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Background 

• Clopidogrel 



Clopidogrel Metabolism 

CYP2C19 

CYP3A4 



A Number of Drugs for IHD patients 

• Aspirin 

• Clopidogrel 

• Beta blocker 

• ACEi / ARB 

• Diuretics 

• Nitrates 

• Cilostazol 

• Nicorandil 

• Digoxin 

• PPIs / H2 blocker 

          ….. 

 



Clopidogrel with Atorvastatin 

Wei C. Lau et al. Circulation, 2003 



Clopidogrel with Omeprazole 

Martine Gilard et al. JACC, 2008 



Clopidogrel with CCBs 

 

Jolanta M. Siller-Matula et al. JACC, 2008 



Drug-Drug Interaction with Clopidogrel 

• Clopidogrel lower responsiveness 

Gianluca Campo et al. JACC, 2010 

Adverse Cardiovascular Outcome 



METHODS 

• Prospective observational Cohort study 

– Drug-Drug Interaction with Clopidogrel 

“In Real World” 

 

• Eligibility 

– Previous history of PCI with DES within 1 year 

– Aspirin & Clopidogrel maintain 

> 1 month 

– Normal renal / hepatic function 



METHODS 

PCI with DES 
Aspirin/Clopidogrel 

PLT Fx Assessment 
(VerifyNow) 

+ 
Administering Drug 

Assessment 

Long Term Outcome 

Maintain > 1 month 
No over-the-count drug 



Baseline Characteristics 

  Variables Mean ± SD or n (%) 

 Male (n, %) 336 (73.4) 

 Age (years) 64.5 ± 9.6 

 Weight (kg) 66.3 ± 11.2 

 Hb (g/dL) 13.3 ± 1.7  

 PLT (k/mL) 234 ± 70  

 Cr (mg/dL) 1.1 ± 1.0  

 EF (%) 55 ± 11 

No. of kinds of taking drugs  6.8 ± 1.7 

Mean f/u duration (months) 17.7 ± 8.1 

n = 458 



RESULTS (n=458) 
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RESULTS 

232.5 
273.5 
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Male Female

p < 0.001 
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Dyslipidemia Normal

p = 0.117 
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RESULTS 

214.2 
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RESULTS 

251.6 239.1 
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DM No DM

p = 0.105 
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RESULTS 
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RESULTS 

240.6 246.1 

0
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Diltiazem No Diltiazem

p = 0.452 
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RESULTS 

247.2 242.7 
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ACEi No ACEi

p = 0.658 

245 239.5 
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RESULTS 

251.6 232.1 
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Nitrates No Nitrates

p = 0.008 
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Ranitidine No Ranitidine

p = 0.029 

PRU 



HPR 

49.3 

50.7 

HPR

Not-HPR

• HPR 

– PRU ≥ 242 

– 232 patients 

 



Regressions Analysis for HPR (242) 

Univariate Logistic 
Regression 

Multivariate Logistic 
Regression 

OR 95% CI P OR 95% CI p 

Female gender 2.4 1.6 – 3.7 <0.001 

Age (decade) 1.63 1.34 – 2.00 <0.001 1.39 1.09 – 1.77 0.006 

Weight 1.97 0.96 – 0.99 0.001 

DM 0.59 0.40 – 0.88 0.008 1.57 1.00 – 2.47 0.046 

HTN 1.92 1.32 – 2.81 0.001 

Current smoking 0.35 0.21 – 0.59 <0.001 0.47 0.26 – 0.82 0.011 

CYP 2C19 LOF allele 2.93 1.97 – 4.36 <0.001 3.08 1.99 – 4.76 <0.001 

CKD (GFR<30) 3.50 1.27 – 9.64 0.015 

Nitrates 1.87 1.28 – 2.72 0.001 1.74 1.14 – 2.65 0.010 

Ranitidine 1.49 1.03 – 2.16 0.036 



HPR with different definition 

• HPR 

– PRU ≥ 253 

– 205 patients 

55.2 

44.8 

HPR

Not-HPR



Regressions Analysis for HPR (253) 

Univariate Logistic 
Regression 

Multivariate Logistic 
Regression 

OR 95% CI P OR 95% CI p 

Female gender 2.65 1.73 – 4.06 <0.001 1.97 1.10 – 3.50 0.022 

Age (decade) 1.51 1.24 – 1.84 <0.001 

Weight 0.97 0.95 – 0.99 0.001 

DM 1.65 1.12 – 2.43 0.012 

HTN 2.40 1.62 – 3.55 <0.001 1.60 1.01 – 2.53 0.048 

Current smoking 0.32 0.19 – 0.56 <0.001 0.48 0.26 – 0.87 0.015 

CYP 2C19 LOF allele 3.39 2.26 – 5.11 <0.001 3.66 2.31 – 5.79 <0.001 

CKD (GFR<30) 3.08 1.07 – 8.90 0.037 

Nitrates 1.73 1.18 – 2.53 0.005 1.64 1.06 – 2.53 0.026 

Alprazolam 1.63 1.02 – 2.62 0.042 



Clinical Outcomes 

PRU < 242 PRU ≥ 242 Total 

MACE 6 10 16 

Death 0 4 4 

• 4 death 

– 2 SCD 

– 1 Stent thrombosis & cardiogenic shock 

– 1 Septic shock 

Mean F/U duration 
17.7 ± 8.1 months 



Platelet Inhibition by Organic Nitrate 

 

Andrew I. Schafer et al. Blood, 1980 

Effect of isosorbide dinitrate (ISDN) on PLT. 
 

Collagen 

(A) No addition 

(B) Collagen 8 mM 

 

Arachidonic acid 

(A) No addition 

(B) 800 uM 

(C) 2.4 mM 

 

ADP aggregation 

(A) no addition 

(B) 200 MM 

(C) 800 MM 

 

Epinephrine aggregation 

(A) No addition 

(B) 1.4 mM 

(C) 8 mM 



PLT Inhibition by IV Nitrate 

IV nitrate infusion Placebo infusion 

VerifyNow 

(Baseline / 1 hour / 12 hours) 

Stable angina with PCI 

DAT (clopidogrel ≥ 7 days) 

Periklis Davlouros et al. Int J Cardiol 2013 

n = 20 n = 20 



PLT Inhibition by IV Nitrate 

 

Periklis Davlouros et al. Int J Cardiol 2013 



Nitrate and Platelet 

• 377 patients with SA 

– SA 

– MD/LD of clopidogrel 

 

• VerifyNow 

• HPR≥235 

Matthew J. Price et al. Am J Cardiol 2009 



Nitrate and Platelet 

Variables OR CI p 

Non-Caucasian ethnicity 3.05 1.49 - 6.28 0.002 

Female gender 1.91 1.14 - 3.19 0.014 

PPI 1.64 1.14 - 3.19 0.014 

Current smoking 0.37 0.14 - 0.94 0.037 

Result of Multivariate Logistic Regression Analysis 

Matthew J. Price et al. Am J Cardiol 2009 



Continuous Administration of Nitrate 

Minamiyama et al. J Pharmacol Exp Ther. 2004 



Continuous Administration of Nitrate 

Minamiyama et al. J Pharmacol Exp Ther. 2004 



Continuous Administration of Nitrate 

CYP2C19 

CYP3A4 



Limitations 

• Not directly comparing 

 

• Unidentified confounder 

 

• Type of Nitrates 

 

• Maintenance dose 



CONCLUSION 

Sustained Release Nitrate Agents 

Long-term Administration 

Clopidogrel Hypo-Responsiveness 


