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To gather informations on coronary 
bifurcation lesions.

To define lesions and treatment techniques, 
standardize assessment methods and develop
a common terminology.

To promote and support research in this field.

Objectives of the EBC (1)1



To interact with industry.

To offer the interventional cardiology 
community not the absolute truth but a
regularly updated consensus.

To teach the assessment and treatment 
techniques developed (bifurcation workshops).

Objectives of the EBC (2)1



« Think tank »

« Experts » in the field of bifurcation lesions

« Witnesses » (experienced interventional 
cardiologist and researchers)

Methods1



Medina

Murray’s law

Bench

Kiss after crush

Efficacy of DES

Safety
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Structure-Function Scaling Laws of Vascular Trees

The branching systems in our 
body (vascular and bronchial 
trees) and those in the 
environment (plant trees and 
river systems) are characterized 
by a fractal nature.

Kamiya and Takahashi. J Appl Physiol March 2007
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Dmother
3 = Ddaughter 1

3 + Ddaughter 2
3 + …

Murray's law

m d1

d2

d3

Murray CD. The physiological principle of minimum work. Proc Natl Acad Sci 1926
Yifang Zhou et al. Phys. Med. Biol. 1999; 44: 2929–2945.

Structure-Function Scaling Laws of Vascular Trees
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m d1

d2d3

Dmother = 0.67* (Ddaughter 1+ Ddaughter 2+ … )

G. Finet

Finet et al. Eurointervention 2007; 490-8  

Dmother
3 = Ddaughter 1

3 + Ddaughter 2
3 + …

Murray's law

Structure-Function Scaling Laws of Vascular Trees
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Murray’s law:

Ref. = (MB+SB) x 0.67 

Ref. = (3.6+3.1) x 0.67 = 4.49 mm  

Fractals and Self-Similarity
of the Coronary Tree1
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EuroIntervention 2006



Epidemiology

Anatomy

Physiology

Treatment Classification

QCA
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Renu Virmani

Atherosclerosis 
occurs predominantly
close to bifurcation 

Carinal involvement
by atherosclerosis is 
extremely unusual.

Types of Involvement of Coronary
Bifurcations by Atherosclerosis2



Lumen vs Plaque
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Functionally     
significant 
stenosis

Jailed side branch lesions (n=94)

Bon-Kwon Koo et al JACC 2005; 46: 633-7
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Y. Louvard et al. CCVI 2007

2
“Universal” Treatment Classification



1 – Proximal Edge 
2 – Proximal Stent
3 – Distal PV Stent* 
4 – Ostium of distal PV (5mm) 
5 – SB Stent*

1
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10

6 – Distal Edge of the SB Stent* 
7 – Carina 
8 – Ostium of the SB (5mm)
9 – PV In-Lesion
10 – SB In-Lesion
11- distal edge PV Stent

PV

PV

SB

3

QCA Methods for Bifurcation Lesions
2

Post EBC II Consensus
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EuroIntervention 2007



2

CCVI 2008
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Anatomy, Rheology

Stent thrombosis

Role of the angle

Role of the Bench

Dedicated devices 



Adapted from Y S Chatzisisis et al JACC 2007

ESS = μ . dv/dy

dv/dy

Flow

μ = viscosity
dv/dy = spatial gradient of blood velocity at the wall

Low or Oscillatoy 
ESSNormal (high)

ESS

Shear Stress
3



Plaque (necrotic core) proximal extension is under-
estimated by angio (VH).

Spot stenting or bifurcation refusal may miss the
plaque.

Anatomy/rheology
3

R. Virmani, CVPath and 
P. Margolis, Volcano Corp.

Site of the problem
Layers of healed 
plaque ruptures

Site of min LD
Blood Flow



( 3.5 + 3.0) x 0.67 = 4.35 mm

Proximal Optimization Technique

Cypher Select 3.5 x 23mm
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Before POT After POT

Proximal Optimization Technique
Cypher Select 3.5 x 23mm

Darremont et al. EBC 2007

3



Proximal Optimization Technique
Cypher Select 3.5 x 23mm

Darremont et al. EBC 2007
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n RR 95% CI FU

Iakovou et al 2229 5.96   1.90 - 18.68       Subacute
JAMA 2005

2229 8.11 2.50 - 26.26 Late

Ong et al 1017 3.00 1.30 - 6.80 6 mo
JACC 2005

Kuchulakanti et al      2974 4.40 1.96 - 10.00 12 mo
Circulation 2006

Hwang + Koo 10.21 4.75 – 21.92 Late
TCT 2006

Bifurcation as a Potent, Independent Risk 
Factor for Stent Thrombosis   3



Daemen et al, Lancet 2007

Bern-Rotterdam registry 
(n=8146 patients) Multivariate Cox proportional hazards 

model to identify the presence of a 
bifurcation lesion as an independant  

predictor of stent thrombosis

Early ST 2.52 (1.26-5.02)

Late ST0.22 (0.03-1.71)     

Overall ST 1.47 (0.79-2.72)

Bifurcation as a Potent, Independent Risk 
Factor for Stent Thrombosis   3



Randomized Studies
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Bifurcation as a Potent, Independent Risk 
Factor for Stent Thrombosis   



Carena shifting

Optimal Technique

Stent Design

Role of the angle
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Koo et al EBC 2008

Carena Shifting

Before

After stent



Pre-intervention MB stenting Kissing balloon

Carena Shifting



1,1,1 1,1,0 1,0,1 0,1,1

1,0,0 0,1,0 0,0,1

New Medina Classification



90°

45°

Size of the ostium
4

From Mortier et al. EBC IV, Prague 2008



Size of stent cell
4

From Mortier et al. EBC IV, Prague 2008



Stent Company Cell circumference 
[mm]

Equivalent diameter 
[mm]

Cypher Cordis 9.5 3.0

Endeavor Medtronic 19.8 6.3

PRO-Kinetic Biotronik 10.8 3.4

Promus
Boston 
Scientific 12.6 4.0

Taxus Liberté
Boston 
Scientific 12.6 4.0

All stents have a nominal diameter of 3 mm

4
Cell Sizes Differ Considerably

From Mortier et al. EBC IV, Prague 2008



For a 3 mm main branch

4
Cypher stent

From Mortier et al. EBC IV, Prague 2008



For a 3 mm main branch

Taxus Liberté
4

From Mortier et al. EBC IV, Prague 2008



Stenting TechniquesStenting Techniques
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Main AAccross side first

DD
DDistal first
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SSide branch first

Extended V
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PM 
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across SB 
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Elective
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Internal
crush

Culotte TAP
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V
stenting
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and seat
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Ormiston

Proximal cross Distal cross 

Single 
balloon SB 
dilatation

Kissing 
balloon 
post-
dilatation

Stenting MV across the SB. Distal wire 
cross creates better SB scaffolding than prox
crossing 

Crush-Stenting. Proximal wire cross creates 
better SB scaffolding than distal crossing 
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Yes

Modifies favorably the angle between both br.
Keeps the side branch open
Is a good marker of SB
Is a predictor of SB success

Should we use the jailed wire technique?Should we use the jailed wire technique?

4
How to do a Provisional T Stenting



4
How to do a Provisional T Stenting

Should we Predilate the Side Branch?Should we Predilate the Side Branch?



Post MB stenting

Carena shift

No Pre-dilatation

4
Why We Should Not Predilate the Side Branch

Albiero et al. EBC 2008



Post MB stenting

Carena shift

SB pre-dilation will 
dissect the plaque 
creating the subsequent 
possibility to:
- enter a proximal strut

SB pre-dilation will 
dissect the plaque 
creating the subsequent 
possibility to:
- enter a proximal strut

Pre

Pre-dilatation->Dissection
Dissection

Larger 
Dissection

SB stent

4
Why We Should Not Predilate the Side Branch

Albiero et al. EBC 2008



No need for routine SB predilatation
unless lesion in the SB long and/or 
severely calcified.

No need for routine SB predilatation
unless lesion in the SB long and/or 
severely calcified.

4
Consensus



Role of Kissing Balloon Inflation

0.03164.7Restenosis MB (%)

<0.0013611.9Restenosis SB (%)

31319Patients (n)

Yes No P value

MI (%) 7.5 29.0 <0.0001

Stent Thrombis (%) 0.9 6.5 0.06

From Flavio Airoldi, EBC IV, Prague 2008

CACTUS trial
Coronary Bifurcation Application of the Crush Technique Using Sirolimus-Eluting stents
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Final kissing balloon inflation necessary in 
complex stenting.
May also improve angiographic and clinical 
outcome in provisional SB stenting.
Randomized trial is needed (Nordic-KISS)

Final kissing balloon inflation necessary in 
complex stenting.
May also improve angiographic and clinical 
outcome in provisional SB stenting.
Randomized trial is needed (Nordic-KISS)

4
Consensus



Ormiston et al. J Am Coll Cardiol Intv 2008;1:351–7

No Kiss

“Crush” Technique

2 steps Kiss1 step Kiss
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DK-Crush: 8-month f-up

Chen et al. – DKCRUSH-1 Bifurcation Study

Crush No 
Kiss

Crush 
Final Kiss DK Crush P value

# Lesions 39 117 155 -

MACE 35.9 19.7 11.4 0.02

Cardiac death 2.5 2.5 0.6 NS

Q-wave MI 5.1 0.9 1.2 NS

Non-Q-wave MI 10.2 8.1 9.1 NS

TVR 26.5 20.0 10.3 0.03

Stent Thrombosis 5.1 1.7 1.3 NS
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Distal BA, enddiastolic values (n=266)

(deg)
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4

Serruys et al. EBC IV, Prague 2008 

Role of the Bifurcation Angle



Distal BA, endsystolic values (n=266)
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Serruys et al. EBC IV, Prague 2008 

Role of the Bifurcation Angle
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4
Role of the Bifurcation Angle

Serruys et al. EBC IV, Prague 2008 

p=0.011



Collins et al. Am J Cardiol 2008;102:404 – 410

4

Main vessel stent only Culotte or crush

Role of the Bifurcation Angle



Major absolute angle change ≥ 20 degrees

Assali et al. EBC IV, Prague 2008

4

TVR free survival (%) according to
absolute angle change after intervention

Role of the Bifurcation Angle



4



New techniques or devices should be assessed in the 

bench before human use.

Provisional SB stenting with DES is now the “gold 

standard” and can be used in the majority of cases.

New dedicated devices should be compared to this 

reference.

When 2 stents are used, final kissing balloon inflation 

and minimal overlap is strongly recommended  

Summary
4



The use of 2 wires when starting the procedure is 

usefull and increase procedural success rate. 

The Murray’s law should be used in routine in order to 

avoid undersizing of the proximal part of the MB stent.

Optimal antiplatelet treatment probably the same as for 

non bifurcation lesions.

T-shape angulation is associated with worse outcomes 

when 2 stents are used.

Summary (cont..)4


