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 INTER-INDIVIDUAL VARIABILITY ON CLOPIDOGREL: 
UNPREDICTABLE P2Y12-INHIBITION (n=774) 

INADEQUATE P2Y12-INHIBITION = High Platelet Reactivity (HPR) 

EXCESSIVE P2Y12-INHIBITION = Low Platelet Reactivity 



 INTER-INDIVIDUAL VARIABILITY ON 
CLOPIDOGREL & PRASUGREL 

Michelson AD et al. Eur Heart J. 2009;30:1753-63. 

 
TIMI38 PFT SUBSTUDY 

Clopidogrel 

Prasugrel 



RISK ASSESSMENT: 
BASED ON PLATELET FUNCTION TESTING: PLATELET 

REACTIVITY 

Sibbing D et al. JACC  2009;53:849-856. 
Sibbing D et al. JTH 2010.  

No HPR <46 U 

HPR >46 U  

STENT THROMBOSIS 
2.2% vs. 0.2%;  
OR: 9.4; 95%CI: 3.1-28.4; 
p < 0.0001 

MAJOR BLEEDING 

Aradi D et al. Eur Heart J. 2014:35;209-15. 
Hochholczer, Trenk et al. JACC 2006;48:1742-50. 



   EXPERT POSITION PAPER ON PFT AFTER PCI 

Tantry, Bonello, Aradi et al. JACC 2013.   

• The therapeutic window is not well established 
• Cutoffs to define HPR and LP are heterogeneous 

 
 

RECOMMENDATION PRELIMINARY?  



 AIMS 

We sought to determine the prognostic value of 
• low (LPR)  
• optimal (OPR) or  
• high platelet reactivity (HPR)  

 

in patients after PCI receiving P2Y12-inhibitor treatment 
by applying pre-defined cut-off criteria for 3 
standardized platelet function assays: 
 

• VerifyNOW,  
• Multiplate and 
• VASP. 



 METHODS: PATIENT-LEVEL ANALYSIS 

• Studies published before January 2015, reporting the association between 
platelet reactivity, ST and major bleeding were searched 
 

• Only standardized platelet function assays were allowed (LTA excluded) 
 

• Based on the best available evidence (exploratory studies, n=3) platelet 
reactivity categories were defined as: 

 
•    VerifyNow:   LPR: <95 PRU, OPR: 95-208 PRU, HPR: >208 PRU  (ADAPT DES, Stone, 2013) 
•    Multiplate:   LPR: <19 U,      OPR: 19-46 U,        HPR: >46 U  (ISAR, Sibbing, 2010) 
•    VASP:            LPR <16 PRI,    OPR: 16-50 PRI,    HPR: >50%.   (Bonello, 2012) 

 

• External validation: authors were contacted to re-evaluate the original results 
with the new, standardized cutoff points 
 

• ENDPOINTS: Definite or probable ST, major bleeding (study defined) and 
mortality were evaluated at the longest follow-up available. 

 



EAST-ASIAN PARADOX: Exclusion criterion 

Jeong YH. JCR 2013 



EAST-ASIAN PARADOX 

Levine, Jeong et al.  Nat Rev Cardiol 2014. 



EAST-ASIAN PARADOX 

Korean dinner  

Hungarian dinner  



 RESULTS:  
17 studies of 20,839 pts 

• VerifyNow: 64%, Multiplate: 19%, VASP: 17%. 
• LPR: 20%, OPR: 39%, HPR: 41%.  
• Clopidogrel: 97%, Prasugrel: 3%, Ticagrelor: 0%. 
• Median ACS rate: 53% (0-100%). 
• Median length of follow-up: 8.5 months (1-17). 
• Median DES rate: 64% (18-100%). 



 RESULTS: relative risk for ST 



    RESULTS: relative risk for MAJOR 
BLEEDING 



RESULTS: absolute risks of MAJOR BLEEDING and ST 
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RESULTS: absolute risk for ST & BLEEDING 

  



Positive Predictive Value for ST & Bleeding 

5.60% 

1.70% 

0.0% 2.0% 4.0% 6.0%

PPV
Bleeding

PPV ST

DOES IT MEAN TESTING RESULTS ARE IRRELEVANT?? 

98% of HPR patients do not suffer ST 

95% of LPR 
patients do not 
have bleeding 



CLINICAL PREDICTIVE VALUE OF HPR & LPR 

Stone et al. Lancet, 2013;382:614-23.  



CLINICAL PREDICTIVE VALUE OF HPR & LPR 

ADAPT DES REGISTRY (n=8,449 pts) 

Stone et al. Lancet, 2013;382:614-23.  

HPR: 2.5x higher risk for ST 
PPV: 1.2% 

STENT THROMBOSIS at 1 year 



Stone et al. Lancet, 2013;382:614-23.  

CLINICAL PREDICTIVE VALUE OF HPR & LPR 



Stone et al. Lancet, 2013;382:614-23.  

CLINICAL PREDICTIVE VALUE OF HPR & LPR 

HR:  2.00 95%CI [1.16, 3,45] 

  P = 0.01 
No IVUS: 2x higher risk for ST 
PPV: 1% 



Stone et al. Lancet, 2013;382:614-23.  

CLINICAL PREDICTIVE VALUE OF HPR & LPR 

2.85 [1.52, 5.26] No IVUS use 



Windecker S et al. Eur Heart J. 2014 Aug 29. [Epub ahead of print] 

 
SELECTIVE 
Testing: 
 
 
 
ROUTINE 
Testing: 

GUIDELINES: 
ESC 2014 MYOCARDIAL REVASCULARIZATION  



ARCTIC STUDY 

GRAVITAS STUDY 

Price MJ et al. JAMA 2011; 305: 1097-105. 

Collet et al. N Engl J Med. 2012;367:2100-9. 

NEUTRAL RCTs 



• Inappropriate cutoff 
– GRAVITAS: 230 PRU, ARCTIC: 235 PRU 

 

• Low risk of patients, low event rates 
– GRAVITAS: 2.3% vs. 5% predicted 
 

• Suboptimal effect of 150 mg clopidogrel 
• No/low use of prasugrel/ticagrelor to 

overcome HPR 
– GRAVITAS: 0%, ARCTIC: 12% 

 

LIMITATIONS OF AVAILABLE RCT-s 

Price MJ et al. JAMA 2011; 305: 1097-105. 

Collet et al. N Engl J Med. 2012;367:2100-9. 



ACS patients 
(n=2600) 

undergoing 
successful PCI 

7 days 
clopidogrel    
75 mg qd 

7 days 
prasugrel  

5/10 mg qd 

14 days prasugrel  
5/10 mg qd 

11 ½  months 

prasugrel  

5/10 mg qd 

11 ½  months 
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5/10 mg qd 
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clopidogrel 

75 mg qd 
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Control group:  

Uniform 

antiplatelet 

therapy with 

prasugrel  

Monitoring 

group: 

Personalized 

antiplatelet 

therapy with 

clopidogrel or 

prasugrel  

HPR 

ADPtest  

≥ 46 Units 

no HPR 

R* 

ADPtest  

< 46 Units 

Control group 

(n=1300) 

Monitoring group 

(n=1300) 

*1:1 randomization prior to 

hospital discharge 

TESTING RESPONSIVENESS TO PLATELET INHIBITION ON CHRONIC ANTIPLATELET 

TREATMENT FOR ACUTE CORONARY SYNDROMES  (TROPICAL-ACS) TRIAL 

TROPICAL ACS TRIAL 



TROPICAL ACS TRIAL: ≈1900/2600 enrolled 

RESULTS AVAILABLE: Spring 2017 



CONCLUSIONS 

In PCI-treated patients on thienopyridines from the Western 
populations: 

 
• HPR is associated with a 2.7-fold higher risk for stent thrombosis 
• LPR is associated with a 1.7-fold higher risk for major bleeding  
• OPR seems to be a secure zone to prevent both complications 

 
• Low PPV for ST and Bleeding relates mostly to the low prevalence 

of events 
 
 
 

= Platelet reactivity is a valuable tool for risk stratification after 
PCI 
 



CONCLUSIONS 

• Whether modifying Rx to target an optimal range of platelet 
reactivity (OPR) is superior to conventional treatment needs to 
be validated in further clinical trials 

 
 

= Routine therapy adjustments based on PFT are preliminary 
= May be considered in selected patients at high risk of events or 
after complications 
 
• Ongoing studies such as TROPICAL ACS may tackle limitations of 

prior RCTs and may bring new results to the field soon  



   THANK YOU FOR YOUR KIND ATTENTION! 



BACKUP SLIDES 



 RESULTS: interaction analyzes 


