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Why is FFR the Gold Standard? 

 Well-founded scientific basis 

 Validated in an animal model 

 Well-validated against non-invasive tests for 

ischemia 

 Highly reproducible 

 Predicts clinical outcomes 

 Most widely studied index 



Scientific Basis of FFR 
Schematic model of the coronary circulation 

Pijls, et al. Circulation 1993;86:1354-67. 



Scientific Basis of FFR 
Equations to derive FFRmyo , FFRcor , and FFRcoll  

Pijls, et al. Circulation 1993;86:1354-67. 



Pijls, et al. Circulation 1993;86:1354-67. 

Animal Validation of FFR 
FFR compared to invasive gold standard of absolute flow in 5 dogs at 

3 different arterial pressure levels and 12 different stenoses (r=0.98) 

FFRcor 



De Bruyne, et al. Circulation 1994;89:1013-22. 

Validation of FFR 
FFR compared to noninvasive gold standard of relative flow reserve 

using PET in 22 patients with LAD stenosis 



De Bruyne, et al. Circulation 1994;89:1013-22. 

Validation of FFR 
FFR compared to noninvasive gold standard of relative flow reserve 

using PET in 22 patients with LAD stenosis 
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Pijls, et al. New Engl J Med 1996;334:1703 

FFR < 0.75 :  Sensitivity = 88% 

  Specificity = 100% 

Human Validation of FFR 
FFR compared to noninvasive “gold” standard of 3 stress tests (accuracy > 95%) 



FFR Validation Studies 
Noninvasive Imaging 



FFR Validation Studies 
Noninvasive Imaging 

> 1,500 Patients 

 

24 Studies 

van de Hoef, et al. Nat Rev Cardiol 2013;10:439-52. 



More Recent “Validation” Studies 
FFR and iFR compared with “hyperemic stenosis resistance” (HSR) 

Hyperemic stenosis resistance is not a gold standard. 

There are no validation studies or clinical outcome 

studies with HSR. 

Sen, et al. J Am Coll Cardiol 2013;61:1409-20. 



More Recent “Validation” Studies 
FFR, iFR, Resting Pd/Pa measured in 115 patients and compared with PET 

CFR is not a gold standard for assessing epicardial disease! 

CFR interrogates the entire coronary circulation. We do not 

expect FFR to correlate with CFR! 

Hwang, et al. J Am Coll Cardiol Intv 2017;10:751-60. 



More Recent Validation Study 
FFR, iFR, Resting Pd/Pa measured in 115 patients and compared with PET 

When compared with relative flow reserve (RFR), which is 

more epicardial specific, FFR is significantly more accurate 

than iFR. 

Hwang, et al. J Am Coll Cardiol Intv 2017;10:751-60. 



Most Recent Validation Study 
FFR and iFR compared with dobutamine stress echo in 62 stable CAD patients  

Panoulas, et al. EuroIntervention 2018;13:1959-66. 



FFR is Highly Reproducible 
Repeated measurement of FFR in 763 patients in the CONTRAST study  

Johnson, et al. J Am Coll Cardiol Intv 2016;9:757-67.  



FFR is Highly Reproducible 
Repeated measurement of FFR in 763 patients in the CONTRAST study  

Johnson, et al. J Am Coll Cardiol Intv 2016;9:757-67.  
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FFR Predicts Adverse Events 
Landmark Analysis of Death/MI after 7 days in FAME 2 Trial 

De Bruyne, et al. New Engl J Med 2014;371:1208-17. 

Death or MI 

4.6 vs. 8.0%, p=0.04 
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FFR Predicts Adverse Events 
1,029 lesions from 607 medically treated patients in FAME 2 

Barbato, et al. J Am Coll Cardiol 2016;68:2247-55. 

FFR=0.87-1.0 

FFR=0.64-0.77 

FFR=0.78-0.86 

FFR≤0.63 



FFR Predicts Adverse Events 
1,029 lesions from 607 medically treated patients in FAME 2 

Barbato, et al. J Am Coll Cardiol 2016;68:2247-55. 



FFR Predicts Adverse Events 
1,029 lesions from 607 medically treated patients in FAME 2 

Ciccarelli, et al. Circulation 2018;137:1475-85. 
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Explosion of FFR Data 
Number of PubMed papers each year with  

“fractional flow reserve” in the title or abstract 
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FFR and Outcomes Trials 
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FFR and Outcomes Trials 
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FFR Remains the Gold Standard 

 Well-founded scientific basis 

 Validated in an animal model 

 Well-validated against non-invasive tests for 

ischemia 

 Highly reproducible 

 Predicts clinical outcomes 

 Most widely studied index 


