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FundamentalFundamental Role of Platelets in ARole of Platelets in ACSCS
ImportanceImportance ofof AntiplateletAntiplatelet TherapyTherapy

1. Cannon CP et al. Heart Disease: A Textbook of Cardiovascular Medicine. 
6th ed. Philadelphia, PA: WB Saunders, 2001: 1232–1263.
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2. Antman EM. In: Califf RM, ed. Atlas of Heart Diseases, 
VIII. Philadelphia, PA: Current Medicine, 1996.



Antiplatelet Therapy is a 
Cornrerstone in Pharmacologic
Facilitation in STEMI Patients
Undergoing PCI (and
Fibrynolysis)
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AntiplateletAntiplatelet Drugs: Mechanism of ActionDrugs: Mechanism of Action

COX=cyclo-oxygenase
ADP=adenosine diphosphate
TXA2=thromboxane A2

CLOPIDOGREL

TICLOPIDINE

Adapted form Schafer AI  Am J Med. 1996; 101: 199-209



ThienopiridineThienopiridine IssuesIssues inin STEMI STEMI 
PatientsPatients

CurrentCurrent guidelinesguidelines
ClopidogrelClopidogrel vsvs TiclopidineTiclopidine
EarlyEarly trialstrials
InsightsInsights fromfrom CLARITY, CLARITY, CLARITYCLARITY--PCIPCI andand
COMMITCOMMIT
SafetySafety profile profile ofof ClopidogrelClopidogrel
RemainingRemaining problemsproblems::
LoadingLoading dosedose: 300: 300--600 mg ? 600 mg ? OrOr moremore??
ClopidogrelClopidogrel resistance

Background

resistance
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GUIDELINES
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ClopidogrelClopidogrel as as adjunctiveadjunctive medicationmedication
for PCI, ESC 2005for PCI, ESC 2005

ARMYDA-2

After STEMI?

Guidelines for Percutaneous Coronary Interventions. Eur Heart J 2005; 26: 804-47



ThienopyridinesThienopyridines (AHA/ACC/SCAI)(AHA/ACC/SCAI)

LoadingLoading dosedose ofof ClopidogrelClopidogrel shouldshould be be administeredadministered
beforebefore PCI PCI isis performedperformed
classclass I, I, levellevel ofof evidenceevidence AA

AnAn oraloral loadingloading dosedose ofof 300 mg 300 mg atat leastleast 6 6 hourshours beforebefore
thethe PCI PCI 
classclass I, I, levellevel ofof evidenceevidence BB

WhenWhen loadingloading dosedose ofof ClopidogrelClopidogrel isis administeredadministered, a , a 
regimenregimen ofof greatergreater thanthan 300 mg 300 mg isis reasonablereasonable to to achieveachieve
higherhigher levelslevels ofof antiplateletantiplatelet activityactivity moremore rapidlyrapidly, but , but thethe
efficacyefficacy andand safetysafety comparedcompared to 300 mg to 300 mg areare less less wellwell
establishedestablished
classclass IIaIIa, , levellevel ofof evidenceevidence CC

ACC/AHA/SCAI Guideline Update for PCI, 2005



Clopidogrel vs Ticlopidine
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Clopidogrel vs Ticlopidine

% of inhibition of ADP-induced

platelet aggregation
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CLASSICS: Safety Profile of
Clopidogrel vs Ticlopidine at 28 Days

Bertrand ME et al., Circulation 2000; 102: 
624-29
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CLOPIDOGREL Early Trials
(CURE-PCI, CREDO)

-Pretreatment

-Timing of Loading Dose

World & ESC Congress, Barceloan 2006



0.15

0.10

0.05

0.0
0 100 200 300 400

Days of follow-up

12.6%

8.8%

P = 0.002
N = 2658

Clopidogrel (300+75mg)
+ ASA*

Placebo
+ ASA*

C
um

ul
at

iv
e 

H
az

ar
d 

R
at

e

* In addition to other standard therapies.

Mehta et al for the CURE Investigators. Lancet. 2001;358:527-533.

Composite of MI or CV death from randomization to end of Composite of MI or CV death from randomization to end of 
followfollow--upup

PCIPCI--CURE: Overall LongCURE: Overall Long--Term ResultsTerm Results
NSTENSTE--ACSACS, n=2.658, n=2.658

31%
Relative Risk

Reduction



ObjectivesObjectives
ObjectivesObjectives

–– To evaluate the To evaluate the long term efficacylong term efficacy of prolonged of prolonged 
(1 year)(1 year) therapy with clopidogrel 75mg therapy with clopidogrel 75mg vsvs
placebo in patients on top of standard therapy placebo in patients on top of standard therapy 
(including ASA) (including ASA) 

–– To evaluate the effect of pretreatment with a To evaluate the effect of pretreatment with a 
clopidogrel 300 mg loading dose on the clopidogrel 300 mg loading dose on the 
composite of death (allcomposite of death (all--cause), MI (Qcause), MI (Q-- or nonor non--
QQ--wave), or UTVR at Day 28, in patients who wave), or UTVR at Day 28, in patients who 
underwentunderwent electiveelective PCIPCI

–– To evaluate the safety of clopidogrel, To evaluate the safety of clopidogrel, 
specifically the frequency of major bleeding specifically the frequency of major bleeding 
events and early discontinuation of study drugevents and early discontinuation of study drug

UTVR= Urgent Target Vessel Revascularization

Steinhubl S, et al. JAMA, November 20, 2002 – Vol 288, No 19:  2411 – 2420



Early Effects of Pretreatment with Early Effects of Pretreatment with 
ClopidogrelClopidogrel:: Per Per -- ProtocolProtocol

DAYS FROM RANDOMIZATION

18.5 % RRR
p = 0.23

*From PCI to 28 days, on top of standard therapy including ASA (325mg from randomization to Day 28) 
PT= Pretreatment
UTVR: Urgent Target Vessel Revascularization
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Steinhubl S, et al. JAMA, November 20, 2002 – Vol 288, No 19:  2411 – 2420



Timing of Loading Dose Timing of Loading Dose -- 28 Days28 Days

Events (%)
No-PT Clopidogrel

Better
PT-Clopidogrel

BetterNo-PT
Clopidogrel*

PT-Clopidogrel* n

RRR -13.4
p=NS< 6 hrs 7.9  7.0 893 

6 to 24 hr 5.8 9.4 851 RRR 38.6 
p=0.05

RRR 18.5
p=0.23

Overall CREDO Results

0.6 0.8 1.0 1.2

Hazard ratio (95% CI)

* On top of standard therapy including 
ASA, PT= Pretreatment

Steinhubl S, et al. JAMA, November 20, 2002 – Vol 288, No 19:  2411 – 2420



MetaMeta--Analysis of Clopidogrel Pretreatment Analysis of Clopidogrel Pretreatment 
in PCIin PCI

Events, No./Total (%)Events, No./Total (%)
TrialTrial ClopidogrelClopidogrel PlaceboPlacebo OR (95% CI)OR (95% CI)

Myocardial Infarction Before PCIMyocardial Infarction Before PCI
PCIPCI--CURECURE 47/1313 (3.6%)47/1313 (3.6%)68/1345 (5.1%)68/1345 (5.1%) 0.70 (0.480.70 (0.48--1.02)1.02)

CREDOCREDO N/AN/A N/AN/A N/AN/A

PCIPCI--CLARITYCLARITY 37/933 (4.0%)37/933 (4.0%) 57/930 (6.1%)57/930 (6.1%) 0.63 (0.410.63 (0.41--0.97)0.97)

OverallOverall 84/2246 (3.7%)84/2246 (3.7%)125/2275 (5.5%)125/2275 (5.5%)0.67 (0.500.67 (0.50--0.89)0.89)

CV Death or MI After PCI to 30 DaysCV Death or MI After PCI to 30 Days
PCIPCI--CURECURE 38/1313 (2.9%)38/1313 (2.9%)59/1345 (4.4%)59/1345 (4.4%) 0.65 (0.430.65 (0.43--0.98)0.98)

CREDOCREDO 54/900 (6.0%)54/900 (6.0%) 65/915 (7.1%)65/915 (7.1%) 0.83 (0.570.83 (0.57--1.21)1.21)

PCIPCI--CLARITYCLARITY 31/933 (3.3%)31/933 (3.3%) 50/930 (5.4%)50/930 (5.4%) 0.60 (0.380.60 (0.38--0.96)0.96)

OverallOverall 123/3146 (3.9%)123/3146 (3.9%)174/3190 (5.5%)174/3190 (5.5%)0.71 (0.560.71 (0.56--0.89)0.89)

Favors
Pretreatment

Favors No
Pretreatment

P=0.005

1.00.25 0.5 2.0

P=0.004

Earlier is Better

M Sabatine, et al. JAMA. 2005;294:1224-1232.



CLARITY, CLARITY-PCI & 
COMMIT
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HypothesisHypothesis

The addition of clopidogrel to standard The addition of clopidogrel to standard 
fibrinolytic regimens that include aspirin fibrinolytic regimens that include aspirin 
would:would:

•• Improve infarctImprove infarct--related artery patencyrelated artery patency

•• Decrease ischemic complicationsDecrease ischemic complications

Sabatine M et al. New Eng J Med 2005; 352: 1179–1189.



Study DesignStudy Design
Double-blind, randomized, placebo-controlled trial in
patients aged 18−75 years with STEMI ≤12 hours

Study treatment until 
angiography (2−8 days) or 

hospital discharge 
(maximum 8 days) 

n=1,752

n=1,739

Thrombolysis, 
heparin and ASA* 

Clopidogrel 300 mg loading dose/75 mg once daily†

Placebo†

Clinical 
follow-up
at 30 days

R

Primary endpoint: occluded artery (Thrombolysis In Myocardial Infarction [TIMI] 
flow grade [TFG] 0/1) on the angiogram or death/MI by time of angiography

*ASA=150–325 mg (if no ASA within prior 24 hours) as loading dose. 
Patients received heparin if they received a fibrin specific thrombolytic
†All patients received ASA 75–162 mg/day plus other standard care

Sabatine M et al. New Eng J Med 2005; 352: 1179–1189.



InterventionsInterventions

ParameterParameter ClopidogrelClopidogrel PlaceboPlacebo

SxSx onset to fibrinolyticonset to fibrinolytic 2.7 hrs2.7 hrs

10 10 minsmins

Median # doses of study medMedian # doses of study med 44 44

AngiographyAngiography 93.9%93.9% 94.2%94.2%

3.5 days3.5 days

Coronary revascularizationCoronary revascularization 62.8%62.8% 62.4%62.4%

PCIPCI 57.2%57.2% 56.6%56.6%

5.9%5.9%

2.6 hrs2.6 hrs

Fibrinolytic to study drugFibrinolytic to study drug 10 10 minsmins

Study drug to angiographyStudy drug to angiography 3.5 days3.5 days

CABGCABG 6.0%6.0%



Primary EndpointPrimary Endpoint::
Occluded Artery (or D/MI thru Occluded Artery (or D/MI thru AngioAngio/HD)/HD)

Odds Ratio 0.64
(95% CI 0.53-0.76)

Odds Ratio 0.64Odds Ratio 0.64
(95% CI 0.53(95% CI 0.53--0.76)0.76)
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36%
Odds Reduction

36%
Odds Reduction

P=0.00000036P=0.00000036P=0.00000036
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PCIPCI--CLARITY: PurposeCLARITY: Purpose

TTo test the hypothesis that in patients o test the hypothesis that in patients 
undergoing PCI after initial pharmacologic undergoing PCI after initial pharmacologic 
therapy for STEMI, clopidogrel pretreatment therapy for STEMI, clopidogrel pretreatment 
hours to days before PCI is superior to hours to days before PCI is superior to 
clopidogrel pretreatment initiated at the time clopidogrel pretreatment initiated at the time 
of PCIof PCI in preventing majorin preventing major cardiovascular cardiovascular 
events events 



PCIPCI--CLARITY: Overall ResultsCLARITY: Overall Results

*MI, Stroke, or CV Death
**MI or Stroke  
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41%
p=0.001

Overall
Events*

Pre-PCI
Events**

4.0
6.2

38%
p=0.03

3.6
6.2

46%
p=0.008

Post-PCI
Events*

Overall events includes events from randomization through 30 days.  Percent reduction 
based on odds ratio for event rates.  Odds ratios adjusted for propensity score for 
likelihood of PCI, type of lytic, initial type of heparin, and infarct location.

M Sabatine, et al. JAMA. 2005;294:1224-1232.



Number of Adjusted* Patients with event (%)
Characteristic patients OR (95% CI) Clopidogrel Placebo

OVERALL 1863 0.54 (0.35-0.85) 3.6 6.2
Age

<65 years 1337 0.59 (0.33-1.07) 3.2 4.7
≥65 years 526 0.43 (0.21-0.87) 4.7 10.4

Gender
Male 1522 0.59 (0.35-0.99) 3.6 5.4
Female 341 0.41 (0.16-1.04) 4.0 10.3

Type of Fibrinolytic Agent
Fibrin Specific 1470 0.54 (0.33-0.89) 3.5 6.4
Non-fibrin-specific 393 0.54 (0.19-1.53) 4.1 5.6

Diabetes
Yes 282 0.61 (0.24-1.53) 6.0 10.1
No 1555 0.51 (0.30-0.87) 2.9 5.3

Predominant heparin
UFH 888 0.72 (0.40-1.32) 5.0 6.5
LMWH 789 0.47 (0.22-1.02) 2.5 5.4
None 186 0.12 (0.01-1.03) 2.2 8.3

PCI
Urgent 675 0.60 (0.33-1.08) 6.7 9.6
Elective 1186 0.54 (0.27-1.09) 2.1 4.1

Time from randomization to PCI
<6 hours 352 0.45 (0.20-1.04) 5.3 12.8
6-48 hours 167 0.51 (0.16-1.65) 6.5 11.1
48-96 hours 573 0.61 (0.24-1.53) 3.0 4.5
>96 hours 633 0.70 (0.28-1.78) 2.8 3.9

Gp IIb/IIIa inhibitor at time of PCI
Yes 598 0.42 (0.21-0.88) 4.2 9.0
No 1254 0.65 (0.36-1.17) 3.4 4.9

Open-label loading dose at time of PCI
Yes 1436 0.50 (0.28-0.90) 2.9 5.2
No 404 0.62 (0.30-1.29) 6.3 10.1

PCIPCI--CLARITY: Consistent Results for Primary Endpoint CLARITY: Consistent Results for Primary Endpoint 
Across SubgroupsAcross Subgroups

1.00.1 5.00.5
Favors Pretreatment Favors No Pretreatment

OR (95% CI)

0.2 2.0



COMMIT/CCSCOMMIT/CCS--2: 2: CCllOOpidogrel pidogrel 
and and MMetoprolol in etoprolol in MMyocardial yocardial 
IInfarction nfarction TTrialrial

Purpose:Purpose:
To determine whether adding To determine whether adding 
clopidogrel can produce a further clopidogrel can produce a further 
reduction in mortality and the risk reduction in mortality and the risk 
of vascular events in hospitalized of vascular events in hospitalized 
patients admitted with acute patients admitted with acute 
STEMISTEMI11

CCS-2 Collaborative Group. J Cardiovasc Risk 2000; 7: 435−441.



Study DesignStudy Design

Double-blind treatment until hospital 
discharge or for a maximum of 4 weeks 

(n=~23,000)

n=~46,000

Patients with 
acute STEMI   
≤24 hours 

Clopidogrel 75 mg once daily*

(n=~23,000)

R

Placebo*

(2 X 2 factorial with metoprolol)

*All patients received a background of ASA 162 mg/day 
during the study

CCS-2 Collaborative Group. J Cardiovasc Risk 2000; 7: 435−441.
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Complementary Results of Complementary Results of 
CLARITYCLARITY, , CLARITYCLARITY--PCIPCI and and 
COMMIT for Patients with STEMICOMMIT for Patients with STEMI

Significant improvement in coronary perfusion and Significant improvement in coronary perfusion and 
clinical outcomes versus standard care (CLARITYclinical outcomes versus standard care (CLARITY, , 
CLARITYCLARITY--PCIPCI))

Significant reduction in mortality for patients Significant reduction in mortality for patients 
receiving clopidogrel versus standard care alone receiving clopidogrel versus standard care alone 
(COMMIT)(COMMIT)

No significant increase in major bleeding or ICH No significant increase in major bleeding or ICH 
(COMMIT and CLARITY)(COMMIT and CLARITY)



Safety Profile of
Clopidogrel
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CURE: Safety Profile of CURE: Safety Profile of 
Clopidogrel in ACS PatientsClopidogrel in ACS Patients

Event

Major bleeding
Life-threatening bleeding

Fatal
Causing a 5 g/dL drop in hemoglobin 
Requiring transfusion ≥4 units blood
Causing hemorrhagic stroke
Requiring surgery
Hypotension requiring inotropic agents

Non life-threatening bleeding

Placebo*
(n=6303)

Clopidogrel*
(n=6259)

p value

0.001
0.13
−
−
−
−
−
−

0.002

3.7%
2.2%
0.2%
0.9%
1.2%
0.1%
0.7%
0.5%
1.5%

2.7%
1.8%
0.2%
0.9%
1.0%
0.1%
0.7%
0.5%
0.9%

*On a background of standard therapy (including ASA)

The CURE Investigators. N Engl J Med 2001; 345: 494−502.



CURE: Relationship Between Major CURE: Relationship Between Major 
Bleeding and ASA Dose in ACS Bleeding and ASA Dose in ACS 
PatientsPatients

0

1.0

2.0

3.0

4.0

5.0

1.9%

3.0% 2.8%
3.4%

3.7%

4.9%

In
ci

de
nc

e 
of

 m
aj

or
 

bl
ee

di
ng

 (%
)

Placebo*
Clopidogrel*

≤100 mg 
(n=5320)

≥200 mg 
(n=4110)

101–199 mg 
(n=3109)

ASA dose (range 75–325 mg)

*On a background of standard therapy (including ASA)

Peters RJG et al. Circulation 2003; 108: 1682−1687.



Clopidogrel Loading Dose
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Thienopiridines Loading Doses and
Platelet Aggregation
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ARMYDA-2: Antiplatelet Therapy for 
Reduction of Myocardial Damage 
During Angioplasty
255 pts with stable CAD or NSTE-ACS prior to PCI
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Patti G et al., Circulation 2005; 111: 2099-2106



ClopidogrelClopidogrel LoadingLoading BeforeBefore PCI: PCI: 
Do We Do We UseUse thethe RightRight DoseDose??

Beckerath N et al., Circulation 2005; 
112: 2946-50

Advantage of 600 mg 
loading dose over 300 
mg. No additional
suppression of platelet
function after 900 mg 
loading dose because of
limited clopidogrel
absorption.

World & ESC Congress, Barcelona 2006



Clopidogrel Resistance
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Variability in Platelet Responsiveness to 
Clopidogrel among 544 Individuals

Mean change in
aggregation=41.9±20.8%

(-32% to 94%)

Hyporesponsiveness 4.8%

(26 subjects)

Hyperresponsiveness 4.2%

(23 subjects)

P=NS for hyper-, hypo- and standard responders to Clopidogrel in regard to 
demographics, clinical chracteristics and medications

Serebruany VL et al., JACC 2005; 45: 246-51



Clopidogrel Resistance is Associated with
Increased Risk of Ischemic Events
Clopidogrel Resistance is Associated with
Increased Risk of Ischemic Events
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DoesDoes plateletplatelet responsivenessresponsiveness to to 
ClopidogrelClopidogrel hashas anan effecteffect on on 
periproceduralperiprocedural eventsevents inin PCI PCI 
patientspatients??
StudiesStudies underwayunderway::

CAVIAR CAVIAR TrialTrial
RESISTOR RESISTOR TrialTrial

World & ESC Congress, Barceloan 2006



PredictorsPredictors ofof StentStent ThrombosisThrombosis

Iakovou I et al., JAMA 2005; 293: 2126-30



ConclusionsConclusions
ThienopiridinesThienopiridines inin STEMI STEMI afterafter
CLARITYCLARITY--PCIPCI

AntiplateletAntiplatelet therapytherapy with thienopiridineswith thienopiridines isis primaryprimary
pharmacologicpharmacologic facilitationfacilitation inin STEMI STEMI patientspatients who undergo PCI who undergo PCI 
and/fibrynolysisand/fibrynolysis
ClopidogrelClopidogrel inin combinationcombination withwith aspirinaspirin isis cornerstonecornerstone inin
STEMISTEMI reperfusionreperfusion treatmenttreatment withwith reductionreduction ofof adverseadverse
cardiovascularcardiovascular eventsevents seenseen priorprior andand afterafter PCI PCI (CLARITY(CLARITY--PCI)PCI)
There is no increase in major bleeds with clopidogrel in STEMI There is no increase in major bleeds with clopidogrel in STEMI 
patients, however the dose of ASA is crucialpatients, however the dose of ASA is crucial
TheThe loadingloading dosedose ofof ClopidogrelClopidogrel inin STEMI STEMI patientspatients treatedtreated by by 
meansmeans ofof primaryprimary PCI PCI isis not not wellwell establishedestablished (ESC (ESC –– 600 mg, 600 mg, 
AHA/ACC AHA/ACC –– 300 mg). 300 mg). ProbablyProbably higherhigher dosedose (900 mg) (900 mg) isis not not 
clinicallyclinically beneficialbeneficial
ClopidogrelClopidogrel resistanceresistance maymay be be anan issueissue, , howeverhowever moremore clinicalclinical
data data areare neededneeded

Adam Witkowski, World & ESC Congress, Barcelona 2006
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