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What we already know…. 

• Fractional Flow Reserve (FFR) 

 Invasive index to assess the hemodynamic influence of 

epicardial stenosis 

 Surrogate for “ischemia” 

FFR vs. Myocardial ischemia 

FFR Not significant Significant stenosis
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2 

Seoul National University Hospital 

Cardiovascular Center 



Both are bad, but ACS is worse! 

FFR = 

Angina or Ischemia 

Acute coronary syndrome (ACS) 
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What we already know…. 
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Months after randomization 

> 8 days: HR 0.42 (0.17-1.04); p=0.053 

MT 

PCI + MT 
>8 days 

Link between FFR and ACS? 

NEJM 2012 

FAME II: Kaplan-Meier plots of landmark analysis of Death or MI 
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Looking for the links between FFR and ACS… 
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Looking for the links between FFR and ACS… 
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Hemodynamic forces….. 

Pressure 

Pressure 
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Malek AM, JAMA 1999 

Initiation of plaque: Low wall shear stress 
 Proliferative, pro-inflammatory, pro-thrombotic stimulus 
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High wall shear stress, always good? 

Slager, et al. Nature Clin Pract 2005 
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Very 



Circulation 2011 
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FFR 0.78 

FFR 0.47 
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Koo BK. International Symposium on Biomechanics 2014 

Measurement of hemodynamic parameters in a patient using cCTA 

and computational fluid dynamics 
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• 80 patients 

• Clinically driven invasive 

coronary angiography and 

CT angiography 

• Average % diameter 

stenosis: 52.3±12.4% 

WSS in clinically relevant lesions 

WSS (dyne/cm2) 

WSS (dyne/cm2) 

Koo BK. International Symposium on Biomechanics 2014 



Projection

Traction force 
vector

Shear force 
vector

Plaque
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Regional distribution of hemodynamic forces 

: WSS vs. Pressure gradient 

Koo BK. International Symposium on Biomechanics 2014 
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Relationship between WSS and pressure gradient 
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Koo BK. International Symposium on Biomechanics 2014 
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Wall Shear Stress 

• Pressure gradient 

• Delta FFR 

• Wall shear stress 

Relationship between FFR (pressure gradient) and WSS 
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WSS vs. platelet activity 



Looking for the links between FFR and ACS… 
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Why does the plaque rupture? 
 

Vulnerability = Durability 

External force 

Tanaka, et al. Circulation 2008 

:Mechanism of material failure 

Rest-onset ACS Exertion-triggered ACS 

The thickness of the broken fibrous cap in the exertion group was 

significantly higher than in the rest-onset group (50 vs. 90 μm, P<0.01) 

Information on external force in addition to vulnerability can lead us to 

better discriminate the risk of plaque rupture. 
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Mechanical constraints on coronary stenoses 

P1 
P2 

Pressure wave  
 

Slicing forces 
 

Plaque fatigue 

40.000.000 / year 
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Bernard de Bruyne, Miami, TCT October 2012 

Ischemia, Vulnerable Plaque, and the Vulnerable Patient 



WSS and pressure, then what else? 

• Traction is the total force acting on vessel wall , and can be decomposed 

 

Pagiatakis C, et al. Med Biol Eng Comput 2015 
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WSS and pressure, then what else? 

• Traction is the total force acting on vessel wall , and can be decomposed 

 

Axial plaque stress is much larger than WSS and uniquely characterizes the upstream and 

downstream segments of coronary stenosis. 

Upstream 

segment 

Downstream 

segment 
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Lee JM…Koo BK. JACC imaging 2015 in press 



Lesion severity vs. FFR vs. Axial plaque stress 
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Flow 

Same morphology  

Different severity 

Lee JM…Koo BK. JACC imaging 2015 in press 



Looking for the links between FFR and ACS… 
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Links between FFR and ACS…… 
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In addition to define ischemia, FFR can tell the risk of ACS through the interaction with other 

hemodynamic parameters.  


