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Fractional Flow Reserve (FFR) 

Maximum flow down a 

vessel in the presence 

of a stenosis…  

 

…compared to the 

maximum flow in the 

hypothetical absence 

of the stenosis 

Pijls and De Bruyne, Coronary Pressure 

Kluwer Academic Publishers, 2000 
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Coronary Flow (Stenosis) 

Coronary Flow (Normal) 

Pressure 

Resistance 
• Coronary Flow = 

Derivation of FFR 

• at maximal hyperemia    Coronary Flow  Pressure 
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Adapted from: Pijls and De Bruyne, Coronary Pressure 
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FFR = Pd / Pa 



Distal  

Pressure (Pd) 

Proximal  

Pressure (Pa) 

FFR = Pd / Pa 

 during maximal flow 

Pd 

Pa 

Pd / Pa = 60 / 100 

FFR = 0.60 

Fractional Flow Reserve 



Resting Flow 

CFR 
Hyperemic Flow 

FFR 
Hyperemic Flow with Stenosis 

Hyperemic Flow without Stenosis 



• Clearly defined normal value 

• Not affected by resting hemodynamics 

• Relatively easy to perform 

Adapted from: Pijls and De Bruyne, Coronary Pressure 

        Kluwer Academic Publishers, 2000 

Unique Aspects of FFR 



Fractional Flow Reserve 

0.75 

Exercise 

Test 

 

Thallium 

Scan 

 

Stress  

Echo 

Pijls, et al. New Engl J Med 1996;334:1703 

FFR < 0.75 :  Sensitivity = 88% 

  Specificity = 100% 

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 

 

Best Cut-Off Value? 

 

< 0.75 

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



Pijls, et al. J Am Coll Cardiol 2007;49:2105-11. 
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5 Year Cardiac Death and MI rate in DEFER trial 

Safety of Deferring PCI Based on FFR 

Deferral of PCI 
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Safety of Deferring PCI Based on FFR 

Adapted from: Muller, et al. JACC Cardiovasc Interv 2011;4:1175-82 

5 year follow-up of 564 intermediate proximal LAD lesions  

deferred because FFR≥0.80 

No Known CAD 

Moderate Prox LAD, FFR≥0.80 



What happens to deferred lesions? 

513 Deferred Lesions in 

509 FFR-Guided Patients 

1 
Myocardial Infarction due to 

an Originally Deferred Lesion 

 Only 0.2% caused an MI 

 Only 3.2% required 

revascularization 

Pijls, et al. J Am Coll Cardiol 2010;56:177-84 

Two Year Follow-up of  

Lesions Deferred in FAME 

2 Years 

8 
Stent-Related or 

due to a New Lesion  

9 
Late Myocardial Infarctions 

Deferred Lesion Events 



Tonino, et al. New Engl J Med 2009;360:213-24. 
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FAME Study: One Year Outcomes 
1,005 patients with multivessel CAD randomized to FFR or Angio-guided PCI 



Real World FFR Use 
2,178 pairs of propensity matched patients before and after routine FFR use 

Park, et al. Eur Heart J 2013;in press 

Park SJ, et al. Eur Heart J 2013;34:3353-61. 



Real World FFR Use 

Park SJ, et al. Eur Heart J 2013;34:3353-61. 

2,178 pairs of propensity matched patients before and after routine FFR use 



If the FFR is ≤ 0.80, is it unsafe 

to defer PCI? 



FAME 2: Two Year Follow-Up 
Two year rate of primary endpoint: Death, MI, Urgent Revascularization 

De Bruyne, et al. NEJM 2014;371:1208-17. 



FAME 2: Two Year Follow-Up 
Landmark Analysis of Death/MI after 7 days 

De Bruyne, et al. NEJM 2014;371:1208-17. 

4.6 vs. 8.0%, p=0.04 
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Days after randomisation 

0-7days:           HR 9.01 (95%CI 1.13-72.0)  
8 days-2years: HR 0.56 (95%CI 0.32-0.97)  

P for interaction 

0.002 

PCI+MT vs MT  

PCI+MT 

MT alone 



Relationship between FFR and MACE 

607 medically treated patients in FAME 2 

Barbato, et al. ESC 2013 



FFR Meta-Analysis 

Johnson, et al. J Am Coll Cardiol 2014;64:1641-54 

Meta-analysis of a total of 9,173 (study-level) and 6,961 (patient-level) lesions 

in which FFR was measured and average follow-up of 16 and 14 months  



FFR Meta-Analysis 

Johnson, et al. J Am Coll Cardiol 2014;64:1641-54 

Meta-analysis of a total of 9,173 (study-level) and 6,961 (patient-level) lesions 

in which FFR was measured and average follow-up of 16 and 14 months  

“[FFR] is not a dichotomous state,  

but a graded continuum” 



Explosion of FFR Data 
Number of PubMed papers each year with  

“fractional flow reserve” in the title or abstract 

DEFER 
FAME 

FAME 2 

? 



Conclusion: 

 FFR is based on sound coronary physiologic 

principles. 

 

 FFR is the only invasive index validated 

against a true noninvasive gold standard. 

 

 FFR has a wealth of data validating it against 

clinical outcomes. 


