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Q1. Is Platelet Reactivity Related With Bleeding ?  

 Yes 

 

 No 



Warfarin: Narrow Therapeutic Window  

ACCF/AHA/HRS focused update guidelines: Fuster V et al. Circulation 2011;123:e269-e367;  

Wann LS et al. Circulation 2011;123:104–23 & Circulation 2011;123:1144–50 
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Current Platelet Function Testing 

 Chrono-log impedance  

aggregometry   VerifyNowTM 

 PlateletworksTM   Multiplate®   
 PFA-100®   

 Born aggregation  

  Flow cytometry   

The majority of currently available 

assays: 

• Evaluate platelet function in the 

presence of an anticoagulant  

– Completely ignore the influence of 

coagulation on thrombus formation 

and its relation to clinical event 

occurrence 

• Largely measure platelet function in 

isolation, ignoring the contribution of 

platelet-fibrin interaction 

characteristics 
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Therapeutic Window Between HPR & LPR 

Collaborative meta-analysis (n = 20,839):                                                            
17 clinical trials including Western population only 

                      Aradi D, et al. Eur Heart J 2015.: Tantry US, et al. JACC 2013. 
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Therapeutic Window of PLT Reactivity 

(20µM 

ADP) 

VerifyNow: 

35% 60% 

20% 

0 85 235 550 PRU 

Advances in APT. Siller-Matula JM. 

HPR LPR 

Tantry US… Jeong YH, et al. Consensus Statement for LPR and HPR. JACC 2013. 
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Q2. Prevalence of Bleeding on 1-mo DAPT (ASP+CLPD) ? 

 < 5% 

 5-10% 

 10-20% 

 20-30% 



Previous Studies Underestimate The Risk of Bleeding  

Prevalence of bleeding 

   - < 5% during 30 days 

Reasons 

  - Retrospective data collection 

  - Focusing on major bleeding only 

  - Different and non-standardized definitions 

  - Initially excluded high-risk patients for bleeding 
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Bleeding Academic Research Consortium (BARC) Definition  

Type 1 

(nuisance) 

- bleeding that is not actionable and does not cause the patient to seek 

unscheduled performance of studies, hospitalization, or treatment by a 

healthcare professional                                                                                                       

- may include episodes leading to self-discontinuation of medical therapy 

by the patient without consulting a healthcare professional 

Type 2 

(Superficial) 

any overt, actionable sign of hemorrhage (eg, more bleeding than 

would be expected for a clinical circumstance, including bleeding found 

by imaging alone) that does not fit the criteria for type 3, 4, or 5 but does 

meet at least one of the following criteria 

 (1) requiring nonsurgical, medical intervention by a healthcare 

professional 

 (2) leading to hospitalization or increased level of care 

 (3) prompting evaluation 

Type 3a 

(TIMI minor) 

- Overt bleeding plus hemoglobin drop of 3 to 5 g/dL 

- Any transfusion with overt bleeding 

Type 3b 

(TIMI major) 

 

- Overt bleeding plus hemoglobin drop 5 g/dL                                                                    

- Cardiac tamponade 

- Bleeding requiring surgical intervention for control                                       

  (excluding dental/nasal/skin/hemorrhoid) 

- Bleeding requiring intravenous vasoactive agents 
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Prospective & Dedicated Studies Reports More Bleedings 

Cohort 

 

AMI      

(USA) 

BARC 1  

bleeding 

24.3%       

(1 mo.) 

BARC 1  

bleeding 

37.5%       

(12 mo.) 

PCI-treated patients on DAPT (ASP + CLPD): post-discharge 

TRIUMPH registry (n = 3,560) ACCEL-BLEEDING registry (n = 301) 

Cohort 

 

All-comer 

(Korea) 

BARC 1  

bleeding 

24.6%       

(1 mo.) 

BARC 2  

bleeding 

7.0%        

(1 mo.) 

Amin AP, et al. JACC 2013;61:2130-8. Kwon TJ, Jeong YH, et al. T&H 2016;on-line. 
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Q3. Cutoff of Bleeding During Ticagrelor vs. Thienopyridine ? 

 Higher 

 Similar 

 Lower 



Ticagrelor vs. Prasugrel: 1-mo Maintenance Tx 

Alexopoulos D, et al. Thromb Haemost 2014;12. 

Ticagrelor 

33.3 PRU 

Prasugrel 

84.6 PRU 

TICA PRAS p 

BARC 1 36.7% 28.2% 0.047 

BARC 2 2.1% 2.9% 0.8 
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Bleeding on Prasugrel vs. Ticagrelor in ACS Pts 

 

TRITON-TIMI 38 PLATO 
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GNUH Registry 

ACS patients (UA, NSTEMI and STEMI) undergoing uneventful PCI  
Clopidogrel naïve patients: ticagrelor or clopidogrel usage at the physician's discretion  

GPIIb/IIIa inhibitor use permitted 

1 month measures: TTE, NT-proBNP, platelet reactivity, hs-CRP                    
Clinical Follow-up & BARC bleeding/dyspnea questionnaire at 1 month  

Ticagrelor group (n = 119) 

180mg LD and 90 mg bid MD 

Pre-discharge measures: TTE, NT-proBNP, platelet reactivity, hs-CRP 

Clopidogrel group (n = 134) 

600mg LD and 75 mg QD MD 

Kang MG, et al. Unpublished data. 
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Clopidogrel: LPR Cutoff for BARC Bleeding 

AUC: 0.610 

95% CI: 0.505 - 0.715 

Sensitivity: 64.2%, Specificity: 87.2% 

P = 0.046 

PRU ≤ 103 
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LPR (n=22: 16.4%)
Non-LPR (n=112; 83.6%)

Prevalence of BARC bleeding 
P = 0.018; OR 3.00 
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Ticagrelor: LPR Cutoff for BARC Bleeding 

AUC: 0.609 

95% CI: 0.504 - 0.714 

Sensitivity: 85.5%, Specificity: 64.0%, 

P = 0.042 

PRU ≤ 8 

Prevalence of BARC bleeding 
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32.1 
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LPR (n=66: 55.5%) Non-LPR (n=53; 44.5%)

P = 0.049; OR 2.12 

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=S-EBhf39rRobgM&tbnid=gO9KYIH6xFaOIM:&ved=0CAUQjRw&url=http://www.drjohnart.com/tag/heart/&ei=Ew1VU4CJMY2E8gWzkIJI&bvm=bv.65058239,d.dGc&psig=AFQjCNEFtWX0dpZcJCGuK98UEFQoj0MEHA&ust=1398169212458619


0 20 40 60 80 100 

100 

0 

         P2Y12  Reactivity Measured by 20 M ADP Aggregation 

C
u

m
u

la
ti

v
e
 F

re
q

u
e
n

c
y
 (

%
) 

Ischemic Events Bleeding 

Irreversible 

Inhibitor 

Reversible 

Inhibitor 

Reversible 

Inhibitor  

 Ticagrelor: Wider Therapeutic Window 
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Q4. Risk of Bleeding in ACS vs. Non-ACS on DAPT ? 

 Higher 

 Similar 

 Lower 



PRU > 208 PRU ≤ 208 p-value 

ACS N = 1,979 N = 2,369 

     ST, definite or probable 

     MI 

     Death 

     Clinically relevant bleeding 

1.8% 

4.3% 

2.5% 

4.6% 

0.6% 

3.0% 

1.6% 

5.1% 

0.0002 

0.003 

0.05 

0.44 

Stable AP N = 1,631 N = 2,470 

     ST, definite or probable 

     MI 

     Death 

     Clinically relevant bleeding 

0.6% 

1.2% 

2.3% 

6.6% 

0.4% 

0.8% 

1.3% 

8.1% 

0.34 

0.25 

0.02 

0.07 

ADAPT-DES registry 

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

PRU Criteria: 1-year Event Rate in SAP vs. ACS 
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22 
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Thrombin Generation Across Disease 

• Study in AMI patients (n=60), stable CAD (n=35) or healthy controls (n=15) 

• Thrombin generation assessed by fluorogenic assay, 3–11 months (mean 6 months) 

after initial diagnosis 
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Orbe et al. Thromb Haemost 2008;99:382–7. 

Faster & greater thrombin response in ACS persists “long-term” 
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Disease Activity Determines Thrombogenicity 

Stable  AP Unstable AP NSTEMI STEMI 

Vulnerable blood 
     Platelet reactivity 

     Procoagulant activity 

     Inflammation 

Vulnerable vessel 
     Endothelial dysfunction 

     Adhesive potential 

     Stent healing 

Shear stress 

Thrombogenicity 

 

Bleeding 

Gurbel P, et al. Eur Heart J 2014;35:951-4. 
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Q5. Cutoff of Bleeding in East Asians vs. Caucasians ? 

 Higher 

 Similar 

 Lower 



ACCEL-BLEEDING: PCI-treated Pts on DAPT (n = 301) 

The Cutoffs of Bleeding in East Asians 

                         Kwon TJ, Jeong YH, et al. T&H 2016;on-line.: Tantry US, et al. JACC 2013. 

Caucasians   VASP ≤ 16%              ADP-LTA ≤ 31%  
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 A-MATCH Trial 
ACS patients (UA, NSTEMI and STEMI) undergoing uneventful PCI  

Prasugrel: 60mg LD and 10mg/d MD (Clopidogrel naïve patients)  

GPIIb/IIIa inhibitor use permitted (Tirofiban/Eptifibatide bailout) 

Fixed-dose group 

Phenotype group (n=85) 

   1:1:1 Randomization  

10 mg/d 
Prasugrel (n=85) 

Primary EP: Percentage to meet the therapeutic zone (95≤PRU≤208) at 1 month 

PRU ≤ 94  

5 mg/d    
Prasugrel (n=85) 

Pre-discharge VerifyNow Assessment during Prasugrel 10 mg/d MD (3-5days) 

No: 10mg/d 
Prasugrel 

Yes: 5mg/d 
Prasugrel 

Exclusion (n=2) Exclusion (n=3) Exclusion (n=0) 

VerifyNow Assessment at 1 month                                                               
Clinical Follow-up & BARC bleeding questionnaire at 1 month  

The first RCT to use de-escalation strategy 
and the concept of LPR in antiplatelet therapy 



The Cutoffs of BARC Bleeding  

        Tantry US, et al. JACC 2013. 

Caucasians   PRU ≤ 85 

≤ 126 PRU  

AUC, 0.616                         

95% CI, 0.543-0.689        

P = 0.005                 

Sensitivity, 0.453 

Specificity, 0.783 
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Optimal Intensity of P2Y12 Inhibitor 

Levine GL, Jeong YH, et al. Nature Rev Cardiol 2014. 
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Q6. Clinical Impact of Minor or Nuisance Bleeding ? 

 Drug discontinuation 

 Anxiety or depression 

 Rehospitalization 

 ↑ MACE 



Prevalence of Premature DAPT Discontinuation 

Cohort 

 

ACS      

(Italy) 

BARC 1  or 

2 bleeding 

15.3% 

No bleeding 4.0% 

P value 0.03 

PCI-treated patients on DAPT: post-discharge 

Italian registry (n = 396) ACCEL-BLEEDING registry (n = 301) 

Cohort 

 

All-comer 

(Korea) 

BARC 1  or 

2 bleeding 

11.4% 

BARC 2  

bleeding 

4.7% 

P value 0.035 

Armero S, et al. Am J Cardiol 2011. Kwon TJ, Jeong YH, et al. T&H 2016;on-line. 
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Clinical Impact of Nuisance Bleeding 

PCI-treated patients on DAPT: post-discharge 

TRIUMPH registry (n = 3,560) 

Quality of Life (EQ5D VAS) Rehospitalization 

Amin AP, et al. JACC 2013;61:2130-8. 
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Clinical Impact of Nuisance Bleeding on MACE 

• 2-yr clinical outcome: nuisance bleed (n= 812) vs. no bleed (n = 1999) 

Ben-Dor I, et al. Am Heart J 2010;159:871-5. 

Washington Hospital Experience (n = 2,948): DES Pts 
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Q7. Impact of Major bleeding vs. MI on Mortality ? 

 Higher 

 Similar 

 Lower 



Impact of Post-discharge Bleeding After PCI 

• PD bleeding (n= 535; 6.2%) vs. no PD bleeding (n = 8,047) 

Genereux P, et al. JACC 2015;66:1036-45. 

ADAPT-DES registry (n = 8,582): DES Pts 

Predictors of mortality Mortality according to PDB 
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Impact of Bleeding and MI on Mortality Risk 

Sharma SK, et al. JACC 2015;66:1046-9. 
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Summary 
 

 1. Bleeding during DAPT:    

Common clinical phenomenon 

 

 2. Risk of bleeding during DAPT:                                                                  

Disease entity (ACS), Race (East Asians), APT type (TICA) 

  
 3. Impact of major bleeding on mortality:                                           

  Possibly higher than impact of MI on mortality  

 

 4. Unmet Needs to develop bleeding avoidance 

strategy in the era of potent P2Y12 inhibitor 

     



 


