99.9

12.412.4
13.713.7

12.412.4

16.316.3
N = 5216

Chew DP.  Circulation 2001;103:961.Chew DP.  Circulation 2001;103:961.



SYNERGY TrialSYNERGY Trial

Ischemic and Hemorrhagic EndpointsIschemic and Hemorrhagic Endpoints

Death
or MI

Death
or MI

DeathDeath MIMI
00

55

1010

1515

2020 30 Day Primary Endpoint (%)30 Day Primary Endpoint (%)

14.514.5 14.014.0

3.13.1 3.23.2

12.712.7
11.711.7

Heparin (n=4982)
Enoxaparin (n = 4992)

GUSTO
Severe
GUSTO
Severe

TIMI
Major
TIMI

Major
Trans-
fusion
Trans-
fusion

00

55

1010

1515

2020 Bleeding (%)Bleeding (%)

2.42.4 2.92.9

7.67.6
9.19.1

16.016.0
17.017.0

p = 0.106

p = 0.008

p = 0.155

p = 0.396



Direct Thrombin InhibitorsDirect Thrombin Inhibitors

SubstrateSubstrate
Recognition SiteRecognition Site

CatalyticCatalytic
  Site  Site

HeparinHeparin
Binding SiteBinding Site

FibrinogenFibrinogen
Binding SiteBinding Site

ThrombinThrombin

HirudinHirudin BivalirudinBivalirudin

ArgatrobanArgatrobanEfegatranEfegatran

PlateletPlatelet
Interaction SiteInteraction Site



Direct Thrombin Inhibitors in ACSDirect Thrombin Inhibitors in ACS
MetaMeta--Analysis vs HeparinAnalysis vs Heparin

DTIDTI
(n=18,786)(n=18,786)Odds Ratio & 95% CIOdds Ratio & 95% CIEndpointEndpoint

HeparinHeparin
(n=17,184)(n=17,184)

8.2%8.2%Death / MI (30 d)Death / MI (30 d) 7.4%7.4%

0.50.5 11 22
Heparin BetterHeparin BetterDTI BetterDTI Better

��

��

��

��

��

�� 0.16%0.16%ICH (on Rx)ICH (on Rx) 0.11%0.11%

2.3%2.3%Maj Bleed (on Rx)Maj Bleed (on Rx) 1.9%1.9%

0.64%0.64%Stroke (30 d)Stroke (30 d) 0.64%0.64%

5.3%5.3%MI (30 d)MI (30 d) 4.7%4.7%

3.7%3.7%Death (30 d)Death (30 d) 3.6%3.6%

Direct Thrombin Inhibitor Trialists Collaborative Group.  LancetDirect Thrombin Inhibitor Trialists Collaborative Group.  Lancet 2002;359:294.2002;359:294.



Bivalirudin Angioplasty TrialBivalirudin Angioplasty Trial
Bivalirudin vs Heparin During PTCA for ACSBivalirudin vs Heparin During PTCA for ACS

Death, MI,
Revasc

Death, MI,
Revasc

DeathDeath MIMI RevascRevasc Major
Bleed
Major
Bleed

00

22

44

66

88

1010
Event Rate (7 Days -%)Event Rate (7 Days -%)

7.97.9

6.26.2

0.20.2 0.20.2

4.24.2
3.33.3

5.65.6

4.24.2

9.39.3

3.53.5

Heparin (n = 2151)
Bivalirudin (n = 2161)

p = 0.039

p = 0.03

p <0.001

Bittl JA et al.  Am Heart J 2001;142:952.3Bittl JA et al.  Am Heart J 2001;142:952.3



BivalirudinBivalirudin
Reversible Thrombin InhibitionReversible Thrombin Inhibition

ThrombinThrombin

Exosite 1Exosite 1

Catalytic SiteCatalytic Site

BivalirudinBivalirudin

TetraglycineTetraglycine
spacerspacer

Cleavage of ArgCleavage of Arg--ProPro
by thrombinby thrombin

Catalytic Site - active fibrin cleavage site
Exosite 1 - substrate (fibrin) binding site
Catalytic Site Catalytic Site -- active fibrin cleavage siteactive fibrin cleavage site
Exosite 1Exosite 1 -- substrate (fibrin) binding sitesubstrate (fibrin) binding site

Once bound to thrombin, bivalirudin 
converted from non-competitive inhibitor of 
both catalytic site and exosite 1 to 
competitive inhibitor of exosite 1 only

Once bound to thrombin, bivalirudin Once bound to thrombin, bivalirudin 
converted from nonconverted from non--competitive inhibitor of competitive inhibitor of 
both catalytic site and exosite 1 to both catalytic site and exosite 1 to 
competitive inhibitor of exosite 1 onlycompetitive inhibitor of exosite 1 only

Bates and Weitz.  AJC 1998;82:12P.Bates and Weitz.  AJC 1998;82:12P.



Trial DesignTrial Design
Bivalirudin vs Heparin + GP IIb/IIIa During PCIBivalirudin vs Heparin + GP IIb/IIIa During PCI

Randomization - double blind, triple dummyRandomization - double blind, triple dummy
N ~ 6000 Patients:  Urgent or Elective PCI N ~ 6000 Patients:  Urgent or Elective PCI 

Heparin
65 U/kg initial bolus

Planned GP IIb/IIIa
(abciximab or eptifibatide)

Heparin
65 U/kg initial bolus

Planned GP IIb/IIIa
(abciximab or eptifibatide)

Bivalirudin
0.75 mg/kg initial bolus,

1.75 mg/kg-hr during PCI

Provisional GP IIb/IIIa
(abciximab or eptifibatide)

Bivalirudin
0.75 mg/kg initial bolus,

1.75 mg/kg-hr during PCI

Provisional GP IIb/IIIa
(abciximab or eptifibatide)

target ACTtarget ACT
>> 225 sec225 sec

abciximab:  0.25 mg/kg bolus, 0.125 abciximab:  0.25 mg/kg bolus, 0.125 ��g/kgg/kg--min (max 10 min (max 10 ��g/min) x 12 hrsg/min) x 12 hrs
eptifibatide:  180 eptifibatide:  180 ��g/kg double bolus, 2.0g/kg double bolus, 2.0 ��g/kgg/kg--min x 18min x 18--24 hrs24 hrs

�� ““Quadruple EndpointQuadruple Endpoint”” at 30 Daysat 30 Days ��



Quadruple Endpoint Quadruple Endpoint 

30 Day Primary Endpoint Components30 Day Primary Endpoint Components

CompositeComposite DeathDeath MIMI Urgent
Revasc
Urgent
Revasc

Major
Bleeding

Major
Bleeding

00

22

44

66

88

1010

1212
% of Patients% of Patients

10.010.0
9.29.2

0.40.4 0.20.2

6.26.2
7.07.0

1.41.4 1.21.2

4.14.1

2.42.4

Heparin + GP IIb/IIIa (n = 3008)
Bivalirudin (n = 2994)

p <0.001



Myocardial InfarctionMyocardial Infarction

Types of MITypes of MI

Heparin +
GP IIb/IIIa
Heparin +
GP IIb/IIIa

BivalirudinBivalirudin
00
11
22
33
44
55
66
77
88
99 MI - 48 Hours (%)MI - 48 Hours (%)

1.31.3

1.71.7

2.52.5

1.41.4

2.42.4

2.32.3

CK-MB>10X

CK-MB 5-10X

CK-MB 3-5X

Heparin +
GP IIb/IIIa
Heparin +
GP IIb/IIIa

BivalirudinBivalirudin
00
11
22
33
44
55
66
77
88
99

MI - 30 Days (%)MI - 30 Days (%)

0.40.4

5.85.8

0.40.4

6.66.6

Q-MI NonQ-MI



Bleeding ComplicationsBleeding Complications
Heparin +Heparin +

BivalirudinBivalirudin GP IIb/IIIa GP IIb/IIIa 
(% of Patients) (% of Patients) N = 2994 N = 2994 N = 3008N = 3008 PP--valuevalue

Major bleedingMajor bleeding 2.42.4 4.14.1 < 0.001< 0.001
Minor bleedingMinor bleeding 13.413.4 25.725.7 <0.001<0.001
TIMI MajorTIMI Major 0.60.6 0.90.9 0.300.30
TIMI MinorTIMI Minor 1.31.3 3.03.0 <0.001<0.001

Thrombocytopenia (<100K)Thrombocytopenia (<100K) 0.70.7 1.71.7 <0.001<0.001

TransfusionsTransfusions 1.71.7 2.52.5 0.0210.021
PRBCPRBC 1.41.4 1.91.9 0.1660.166
PlateletsPlatelets 0.30.3 0.60.6 0.1330.133

Retroperitoneal hemorrhageRetroperitoneal hemorrhage 0.20.2 0.50.5 0.0620.062
Sheath site hemorrhageSheath site hemorrhage 0.80.8 2.52.5 <0.001<0.001



Advantages of BivalirudinAdvantages of Bivalirudin

Duration of Study
Drug Infusions

Duration of Study
Drug Infusions

AbciximabAbciximab 12 hrs12 hrs

EptifibatideEptifibatide 18 hrs18 hrs

BivalirudinBivalirudin 0.73 hrs0.73 hrs

AbciximabAbciximab $1300$1300

EptifibatideEptifibatide $615$615

BivalirudinBivalirudin $470$470

Wholesale Acquisition
Costs

Wholesale Acquisition
Costs

approximate costs based uponapproximate costs based upon
average 87 kg patientaverage 87 kg patient

in REPLACEin REPLACE--22



11--Year Results Year Results 
MortalityMortality

00

0.50.5

11

1.51.5

22

2.52.5

33

00 6060 120120 180180 240240 300300 360360

Mortality (% of Patients)Mortality (% of Patients)

Days from RandomizationDays from Randomization

Heparin + GP IIb/IIIa

Bivalirudin

HR = 0.779 [0.549 - 1.105]
p = 0.160

72 / 3008
= 2.46%

56 / 2994
= 1.89%



1 Year Mortality1 Year Mortality
Mortality by Risk TertileMortality by Risk Tertile

Risk FactorRisk Factor Hazard RatioHazard Ratio

AgeAge 1.05 /yr1.05 /yr
TobaccoTobacco 1.851.85
Hx anginaHx angina 2.022.02
CHFCHF 3.103.10
DiabetesDiabetes 1.501.50
CreatinineCreatinine 1.66 /mg/dl1.66 /mg/dl
BMIBMI << 2828 0.900.90
BMI > 28BMI > 28 1.141.14
USAUSA -- NENE 0.410.41
USAUSA -- SESE 0.570.57

LowLow ModerateModerate HighHigh
00
11
22
33
44
55
66
77

Mortality - 1 Year (%)Mortality - 1 Year (%)

Risk TertileRisk Tertile

0.30.3 0.40.4 0.80.8 1.11.1

6.06.0

3.93.9

Heparin + GP IIb/IIIa

Bivalirudin

p = 0.047



Exclusion CriteriaExclusion Criteria

Acute MI or Ongoing Anticoagulant TherapyAcute MI or Ongoing Anticoagulant Therapy

		 primary or rescue PCI for acute MIprimary or rescue PCI for acute MI

		 UFH within prior 6 hr unless aPTT UFH within prior 6 hr unless aPTT << 50 s or ACT 50 s or ACT << 175 s175 s

		 LMWH within prior 8 hrLMWH within prior 8 hr

		 bivalirudin within prior 24 hrbivalirudin within prior 24 hr

		 abciximab within prior 7 daysabciximab within prior 7 days

		 eptifibatide or tirofiban within prior 12 hreptifibatide or tirofiban within prior 12 hr

		 warfarin Rxwarfarin Rx



GP IIb/IIIa in Acute MIGP IIb/IIIa in Acute MI
Abciximab and PCI Abciximab and PCI -- 30 Day Endpoint30 Day Endpoint

RAPPORTRAPPORT ISAR-2ISAR-2 ADMIRALADMIRAL CADILLACCADILLAC ACEACE
00
22
44
66
88

1010
1212
1414
1616 Death, MI, TVR at 30 Days (%)Death, MI, TVR at 30 Days (%)

12.012.0

4.64.6

10.510.5

5.05.0

14.714.7

7.37.3 7.07.0

4.64.6

10.510.5

4.54.5

No Abciximab
Abciximab

p = 0.005 p = 0.038

p <0.05

p <0.001

p = 0.01

PTCAPTCA
N = 483N = 483

StentStent
N = 401N = 401

StentStent
N = 301N = 301

PTCA, StentPTCA, Stent
N = 2082N = 2082

StentStent
N = 400N = 400



GP IIb/IIIa in PCI for USAGP IIb/IIIa in PCI for USA
EPIC, EPILOG, EPISTENT TrialsEPIC, EPILOG, EPISTENT Trials
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33

66

99

1212

1515

00 6060 120120 180180 240240 300300 360360

Death or MI (% of Patients)Death or MI (% of Patients)

Days After RandomizationDays After Randomization

Placebo (n = 1262)

Abciximab (n = 2216)
00

33

66

99

1212

1515

00 6060 120120 180180 240240 300300 360360

Death or MI (% of Patients)Death or MI (% of Patients)

Days After RandomizationDays After Randomization

Placebo (n = 1130)

Abciximab (n = 1842)

Unstable AnginaUnstable Angina Stable AnginaStable Angina

13.1%

9.0%

13.2%

6.7%

p < 0.001 p < 0.001



11--Year ResultsYear Results

Clop Pre-RxClop Pre-Rx No Clop Pre-RxNo Clop Pre-Rx
00

11

22

33

44
1-Yr Mortality (%)1-Yr Mortality (%)

2.52.5

2.02.0
1.81.8

1.51.5

Heparin + GP IIb/IIIa
Bivalirudin

ACSACS No ACSNo ACS
00

11

22

33

44 1-Yr Mortality (%)1-Yr Mortality (%)

1.81.8
1.51.5

2.52.5

2.02.0

Heparin + GP IIb/IIIa
Bivalirudin

n = 670 n = 660 n = 2246 n = 2249 n = 2532 n = 2555 n = 436 n = 396

ACSACS Clopidogrel Pre-RxClopidogrel Pre-Rx



11--Year ResultsYear Results

Hep Prior 48hrHep Prior 48hr No HepNo Hep
00

11

22

33

44

55

66
1-Yr Mortality (%)1-Yr Mortality (%)

3.33.3

2.22.2 2.32.3
1.91.9

Heparin + GP IIb/IIIa
Bivalirudin

LMWH Prior 48hrLMWH Prior 48hr No LMWHNo LMWH
00

11

22

33

44

55

66 1-Yr Mortality (%)1-Yr Mortality (%)

4.94.9

2.12.1 2.12.1 1.91.9

Heparin + GP IIb/IIIa
Bivalirudin

n = 365 n = 320 n = 2603 n = 2631 n = 308 n = 283 n = 2660 n = 2668

Heparin Pre-RxHeparin Pre-Rx LMWH Pre-RxLMWH Pre-Rx



Antithrombotic Rx in PCIAntithrombotic Rx in PCI
A Stratified ApproachA Stratified Approach

HeparinHeparin

AbciximabAbciximab

AspirinAspirin

ClopidogrelClopidogrel
for 1 yearfor 1 year

Consider PreConsider Pre--RxRx

HighHigh--Risk PCIRisk PCI
w/o Prew/o Pre--RxRx

AspirinAspirin

BivalirudinBivalirudin

ClopidogrelClopidogrel
for 1 yearfor 1 year

Consider PreConsider Pre--RxRx

Low / ModerateLow / Moderate--
Risk PCIRisk PCI

ClopidogrelClopidogrel
for 1 yearfor 1 year

Consider PreConsider Pre--RxRx

EptifibatideEptifibatide
or Tirofibanor Tirofiban

AspirinAspirin

Heparin orHeparin or
EnoxaparinEnoxaparin

HighHigh--Risk ACS/Risk ACS/
PCI w/ PrePCI w/ Pre--RxRx





ACUITY TrialACUITY Trial
Bivalirudin in ACSBivalirudin in ACS

UA or NSTEMI, TIMI Risk Score 3UA or NSTEMI, TIMI Risk Score 3--7, new ST 7, new ST 

’’s, or Troponin or CK elevations, or Troponin or CK elevation
(N = 13,800 patients, 600 sites in NA, Europe, Australasia)(N = 13,800 patients, 600 sites in NA, Europe, Australasia)

Aspirin + clopidogrel per local practiceAspirin + clopidogrel per local practice

Catheterization +/Catheterization +/-- revascularization within 48 hoursrevascularization within 48 hours

EnoxaparinEnoxaparin
1 mg/kg BID1 mg/kg BID

NoNo
GP IIb/IIIaGP IIb/IIIa GP IIb/IIIa GP IIb/IIIa 

GP IIb/IIIaGP IIb/IIIa
with PCIwith PCI

GP IIb/IIIaGP IIb/IIIa
with PCIwith PCI

BivalirudinBivalirudin
0.1 mg/kg bolus,0.1 mg/kg bolus,
0.25 mg/kg0.25 mg/kg--hr IVhr IV

NoNo
GP IIb/IIIaGP IIb/IIIa

ProvisionalProvisional
GP IIb/IIIaGP IIb/IIIa

BivalirudinBivalirudin
0.1 mg/kg bolus,0.1 mg/kg bolus,
0.25 mg/kg0.25 mg/kg--hr IVhr IV

NoNo
GP IIb/IIIaGP IIb/IIIa GP IIb/IIIa GP IIb/IIIa 

GP IIb/IIIaGP IIb/IIIa
with PCIwith PCI

GP IIb/IIIaGP IIb/IIIa
with PCIwith PCI

11oo Endpoint:  Death, MI, TVR, Bleeding Endpoint:  Death, MI, TVR, Bleeding -- 30 Days30 Days


