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Goal of Goal of Adjunctive Adjunctive AntithromboticsAntithrombotics
ii A tA t Ph f AMIPh f AMI

1 T t bili th t d l
in in Acute Acute Phase of AMIPhase of AMI

1. To stabilize the ruptured plaque 

2 To facilitate safe definitive2. To facilitate safe definitive 
revascularization (PCI or CABG)revascularization (PCI or CABG)



Current AntiCurrent Anti--thromboticsthrombotics in in 
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Ideal Ideal AntithromboticsAntithrombotics

 Rapid onset, possible to abolish
 Dose dependent, predictable
 No interaction with other drug No interaction with other drug
 No side effect

Bleeding RiskBleeding Risk Ischemic RiskIschemic Riskgg Ischemic RiskIschemic Risk

BestBestBest Best 
ATAT
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Issues of GPI in STEMIIssues of GPI in STEMI

 Effectiveness on contemporary dual anti-
platelet therapyplatelet therapy
BRAVE-3, ON-TIME 2, HORIZONS-AMI

Which is better? Abciximab, tirofiban, 
eptifibatideeptifibatide
 MULTISTRATEGY, HORIZONS-AMI

Ad i i i i iAdministration timing
 FINESSE



BRAVEBRAVE--3 3 Trial: STEMITrial: STEMI
Bavarian Reperfusion Bavarian Reperfusion AlternatiVesAlternatiVes EvaluationEvaluation--3 Trial3 Trial

Ab i i b ( 401) VClopidogrel 600 mg oral Abciximab (n=401) Vs. 
Placebo (n=399)

Clopidogrel 600 mg oral
Aspirin 500 mg i.v. or oral

Unfractionated Heparin 5000 IEUnfractionated Heparin 5000 IE

Final infarct size40
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ONON--TIME 2 TIME 2 Trial: STEMITrial: STEMI

High Dose tirofiban at 1

Ongoing Ongoing TirofibanTirofiban in Myocardial Infarction Evaluationin Myocardial Infarction Evaluation

High Dose tirofiban at 1 
hr before PCI (n=401) Vs. 
Placebo (n=399)

Clopidogrel 600 mg oral
Aspirin

Unfractionated Heparin 5000 u Placebo (n=399)Unfractionated Heparin 5000 u



GPI among GPI among STEMISTEMI with Primary PCIwith Primary PCI
M t l iM t l iMeta analysisMeta analysis

30 day mortality30 day mortality

ReinfarctionReinfarctionReinfarctionReinfarction

Major bleedingMajor bleeding

De Luca G, European Heart Journal (2009) 30, 2705–2713



Issues of GPI in STEMIIssues of GPI in STEMI

 Effectiveness on contemporary dual anti-
platelet therapyplatelet therapy
BRAVE-3, ON-TIME 2, HORIZONS-AMINO effect or uncertain

Which is better? Abciximab, tirofiban, 
eptifibatideeptifibatide
 MULTISTRATEGY, HORIZONS-AMI

Ad i i i i iAdministration timing
 FINESSE



MULTISTATEGY MULTISTATEGY Trial: STEMITrial: STEMI
M lti t E l ti f Si l Hi hM lti t E l ti f Si l Hi h D B lD B l Ti fibTi fibMulticentre Evaluation of Single HighMulticentre Evaluation of Single High--Dose Bolus Dose Bolus TirofibanTirofiban

Versus Versus AbciximabAbciximab With With SirolimusSirolimus--Eluting Stent or Eluting Stent or 
Bare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction Study

STEMI all-comer PatientsSTEMI all-comer Patients
Aspirin + Clopidogrel + UFH

Before Arterial Sheath Insertion
Aspirin + Clopidogrel + UFH

Before Arterial Sheath Insertion

1:11:1

Tirofiban*Tirofiban* AbciximabAbciximab
1:11:11:11:1

SESSESSESSES BMSBMSBMSBMS SESSESSESSES BMSBMSBMSBMS
1:11:11:11:1

Coronary Angiography±PCI



MULTISTATEGY MULTISTATEGY Trial: STEMITrial: STEMI
M lti t E l ti f Si l Hi hM lti t E l ti f Si l Hi h D B lD B l Ti fibTi fibMulticentre Evaluation of Single HighMulticentre Evaluation of Single High--Dose Bolus Dose Bolus TirofibanTirofiban

Versus Versus AbciximabAbciximab With With SirolimusSirolimus--Eluting Stent or Eluting Stent or 
Bare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction Study

P=0 85P=0 85
Abciximab Tirofiban

4

Stent Thrombosis 
(ARC)

Stent Thrombosis 
(ARC)

P=0.85P=0.85
P=0.98P=0.98

4% 30 day
Efficacy

2, 5

P=0.59P=0.59 P=0.22P=0.22
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P=0.56P=0.56

11%

-0, 5

MACEMACE Death/MIDeath/MI uTVRuTVR DefiniteDefinite Def/ProbDef/Prob



MULTISTATEGY MULTISTATEGY Trial: STEMITrial: STEMI
M lti t E l ti f Si l Hi hM lti t E l ti f Si l Hi h D B lD B l Ti fibTi fibMulticentre Evaluation of Single HighMulticentre Evaluation of Single High--Dose Bolus Dose Bolus TirofibanTirofiban

Versus Versus AbciximabAbciximab With With SirolimusSirolimus--Eluting Stent or Eluting Stent or 
Bare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction StudyBare Metal Stent in Acute Myocardial Infarction Study
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Issues of GPI in STEMIIssues of GPI in STEMI

 Effectiveness on contemporary dual anti-
platelet therapyplatelet therapy
BRAVE-3, ON-TIME 2, HORIZONS-AMINO effect or uncertain

Which is better? Abciximab, tirofiban, 
eptifibatideeptifibatide
 MULTISTRATEGY, HORIZONS-AMI

Ad i i i i i
NO difference, abciximab: thrmobocytopenia

Administration timing
 FINESSE



FINESSE FINESSE Trial: Trial: STEMISTEMI
Facilitated Intervention with Enhanced ReperfusionFacilitated Intervention with Enhanced ReperfusionFacilitated Intervention with Enhanced Reperfusion Facilitated Intervention with Enhanced Reperfusion 

Speed to Stop EventsSpeed to Stop Events

Acute ST Elevation MI (or New LBBB) within 6h pain onsetAcute ST Elevation MI (or New LBBB) within 6h pain onset

Presenting at Hub or Spoke with estimated time to Cath between 1 and 4 hoursPresenting at Hub or Spoke with estimated time to Cath between 1 and 4 hours

R d i 1:1:1R d i 1:1:1Randomize 1:1:1        Randomize 1:1:1        
N=3000N=3000

Double Blind  Double Blind  
Double DummyDouble Dummy

*Only 5U if *Only 5U if ≥≥75yr 75yr 

Placebo       Placebo       
AbciximabAbciximab

Reteplase Reteplase 
(5U+5U)* (5U+5U)* 
Abciximab      Abciximab      

Placebo      Placebo      
PlaceboPlacebo

Transfer To Cath Lab                                            Transfer To Cath Lab                                            
ASA, unfractionated heparin 40U/kg (max 3000U)ASA, unfractionated heparin 40U/kg (max 3000U)

or enoxaparin (0.5 mg/kg IV + 0.3 mg/kg SC) or enoxaparin (0.5 mg/kg IV + 0.3 mg/kg SC) –– substudy onlysubstudy onlyp g g g gp g g g g y yy y

PlaceboPlacebo Placebo      Placebo      AbciximabAbciximab

www.clinicaltrialresults.org

Primary PCI with Abciximab Infusion (12 h)Primary PCI with Abciximab Infusion (12 h)



FINESSE Results:FINESSE Results:

Endpoint Primary 
PCI (%)

Abciximab-
facilitated 
(%)

Combination 
(abciximab/ 
reteplase)-
f ili d (%)

Combination-
facilitated vs 
primary PCI 
(P)

Combination-
facilitated vs 
abciximab-
f ili d (P)facilitated (%) (P) facilitated (P)

Primary end 10.7 10.5 9.8 NS NS
point *
All-cause 
mortality

4.5 5.5 5.2 NS NS
mortality
TIMI major 
bleeding

2.6 4.1 4.8 0.025 NS

TIMI i 4 3 6 0 9 7 0 001 0 006TIMI minor 
bleeding

4.3 6.0 9.7 <0.001 0.006

* All cause mortality; rehospitalization or ED treatment for CHF; resuscitated ventricular fibrillation * All cause mortality; rehospitalization or ED treatment for CHF; resuscitated ventricular fibrillation 
occurring > 48 hours after randomization; cardiogenic shock ED=emergencyoccurring > 48 hours after randomization; cardiogenic shock ED=emergency

www.clinicaltrialresults.org

occurring > 48 hours after randomization; cardiogenic shock                                         ED=emergency occurring > 48 hours after randomization; cardiogenic shock                                         ED=emergency 
departmentdepartment
Ellis S. European Society of Cardiology Congress 2007; September 3, 2007; Vienna, AustriaEllis S. European Society of Cardiology Congress 2007; September 3, 2007; Vienna, Austria



Issues of GPI in STEMIIssues of GPI in STEMI

 Effectiveness on contemporary dual anti-
platelet therapyplatelet therapy
BRAVE-3, ON-TIME 2, HORIZONS-AMINO effect or uncertain

Which is better? Abciximab, tirofiban, 
eptifibatideeptifibatide
 MULTISTRATEGY, HORIZONS-AMI

Ad i i i i i
NO difference, abciximab: thrmobocytopenia

Administration timing
 FINESSEAt the time of PCI, less bleedingAt the time of PCI, less bleeding



Recommendations for the Use of Recommendations for the Use of 
Gl t iGl t i IIbIIb//IIIIII R t A t i tR t A t i tGlycoprotein Glycoprotein IIbIIb//IIIaIIIa Receptor Antagonists Receptor Antagonists 
2009 Joint STEMI/PCI focused update recommendation

 Class Class IIaIIa: It is reasonable to start 
treatment with GPI at the time of primarytreatment with GPI at the time of primary 
PCI in selected patients with STEMI. 

 ClassClass IIbIIb:: The usefulness of GPI (as part Class Class IIbIIb: : The usefulness of GPI (as part 
of a preparatory pharmacological 
strategy ) is uncertain (Class b B)strategy ) is uncertain (Class b, B)
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IPA Responses to IPA Responses to ClopidogrelClopidogrel

High  
Thrombotic

High High 
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≤ 20 [ 10 0] [11 20] [31 40] [51 60] [71 80] [91 100]
∆ 5µM ADP∆ 5µM ADP--Induced Platelet Aggregation (%)Induced Platelet Aggregation (%)

≤ -20 [-10,0] [11,20] [31,40] [51,60] [71,80] [91,100]

Adapted from: Adapted from: SerebruanySerebruany V et al. J Am V et al. J Am CollColl CardiolCardiol. 2005. . 2005. 



Contributing factors for Contributing factors for ClopidogrelClopidogrel
ResistanceResistanceResistanceResistance

Non Genetic risk factor Genetic risk factor
( “CYP 2C19o Ge et c s acto

(e,g “PREDICT-SCORE) (e,g “CYP 2C19 
polymorphisms)

Platelet 
Function

TestTest

Higher Higher ClopidogrelClopidogrel Dose , repeat PFTDose , repeat PFT
Other drug:Other drug: prasugrelprasugrel ticargrelticargrel elinogrelelinogrelOther drug: Other drug: prasugrelprasugrel, , ticargrelticargrel, , elinogrelelinogrel
AjuctiveAjuctive TxTx: GPI, : GPI, BivalirudinBivalirudin, , 

PARPAR antagonistantagonist

Patients Compliance

PARPAR--antagonistantagonist

Possible drug interactions
(statin, PPI, CCB)

Patients Compliance
Individual absorption and 

metabolism

Zurn CS, Thromb Haemost 2010; 103: 496–506

metabolism



Higher Dose: CURRENT Higher Dose: CURRENT –– OASIS 7 TrialOASIS 7 Trialgg
Double-Dose vs Standard-Dose Clopidogrel in ACS

Clopidogrel: 600 mg load 150 mg/d x 7d then 75 mg/d – vs – 300 mg load 75 mg/d
Double-Dose vs Standard-Dose Clopidogrel in ACS

Clopidogrel: 600 mg load 150 mg/d x 7d then 75 mg/d – vs – 300 mg load 75 mg/dClopidogrel:  600 mg load, 150 mg/d x 7d, then 75 mg/d – vs – 300 mg load, 75 mg/dClopidogrel:  600 mg load, 150 mg/d x 7d, then 75 mg/d – vs – 300 mg load, 75 mg/d

88
CV Death, MI, Stroke - 30 Days (%)CV Death, MI, Stroke - 30 Days (%)

66

88
Standard Double

HR = 0.85 (0.74-0.99) HR = 1.17 (0.95-1.44)HR = 0.95 (0.84-1.07)

44 4.44.4 4.24.2 4.54.5
3 93 9 4.24.2

4.94.9
p = 0.036 p = 0.14p = 0.37

22

3.93.9

Overall
25 087

Overall
25 087

PCI
17 232
PCI
17 232

No PCI
7855

No PCI
7855

00


Mehta A.  ESC 2009 PresentationMehta A.  ESC 2009 Presentation

n = 25,087n = 25,087 n = 17,232n = 17,232 n = 7855n = 7855



Higher Dose: CURRENT Higher Dose: CURRENT –– OASIS 7 TrialOASIS 7 Trialgg
Clopidogrel Dose ComparisonClopidogrel Dose Comparison

Clopidogrel DoseClopidogrel Dose

% of patients% of patients 300 / 75300 / 75
N = 12 579N = 12 579

600 / 150 / 75600 / 150 / 75
N = 12 508N = 12 508

HRHR
(95% CI)(95% CI)

PP
N = 12,579N = 12,579 N = 12,508N = 12,508 (95% CI)(95% CI)

Stent ThrombosisStent Thrombosis 2.32.3 1.61.6 0.71 (0.570.71 (0.57--0.89)0.89) 0.0020.002

Definite (angiographic)Definite (angiographic) 1 21 2 0 70 7 0 58 (0 420 58 (0 42--0 79)0 79) 0 0010 001Definite (angiographic)Definite (angiographic) 1.21.2 0.70.7 0.58 (0.420.58 (0.42--0.79)0.79) 0.0010.001

TIMI Major BleedTIMI Major Bleed 0.950.95 1.041.04 1.09 (0.851.09 (0.85--1.40)1.40) 0.500.50

CURRENT Major BleedCURRENT Major Bleed 2 02 0 2 52 5 1 25 (1 051 25 (1 05--1 47)1 47) 0 010 01CURRENT Major BleedCURRENT Major Bleed 2.02.0 2.52.5 1.25 (1.051.25 (1.05--1.47)1.47) 0.010.01

CURRENT Severe BleedCURRENT Severe Bleed 1.51.5 1.91.9 1.23 (1.021.23 (1.02--1.49)1.49) 0.030.03

Fatal BleedFatal Bleed 0 110 11 0 130 13 1 15 (0 561 15 (0 56 2 35)2 35) 0 710 71Fatal BleedFatal Bleed 0.110.11 0.130.13 1.15 (0.561.15 (0.56--2.35)2.35) 0.710.71

ICHICH 0.050.05 0.030.03 0.67 (0.190.67 (0.19--2.37)2.37) 0.530.53

RBC Tx >= 2 URBC Tx >= 2 U 1 761 76 2 212 21 1 26 (1 061 26 (1 06 1 51)1 51) 0 010 01

Mehta A.  ESC 2009 PresentationMehta A.  ESC 2009 Presentation

RBC Tx >= 2 URBC Tx >= 2 U 1.761.76 2.212.21 1.26 (1.061.26 (1.06--1.51)1.51) 0.010.01



ADP ADP 
inhibitors inhibitors 
inin AMIAMI

Ticagrelorg

Prasugrel

Clopidogrel

NEJM 2009, 
361:1108



PrasugrelPrasugrelgg
TRITON TRITON –– TIMI 38 Trial:  TIMI 38 Trial:  PrasugrelPrasugrel vsvs ClopidogrelClopidogrel(300mg)(300mg)

13 608 Patients13 608 Patients -- ACS and PCIACS and PCI13,608 Patients 13,608 Patients -- ACS and PCIACS and PCI

" P la c e b o "0 .3

0 .4

" P la c e b o "0 .3

0 .4

CV death, MI, or stroke Clopidogrel

0 0

0 .1

0 .2

0 0

0 .1

0 .2

Prasugrel0 .0

0 2

0 .3

0 .4

C lo p id o g re l

0 .0

0 2

0 .3
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C lo p id o g re l

TIMI Major Bleed

Clopidogrel

Prasugrel

0 .0

0 .1

0 .2

0 .0

0 .1

0 .2

0 4

0 .2

0 .3

0 .4

P ra s u g re l

0 .2

0 .3

0 .4

P ra s u g re l

Wiviott S et al. NEJM 2007;357:2001.Wiviott S et al. NEJM 2007;357:2001.
IP A (% )

-2 0 0 2 0 4 0 6 0 8 0 1 0 0
0 .0

0 .1

IP A (% )
-2 0 0 2 0 4 0 6 0 8 0 1 0 0

0 .0

0 .1



TRITON TIMI-38 STEMI cohort

Efficacy endpoints at 15 monthsEfficacy endpoints at 15 months
Clopidogrel
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Montalescot et al. ESC 2008 



TRITON TIMI-38 STEMI cohort

Bleeding events over 15 monthsBleeding events over 15 months
7
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TRITON TRITON –– TIMI 38 Trial:  TIMI 38 Trial:  PrasugrelPrasugrel vsvs ClopidogrelClopidogrel
13 608 Patients13 608 Patients -- ACS and PCIACS and PCI

Net Clinical Net Clinical Benefit: Bleeding Benefit: Bleeding Risk SubgroupsRisk Subgroups
13,608 Patients 13,608 Patients -- ACS and PCIACS and PCI

PostPost--hoc Analysishoc Analysis

YY
Risk (%)Risk (%)

NoNo

YesYesPriorPrior
stroke / TIAstroke / TIA

+ 54+ 54

--1616PPint int =  .006=  .006

< 75< 75

≥ ≥ 7575AgeAge --11

--1616PPint int =  .18=  .18

≥≥ 60 kg60 kg

< 60 kg< 60 kgWgtWgt +3+3

1414PP = 36= 36

OVERALLOVERALL

≥ ≥ 60 kg60 kg --1414

--1313

PPint int =  .36=  .36

0.50.5 11 22
HRHR

WiviottWiviott SD, NEJM, 2007SD, NEJM, 2007



ThienopyrineThienopyrine: : Class IClass Ipypy
2009 Joint STEMI/PCI focused update recommendation

 A loading dose of 300- to 600-mg clopidogrel or 60-g g p g
mg prasugrel should be given as soon as possible for 
STEMI patients for whom PCI is planned. (C)p p ( )

 The duration of therapy should be clopidogrel 75 
mg daily or prasugrel 10 mg for at least 12 months inmg daily or prasugrel 10 mg for at least 12 months in 
patients receiving a BMS or DES(B). (BW<60 kg, 
prasugrel 5 mg, not generally recommened on > 75 yr)prasugrel 5 mg, not generally recommened on > 75 yr)

 Consider earlier discontinuation at risk>benefit
Th i d f ithd l b f CABG h ld b The period of withdrawal before CABG should be 
at least 5 days for clopidogrel (B)and at least 7 days 
f l(C)for prasugrel(C).



ThienopyrineThienopyrinepypy
2009 Joint STEMI/PCI focused update recommendation

 ClassClass IIbIIb: Continuation of clopidogrel or Class Class IIbIIb: Continuation of clopidogrel or 
prasugrel beyond 15 months may be 
considered in patients undergoing DESconsidered in patients undergoing DES 
placement(C).

 Class III: In STEMI patients with a prior 
history of stroke and TIA for whom primary y p y
PCI is planned, prasugrel is not 
recommended (C)recommended (C).



ADP Inhibitors in ACS ADP Inhibitors in ACS –– Ischemic EndpointIschemic Endpointpp
TRITON Trial

(N = 13,608)
TRITON Trial

(N = 13,608)
CURE Trial
(N = 12, 562)
CURE Trial
(N = 12, 562)

PLATO Trial
(N = 18,624)

PLATO Trial
(N = 18,624)

1616 % of Patients% of Patients
1616 % of Patients% of Patients 1616 % of Patients% of Patients

RR = 0.80 (0.72-0.90) RR = 0.81 (0.73-0.90) RR = 0.84 (0.77-0.92)

1212

1414

12.112.11212

1414

11 411 4
1212

1414

11.711.7

( )

66

88

1010
9.99.9

66

88

1010 11.411.4

9.39.3

66

88

1010
9.89.8

22

44

66

22

44

66

22

44

66

ClopidogrelClopidogrel PrasugrelPrasugrel
00

22

PlaceboPlacebo ClopidogrelClopidogrel
00

22

ClopidogrelClopidogrel TicagrelorTicagrelor
00

22

Adapted from Schomig A. NEJM 2009;361:1108 Adapted from Schomig A. NEJM 2009;361:1108 

Bleeding RR = 1.38Bleeding RR = 1.38 Bleeding RR = 1.45Bleeding RR = 1.45 Bleeding RR = 1.04Bleeding RR = 1.04



PAR-1
antagonists
SCH 530348SCH 530348

E5555

Why not multi-drug strategy for anti-
l l  ?        T i l  hplatelet strategy?        Triple therapy



ClopidogrelClopidogrel

Triple antiplatelet therapy (aspirin, clopidogrel, cilostazol): Synergistic action mechanism 
of cilostazol on the top of dual antiplatelet therapy 

ATP ClopidogrelClopidogrel

HOOC N

O OCH3

N

O O CH3

C
ADP

P2X1

Gq G12

15% active metabolite

* HS Cl S Cl

G t i t ti l b ti
Ca2+ flux “Rho”

Shape change

IP3 DAG+

Shape change Gastro-intestinal absorption

PLCβ PIP2

PKC βγαi

AC PI3K 85% inactive metabolites 

Ca2+

mobilization
MLCK-P Hepatic CYP Biotransformation

Initiation of Platelet Aggregation

GP IIb/IIIa 
receptor activation 

Granule secretion

GP IIb/IIIa receptor activation 

Rap1bPKB/Akt
(Esterases in blood)

CilostazolCilostazol
Initiation of Platelet Aggregation

Stabilization of Platelet Aggregation
VASP

cAMP

VASP-P
PDE-IIIPDE-III

adapted from Angiolillo DJ et al JACC 2007
cAMP

GP IIb/IIIa receptor activation

PGE1



100(%)

Rate of HPPR Rate of HPPR in AMI patients                   in AMI patients                   
((5 μM ADP-induced Aggmax > 50%)

Rate of HPPR Rate of HPPR in AMI patients                   in AMI patients                   
((5 μM ADP-induced Aggmax > 50%)

90 p = 0.602             
by ANOVA

p = 0.003               
by ANOVA

70

80 by ANOVA by ANOVA

p = 0.795

60
Standard groupp = 0.601

p = 1.000

p = 0.003

40

50
g p

High-MD group
Triple group

p

p = 0.021

p

30
p = 0.532

10

20 Jung  YH, 
Circulation 
Cardiovascular 

0
Pre-discharge 30-day follow-up

Intervention 
2010;1:17-26



KAMIR registryKAMIR registry
8-month death/MI/repeat revascularization 8-month death/MI/repeat revascularization 

g yg y

MACE

Dual group

P=0.019 Non-DM
DM
A < 65Dual group

Triple group

Age < 65
Age < 65
Female
MaleMale 
All patients

MACE at 8 months

Chen KY et al. Circulation;119:3207-14



Clinical Outcomes at 12 MonthsClinical Outcomes at 12 Months
Prospective RandomizedProspective Randomized

Dual Triple p

Clinical Outcomes at 12 Months Clinical Outcomes at 12 Months 
for Triple for Triple AntiplateletAntiplatelet TherapyTherapy

Dual  
(n=608)

Triple  
(n=604)

p

All death
CV death

4.1%
3.3%

2.6%
1.7%

0.159
0.067CV deat

MI
Stroke

3.3%
0.7%
1 6%

.7%
0.3%
0 7%

0.067
0.687
0 109Stroke

Cardiac death/MI/Stroke
TVR

1.6%
5.1%

10 4%

0.7%
2.6%
7 8%

0.109
0.027
0 118TVR

MACCE
10.4%
15.1%

7.8%
10.3%

0.118
0.011

Han Y, et al. Am Heart J  2009;157:733-9 



Distribution of PRU in pts with MACCEDistribution of PRU in pts with MACCE
CILONCILON--T trialT trial

Distribution of PRU in pts with MACCE Distribution of PRU in pts with MACCE 

Triple AT
is helpful in HPPRs h pfu  n H
But  has not 
enough for some enough for some 
patient with 
MACE MACE 

Kim HS, ACC 2010 



Development of Thrombin inhibitorDevelopment of Thrombin inhibitorDevelopment of Thrombin inhibitorDevelopment of Thrombin inhibitor

M  l i  More selective, 
closer target

BivaluridinBivaluridin Direct, thrombin inhibitor, 

g

FondaparinuxFondaparinux Indirect, selective inhibitor of Xa

LMWHLMWH Indirect, more selective inhibitor of Xa

HeparinHeparin Indirect, nonselective inhibitor of thrombus and Xa



Thrombin inhibitor inThrombin inhibitor in AMIAMIThrombin inhibitor inThrombin inhibitor in AMIAMI

Heparin and LMWHHeparin and LMWH

FondaparinuxFondaparinux
SYNERGY

STEEPLE FondaparinuxFondaparinuxSTEEPLE

ExTRACT–TIMI 25 OASIS-6
BivaluridinBivaluridin

CACUITY
HORIZONS-AMI



30 day all30 day all--cause mortality in ACS trialscause mortality in ACS trials
EnoxaparinEnoxaparin

FondaparinuxFondaparinux

BivaluridinBivaluridin



The old and broader inhibitionThe old and broader inhibition
(UFH/LMWH)
is better than the new!! 



BivalirudinBivalirudin
Bivalent Synthetic Direct Thrombin InhibitorBivalent Synthetic Direct Thrombin Inhibitor

•• Specifically inhibitsSpecifically inhibits
 Fluid phase thrombinFluid phase thrombin

Bivalirudin
pp

 ClotClot--bound thrombinbound thrombin
ThrombinThrombin mediatedmediated ThrombinThrombin--mediated mediated 
Platelet aggregationPlatelet aggregation

•• ReversibleReversible
•• TT0 50 5 25 minutes25 minutesTT0.50.5 25 minutes25 minutes

TopolTopol EJEJ: Textbook of Interventional Cardiology: Textbook of Interventional Cardiology



Bivalirudin vs GP IIb/IIIa in AMIBivalirudin vs GP IIb/IIIa in AMI
Ischemic and Bleeding Endpoints Ischemic and Bleeding Endpoints 

5 5%

Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)
Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)

5 5%

Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)
Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)
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ParenteralParenteral AnticoagulationAnticoagulationgg
2009 Joint STEMI/PCI focused update recommendation

Class I:
 Prior treatment of UFH → Additional bolus of UFH 

Class I: 

with monitoring ACT (C)
 Bivalirudin is useful for primary PCI with or Bivalirudin is useful for primary PCI with or 

without prior treatment of UFH (B)
f Enoxaparin and fondaparinux: not changed

Class IIa:Class IIa: 
 High risk of bleeding, bivalirudin is reasonable (B)



STEMISTEMIPCI Capability or 
< 60 minute Transfer Time

No PCI Capability and
> 60 minute Transfer Time

ASAASA

UFH or enoxaparinUFH or UFH or BivalirudinBivalirudin

ASA  ASA  
325 mg325 mg

Eme gent

ClopidogrelClopidogrel
600600 mgmg

ClopidogrelClopidogrel
300300 popoPPrasugrelrasugrel

Primary PCI withPrimary PCI with StentingStenting::

LyticLytic
ContraindicatedContraindicated

Emergent 
Transfer

600 600 mgmg 300 300 popogg
60 mg60 mg

Primary PCI with Primary PCI with StentingStenting::

Full DoseFull Dose LyticLyticR PCI
GPI/GPI/ThrombectomyThrombectomy

ifif LL Th bTh b B il tB il t Full Dose Full Dose LyticLytic

If R f i F il

Rescue PCI:
Class I 

Indication

if if Large Large Thrombus or Thrombus or as as BailoutBailout

If no CP and less than 50% If no CP and less than 50% 

If Reperfusion Fails,
Emergent PCI with StentASA/ASA/ClopidogrelClopidogrel oror

ASA/ASA/PPrasugrelrasugrel oror
TransferTransfer

ST Elevations, PCI at 12ST Elevations, PCI at 12--2424
Hours with StentHours with Stent

ASA/ASA/PPrasugrelrasugrel oror
ASA/ASA/TicargrelTicargrel (??)(??) USA



STEMISTEMIPCI Capability or 
< 60 minute Transfer Time

No PCI Capability and
> 60 minute Transfer Time

ASAASA

UFH or enoxaparinUFHUFH

ASA  ASA  
300 mg300 mg

E t

ClopidogrelClopidogrel
600600 popo

ClopidogrelClopidogrel
300300 popo

Primary PCI withPrimary PCI with StentingStenting::

LyticLytic
ContraindicatedContraindicated

Emergent 
Transfer

600 600 popo 300 300 popo

Primary PCI with Primary PCI with StentingStenting::

Full DoseFull Dose LyticLyticRescue PCI:
GPI/GPI/ThrombectomyThrombectomy

ifif LL Th bTh b B il tB il t Full Dose Full Dose LyticLytic

If R f i F il

Rescue PCI:
Class I 

Indication

if if Large Large Thrombus or Thrombus or as as BailoutBailout

If no CP and less than 50% If no CP and less than 50% 

If Reperfusion Fails,
Emergent PCI with StentASA/ASA/ClopidogrelClopidogrel oror

ASA/Clop/ASA/Clop/CilostazolCilostazol oror
TransferTransfer

ST Elevations, PCI at 12ST Elevations, PCI at 12--2424
Hours with StentHours with Stent

ASA/Clop/ASA/Clop/CilostazolCilostazol oror
PFT and personalized PFT and personalized txtx Korea
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Recent Trials of GPI in AMIRecent Trials of GPI in AMI

AbciximabAbciximab BRAVE-3 ISAR-
E
VHORIAbciximabAbciximab BRAVE-3

FINESSE
ISAR
EACT2A

C

V
E
R

ZON
-AMI

TirofibanTirofiban ON-
TIME

C
U

R
E

TIME I
T

S
T EARLY-HORIZONEptifibatideEptifibatide Y
T EARLY-

ACS
HORIZON

-AMI



( )
Placebo (n=399)Aspirin 500 mg i.v. or oral

Unfractionated Heparin 5000 IE



ISARISAR--REACT 2REACT 2
PlaceboPlacebo controlled randomized trial ofcontrolled randomized trial of abciximababciximab in 2 022 ACS pts prein 2 022 ACS pts prePlaceboPlacebo--controlled randomized trial of controlled randomized trial of abciximababciximab in 2,022 ACS pts prein 2,022 ACS pts pre--

loaded with 600 mg loaded with 600 mg clopidogrelclopidogrel for ≥2 hrsfor ≥2 hrs
Inclusion: ACS with Inclusion: ACS with troponintroponin +, ST+, ST--segseg changes, or new LBBBchanges, or new LBBBgg gg

Bleeding Endpoints (%)Composite Endpoint – 30 Days (%)

Placebo + UFH 140 U/kg (n=1010)

P=0 02P=0 02

Placebo + UFH 140 U/kg (n=1010)

4.2
5

6
Abciximab + UFH 70 U/kg (n=1012)

P 0.02P 0.02
3.3

2 0
2.53

4

1.4
2.0

1.4
0.81

2 P=0.02P=0.02

0
0

TIMI Major TIMI
Minor

Transfuse Thrombo-
cytopenia

Troponin Troponin ––
n = 973n = 973

Troponin + n Troponin + n 
= 1049= 1049

Kastrati A et al. Kastrati A et al. JAMAJAMA 2006;295:15312006;295:1531––8 8 



ISARISAR--REACT 2REACT 2

Troponin Level and Benefit With AbciximabTroponin Level and Benefit With Abciximabopo e e a d e e t t bc abopo e e a d e e t t bc ab
after 12 Monthsafter 12 Months

100
%

80

90
Troponin level ≤0.03 µg/L

70

80 P=0.10

60

70

Abciximab Troponin level >0.03 µg/L
P=0.07

50
Placebo

ESC 2007

0 1 2 3 4 5 6 7 8 9 10 11 12
Months after randomization



GPI Timing: Deferred strategy is betterGPI Timing: Deferred strategy is betterGPI Timing: Deferred strategy is betterGPI Timing: Deferred strategy is better
Routine Upstream IIb/IIIa vs. Deferred PCI IIb/IIIaRoutine Upstream IIb/IIIa vs. Deferred PCI IIb/IIIa

%
)

Routine Upstream IIb/IIIa (N=4605) Deferred PCI IIb/IIIa (n=4602)

PNI <0.0001 PNI = 0.044 PNI < 0.0001

11.7% 11.7%ve
nt

s 
(% PSup = 0.93 PSup = 0.13 PSup = 0.009

7.1% 6.1%
4 9%

7.9%

30
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ay
 e

v

4.9%3

Net clinical
outcome

Ischemic
composite

Major bleeding
outcome composite



Update on antithrombotics in AMI

GPI inGPI in NonNon--STESTE--ACSACS

 Moderate or high risk NSTE ACS and if an early

GPI in GPI in NonNon STESTE ACSACS

 Moderate- or high- risk NSTE-ACS and if an early 
invasive strategy: Recommended

 Deferred strategy may be same effect and less 
bleedingbleeding



N Engl J Med 2005;353:1028-40.



Bivalirudin in ACSBivalirudin in ACS
Primary Endpoints Primary Endpoints -- 30 Days30 Days

1515
Event Rates - 30 Days (%)Event Rates - 30 Days (%)

UFH/Enox + GPIIb/IIIa (n = 4603)
P = 0 015

99

1212
11.711.7 11.811.8

10 110.1

Bivalirudin + GPIIb/IIIa (n = 4604)
Bivalirudin Alone (n = 4612)

PSup = 0.015

66

99 10.110.1

7.37.3 7.77.7 7.87.8

5 75 7

PSup <0.0001
PNI = 0.011

33
5.75.7 5.35.3

3.03.0

Net ClinicalNet Clinical IschemicIschemic MajorMajor
00

Stone et al.  NEJM 2006;355:2203.Stone et al.  NEJM 2006;355:2203.

OutcomeOutcome EventsEvents BleedingBleeding



ACUITY Trial ACUITY Trial –– Bivalirudin in ACSBivalirudin in ACS
Ischemic Outcome by Clopidogrel TimingIschemic Outcome by Clopidogrel Timing

20

2525
Death, MI, Unplanned Revasc - 30 Days (%)Death, MI, Unplanned Revasc - 30 Days (%)

23.323.3Heparin or Bivalirudin + GP IIb/IIIa

1515

2020 Bivalirudin

p = 0.18

1010
8.88.8 8 18 1 8 28.2 8.68.6

9.79.7
12.612.6

14.014.0
p = 0.36 p = 0.77

p = 0.22

00

55
8.18.1 8.28.2

Pre-PCI
n=5131
Pre-PCI
n=5131

Peri-PCI
n=1572
Peri-PCI
n=1572

Post-PCI
n=814

Post-PCI
n=814

None
n=129
None
n=129

00
****

Lincoff et al.  JACC Intervention 2008:1:639.Lincoff et al.  JACC Intervention 2008:1:639.

* Peri* Peri--PCI = after angio but <30 min after PCIPCI = after angio but <30 min after PCI* Peri* Peri--PCI = after angio but <30 min after PCIPCI = after angio but <30 min after PCI



AMLAML



Coagulation CascadeCoagulation Cascadegg
TFTF--VIIaVIIa

IXa XIa XIIaIXa XIa XIIa

TFTF--VIIaVIIa

IXa XIa XIIaIXa XIa XIIa

Prothrombinase ComplexProthrombinase Complex

(Xa Va Ca(Xa Va Ca++++ Phospholipid)Phospholipid)

Prothrombinase ComplexProthrombinase Complex

(Xa Va Ca(Xa Va Ca++++ Phospholipid)Phospholipid)IXa, XIa, XIIa, IXa, XIa, XIIa, 
VIIIaVIIIa

IXa, XIa, XIIa, IXa, XIa, XIIa, 
VIIIaVIIIa

(Xa, Va, Ca(Xa, Va, Ca++++, Phospholipid), Phospholipid)(Xa, Va, Ca(Xa, Va, Ca++++, Phospholipid), Phospholipid)
XIIIXIIIXIIIXIII

––

––

ThrombinThrombinThrombinThrombinProthrombinProthrombinProthrombinProthrombin

XIIIaXIIIaXIIIaXIIIa

FibrinogenFibrinogenFibrinogenFibrinogen FibrinFibrinFibrinFibrin Crosslinked Crosslinked 
Fib iFib i

Crosslinked Crosslinked 
Fib iFib iFibrinogenFibrinogenFibrinogenFibrinogen FibrinFibrinFibrinFibrin FibrinFibrinFibrinFibrin

PlasminPlasminPlasminPlasmin
Thrombin Thrombin 
ReceptorReceptor

FibrinogenFibrinogen PlasminogenPlasminogenPlasminogenPlasminogen

PlateletPlateletPlateletPlatelet
++

Protein CProtein CProtein CProtein C ++

pp
ADPADP

CollagenCollagen

AMLAML
Subendothelial surfaceSubendothelial surface

TMTMTMTM

++
Activated Activated 
Protein CProtein C
Activated Activated 
Protein CProtein C VWFVWF GPIbGPIb

GPIIb/IIIaGPIIb/IIIa



AntiAnti--coagulationcoagulationrNAPc2rNAPc2 gg
TFTF--VIIaVIIa

IXa XIa XIIaIXa XIa XIIa

TFTF--VIIaVIIa

IXa XIa XIIaIXa XIa XIIa

Prothrombinase ComplexProthrombinase Complex

(Xa Va Ca(Xa Va Ca++++ Phospholipid)Phospholipid)

Prothrombinase ComplexProthrombinase Complex

(Xa Va Ca(Xa Va Ca++++ Phospholipid)Phospholipid) HeparinHeparin--

rNAPc2rNAPc2

IXa, XIa, XIIa, IXa, XIa, XIIa, 
VIIIaVIIIa

IXa, XIa, XIIa, IXa, XIa, XIIa, 
VIIIaVIIIa

(Xa, Va, Ca(Xa, Va, Ca++++, Phospholipid), Phospholipid)(Xa, Va, Ca(Xa, Va, Ca++++, Phospholipid), Phospholipid)
XIIIXIIIXIIIXIII

––

––

ThrombinThrombinThrombinThrombinProthrombinProthrombinProthrombinProthrombin--

HeparinHeparin
LMWHsLMWHs--

XIIIaXIIIaXIIIaXIIIa

FibrinogenFibrinogenFibrinogenFibrinogen FibrinFibrinFibrinFibrin Crosslinked Crosslinked 
Fib iFib i

Crosslinked Crosslinked 
Fib iFib i

FondaparinuxFondaparinux
Oral Xa InhibitorsOral Xa Inhibitors

--
FibrinogenFibrinogenFibrinogenFibrinogen FibrinFibrinFibrinFibrin FibrinFibrinFibrinFibrin

BivalirudinBivalirudin
Oral IIa InhibitorsOral IIa Inhibitors

PlasminPlasminPlasminPlasmin
Thrombin Thrombin 
ReceptorReceptor

FibrinogenFibrinogen PlasminogenPlasminogenPlasminogenPlasminogen

PlateletPlateletPlateletPlatelet
++

Protein CProtein CProtein CProtein C ++

pp
ADPADP

CollagenCollagen

AMLAML
Subendothelial surfaceSubendothelial surface

TMTMTMTM

++
Activated Activated 
Protein CProtein C
Activated Activated 
Protein CProtein C VWFVWF GPIbGPIb

GPIIb/IIIaGPIIb/IIIa



New ADP inhibitorsNew ADP inhibitors

AMLAML
Zurn CS, Thromb Haemost 2010; 103: 496–506



Glycoprotein Inhibitor inGlycoprotein Inhibitor inGlycoprotein Inhibitor inGlycoprotein Inhibitor in
STEMISTEMI

AbciximabAbciximab

ChimericChimeric MonoclonalMonoclonal

TirofibanTirofiban

NonpeptideNonpeptide TyrosineTyrosine

EptifibatideEptifibatide

CyclicCyclicChimericChimeric Monoclonal Monoclonal 
AntibodyAntibody

MW MW  50,000 D50,000 D

NonpeptideNonpeptide Tyrosine Tyrosine 
DerivativeDerivative

MW MW  500 D500 D

Cyclic Cyclic 
HeptapeptideHeptapeptide

MW MW  800 D800 D
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