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with ACS and Those Undergoing PCIwith ACS and Those Undergoing PCI



GP IIb/IIIa Inhibitors: GP IIb/IIIa Inhibitors: Chemical StructuresChemical Structures
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IIb/IIIa Inhibitors in PCI and ACSIIb/IIIa Inhibitors in PCI and ACS

Odds Ratio & 95% CIOdds Ratio & 95% CI

Placebo BetterPlacebo BetterIIb/IIIa BetterIIb/IIIa Better

TrialTrial PlaceboPlacebo IIb/IIIaIIb/IIIaNN

OverallOverall 30,33630,336 11.1%11.1% 9.0%9.0%0.79 (0.73, 0.85)0.79 (0.73, 0.85)
p < 10p < 10--99

00 11 22

IMPACTIMPACT--IIII
EPICEPIC

4,0104,010
2,0992,099

8.4%8.4%
10.1%10.1%

7.1%7.1%
7.0%7.0%

RESTORERESTORE
CAPTURECAPTURE

2,1392,139
1,2651,265

6.3%6.3%
9.0%9.0%

5.1%5.1%
4.8%4.8%

EPILOGEPILOG 2,7922,792 9.1%9.1% 4.0%4.0%

PURSUITPURSUIT 10,94810,948 15.7%15.7% 14.2%14.2%

PRISMPRISM 3,2313,231 7.0%7.0% 5.7%5.7%
PRISM PLUSPRISM PLUS 1,5701,570 11.9%11.9% 8.7%8.7%
PARAGONPARAGON 2,2822,282 11.7%11.7% 11.3%11.3%

Topol EJ Topol EJ Lancet Lancet 1999;353:2271999;353:227--231231

Death/MI at 30 DaysDeath/MI at 30 Days

EPISTENTEPISTENT 2,3992,399 10.2%10.2% 5.2%5.2%



PURSUITPURSUIT
Hemorrhagic Events (non CABG)Hemorrhagic Events (non CABG)

NEJM 1998;339:436NEJM 1998;339:436--4343

EptifibatideEptifibatide
(N=4,679)(N=4,679)

PlaceboPlacebo
(N=4,696)(N=4,696)

PP
valuevalue

TIMI minorTIMI minor 11.1%11.1% 4.7%4.7% <0.001<0.001

TIMI majorTIMI major 3.0%3.0% 1.3%1.3% <0.001<0.001

GUSTO mildGUSTO mild 26.0%26.0% 10.4%10.4% <0.001<0.001

GUSTO moderateGUSTO moderate 4.1%4.1% 1.7%1.7% <0.001<0.001

GUSTO severeGUSTO severe 1.1%1.1% 0.3%0.3% <0.001<0.001



Limitations of heparinsLimitations of heparins



Limitations of FondaparinuxLimitations of Fondaparinux
•• Has not been studied in PCI, or in ACS patients Has not been studied in PCI, or in ACS patients 

treated with an invasive strategytreated with an invasive strategy
•• In OASISIn OASIS--5*, pts were maintained on study drug 5*, pts were maintained on study drug 

for mean 5.3 days, and only 63% underwent cathfor mean 5.3 days, and only 63% underwent cath
•• Catheter induced thrombus in ~1% of ptsCatheter induced thrombus in ~1% of pts

•• Requires another antithrombin to prevent Requires another antithrombin to prevent –– not not 
formally studiedformally studied

•• No readily available point of care test to monitorNo readily available point of care test to monitor
•• Long tLong t1/21/2 (15(15--18 hours)18 hours)

•• Makes sheath management difficultMakes sheath management difficult
•• Still requires a GP IIb/IIIa inhibitor to Still requires a GP IIb/IIIa inhibitor to ↓↓ ischemiaischemia

*Yusuf S et al. NEJM 2006;354:1464-76



BivalirudinBivalirudin
Bivalent synthetic direct thrombin inhibitorBivalent synthetic direct thrombin inhibitor

•• Specifically inhibitsSpecifically inhibits
-- Fluid phase thrombinFluid phase thrombin
-- ClotClot--bound thrombinbound thrombin
-- ThrombinThrombin--mediated mediated 

platelet aggregationplatelet aggregation

•• ReversibleReversible

•• TT0.50.5 25 minutes25 minutes

Bivalirudin

Topol EJ: Textbook of Interventional CardiologyTopol EJ: Textbook of Interventional Cardiology



Overcoming limitations of heparinsOvercoming limitations of heparins



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)

Bivalirudin vs Heparin + GPIIb/IIIa
During PCI

Bivalirudin vs Heparin + GPIIb/IIIaBivalirudin vs Heparin + GPIIb/IIIa
During PCIDuring PCI

Randomization - double blind, triple dummyRandomization - double blind, triple dummy
6,012 patients undergoing urgent or elective PCI 6,012 patients undergoing urgent or elective PCI 

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

• Primary “Quadruple Endpoint” at 30 Days ••• Primary ““Quadruple EndpointQuadruple Endpoint”” at 30 Daysat 30 Days ••

target ACTtarget ACT
>> 225 sec225 sec

Lincoff AM et al. JAMA 2003;289:853Lincoff AM et al. JAMA 2003;289:853--6363



30 Day Primary Endpoint 30 Day Primary Endpoint 

CompositeComposite DeathDeath MIMI Urgent 
Revasc
Urgent 
Revasc
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p = 0.23

p = 0.26

6,012 patients undergoing PCI6,012 patients undergoing PCI

Triple ischemic endpointTriple ischemic endpoint
Lincoff AM et al. JAMA 2003;289:853Lincoff AM et al. JAMA 2003;289:853--6363



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

Large hematomaLarge hematoma 0.80.8 2.52.5 <0.001<0.001

Retroperitoneal hemorrhageRetroperitoneal hemorrhage 0.20.2 0.50.5 0.060.06

Major organ bleedingMajor organ bleeding 0.50.5 1.51.5 <0.001 <0.001 

Intracranial hemorrhageIntracranial hemorrhage 00 0.10.1 1.001.00

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

TransfusionTransfusion 1.71.7 2.52.5 0.020.02

Bleeding ComplicationsBleeding Complications

Lincoff AM et al. JAMA 2003;289:853Lincoff AM et al. JAMA 2003;289:853--6363
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Independent Independent 
VariableVariable GroupsGroups O.R.O.R. (95% CI)(95% CI) pp--

valuevalue
Creatinine clear.Creatinine clear. <30 mL/min<30 mL/min 7.217.21 (2.53(2.53--20.51)20.51)

<0.0001<0.00013030--60 mL/min60 mL/min 3.343.34 (1.92(1.92--5.78)5.78)
6060--90 mL/min90 mL/min 1.571.57 (0.96(0.96--2.57)2.57)

CHFCHF YesYes 4.38 4.38 (2.83(2.83--6.78)6.78) <0.0001<0.0001
Major BleedingMajor Bleeding YesYes 3.263.26 (1.78(1.78--5.96)5.96) 0.00010.0001
MI @30dayMI @30day YesYes 2.772.77 (1.62(1.62--4.75)4.75) 0.00020.0002
Urg Revasc @30dUrg Revasc @30d YesYes 2.772.77 (1.15(1.15--6.71)6.71) .024.024
Hx anginaHx angina YesYes 2.182.18 (1.25(1.25--3.81)3.81) 0.0060.006
Prior MIPrior MI YesYes 1.811.81 (1.09(1.09--3.03)3.03) 0.0230.023
DiabetesDiabetes YesYes 1.641.64 (1.10(1.10--2.44)2.44) 0.0150.015

Predictors of 1Predictors of 1--year mortalityyear mortality

Stone GW. J Inv Cardiol 2004;16(suppl G):12-17.
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Bivalirudin in ACS: ACUITYBivalirudin in ACS: ACUITY
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Aspirin in all
Clopidogrel

dosing and timing
per local practice

Aspirin in all
Clopidogrel

dosing and timing
per local practice

UFH or
Enoxaparin
+ GP IIb/IIIa

Bivalirudin
+ GP IIb/IIIa

Bivalirudin
Alone 

R*

*Stratified by pre-angiography thienopyridine use or administration*Stratified by pre-angiography thienopyridine use or administration

Moderate and high risk unstable angina or NSTEMI 
undergoing an invasive strategy (N = 13,819)

Moderate and high risk unstable angina or NSTEMI 
undergoing an invasive strategy (N = 13,819)

ACUITY Design. Stone GW et al. AHJ 2004;148:764–75ACUITY Design. Stone GW et al. AHJ 2004;148:764–75
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PCI

CABG



Ischemic Composite EndpointIschemic Composite Endpoint
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Estimate P
(log rank)7.4%UFH/Enoxaparin + IIb/IIIa (N=4603)

Bivalirudin + IIb/IIIa (N=4604) 0.377.9%
Bivalirudin alone (N=4612) 0.308.0%

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

Stone GW et al. NEJM 2006;355:2203-16



Major Bleeding EndpointMajor Bleeding Endpoint
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(log rank)5.7%UFH/Enoxaparin + IIb/IIIa (N=4603)

Bivalirudin + IIb/IIIa (N=4604) 0.415.3%
Bivalirudin alone (N=4612) <0.00013.1%

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

Stone GW et al. NEJM 2006;355:2203-16



Major Bleeding (Primary Endpoint)Major Bleeding (Primary Endpoint)
UFH/Enoxaparin 

+ GP IIb/IIIa
(N=4,603)

Bivalirudin           
+ GP IIb/IIIa
(N=4,604)

Bivalirudin                  
alone

(N=4,612)
P 

value*

Any major bleeding 5.7% 5.3% 3.0% <0.001

• Intracranial 0.07% 0.04% 0.07% 1.00

• Retroperitoneal 0.5% 0.6% 0.2% 0.002

• Access site 2.6% 2.6% 0.8% <0.001

- req interv/surgery 0.3% 0.5% 0.2% 0.10

- hematoma ≥5 cm 2.2% 2.2% 0.7% <0.001

• Hgb ⇓ ≥3 g/dL with    
overt source 2.2% 1.8% 1.0% <0.001

• Hgb ⇓ ≥4 g/dL with  
no overt source 0.8% 0.7% 0.7% 0.47

• Blood transfusion 2.7% 2.6% 1.6% <0.001

• Reoperation for bleed 0.04% 0.1% 0.1% 0.69

*P value for Bivalirudin alone vs. UFH/Enox + GP IIb/IIIa inhibitor*P value for Bivalirudin alone vs. UFH/Enox + GP IIb/IIIa inhibitor



Bleeding EndpointsBleeding Endpoints
UFH/Enoxaparin 

+ GP IIb/IIIa
(N=4,603)

Bivalirudin           
+ GP IIb/IIIa
(N=4,604)

Bivalirudin                  
alone

(N=4,612)

P
Value

ACUITY Scale
- Major Bleed, all 11.8% 11.1% 9.1% <0.001

- Major, non-CABG 5.7% 5.3% 3.0% <0.001

- Minor, non-CABG 21.6% 21.7% 12.8% <0.001

TIMI Scale
- Any 6.6% 6.5% 4.0% <0.001

- Major 1.9% 1.7% 0.9% <0.001

- Minor 6.4% 6.1% 3.7% <0.001

Blood transfusion 2.7% 2.6% 1.6% <0.001

Thrombocytopenia 11.1% 10.8% 9.9% 0.06

*P value for Bivalirudin alone vs. UFH/Enox + GP IIb/IIIa inhibitor*P value for Bivalirudin alone vs. UFH/Enox + GP IIb/IIIa inhibitor



$0

$4,000

$8,000

$12,000

$16,000

Heparin +
Upstream GPI

Heparin + Cath
Lab GPI

Bivalirudin +
Upstream GPI

Bivalirudin +
Cath Lab GPI

Bivalirudin
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Medication Costs
MD Fees
Room/Ancillary
Index Procedure

$14,953$14,953 $14,423$14,423 $15,258$15,258
$14,448$14,448 $14,126$14,126

Mean Initial Hospitalization CostsMean Initial Hospitalization Costs

p<0.001 for overall comparison

↓ $827/pt↓↓ $827/pt$827/pt

↓ $297/pt↓↓ $297/pt$297/pt

Cohen DJ. TCT2006Cohen DJ. TCT2006
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p=0.55

Bivalirudin alone vs. Hep+GPI
HR [95% CI] = 1.05 (0.95-1.17)

Bivalirudin+GPI vs. Hep+GPI
HR [95% CI] = 1.05 (0.94-1.16)

Ischemic Composite Endpoint
(Death, MI, unplanned revascularization for ischemia)

Ischemic Composite Endpoint
(Death, MI, unplanned revascularization for ischemia)

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone

Stone GW et al. ACC 2007



Early and Late Mortality
Landmark analysis

Early and Late Mortality
Landmark analysis
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Major Bleed only (without MI) (N=551) 12.5%
28.9%Both MI and Major Bleed (N=94)

3.4%No MI or Major Bleed (N=12,557)
MI only (without Major Bleed) (N=611) 8.6%

Impact of MI and Major Bleeding (non-CABG) in 
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28.9%

12.5%
8.6%

3.4%

Stone GW et al. ACC 2007



Cox model adjusted for baseline predictors, with non-
CABG major bleeding and MI as time-updated covariates 

Cox model adjusted for baseline predictors, with non-
CABG major bleeding and MI as time-updated covariates 

Influence of Major Bleeding and MI in the 
First 30 Days on Risk of Death Over 1 Year

Major bleedingMajor bleeding 2.89 (2.242.89 (2.24--3.72)3.72) <0.0001<0.0001

Myocardial InfarctionMyocardial Infarction 2.47 (1.872.47 (1.87--3.27)3.27) <0.0001<0.0001

0 1 2 3 4

HR HR ±± 95% CI95% CI PP--valuevalueHR (95% CI)HR (95% CI)

Stone GW et al. ACC 2007



The Case for Bivalirudin Alone in ACS and PCIThe Case for Bivalirudin Alone in ACS and PCI

The simplest regimen by far
No GP IIb/IIIa inhibitors (except provisional use)

IV infusion discontinued after cath (ACS and PCI)

Monitoring of aPTT and ACT possible but not 
necessary

Provides similar protection from ischemic 
complications as heparin (UFH or enoxaparin) 
+ GP IIb/IIIa inhibitors with markedly less 
bleeding, and is cost-effective

The simplest regimen by far
No GP IIb/IIIa inhibitors (except provisional use)

IV infusion discontinued after cath (ACS and PCI)

Monitoring of aPTT and ACT possible but not 
necessary

Provides similar protection from ischemic 
complications as heparin (UFH or enoxaparin) 
+ GP IIb/IIIa inhibitors with markedly less 
bleeding, and is cost-effective


