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Controversies in Antiplatelet 
Therapy

James  de Lemos, MD
UT Southwestern Medical Center

Dallas, TX

1.  Plaque rupture,
Cholesterol content,
Inflammation (hs-CRP)
Infection
(Statins)

2.  Platelet adhesion/
activation/
aggregation
(ASA, IIb/IIIa inhibitors/
Thienopyridines)

3.  Activation of clotting 
cascade - Thrombin

(Heparin/LMWH/Bivalirudin)

4. Downstream from thrombus
myocardial ischemia/necrosis
(Beta-blockers, Nitrates etc)

Platelet

IIb/IIIa
Receptor 

FibrinogenFibrinogen
ThrombinThrombin

Fibrin Fibrin 
clotclot

Pathophysiology of Acute Coronary Syndromes 
and Potential Pharmacologic Interventions

Mechanisms of Action of Available
Oral Antiplatelet Therapies

ADP = adenosine diphosphate, TXA2 = thromboxane A2, COX = 
cyclooxygenase.
Adapted from Schafer AI. Am J Med. 1996;101:199-209.

Collagen
Thrombin

TXA2

ADPADP

TXATXA22

ADP phosphodiesterasephosphodiesterase

ADPADP

(Fibrinogen(Fibrinogen
receptor)receptor)

Gp IIb/IIIaGp IIb/IIIa
Activation

COX

clopidogrel

ticlopidine
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dipyridamole
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Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+ surgery+ clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?

Placebo
+ ASA*

Clopidogrel
+ ASA*

Major Bleeding by ASA Dose

<100 mg <100 mg 2.6%2.6% 2.0%2.0%

100100––200 mg 200 mg 3.5%3.5% 2.3%2.3%

>200 mg >200 mg 4.9%4.9% 4.0%4.0%

ASA Dose

CURE Study

*Other standard therapies were used as appropriate. 
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Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+ surgery+ clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?

Aspirin Resistance

Cellular Factors
Insufficient suppression 

of COX-1

Overexpression
of COX-2 mRNA

Erythrocyte-induced 
platelet activation

Increased norepinephrine

Generation of 8-iso-PGF2α

Adapted with permission from Bhatt DL. J Am Coll Cardiol. 2004;43:1127-1129.

Aspirin Resistance: 
More Than Just a Laboratory Curiosity?

Genetic 
Polymorphisms

COX-1
GP IIIa receptor

Collagen receptor
vWF receptor

Clinical Factors
Failure to prescribe

Noncompliance
Nonabsorption

Interaction with ibuprofen

Aspirin Resistance and the Risk of
Cardiovascular Events in High-Risk Patients

Cases (n=488)
Patients with CV events 

after randomization

Controls (n=488)
Patients without CV events 

after randomization

Urinary 11-dehydro thromboxane B2
(ng/mmol creatinine)

0

0.5

1

1.5

2

<15.1 15.1-21.8 21.9-33.8 >33.8

1.0
1.3 1.4

1.8
MI, stroke, or CV death (P=.01)

O
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Adapted with permission from Eikelboom JW, et al. Circulation. 2002;105:1650-1655.

5529 patients from HOPE study with baseline urine samples
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Aspirin Responsiveness By 
PFA-100 and Aggregometry

23.8%

5.5%

70.7%
Aspirin Sensitive

Resistant

Partial 
Responders

9.5%

90.5%
Aspirin Sensitive

325 patients with stable ASCAD

Aggregometry
Response to ADP and AA

PFA-100

Gum P.  Am J Cardiol 2001;88:230-235

Clinical Outcomes: Aspirin Responsive-ness by 
Aggregometry And PFA-100

0

20

40

00 200200 400400 600600 800800

Days after Treatment

Not Aspirin Resistant, N = 309

Aspirin Resistant, N = 17

% Death, MI, CVA% Death, MI, CVA

Log rank Log rank 
χχ22=5.05, =5.05, 
p=0.03p=0.03

Gum, P. JACC 2003;41:961-5
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ASA 
Responder

N=294

ASA Non-
Responder

N=32

12.9
15.1

% Death, MI, CVA% Death, MI, CVA

P=0.4
Clinical Outcomes based on 

PFA-100 Results

Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+ surgery+ clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?
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CV Death/MI/Stroke in Different Subgroups
CURE

Fox et al. Fox et al. Circulation.Circulation. 2004;110:12022004;110:1202--1208 (A); Yusuf et al. 1208 (A); Yusuf et al. N N EnglEngl J MedJ Med. . 
2001;345:4942001;345:494--499 (A).499 (A).
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PP<.001<.001

PlaceboPlacebo

ClopidogrelClopidogrel

0.140.14
0.120.12
0.100.10
0.080.08
0.060.06
0.040.04
0.020.02

Clopidogrel at Discharge
CRUSADE Registry

TricociTricoci et al. et al. Arch Intern Med.Arch Intern Med. 2006;166:8062006;166:806--811 (B).811 (B).
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CLARITY-TIMI 28: Endpoints

PlaceboClopidogrel
n=1752 n=1739

36%
Odds reduction

15.0

21.7

O
cc

lu
de

d 
ar

te
ry

 o
r d

ea
th

/M
I (

%
)

0

5

10

15

20

25

RI, recurrent ischemia.
Sabatine MS, et al. N Engl J Med. 2005;352:1179-1189.
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Odds ratio: 0.80
(95% CI, 0.65–0.97)

P=.03

20%

CV death, MI, RI → Urg. Revasc.Primary endpoint: occluded 
artery (or death/MI through 

angio/HD)
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COMMIT: Primary Endpoints

Days since randomization
(up to 28 days)

9% (SE3) RRR
(2P=.002)
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Chen ZM, et al. Lancet. 2005;366:1607-1621.

Clopidogrel No
Trial Pretreatment Pretreatment
PCI-CURE 3.6 5.1
CREDO n/a n/a
PCI-CLARITY 4.0 6.1
Overall 3.7 5.5

Clopidogrel Pretreatment in Patients
Undergoing PCI: a Meta-analysis

Clopidogrel Pretreatment in Patients
Undergoing PCI: a Meta-analysis

CV Death or MI after PCI (%)

MI before PCI (%)

1.00.25 2.00.5

1.00.25 2.00.5
OR (95% CI)

OR (95% CI)

OR: 0.67
P=.005

Favors
Pretreatment

Favors
No Pretreatment

OR: 0.71
P=.004

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

Clopidogrel No
Trial Pretreatment Pretreatment
PCI-CURE 2.9 4.4
CREDO 6.0 7.1
PCI-CLARITY 3.3 5.4
Overall 3.9 5.5

ACUITY: Impact of Clopidogrel Loading on 
Antithrombin Efficacy

Overall Cohort Clopidogrel 
Pretreatment

No 
Clopidogrel
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UFH + GP IIb/IIIa Bivalirudin alone

Stone GW, et al. N Engl J Med. 2006;355;2203-2216.
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Major/Life-Threatening  Bleeds within 7 
Days of CABG Surgery

N = 456N = 454Stopped > 5 days 
prior to  CABG

0.530.834.4%5.3%Pts with Maj/LT 
Bleeds

0.061.539.6%6.3%Pts with Maj/LT 
Bleeds

N = 436N = 476Stopped < 5 days 
prior to  CABG

pRRClopPlac

Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+ surgery+ clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?

CHARISMA Trial Design

* MI (fatal or non-fatal), stroke (fatal or non-fatal), or cardiovascular death;
event-driven trial

Clopidogrel 
75 mg/day
(n=7802)

Placebo 
1 tablet/day 
(n=7801)

1-month 
visit

Final visit 
(Fixed study 

end date)

Patients age ≥ 45 
years at high risk of 
atherothrombotic 
events

R Double-blind treatment up to 1040 
primary efficacy events*

Low dose ASA 75−162 mg/day

Low dose ASA 75−162 mg/day

(n=15603)

Visits every 6 months3-month 
visit

Bhatt DL et al. Am Heart J 2004; 148: 263–268.
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Overall Population: Primary Efficacy Outcome 
(MI, Stroke, or CV Death)†

† First Occurrence of MI (fatal or non-fatal), stroke (fatal or non-fatal), or cardiovascular death
*All patients received ASA 75-162 mg/day
§The number of patients followed beyond 30 months decreases rapidly to
zero and there are only 21 primary efficacy events that occurred beyond 
this time (13 clopidogrel and 8 placebo)

Bhatt DL, Fox KA, Hacke W, et al. NEJM 2006.

C
um

ul
at

iv
e 

ev
en

t r
at

e 
(%

)

0

2

4

6

8

Months since randomization
0 6 12 18 24 30

Placebo + ASA*
7.3%

Clopidogrel + ASA*
6.8%

RRR: 7.1% [95% CI: -4.5%, 17.5%]
p=0.22 

n=3284

n=12,153

n=15,603

CHARISMA: Primary Endpoint
MI, Stroke, CV Death

0.5 1.0 1.5
Placebo
better

Clopidogrel
better

Asymptomatic*

Symptomatic†

All patients

Hazard ratio RR (95% CI)

1.20 (0.91–1.59)

0.88 (0.77–0.998)‡

0.93 (0.83–1.05)

Treatment effect by asymptomatic vs symptomatic

*Multiple atherothrombotic risk factors.
† Documented coronary, cerebrovascular, or peripheral arterial disease.

‡P=.046.
Bhatt DL, et al. N Engl J Med. 2006;354:1706-1717.

CHARISMA:  Primary Endpoint for Patients 
with Prior MI, Stroke or PAD

Primary end points: cardiovascular death, MI, or stroke
ASA = aspirin; CI = confidence interval; RRR = relative risk reduction

Bhatt DL, et al. J Am Coll Cardiol. 2007;  49(19):in press
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Clopidogrel + ASA
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Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+surgery+clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?
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Variability in Clopidogrel 
Responsiveness in a Diverse 

Population of 544

Serebruany V. JACC 2005.

Δ 5μM ADP Platelet Aggregation

*Active Metabolite

Clopidogrel 

• Individual 
Variability

• Receptor Polymorphisms
(P2Y12, GP IIb/IIIa) 

• Receptor Numbers 

• Intracellular Signaling

Inactive Metabolite

Esterases

Hepatic CYP3A4 
Conversion

Intestinal 
Absorption 

Platelet Inhibition

Gurbel PA. Haematologica. 2004;89(7 Suppl):9-11.

Extrinsic and Intrinsic Mechanisms
Responsible for Nonresponsiveness

Drug-Drug Interactions 
– The Statin Controversy 
Polymorphisms  

STRIVETM

Clopidogrel Responsiveness and Recurrent 
CV Events in Patients With STEMI

“Clopidogrel Resistance”

P=-.007

P<.05

Adapted with permission from Matetzky S, et al. Circulation. 2004;109:3171-3175.

Reduction in Aggregate Size
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Time After Administration (Hours)
0 4 24 48

100

60

20

0

Adapted with permission from Müller I, et al. Heart. 2001;85:92-93.

Ticlopidine 2 x 500 mg, then 250 mg BID
Clopidogrel 300 mg, then 75 mg QD
Clopidogrel 600 mg, then 75 mg BID
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Effect of Clopidogrel Loading Dose 
on Platelet Aggregation

ARMYDA-2 Trial: Design and Primary End Point

Primary composite of death, MI, 
or target vessel revasc at 30 days

P=.041

4%

0%

2%

4%

6%

8%

10%

12%

14%

High Dose Standard Dose

12%

High Loading 
Dose 

of 
Clopidogrel

600 mg
Pre-PCI

Standard 
Loading 
Dose of 

Clopidogrel 
300 mg
Pre-PCI

255 patients with stable CAD or 
NSTEMI prior to PCI 

13% received GP IIb/IIIa inhibitors
20% received drug-eluting stents

Randomized 4-8 
Hours Pre-PCI

ARMYDA-2 = Antiplatelet Therapy for Reduction of Myocardial Damage During Angioplasty.
Patti G, et al. Circulation. 2005;111:2099-2106.

Re-loading with Clopidogrel

Kastrati et al. Circulation. 2004;110:1916-9 
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Prasugrel: Active Metabolite 
Formation, Faster Onset of IPA

Herbert JHerbert J--M, et al. M, et al. SemSem VascVasc Med;Med; 2003;3:1132003;3:113--122. 122. 
Sankyo Ann Report.Sankyo Ann Report. 1999;51:1.1999;51:1.
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Prasugrel 5 mg

Prasugrel 10 mg

Prasugrel 20 mg

Clopidogrel 75 mg

Mean + SE, n = 6. 
AsaiAsai F, et al. ACC 2005.F, et al. ACC 2005.

Dosing Period

Prasugrel: Inhibition of Platelet 
Aggregation (20 μM ADP) 
in Healthy Male Subjects

Results: Inhibition of Platelet 
Aggregation (IPA) at 24 Hours
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Clopidogrel responder
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*Responder = *Responder = ≥≥ 25% IPA at 4 and 24 h.25% IPA at 4 and 24 h.
Brandt J, et al. ACC 2005.Brandt J, et al. ACC 2005.
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Results: Inhibition of Platelet 
Aggregation (IPA) at 24 Hours
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*Responder = *Responder = ≥≥ 25% IPA at 4 and 24 h.25% IPA at 4 and 24 h.
Brandt J, et al. ACC 2005.Brandt J, et al. ACC 2005.

Results: Inhibition of Platelet 
Aggregation (IPA) at 24 Hours
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*Responder = *Responder = ≥≥ 25% IPA at 4 and 24 h.25% IPA at 4 and 24 h.
Brandt J, et al. ACC 2005.Brandt J, et al. ACC 2005.

Study Design

Double-blind

ACS (STEMI or UA/NSTEMI) & Planned PCI
ASA

PRASUGREL
60 mg LD/ 10 mg MD

CLOPIDOGREL
300 mg LD/ 75 mg MD

1o endpoint: CV death, MI, Stroke
2o endpoints: CV death, MI, Stroke, Rehosp-Rec Isch

CV death, MI, UTVR
Stent Thrombosis (ARC definite/prob.) 

Safety endpoints:  TIMI major bleeds, Life-threatening bleeds
Key Substudies: Pharmacokinetic, Genomic

Median duration of therapy - 12 months

N= 13,600
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Stent Thrombosis
(ARC Definite + Probable)
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TIMI Major
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Life
Threatening

Nonfatal Fatal ICH

Bleeding Events
Safety Cohort

(N=13,457)

%
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%
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ARD 0.6%
HR 1.32
P=0.03

NNH=167  

ClopidogrelClopidogrel
PrasugrelPrasugrel

ARD 0.5%
HR 1.52
P=0.01

ARD 0.2%
P=0.23

ARD 0%
P=0.74

ARD 0.3%
P=0.002

ICH in Pts w ICH in Pts w 
Prior Stroke/TIA Prior Stroke/TIA 

(N=518)(N=518)

Clop 0 (0)  %Clop 0 (0)  %
PrasPras 6 (2.3)%6 (2.3)%

(P=0.02)(P=0.02)
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HR 1.32
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P=0.03

Prasugrel

Clopidogrel
1.8
2.4

138
events 

35
events 

Balance of 
Efficacy and Safety

CV Death / MI / Stroke

TIMI Major 
NonCABG Bleeds

NNT = 46

NNH = 167

Net Clinical Benefit
Bleeding Risk Subgroups

OVERALL

>=60 kg

< 60 kg

< 75

>=75

No

Yes

0.5 1 2

Prior
Stroke / TIA

Age

Wgt

Risk (%)
+ 37

-16

-1

-16

+3

-14

-13

Prasugrel Better Clopidogrel Better
HR

Pint = 0.006

Pint = 0.18

Pint = 0.36

PostPost--hoc analysishoc analysis

Bleeding Risk Subgroups
Therapeutic Considerations

Significant 
Net Clinical Benefit 

with Prasugrel
80%

MD MD 
10 mg10 mg

Reduced MD

Guided by PK

Age > 75 or 

Wt < 60 kg
16%

Avoid 

Prasugrel

Prior 

CVA/TIA4%4%
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Comparison with Higher 
Dose Clopidogrel

P<0.0001 for each

IPA (%; 20 μM ADP)

Hours 14 Days

IPA (%; 20 μM ADP)
P<0.0001

Prasugrel
10 mg

Clopidogrel 
150 mg

Wiviott et al Circ 2007 (In Press)

N=201

Prasugrel 60 mg

Clopidogrel 600 mg

Cangrelor (AR-C69931MX)

Parenteral ADP-P2Y12 receptor antagonist
ATP analogue 
Molecular weight 800 Daltons
Plasma half-life of 5-9 minutes
20 minutes for return to normal platelet function
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AggregationAggregation

Bleeding timeBleeding time

+ aspirin/heparin/GTN

+ placebo 

AR-C69931 (ng.kg-1.min-1) Stepped infusion period Recovery period
7    15  20  45   60 min

Key Phase I result
•Rapid reversal of dose-dependent effect
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AZD6140 
• First oral reversible ADP receptor 

antagonist 
• A non-thienopyridine, in the chemical 

class CPTP 
(CycloPentylTriazoloPyrimidine)

• Direct acting via the P2Y12 receptor
• Blocks platelet activation and 

aggregation more consistently and 
completely than clopidogrel 

• Metabolism not required for activity

DISPERSE 2

Clopidogrel

Time, hours
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100
Day 1 Day 14
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n 
%
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n 

AZD6140 100 mg bd
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%
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2 4 8 12 2 4 8 12 24

Day 1 Day 14

2 4 8 12 2 4 8 12 24

®*

AZD6140 90 mg bid

Clopidogrel 300/600mg load: 75mg od

V1 V2 V3 V4 V5 V6
End of  

Treatment
Follow-

up
Onset of 
chest 
pain <24h

1 
mo

3 
mo

6 
mo

6 to 12 
mo

EOT + 1 
mo

* N=9000 per treatment arm

Study Design

9 
mo

12 
mo
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Thrombin

ADPADP

TXATXA22

ADP P2Y12

ADPADP

(fibrinogen(fibrinogen
receptor)receptor)

GP IIb/IIIaGP IIb/IIIa
Activation

COX-1

clopidogrel bisulfate

aspirin

cAMP

Oral Anti-PAR-1 receptors

SCH 530348
E 5555

adapted from Schafer AI. Am J Med. 1996;101:199-209.

TRA (SCH 530348) Program
(29,500 pts)

1o EP: Composite of CV 
death, MI,  Stroke, and 

urgent revascularization

TRA (SCH 530348) Program
Evaluation of Efficacy and Safety in Acute and Chronic 

Atherothrombosis

CER

NSTEACS
10,000 pts

2º Prevention
19,500 pts

SCH 530348 Placebo SCH 530348 Placebo 

F/U: 30 days, 4,8,12 months, and 6 months thereafter

F/U 1 yr minimum

1o EP: Composite of CV 
death, MI,  Stroke, urgent 

revascularization and 
Recurrent  Ischemia w/ 

Rehosp

Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+surgery+clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?
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Stent Thrombosis and DES

DES thrombosis: risk factors

IakovouIakovou et al, JAMA 2005et al, JAMA 2005

29/2229 pts29/2229 pts
(1.3%)(1.3%)

Late >30d
N=15 (0.7%)

Subacute (0-30d)
N=14

DES thrombosis: risk factors

IakovouIakovou et al, JAMA 2005et al, JAMA 2005

29/2229 pts29/2229 pts
(1.3%)(1.3%)

Late >30d
N=15 (0.7%)

Subacute (0-30d)
N=14 + SURGERY!
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Surgery after (bare metal) stent implantation –
Methodist Hospital Houston

Kaluza et al, JACC 2000

0.0 0.0

28.0

32.0

0

20

40

1-14 days >14 days

MIMI
DeathDeath

P=0.015P=0.015
Surgery 1-14d

(n=25)
Surgery 15-39d

(n=15)

Stent

• 8 deaths
•6 due to MI
•2 due to bleeding

• 11 bleeds
• 3/5 pts operated on 

ticlid died (1 bleed – 2 
MI+ bleed)

Results Pt
(%)

6 of 7 pts 
died (86%)

DES and non-cardiac surgery: Erasmus data

Schouten et al; WCC 2006

n=13

n=17

4/30

1/162

n=99

n=93

1999-2005
Surgery within 2 yrs 
from PCI (n=192)

5 fatal MIs in 192 pts 
2.6% (95% CI 0.9-6%)
(stent thrombosis in 4)

Controversies in Antiplatelet 
Therapy

• ASA dose?
• ASA resistance: lab abnormality or clinical 

syndrome?
• Clopidogrel: How much, how early and how long?
• Is there a role for clopidogrel in stable 

atherosclerosis? Afib?
• Do we have room for new antiplatelet agents?
• Stents+surgery+clopidogrel?
• Is there still a role for GP IIb/IIIa inhibitors?  

Upstream or cath lab?
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ISAR-REACT 2: 

ISAR-REACT 2 = Intracoronary Stenting and Antithrombotic Regimen: Rapid Early 
Action for Coronary Treatment 2. 

Adapted with permission from Kastrati A, et al. JAMA. 2006;295:1531-1538.
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Risk ratio
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Risk ratio
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end point

ACUITY Timing: Primary End Point

Net clinical 
outcome

Ischemic 
composite

Major bleeding

Upstream 
IIb/IIIa

Deferred
IIb/IIIa RR (95% CI)

P value
(noninferior)

(superior)

7.9%7.1% 1.12 (0.97-1.29) .044
.13

4.9%6.1% 0.80 (0.67-0.95) <.001
.009U
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Deferred PCI GPI betterDeferred PCI GPI better Routine Upstream GPI betterRoutine Upstream GPI better

Routine Upstream GP IIb/IIIa vs Deferred PCI GP IIb/IIIa

Stone GW, et al. JAMA. 2007;297:591-602.

Conclusions
• Best aspirin dose is 81 mg

• Exception:  early after stenting
• Variability in response to available agents likely an 

important issue
• Not ready for routine testing

• Clopidogrel loading 
• Beneficial, but CABG issue a problem
• Load if bivalirudin is your anticoagulant of choice

• Clopidogrel maintainance
• Remember medically treated patient
• 1 year routine, ? Longer with DES
• No routine role in stable CVD or AF

• New agents require careful safety/efficacy balance
• DES use needs to be managed with regard to 

possible clopidogrel discontinuation/noncompliance


