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• Clinical information: Symptom, risk 

factors, ….. 

• Functional study: SPECT, TMT, ….. 

• Angiographic findings 

• Quantitative coronary angiography 

• Intravascular ultrasound 

• OCT, ….. 

Evaluation of Bifurcation lesions 

Is there a room for more? 

2 



Pitfalls of anatomical evaluation 

• Angiography 

 Single directional assessment 

 Variability in stenosis assessment 

 No validated criteria for side branch intervention 

 

• IVUS/OCT 

 Can not be performed in tight stenosis 

 Does not reflect the amount of supplying myocardium 

 No validated criteria for side branch intervention 
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PCI for bifurcation lesions should be successful in terms of  ….  
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PCI for bifurcation lesions should be successful in terms of  ….  

• Natural Anatomy 

• Physiology 

• Fluid dynamics 
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• Physiologic evaluation assess the quantity of FLOW. 

• Fluid dynamics assess the quality of FLOW. 

Physiology and Fluid Dynamics of  Bifurcation Lesions 
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I love “Images”, But, I hate “Physiology” ! 
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A reliable parameter should account for the interaction between  

• epicardial stenosis severity,  

• extent of the perfusion territory, 

• myocardial blood flow including collaterals 

• microvascular function 

Evaluation of Coronary Stenosis 

Physiologic evaluation 
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Same stenosis, same functional significance ? 
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LA: Lumen cross sectional area 
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• Various amount of supplying myocardium 

• Combination of 3 ostial lesions 

• Jailed SB ostial lesion is unique 

 Underlying plaque  Eccentric plaque 

 Remodeling  Negative remodeling 

 Mechanisms of luminal narrowing 

• Shifted plaque 

• Shifted carina 

• Stent struts, thrombus, dissection flap,…… 

 

 

Why “Physiologic evaluation” for bifurcation? 
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Plaque & 

Plaque shift

Carina shift

Struts Plaque & 

Plaque shift

Plaque & 

Plaque shift

Thrombus 

Dissection 

Spasm…. 
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What kind of physiologic parameter does really reflect 

the physiologic significance of a stenosis ??  

 

• Blood flow ?  

 

• Flow-derived parameters ( such as CFR) ? 

 

• Transstenotic gradient itself or indexes of  stenosis  resistance ? 
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Fractional Flow Reserve (FFR) 

Pd: distal pressure by pressure wire 

Pa: systemic pressure by guiding catheter 

(Pd/Pa) 

FFR =             = 
Qmax          (Pd-Pv)/R

Qmax          (Pa-Pv)/R

S

N

Pd

Pa

= 

Significant Stenosis

1.0 0.80 0.75 0

• Easily obtained, stenosis specific, simple (<0.75 or 0.8  

ischemia) 

• Reflects both degree of stenosis and myocardial territory 
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Seoul National University Hospital 

LAD: 0.89 

Diagonal: 0.94 

Bifurcation lesion? 

LAD: 0.73 

Diagonal: 0.77 

LAD: 0.77 

Diagonal: 0.77  

LAD: 0.82 

Diag: 0.98 
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FFR=0.67 FFR=0.93 

Should we measure FFR in these lesions? 

FFR=0.95 

FFR=0.74 
Courtesy of Dr Colombo and Dr Airoldi 

FFR=0.92 

15 



OCT: 18 mo after Cypher 

Courtesy of Dr Otake 

Courtesy of  

Gary Binyamin, TMI 

Is this the best we can achieve? 

Human cast model 

FFR > 0.8 
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Malek AM, JAMA 1999 

Low or abnormal wall shear stress 
 Proliferative, pro-inflammatory, pro-thrombotic stimulus 
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How can we assess local “flow conditions”? 
- Computational Fluid Dynamics - 

Inflow 

Outflow 

Wall properties 

• CFD quantifies fluid pressure and velocity, based on physical laws of mass conservation and momentum 

balance  

• An ideal simulation tool for studying the local effects of blood flow 

• Requirements 

Model geometry and Computational mesh 

Inflow/Out flow boundary conditions 

Wall properties 
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Idealized Bifurcation Model 

MB Stent Implantation: Carina shift and distal MB over-expansion 

Side Branch Angioplasty 

Finet’s law 

Fractal ratio [prx MB /(SB + dist MB)] = 

0.678 

Stent cross over & Distal MB over-expansion 

Williams & Koo, J Appl Physiol 2010 
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Post SB angioplasty 
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Post MB stenting 

Fractional flow reserve of Side branch 

Stent cross over & Distal MB over-expansion 

Post MB stenting 
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Normal bifurcation model MB stenting MB stenting + SB angioplasty 

0 5 10 15 20
Wall Shear Stress (dyn/cm2)

0 5 10 15 20
Wall Shear Stress (dyn/cm2)

Time Averaged Wall Shear Stress 

Williams & Koo, J Appl Physiol 2010 

Stent cross over & Distal MB over-expansion 
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Shear stress distribution 

Post MB stenting Post SB angioplasty 

Time Averaged Wall Shear Stress 

% area of low WSS (< 4dyne/cm2) 

Williams & Koo, J Appl Physiol 2010 

Stent cross over & Distal MB over-expansion 
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Additional side branch intervention? 

 

MB and SB stenting  Aggressive kissing 

MB stenting  Aggressive kissing 
SB stenting without kissing 

Reference  segment 
Average diameter  3.7mm  

Eccentricity: 3.51/3.75 = 0.93 

Proximal MB 

Average diameter : 4.2 mm 

Eccentricity: 3.6/5.0=0.71 

Courtesy of Dr. Murasato 
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MB stenting with 

aggressive kissing 
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aggressive kissing 

Distribution of Wall Shear Stress 

MB/SB stenting 

without kissing 

25 
Koo, Nomeland and LaDisa 



0 
 

dy
ne

s/
cm

2 
   

   
   

   
 3

0 

Distribution of wall shear stress 
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Wall Shear Stress Distribution along Axis 
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Proximal MB over-expansion 
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Clinical relevance of “abnormal flow”? 

Limitations of current CFD analyses 

• Simple models, not patient-specific 

• Not completely reflects human coronary circulation  

• No established clinical relevance  
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Patient-specific CFD analysis 
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Patient-specific CFD analysis 
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Summary 

• Coronary bifurcation is complex. 

• Physiologic evaluation is helpful to overcome the limitation of 

anatomical tools in bifurcation lesions. 

• Evaluation of local flow dynamics using CFD can provide the 

local flow conditions in bifurcation lesions. 

• Successful PCI for bifurcation lesions in terms of anatomy, 

physiology and flow dynamics may further improve the patients’ 

outcome. 
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