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In principle, we are equal !In principle, we are equal !

Recommendations from Societies , Group of Recommendations from Societies , Group of 
experts , administration office and health experts , administration office and health 
department are:department are:

Clopidogrel 75 mg  whichever CV pathology (stenting, Clopidogrel 75 mg  whichever CV pathology (stenting, 
ACS, peripheral diseaseACS, peripheral disease……) we have to treat and no ) we have to treat and no 
matter the patient to treat (age, sex, weight, matter the patient to treat (age, sex, weight, 
diabetesdiabetes……))
Loading dose of Clopidogrel : 300 or 600 or 900mg ?Loading dose of Clopidogrel : 300 or 600 or 900mg ?
Aspirin : from 75 mg in Europe to 325 mg in USA ?Aspirin : from 75 mg in Europe to 325 mg in USA ?

My question is : My question is : 
do you prescribe the same dose of coumadin do you prescribe the same dose of coumadin 
for each of your patients with mitral mechanical for each of your patients with mitral mechanical 



BareBare--Metal Stent Thrombosis Metal Stent Thrombosis 
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ticlopidineticlopidine

HighHigh--pressure balloons and pressure balloons and 
ticlopidineticlopidine--aspirinaspirin

1. Schatz RA et al. Circulation. 1991;83:148-61. 2. Barragan et al. Cathet Cardiovasc Diagn. 1994;32:133–138. 3. Schömig A et 
al. New Engl J Med. 1996;334:1084-9. 4. Leon MB et al. N Engl J Med. 1998;339:1665-71.
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Primary EndpointPrimary Endpoint——MI/Stroke/CV DeathMI/Stroke/CV Death

Months of FollowMonths of Follow--UpUp

*Other standard therapies were used as appropriate.
Yusuf S et al. N Engl J Med. 2001;345:494-502.
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+ ASA*+ ASA*

33 66 99

Placebo Placebo 
+ ASA*+ ASA*

P=0.00009
N=12,562
20% RRR

00 1212

The primary outcome occurred in 9.3% of The primary outcome occurred in 9.3% of 
pts in the clopidogrel + ASA group and pts in the clopidogrel + ASA group and 

11.4% in the placebo + ASA group.11.4% in the placebo + ASA group.

Resistance?



CLOPIDOGREL CLOPIDOGREL «« RESISTANCERESISTANCE »»



SubSub--Acute Thrombosis  is associated Acute Thrombosis  is associated 
with high platelet reactivitywith high platelet reactivity
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Cut-off : 50 % of PRI
Barragan  P. et al, Catheter Cardiovasc Interv 2003; 59 : 295-302



Regulation Cascade of VASP PhosphorylationRegulation Cascade of VASP Phosphorylation
ADPADP ACAC PGE1PGE1

PGI2PGI2

AMPcAMPc

PKAPKA

VASPVASP VASPVASP--PP

PPPP

ActivatedActivated
IIbIIbIIIaIIIa complexcomplex

Fibrinogen bindingFibrinogen binding

Activated PlateletActivated Platelet

InactivatedInactivated
IIbIIb IIIaIIIa complexcomplex

No Fibrinogen bindingNo Fibrinogen binding

Resting PlateletResting Platelet

++--

++--

++--

-- ++

Horstrup et al. Eur J Biochem 1994, 225 : 21Horstrup et al. Eur J Biochem 1994, 225 : 21--77



The Flow Cytometric Measurement of The Flow Cytometric Measurement of 
VASP PhosphorylationVASP Phosphorylation

Is capable of detecting a significant Is capable of detecting a significant 
decrease of platelet reactivity in patients decrease of platelet reactivity in patients 
treated with ticlopidin or clopidogrel treated with ticlopidin or clopidogrel 
regimen.regimen.

Revealed an important interRevealed an important inter--individual individual 
variability of response and a progressive variability of response and a progressive 
platelet inhibition as a function of time.platelet inhibition as a function of time.

Allows us to find a strong correlation Allows us to find a strong correlation 
between a thienopyridine resistance and between a thienopyridine resistance and 
coronary SATcoronary SAT..

Barragan et al. , CCI 2003



Detection of clopidogrel « resistance »
Platelet assays

P2Y12  Signaling-Dependent
- VASP phosphorylation analysis

ADP as  stimulus
- Standart aggregometry
- VerifyNow P2Y12 test
- Cytometry: receptors GPIIb-IIIa, P-Selectin,  leucocytes-Pq aggregates
- TEG

Michelson Eur Heart J 2006; 8G3
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STUDY DESIGNSTUDY DESIGN

Non emergent PCI : ACS and Stable angina (n=406)

Loading dose (LD)   ASA 250mg 
Clopidogrel 600mg VASP VASP ≥≥ 50%50%

Randomization
(n=162)

CONTROL (n=84) VASP-guided LD (n=78)

Up-to 3 additional LD of 
600 mg every 24 hours 
until VASP < 50% before 
PCI

Maintenance dose     ASA 160 mg
Clopidogrel 75 mg

1° endpoint: MACE (CV death, MI, revascularization) at 30 days
2° endpoints: TIMI major and minor bleeding at 30 days

Bonello et al. JACC. 2008; 51: 1404-1411



PLATELET MONITORINGPLATELET MONITORING
Mean ±SD Control VASP-guided p

Time between first LD and VASP 
measurement, hrs

25 ±13 24 ±13 0.7

VASP after first LD, % 68 ±11 69 ±10 0.4
VASP after adjustment, % − 38 ±14* *<0.001

-Each additionnal bolus of 600 mg 
of clopidogrel decreased the 
number of patients with low 
response from 35 to 49%.

-Despite 2400 mg of clopidogrel 11 
(14%) patients remained low-
responders.

Bonello et al. JACC. 2008; 51: 1404-1411



PRIMARYPRIMARY--END POINT : END POINT : 
EFFICACYEFFICACY

MACE; n (%)
Control
(n=84)

VASP-guided
(n=78)

Cardiovascular death 2 (2) 0
Acute and Sub-acute 

stent thrombosis 4 (5)† 0
Revascularization 2 (2) 0
Overall MACE 8 (10)* 0

† p =0.059
* p =0.007

MACE: 
CV death, MI , revascularization

Log rank p =0.007

Bonello et al. JACC. 2008; 51: 1404-1411



BLEEDINGBLEEDING

Bleeding, n (%)
Control
(n=84)

VASP-guided
(n=78)

TIMI Major 1 1

TIMI Minor 3 (4) 2 (3)

All, n (%) 4 (5) 3 (4)

Bonello et al. JACC. 2008; 51: 1404-1411



Cellular FactorsCellular Factors
• Accelerated platelet turnoverAccelerated platelet turnover
•• Reduced CYP3A metabolic activityReduced CYP3A metabolic activity
•• Increased ADP exposure Increased ADP exposure 
•• UpUp--regulation of the P2Yregulation of the P2Y1212 pathwaypathway
•• UpUp--regulation of the P2Yregulation of the P2Y11 pathway pathway 
•• UpUp--regulation of P2Yregulation of P2Y––independent pathwaysindependent pathways

(collagen, epinephrine, TXA(collagen, epinephrine, TXA22, thrombin), thrombin)

Clinical FactorsClinical Factors
• Failure to prescribe/poor complianceFailure to prescribe/poor compliance
•• UnderUnder--dosing dosing 
•• Poor absorptionPoor absorption
•• DrugDrug--drug interactions involving CYP3A4drug interactions involving CYP3A4
•• Acute coronary syndromeAcute coronary syndrome
•• Diabetes mellitus/insulin resistanceDiabetes mellitus/insulin resistance
•• Elevated body mass indexElevated body mass index

Genetic FactorsGenetic Factors
• Polymorphisms of CYPPolymorphisms of CYP
•• Polymorphisms of GPIaPolymorphisms of GPIa
•• Polymorphisms of P2YPolymorphisms of P2Y1212
•• Polymorphisms of GPIIIaPolymorphisms of GPIIIa

Clopidogrel Response VariabilityClopidogrel Response Variability

Angiolillo DJ et al. J Am Coll Cardiol. 2007; 49: 1505-1516 .



1,4% 2,0% 2,5% 3,3% 3,6%
6,2%

8,7%

29,0%

Stent ThrombosisStent Thrombosis
Early Discontinuation of AntiEarly Discontinuation of Anti--platelet Therapy platelet Therapy 

( before 6m)( before 6m)

Unstable 
angina

Thrombus Diabetes Unprotected 
left main

Bifurcation Renal 
failure

Prior 
brachy Rx

Premature 
antiplatelet
discont’d

In
ci

de
nc

e 
(%

)

Iakovou et al. JAMA. 2005;293:2126.

Overall stent thrombosis = 1.3% (P=0.09, N=2229)



Premature Cessation Premature Cessation 
of Thienopyridine Therapy (<30d)of Thienopyridine Therapy (<30d)

Factors related to premature cessation:Factors related to premature cessation:
•• Older ageOlder age
•• Not having completed high schoolNot having completed high school
•• Not being marriedNot being married
•• Not receiving discharge instructions for medication useNot receiving discharge instructions for medication use
•• Not being referred for cardiac rehabilitationNot being referred for cardiac rehabilitation
•• Greater likelihood of having preexistent cardiovascular disease Greater likelihood of having preexistent cardiovascular disease or or 

anemiaanemia
•• Not seeking health care because of costNot seeking health care because of cost

Spertus JA.  Circulation 2006;48:2584-91.

•• PREMIER registry: MI and DES, 19 centers, 500 subjectsPREMIER registry: MI and DES, 19 centers, 500 subjects
•• Early discontinuation associated with mortality (7.5% vs 0.7%, pEarly discontinuation associated with mortality (7.5% vs 0.7%, p<0.0001)<0.0001)



78%

14%

8%PP=0.04=0.04

Influence of Diabetes Mellitus on Influence of Diabetes Mellitus on 
ClopidogrelClopidogrel--induced Antiplatelet Effectsinduced Antiplatelet Effects

Angiolillo DJ et al.  Diabetes. 2005;54:2430-5. 

NonNon--responders (Platelet inhibition responders (Platelet inhibition <<10%)10%)
Low  responders (Platelet inhibition Low  responders (Platelet inhibition 1010--29%)29%)
Responders (Platelet inhibition Responders (Platelet inhibition >30%)>30%)

56%
6%

38%

DMDM NoNo--DMDM

Acute phase of treatmentAcute phase of treatment LongLong--term phase of treatmentterm phase of treatment

24 hrs post 300 mg LD24 hrs post 300 mg LD

Angiolillo DJ et al.  J Am Coll Cardiol 2006;48 298-304.

00

2020

4040

6060

8080

Pl
at

el
et

 a
gg

re
ga

tio
n 

(%
)

Pl
at

el
et

 a
gg

re
ga

tio
n 

(%
) PP=0.001=0.001

PP<0.0001<0.0001

ADP 20 ADP 20 µµmol/Lmol/L ADP 6 ADP 6 µµmol/Lmol/L
T2DMT2DM NoNo--DMDM T2DMT2DM NoNo--DMDM



Platelet Function According to 
Hypoglycemic Treatment

Platelet Function According to 
Hypoglycemic Treatment

Angiolillo DJ et al.  J Am Coll Cardiol. 2006;48:298-304.
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ASPIRIN ASPIRIN ““RESISTANCERESISTANCE””



ASPIRINE  :  

Grotemeyer. Thromb Res  1993;71:397-403 

Pilote Study including 180 post-stroke patients



A prospective , blinded determination of the Natural History A prospective , blinded determination of the Natural History 
of Aspirine Resistanceof Aspirine Resistance

among Stable Patients with Cardiovascular Diseaseamong Stable Patients with Cardiovascular Disease

P.Gum et al. JACC 2003, 41:961-5

N=17

N=309

326 pts with 325 mg ASA alone Optical aggr. 
ADP + AA(1.6mmole/l)

(5 %)

P< 0.009



ASA Resistance in PCIASA Resistance in PCI

PP=0.012=0.012

PP=0.006=0.006

Magnitude of CKMagnitude of CK--MB ElevationMB Elevation
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19% ASA resistant19% ASA resistant

Chen W-H. J Am Coll Cardiol. 2004;43:1122-6.

ASA/Clopidogrel (n=151)ASA/Clopidogrel (n=151)
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Krasopoulos G. et al. BMJ 2008

Risk of any cardiovascular event in aspirin resistant patients



AspirinAspirin
ResistanceResistance

Bhatt D. J Am Coll Cardiol. 2004;43:1127-9.

Clinical factorsClinical factors
•• Failure to prescribeFailure to prescribe
•• NoncomplianceNoncompliance
•• NonabsorptionNonabsorption
•• UnderUnder--dosingdosing
•• Interaction with ibuprofen Interaction with ibuprofen 

Genetic polymorphismsGenetic polymorphisms
•• COXCOX--11
•• GP IIIa receptorGP IIIa receptor
•• Collagen receptorCollagen receptor
•• vWF receptorvWF receptor

Cellular factorsCellular factors
•• Insufficient suppression of COXInsufficient suppression of COX--11
•• Overexpression of COXOverexpression of COX--2 mRNA2 mRNA
•• ErythrocyteErythrocyte--induced platelet induced platelet 

activationactivation
•• Increased norepinephrineIncreased norepinephrine
•• Generation of 8Generation of 8--isoiso--PGF2PGF2αα



Pipette 800 µL blood

One

Start the test

Three

Insert cassette

Two

Platelet function analyzer (PFA)-100®



VerifyNow

VerifyNow predicts clinical outcomes

•Aspirin assay:  Chen JACC 2004;43:1122–6 

•P2Y12 assay:  Price ACC 2007

•GPIIb-IIIa assay:  Steinhubl Circ 2001;103:2572–8



Gurbel et al. Circulation 2007.115: 3156-3164.

The assessment of ASA resistance is highly assay-dependant

N=125 stable patients



ResultsResults
Prevalence of resistance varied according to the Prevalence of resistance varied according to the 
platelet function assay usedplatelet function assay used
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PFAPFA--100 and ASA resistance100 and ASA resistance

Personal data
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ASA resistance AND diabetes
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• Low dose aspirin may not provide adequate platelet inhibition in
diabetic patients.

• But, there are limited data quantifying the prevalence of platelet aspirin            
resistance in diabetic patients.

Watala C. Blood platelet reactivity and its pharmacological modulation in people with diabetes mellitus.
Current Pharmaceutical Design. 2005;11:2331-2365



Prevalence of aspirin 
resistance may be related 
to aspirin dose and aspirin 
resistance can be overcome
in some patients by 
increasing the aspirin dose



Are an higher dose or a new Are an higher dose or a new 
(more effective) drug able to (more effective) drug able to 
eradicate drug resistance?eradicate drug resistance?



Clopidogrel 600 mg vs 300 mg loading doseClopidogrel 600 mg vs 300 mg loading dose
292 consecutive NSTE ACS stent patients received 

300 or 600 mg loading dose of clopidogrel

ST = Stent thrombosis
Cuisset et al. J Am Coll Cardiol 2006; 48:1339–45

C
V

 e
ve

nt
-fr

ee
 s

ur
vi

va
l (

%
) 100

80

90

95

p<0.0024

300 mg

600 mg

E
ve

nt
s 

(%
)

CV
events

0

12.5

2.5

7.5

10.0

Stroke

300 mg
600 mg

3020100

85

Time (days)
ACS

events
ST CV

death

5.0

A 600mg loading dose of clopidogrel reduced the occurrence of 
subsequent events



High loading dose of clopidogrel significantly High loading dose of clopidogrel significantly 
reduced urgent revasc. after primary PCIreduced urgent revasc. after primary PCI
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600 mg loading dose may be more effective than a 300 mg loading dose

165 STEMI patients undergoing primary PCI

Jung et al. Am J Cardiol 2006; Oct 22-27 (TCT Abstracts)
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Price, AJC 2006

Measured Effect of Different Loading Measured Effect of Different Loading 
Doses of Clopidogrel  (VerifyNow)Doses of Clopidogrel  (VerifyNow)

300 mg
600 mg
900 mg

* p < 0.01 (600- or 900-mg vs. 300-mg)



A standart dose of clopidogrelA standart dose of clopidogrel
for every patients ?for every patients ?
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EXCELSIOR ACT - 150mg Chronic Dosing

Response to Chronic Dosing
with 75 vs 150 mg

EXCELSIOR ACT - 75mg Chronic Dosing

Day 1 Day 14 Day 28
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FJ Neumann et al, ACC 2007



Clopidogrel Dose
150 mg/day 75 mg/day
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Aggregometry (30 days)

Increasing Chronic Dose decreases platelet Increasing Chronic Dose decreases platelet 
aggregation (aggregation (Verify NowVerify Now))
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Prasugrel 60 mg LDPrasugrel 60 mg LDClopidogrel 300 mg LDClopidogrel 300 mg LD

Clopidogrel/prasugrel crossover studyClopidogrel/prasugrel crossover study

Brandt JT et al. Am Heart J 2007;153:66.e9–e16.

IPA (%) to 20 µM ADP 24 hr after LD



VASP : Clopidogrel vs Prasugrel

J.Jabukowski  CRT 2007







Platelet function tests have demonstrated interpatient Platelet function tests have demonstrated interpatient 
response variability (also referred to as response variability (also referred to as ‘‘resistanceresistance’’) to ) to 
aspirin and clopidogrelaspirin and clopidogrel

A number of small  but strong clinical studies suggest that a A number of small  but strong clinical studies suggest that a 
patientpatient’’s response variability to aspirin and/or clopidogrel s response variability to aspirin and/or clopidogrel 
can predict clinical outcomecan predict clinical outcome

Monitoring antiplatelet therapy by pointMonitoring antiplatelet therapy by point--ofof--care methods care methods 
(ie, use at or near the bedside, easy to use without special (ie, use at or near the bedside, easy to use without special 
skills, no sample processing, no pipetting, rapid readout) skills, no sample processing, no pipetting, rapid readout) 
would be clinically advantageouswould be clinically advantageous

To solve this patient variability , 2 solutions:To solve this patient variability , 2 solutions:

To adjust the dose by testing the  Clopidogrel and Aspirin activTo adjust the dose by testing the  Clopidogrel and Aspirin activityity

To use Prasugrel except for the patients with history of stroke To use Prasugrel except for the patients with history of stroke or TIAor TIA

Conclusions



THANK YOU FOR YOUR ATTENTIONTHANK YOU FOR YOUR ATTENTION



Frequency of Aspirin Resistance 
in a Community Hospital

Mirkhel et al. Am J Cardiol 2006;98:577-579

12% 5%

1.5% 1.7%



Platelet function tests for Platelet function tests for 
measuring response to aspirinmeasuring response to aspirin

Thromboxane as the end pointThromboxane as the end point
Serum thromboxane BSerum thromboxane B22
Urinary 11Urinary 11--dehydro thromboxane Bdehydro thromboxane B22

Arachidonic acid as the stimulusArachidonic acid as the stimulus
Platelet aggregometry (turbidimetric)Platelet aggregometry (turbidimetric)
Platelet aggregometry (impedance)Platelet aggregometry (impedance)
VerifyNow Aspirin assayVerifyNow Aspirin assay
PlateletworksPlateletworks
Platelet surface activated GP IIb/IIIa, platelet surface PPlatelet surface activated GP IIb/IIIa, platelet surface P--selectin, selectin, 
leucocyteleucocyte––platelet aggregates (flow cytometry)platelet aggregates (flow cytometry)
TEG PlateletMapping SystemTEG PlateletMapping System
Impact cone and plate(let) analyserImpact cone and plate(let) analyser
ThromboVision TThromboVision T--GuideGuide

OtherOther
PFAPFA--100100
PlaCor PRTPlaCor PRT

Modified from Michelson. Eur Heart J 2006;8:G53.



Platelet function tests for Platelet function tests for 
measuring response to clopidogrelmeasuring response to clopidogrel

P2YP2Y1212--specificspecific
VASP phosphorylation (flow cytometry)VASP phosphorylation (flow cytometry)

ADPADP--stimulatedstimulated
Platelet aggregometry (turbidimetric)Platelet aggregometry (turbidimetric)
Platelet aggregometry (impedance)Platelet aggregometry (impedance)
VerifyNow P2Y12 assayVerifyNow P2Y12 assay
PlateletworksPlateletworks
Platelet surface activated GP IIb/IIIa, platelet surface PPlatelet surface activated GP IIb/IIIa, platelet surface P--selectin, selectin, 
leucocyteleucocyte--platelet aggregates (flow cytometry)platelet aggregates (flow cytometry)
TEG PlateletMapping SystemTEG PlateletMapping System
Impact cone and plate(let) analyserImpact cone and plate(let) analyser
ThromboVision TThromboVision T--GuideGuide

OtherOther
?PFA?PFA--100100
?PlaCor PRT?PlaCor PRT

Modified from Michelson. Eur Heart J 2006;8:G53.



SSC/ISTH SSC/ISTH Working Party on Aspirin ResistanceWorking Party on Aspirin Resistance

1.1. A clinically meaningful definition of aspirin resistance needs tA clinically meaningful definition of aspirin resistance needs to be o be 
developed, based on data linking aspirindeveloped, based on data linking aspirin--dependent laboratory tests dependent laboratory tests 
to clinical outcomes in patientsto clinical outcomes in patients

2.2. The correct treatment, if any, of aspirin resistance is unknown,The correct treatment, if any, of aspirin resistance is unknown,
because no published studies address the clinical effectiveness because no published studies address the clinical effectiveness of of 
altering therapy based on a laboratory finding of aspirin resistaltering therapy based on a laboratory finding of aspirin resistanceance

3.3. Therefore, other than in research trials, it is not currently apTherefore, other than in research trials, it is not currently appropriate propriate 
to test for aspirin resistance in patients or to change therapy to test for aspirin resistance in patients or to change therapy based based 
on such testson such tests

Michelson et al. Michelson et al. J Thromb HaemostJ Thromb Haemost 2005;3:13092005;3:1309––11.11.

Same conclusions for clopidogrelSame conclusions for clopidogrel
Similar conclusions reached by ACCP Similar conclusions reached by ACCP (Patrono C et al. (Patrono C et al. ChestChest 2004;126:234S2004;126:234S––
264S)264S)

Similar conclusions reached by ESC Similar conclusions reached by ESC (Patrono C et al. (Patrono C et al. Eur Heart JEur Heart J 2004;25:1662004;25:166––
81)81)



2006 ACC/AHA PCI guidelines2006 ACC/AHA PCI guidelines

Class IIb recommendation (based on Level C Class IIb recommendation (based on Level C 
evidence):evidence):

In patients in whom subacute stent thrombosis may be In patients in whom subacute stent thrombosis may be 
catastrophic or lethal, platelet aggregation studies may catastrophic or lethal, platelet aggregation studies may 
be considered and the maintenance dose of clopidogrel be considered and the maintenance dose of clopidogrel 
increased from 75 mg to 150 mg/day if <50% inhibition increased from 75 mg to 150 mg/day if <50% inhibition 
of platelet aggregation is demonstratedof platelet aggregation is demonstrated

Smith SC et al. Circulation 2006;113:156–75.



Although the correct treatment of aspirin or clopidogrel Although the correct treatment of aspirin or clopidogrel 
‘‘resistanceresistance’’ is not definitively known (because no published is not definitively known (because no published 
studies address the clinical effectiveness of altering therapy studies address the clinical effectiveness of altering therapy 
based on a laboratory finding of based on a laboratory finding of ‘‘resistanceresistance’’), the following are ), the following are 
treatment options:treatment options:

No change in treatment (to avoid potential bleeding No change in treatment (to avoid potential bleeding 
without known additional antithrombotic benefit)without known additional antithrombotic benefit)
Consider nonConsider non--compliancecompliance
Consider interference by other drugs (NSAIDs for aspirin, Consider interference by other drugs (NSAIDs for aspirin, 
statins for clopidogrel)statins for clopidogrel)
Increase the doses of aspirin and/or clopidogrel?Increase the doses of aspirin and/or clopidogrel?
Add a GP IIb/IIIa antagonist?Add a GP IIb/IIIa antagonist?

Conclusions II



The novel P2YThe novel P2Y1212 antagonists prasugrel, AZD6140 and/or antagonists prasugrel, AZD6140 and/or 
cangrelor may address the problem of platelet response cangrelor may address the problem of platelet response 
variability or variability or ‘‘resistanceresistance’’ because, compared with because, compared with 
clopidogrel, they have:clopidogrel, they have:

A more rapid onset of actionA more rapid onset of action

Greater platelet inhibitory effectsGreater platelet inhibitory effects

Less platelet response variabilityLess platelet response variability

Phase III trials of these drugs are currently in progressPhase III trials of these drugs are currently in progress

Conclusions III



Concept of aspirin resistanceConcept of aspirin resistance

Aspirin may not benefit all patients equallyAspirin may not benefit all patients equally
No consensual definition of aspirin resistanceNo consensual definition of aspirin resistance
existsexists
It is generally accepted that:It is generally accepted that:

incomplete suppression of platelet 
aggregation as assessed by platelet 

function assays constitutes biochemical 
unresponsiveness of platelets to the 

inhibitory action of aspirin



Platelet function testing  Platelet function testing  
The Gold StandardThe Gold Standard

Many tests are available to assess inhibition of Many tests are available to assess inhibition of 
platelet function induced by aspirinplatelet function induced by aspirin

Light transmission aggregometry (LTA)Light transmission aggregometry (LTA)
Current gold standardCurrent gold standard
Evaluates luminosity as aggregation occurs in Evaluates luminosity as aggregation occurs in 
plateletplatelet--rich plasma (PRP) in response to AArich plasma (PRP) in response to AA
Use limited to specialized laboratories because:Use limited to specialized laboratories because:

poorly standardizedpoorly standardized
requires manipulation by a skilled technicianrequires manipulation by a skilled technician



Other platelet function assays Other platelet function assays 
availableavailable

Laboratory testingLaboratory testing

Whole blood aggregometry Whole blood aggregometry 
(WBA)(WBA)

Preferred agonist: AAPreferred agonist: AA
Serum measurement of TxBSerum measurement of TxB22

Urinary measurement of dTxBUrinary measurement of dTxB22

Flow cytometryFlow cytometry
Platelet count drop (PCD)Platelet count drop (PCD)

PointPoint--ofof--care assayscare assays

PFAPFA--100100®®

Using the COLLUsing the COLL--EPI cartridgeEPI cartridge
VerifyNow AspirinVerifyNow Aspirin®®

Using AA cartridgeUsing AA cartridge
Thromboelastograph (TEGThromboelastograph (TEG®®))
Cone and Plate(let) AnalyzerCone and Plate(let) Analyzer
AspirinWorksAspirinWorks®®

Standardized urinary dTxBStandardized urinary dTxB22

PlateletWorksPlateletWorks®®

Standardized PCDStandardized PCD



Definitions of aspirin resistanceDefinitions of aspirin resistance

AAAA--induced LTA (LTAinduced LTA (LTAAAAA))
Platelet aggregation Platelet aggregation 
≥≥ 20%20%

ADPADP--induced LTA (LTAinduced LTA (LTAADPADP))
Platelet aggregation Platelet aggregation 
≥≥ 70%70%

AAAA--induced WBAinduced WBA
Impedance Impedance ≥≥ 3 3 ΩΩ

PFAPFA--100100®®

closure time closure time ≤≤ 193 sec193 sec

VerifyNow AspirinVerifyNow Aspirin®®

Platelet aggregation Platelet aggregation 
≥≥ 550 Aspirin Response Units550 Aspirin Response Units

Urinary levels of dTxBUrinary levels of dTxB22
≥≥ 67.9 ng/mmol of creatinine67.9 ng/mmol of creatinine



Aspirin ResistanceAspirin Resistance

Extrinsic MechanismsExtrinsic Mechanisms
Accentuation of platelet function by exogenous Accentuation of platelet function by exogenous 
substances (cigarette smoke)substances (cigarette smoke)
Other drugs blocking aspirinOther drugs blocking aspirin’’s acetylation of COXs acetylation of COX--1 1 
(NSAIDs)(NSAIDs)
Increased platelet turnoverIncreased platelet turnover
Inadequate aspirin dosingInadequate aspirin dosing

Understanding the Problem: Possible Mechanisms



Aspirin ResistanceAspirin Resistance

Intrinsic MechanismsIntrinsic Mechanisms
Inducible COXInducible COX--2 in platelets that is not inhibited by low2 in platelets that is not inhibited by low--
dose aspirindose aspirin
Polymorphisms of COXPolymorphisms of COX--1 that alter the structure of the 1 that alter the structure of the 
active site and prevent acetylationactive site and prevent acetylation
Production of TXA precursors by other nucleated cells Production of TXA precursors by other nucleated cells 
and transfer of these to plateletsand transfer of these to platelets
Polymorphisms of IIb/IIIa receptor that make platelets Polymorphisms of IIb/IIIa receptor that make platelets 
less dependant on TXA for activationless dependant on TXA for activation

Understanding the Problem: Possible Mechanisms



Alexander KP et al. JAMA. 2005;294:3108-16.

Patients 
vulnerable to 
overdosing

Older age
(≥65 years)

Female

Diabetes

CHF

Low body
weight

Renal
insufficiency

Major predictors of overdosingMajor predictors of overdosing



Angiolillo DJ et al. Am J Cardiol. 2006;97:38-43.
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Individual Response Variability to Dual Antiplatelet Individual Response Variability to Dual Antiplatelet 
Therapy in the Steady State Phase of TreatmentTherapy in the Steady State Phase of Treatment



DrugDrug TypeType RouteRoute ActionAction DoseDose
Mean Platelet Mean Platelet 

InhibitionInhibition
((Time RequiredTime Required))

TrialsTrials
(Phase III)(Phase III)

Prasugrel Prasugrel 
(CS(CS--747)747)

Thienopyridine Thienopyridine 
(3(3rdrd gen) gen) ––

requires hepatic requires hepatic 
conversion to conversion to 

active metabolite active metabolite 

OralOral Irreversible Irreversible 
bindingbinding

60 mg 60 mg 
loading loading 

dose, 10 mg dose, 10 mg 
maintenance maintenance 

dosedose

≈≈ 70% 70% 
(<1 hour) (<1 hour) TRITONTRITON

AZD6140AZD6140

CyclopetylCyclopetyl--
triazolopytriazolopy--
rimidine rimidine ––

Direct inhibitionDirect inhibition
OralOral Competitive Competitive 

bindingbinding 90 mg bid90 mg bid
≈≈ 95% 95% 

(2(2--4 hours)4 hours) PLATOPLATO

Cangrelor Cangrelor 
(ARC(ARC--669931MX)669931MX)

ATP analogue ATP analogue ––
Direct inhibition Direct inhibition Parenteral Parenteral Competitive Competitive 

bindingbinding 4 4 µµg/kg/ming/kg/min ≈≈ 95% 95% 
(few minutes)(few minutes) CHAMPIONCHAMPION

Novel P2YNovel P2Y1212 ADP Receptor AntagonistADP Receptor Antagonist

More potent and less variability!!More potent and less variability!!

Angiolillo DJ et al. J Am Coll Cardiol. 2007; 49: 1505-1516 .



MECHANISMS OF CLOPIDOGREL 
RESISTANCE

Drug interactions with Cyt P450Drug interactions with Cyt P450

ADP P2Y12 receptor polymorphismsADP P2Y12 receptor polymorphisms

P1P1A2A2 polymorphismspolymorphisms

Defects in signaling downstream from P2Y12Defects in signaling downstream from P2Y12



Clopidogrel Clopidogrel ‘‘resistanceresistance’’ by TEG by TEG 
PlateletMapping System vs. clinical outcomesPlateletMapping System vs. clinical outcomes

Bliden KP et al. J Am Coll Cardiol 2007;49:657–66.

CAD patients (n = 100) undergoing PCI on chronic ASA 75 mg qd, clopidogrel 75 mg qd. 
Events = MACE over 1 year. HPR, high platelet reactivity; MA, clot strength.



Ho PM et al. JAMA 2008; 299:532-539. 

Incidence of death/MI at various time periods Incidence of death/MI at various time periods 
after stopping clopidogrel after stopping clopidogrel 

Death/MI after stopping
treatment (d)

Patients Mean duration of 
clopidogrel treatment (d)

0–90 91–180 181–270

Medically 
treated 
(n=1568)

302 163 57 26

PCI treated 
(n=1569) 

278 73 29 8



% Platelet aggregation (LTA-ADP 20µM)
97.5

92.5
87.5

82.5
77.5

72.5
67.5

62.5
57.5

52.5
47.5

42.5
37.5

32.5
27.5

22.5
17.5

12.5
7.5

2.5

20

15

10

5

0

N
um

be
r o

f p
at

ie
nt

s

Angiolillo DJ et al. Am J Cardiol 2006; 97: 38-43

Individual response variability 
to dual antiplatelet therapy

Ischemic Risk
(including stent thrombosis)



Resistant Platelets: What Can Be Done?Resistant Platelets: What Can Be Done?

•• Uniformity of definitionUniformity of definition
•• Improvement of laboratory assays (POC)Improvement of laboratory assays (POC)
•• Correlation of laboratory assays Correlation of laboratory assays 

with clinical eventswith clinical events
•• Evaluation of new therapeutic strategiesEvaluation of new therapeutic strategies
•• In the futureIn the future……customized patient Rx customized patient Rx 

(pharmacogenomics)(pharmacogenomics)



PFAPFA--100100

Excellente technique,reproductible, rapide
Excellente corrélation avec l’agrégométrie standart

*  Gum et al . Am J Cardial 2001;88:230-5
*  Homoncik et al . Thromb Haemost 2000;83:316-21



Resistance to Thienopyridines: Resistance to Thienopyridines: 
3 investigational levels3 investigational levels

1)The Biochemical Level1)The Biochemical Level

2)2)The Genetic LevelThe Genetic Level

3)The Functional Level 3)The Functional Level (Signal transduction)(Signal transduction)



1) The Biochemical Level

Resistance to Thienopyridines: Resistance to Thienopyridines: 
3 investigational levels3 investigational levels

Clopidogrel is a prodrug and must be  metabolized Clopidogrel is a prodrug and must be  metabolized 
byby isoensymes of   cytochrome P 450 for which isoensymes of   cytochrome P 450 for which 
there are some functional polymorphisms.there are some functional polymorphisms.
Some patients might not produce enough active Some patients might not produce enough active 
metabolits.metabolits.



2)The Genetic Level

Resistance to Thienopyridines: *Resistance to Thienopyridines: *
3 investigational levels3 investigational levels

The Clopidogrel target, the ADP receptor, P2Y12 is The Clopidogrel target, the ADP receptor, P2Y12 is 
also Polymorphic.also Polymorphic.
So  So  the platelets might be more or less  sensible to the platelets might be more or less  sensible to 
ADP, and consequently to its inhibitor (Clopidogrel)ADP, and consequently to its inhibitor (Clopidogrel)



3)The Functional Level (Signal transduction)

Resistance to Thienopyridines: Resistance to Thienopyridines: 
3 investigational levels3 investigational levels

The signal transduction requires several enzymatic The signal transduction requires several enzymatic 
reactions inducing  the transconformation of the reactions inducing  the transconformation of the 
fibrinogen receptor (GP 2bfibrinogen receptor (GP 2b--3a).3a).
Among these reactions , the Among these reactions , the phosphorylation of phosphorylation of 

VASPVASP is an interesting factor because at the end of is an interesting factor because at the end of 
the enzymatic cascade.the enzymatic cascade.



Krasopoulos G. et al. BMJ 2008

Risks of any cardiovascular event in aspirin resistant and aspirin sensitive 
patients treated with aspirin alone, and aspirin and clopidogrel

(with or without an inhibitor of platelet glycoprotein IIb/IIIa)



Variable platelet response to aspirin in coronary artery 
patients with type 2 diabetes: is it a real problem?

this study did not show a higher proportion of aspirin nonresponsiveness 
in diabetic patients. This discrepancy with the almost literature was 
probably explained by the higher dosage of aspirin in our population 

(250 mg/day).
Addad et al; Arch Cardiovasc Disease Jan 2008


