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• Stent oversize for distal MV
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• Carina shift
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• SB occlusion
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Geometric factors in coronary bifurcationGeometric factors in coronary bifurcationGeometric factors in coronary bifurcationGeometric factors in coronary bifurcation

• Anatomy
– Vessel size: vascular branching lawg

• Rheology (wall shear stress)
Pl di ib i– Plaque distribution

– Thrombus formation

• Bifurcation angle

• 3 dimensional structure• 3‐dimensional structure 

• LV wall motion



Murray's Law of Vascular Branching
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Vascular Branching LawsVascular Branching LawsVascular Branching LawsVascular Branching Laws

Area-preservation and Finet models area empirical and do not have a physical 
basis

Huo Y. EuroInterv, 2012, 7, 1310

basis.



Comparison among branching-law modelsComparison among branching-law modelsComparison among branching law modelsComparison among branching law models

Huo Y. EuroInterv, 2012, 7, 1310



How to decide balloon sizeHow to decide balloon size
proximal MV 5mmproximal MV 5mm

Mitsudo: kissing balloon
Finet: vascular branching

(mm)

4 3
Murray: vascular branching

(no atherosclerosis)
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4.3

3.9

T t i f i l t d3 75mmBASB
3.6 3.4

Target size of isolated 
SB expansion

3.75mmBA

3.0
Target size of 

SB during KBT
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Blood flow at bifurcation siteBlood flow at bifurcation site
11

Blood flow at bifurcation siteBlood flow at bifurcation site

A

A

Qualitative experimental visualization 
(Fabregues, 1998, J. of Biomechanics 31)

CFD results (Tada, 2005, Ann. of Biomed. Eng.33)

Large recirculations (A) are observed at the 
bifurcation apex or in the daughter branches



Types of Involvement of Coronary 
Bifurcations by Atherosclerosis

Types of Involvement of Coronary 
Bifurcations by AtherosclerosisBifurcations by AtherosclerosisBifurcations by Atherosclerosis

Atherosclerosis occur 
predominantly close to predominantly close to 
bifurcation 

Carinal involvement by 
atherosclerosis is 
extremely unusual.

Renu Virmani



High Speed Flow Visualization during Peak PhaseHigh Speed Flow Visualization during Peak Phase
[ Low Magnification][ Low Magnification]

Normal model Stenosis model

Courtesy of Iwasaki K (Waseda Univ)



Visualization of coronary flow at the 
bif ti

Visualization of coronary flow at the 
bif tibifurcationbifurcation

Iwasaki K (Waseda Univ) & Murasato Y



Culotte stentingCulotte stentingCulotte stentingCulotte stenting

Murasato Y, Iwasaki K et al. J Interv Cardiol, 2010 



Distribution of high-bifurcated angle (> 80°)Distribution of high-bifurcated angle (> 80°)

30

(%)

26.0
30

15.0
12 2

20

7.8

12.2

10

0

LMCA LAD-Diag LCX-OM RCA AV-PD
Kawasaki T. Catheter Cardiovasc Interv. 2009;73:653



Comparison between lowComparison between low‐‐angle bifurcation angle bifurcation 
(LAB) and high(LAB) and high‐‐angle bifurcation (HAB)angle bifurcation (HAB)

Nakamura S. Asian Multicenter Left Main Registry, EBC 2010 



Crush Crush stenting  stenting  

KBT
Gap still

remained 

Ormiston JA et al. Catheter Cardiovasc Interv. 2004; 63: 332-6

after KBT



Crush stenting: LCX Crush stenting: LCX ostiumostium
underunder‐‐expanded expanded  in narrow LMCAin narrow LMCA‐‐LCX angleLCX angle

Murasato Y. Cathet Cardiovasc Interv. 69(2):248-256, 2007



Crush stenting: MACECrush stenting: MACECrush stenting: MACECrush stenting: MACE



CulotteCulotte stenting: stenting: 
Impact ofImpact ofImpact of Impact of 
bifurcation angle bifurcation angle 
on MACEon MACEon MACEon MACE

Adriaenssens et al. Eur Heart J 2008, 29: 2868



CrossCross over stenting vs Crush/over stenting vs Crush/CulotteCulotteCrossCross‐‐over stenting vs. Crush/over stenting vs. Crush/CulotteCulotte



Plaque Distribution in Left Main 
Bif ti IVUS E i ti
Plaque Distribution in Left Main 
Bif ti IVUS E i tiBifurcation: IVUS ExaminationBifurcation: IVUS Examination

Maehara A, TCT 2011

P=0.031

• Fibroatheroma was mainly observed in myocardium and 
l t l lllateral wall.

• Pathological intimal thickening was dominant in pericardium.



Murasato Y, Catheter Cardiovasc Interv. 2007;70:211-20.



Effect of 3Effect of 3 D structure on stent overlappingD structure on stent overlappingEffect of 3Effect of 3‐‐D structure on stent overlappingD structure on stent overlapping

Lateral position

Ideal Image

St t l i i
In the actual situation…

Stent overlap or crossing is 
observed. Two stents are not 
positioned laterally.



Issues of CrushIssues of Crush stenting:stenting: Stent overlappingStent overlappingIssues of Crush Issues of Crush stenting: stenting: Stent overlappingStent overlapping

Guide wire advanced outside of the stent.
Gap

Stent overlapping produces 
f ti t th

When the GW is advanced 
t id f th SB t t thsome gap formation at the 

opposite side of the 
overlapping. 

outside of the SB stent, the 
gap would be increased.



Crush stenting Crush stenting a b c d
Magnified view of the SB ostium

Worse caseWorse case
a b c d

Gap

Circle a b c d
Cross sectional view

Circle a b c d

Murasato Y, J Interv Cardiol, 
22:135,2009

Absence of the strut of SB stent



Stent overlapping created a gap beneath the Stent overlapping created a gap beneath the 
l d ti f th t tl d ti f th t toverlapped portion of the stent. overlapped portion of the stent. 

LADLAD LAD

LCXLCX

Gap

LMT LMTLMT LMT
Murasato Y. J Invasive Cardiol. 2006, 18 :E279



Endothelial shear stress Endothelial shear stress dot e a s ea st essdot e a s ea st ess
and wall stiffnessand wall stiffness

Influence of heart motion



Take home messagesTake home messagesTake home messagesTake home messages

R l i i h ld b f d di• Revascularization should be performed according to 
the vascular branching law.
Rh l i l t id ti ill b• Rheological assessment or consideration will be more 
necessary to complete ideal revascularization.

• High bifurcation angle leads to frequent restenosis and• High bifurcation angle leads to frequent restenosis and 
TLR, especially in crush and culotte stenting.

• 3 dimentional structure affects rheological disturbance• 3‐dimentional structure affects rheological disturbance 
which results in vulnerable atherosclerosis.

• LV wall motion leads to various strain strength whichLV wall motion leads to various strain strength which 
results in heterogeneous vessel wall stiffness in the 
bifurcation.  



Thank you for Thank you for 
your attention!your attention!your attention!your attention!


