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The essence of Friday’s parallel sessions 
- FFR -
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Seiler Am Coll Cardiol. 1993 

The amount of myocardium supplied by side branch is relatively small and 
highly variable 

Mass of myocardium at risk of side branches 



Technical tips 

FFR overestimates the severity 1. 

2. Jailing of a pressure wire between the stent and the vessel wall is not 
recommended 

Limitation of pre-intervention FFR at a side branch 
: Anatomical changes after MB stenting: carina shift, stent struts 

3. 



FFR Basics for bifurcation 

Bifurcation 

MB 

Before PCI 

YES 

After PCI 

(YES) 

SB 

Before PCI 

(YES and NO) 

After PCI 

YES 
(subset of 
lesions) 

FFR 
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Intra and Inter observer variability 
of dedicated 2-D Bifurcation QCA 

Intra observer variability Inter observer variability 



Correlation between %DS vs. FFR  
in the Side Branch 

Dedicated 2D QCA Conventional 2D QCA 

Underestimated 
by QCA  
7 False negative 

Underestimated 
by QCA  
5 False negative 

Overestimation 
2 False positive 



CONCLUSIONS 
•  The results of this preliminary hypothesis-generating 

study suggest that in bifurcation lesions the 
correlation between the anatomic severity of a 
coronary stenosis and its functional significance 
appears to be somewhat higher when QCA is 
performed using the three branch model. 

  
•  This most notable for side-branch stenoses which 

can be overestimated when using conventional QCA.  

•  Of note, however, the limitations of a pure 
anatomical evaluation to determine the 
appropriateness of revascularization in this subset of 
lesions remain.  

 



Work in progress … 
3D-Bifurcation QCA, QCA withFEA will be available 
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Time-varying 
coronary resistence 

Complex fluid 
Properties 

Volumetric finite 
element mesh 

Microcirculatory 
resistance depends 
on complex vessel 

structure 

Physiology changes due to 
administration of drugs to 

induce hyperemia 

Patient-specific 
geometry Inputs 

• Accurate coronary geometric 
models including branching 
structure and pathology 

Boundary Conditions 
• Time-varying coronary 
resistance related to 
intramyocardial pressure 
• Models to simulate hyperemia 

Numerical Methods 
• Volumetric finite element mesh 
with anisotropic refinement and 
boundary layers generated 

How do we compute FFR from static CCTA?  

Proprietary Algorithms for cardiovascular 
computational flow dynamics 



Case	  KR34	  
Treatment	  Plan	  

Aorta

Coronary

P
P

Anchor	  

Tr
um

pe
t	  

Gimbal	  

Stenting with SideGuard  
in the Diagonal 

Stenting with a short DES 

T-stent but with a BA of <70°?, mini-crush? 
Tryton with a long stent in MB to catch the  
lesion in the mid LAD, Drug-eluting Balloon? 
etc…  



Case KR86 

2. High-tech approach: 
         Axxess stent 

Therapeutic consideration 

Aorta

Coronary

P
P

1. French approach: 
Main branch stenting 
with a provisional T 
strategy 



Conclusion 
•  Over the past decade, non-invasive imaging 

has held its promises: luminography and 
tissue characterization have made major 
progress in quantification, due to 
continuous increase in resolution (16, 64, 
128, 256 and 320 detectors/slices), despite 
some inherent limitations of X-ray to 
characterize tissues. 

 
•  The adjunction of functional assessment of 

flow-limiting lesion is a quantum leap in the 
non-invasive evaluation of patient prior to 
PCI with the option of virtual treatment 
planning 
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“Atheromas in the very proximal left anterior descending artery are located opposite the circumflex 
takeoff, spare the flow divider and maintain eccentricity across a wide range of vessel stenoses”  
Kimura BJ et al J Am Coll Cardiol. 1996 Mar 15;27(4):825-31.  
 
“Plaque volume accumulated opposite to the flow divider, especially in distal segments.” 
 Badak et al. Coron Artery Dis. 2003 Jun;14(4):309-16. 

Disease in the SB 

Plaque opposite to SB 

Non-diseased SB 

SB	  occlusion	  may	  be	  
caused	  by	  mechanical	  force	  

DeterminaBon	  of	  plaque	  
distribuBon	  and	  severity	  
	  



Plaque	  distribuBon	  and	  severity	  by	  
IVUS	  can	  Predict	  SB	  Compromise	  
	  

Kang SJ et al Am J Cardiol 2011;107:1787–1793 



Kim JS et al. Am Heart J 2011;161:180-7. 

PCI Guidance, Procedure Optimization 



IVUS or FFR alone will not resolve…. 

Dynamic 4D changes of the bifurcation 
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Why do we believe in FFR as a gold 
standard of myocardial ischemia?

•  Sound scientific background 
 Cut-ff value given by conventional functional study 

•  The value reproducible in any situation 
 Not proven in small branches (or side branches) 

•  Predicts clinical outcome 
 Any functional test can do that 

•  Narrow intermediate zone (0.75 – 0.80) 
 Really? 



To treat or not to treat? 
Anatomical, Functional, and Clinical Angioplasty

Stenosis severity 
Microvascular function 
Ischemic area at risk 
Functional capacity 

Stenosis severity 
Microvascular function 

FFR 
CFR 
SPECT 
Dobutamine echo

Symptoms
Treadmill test 

Stenosis severity CAG 
IVUS/OCT 
CT angiography

Determinants Assessment

Clinical Significance

Functional Significance

Anatomical Significance

Patients

Myocardium

Coronary artery

Treatment Goal



Should we use FFR ? 
I will say NO.

•  FFR is one of many functional studies. 
•  Decision should be made clinically, as well as 

anatomically and functionally. 
•  The role of FFR should be limited to small 

number of occasions



Pitfalls of anatomical evaluation	

•  Angiography 
– Single directional assessment 
– Variability in stenosis assessment 
– No validated criteria for side branch intervention 
– Not physiologic 

•  IVUS/OCT 
– Can not be performed in tight stenosis (ex. jailed SB) 
– No validated criteria for side branch intervention 
– Not physiologic	

Koo BK & de Bruyne B, Eurointervention 2011
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Diagonal FFR = 0.81 LCX FFR = 0.82
LAD FFR = 0.89 

Diagonal FFR = 0.94

Should we use FFR in bifurcation stenting?



Should we use FFR in bifurcation 
stenting? 

•  FFR is better than other anatomical tools in the evaluation of bifurcation 
lesions before and during the PCI. 

•  FFR is especially helpful in excluding functionally insignificant stenoses. 

•  YES, if you do care about the patients’ myocardial ischemia and want 
to avoid unnecessary complex procedures for bifurcation lesions. 



I feel so alone 
in this FFR session

Gwon HC, EBC 2011

We are working all together 
for better patients’ care….

Poor IVUS guy…..

Bad FFR guys

Koo BK, Summary of FFR session, EBC 2011

IVUS 
OCT 
VH

FFR 
IMR 
CFR

Integration of image & 
hemodynamics

Clinical data, non-
invasive functional 
test, angiography



Thank you very much for your attention. 


