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1. LM stenosis is near always a bifurcation 

stenosis 
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Bifurcation branching laws 
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Finet’s law 
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From Koo, EBC, 2008 

Murray’s law 
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Structure-function scaling laws of vascular trees 

Kassab, EBC 2009 

Myocardial  

mass 
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Hemodynamic changes after MB stenting and subsequent SB 

balloon angioplasty in a representative coronary bifurcation 

Williams J Appl Physiol (May 27, 2010) 

Changes in time-averaged wall shear stress introduced by bifurcation stenting 



Mathematical model of coronary arterial tree 

From G. Kassab 



2. A bifurcation is a pro-atherogenic anatomy 



76 

92 

Flow Patterns and Spatial Distribution of 

Atherosclerotic Lesions in Human Coronary Arteries 

Asakura, Circulation Research 1990; 66:1045-1066 



Pathological Findings at Bifurcation Lesions: Impact of Flow 

Distribution on Atherosclerosis and Arterial Healing After Stent 

Implantation 

Nakazawa, J Am Coll Cardiol 2010;55:1679–87 



Compositional characteristics of LM-LAD and non-

LM bifurcation sites 

Han SH, EuroIntervention 2010; 6:313-20 



3. At least 2/3 segments are big 



LM IVUS: A Large Vessel Underestimated by Angio 

and Poorly Predicted by Patient Physical Parameters 

IVUS and Angiographic blinded evaluation of the LMCA in 82 

consecutive pts (age, 62 ± 7; 59 men)  

 

 

                            Angiography             IVUS                       p 

LM size (mm)        4.01 ± 0.52         4.90 ± 0.51           <0.01 

  

BSA, Age, gender (4.93 ± 0.6 vs 4.88 ± 0.49), height, weight, or 

ideal body weight did not predict LM size 

D.C. Metzger, TCT 2003 



4. B (between) angle is more open 



Pflederer Invest Radiol. 2006;41(11):793-8 

Measurement of Coronary Artery Bifurcation 

Angles by Multidetector Computed Tomography 



Outcome After Bifurcation PCI: role of angle 

Collins Am J Cardiol 2008;102:404–410 

Kaplan-Meier curves for MACE or CCS class 2 angina-free survival / bifurcation angle 

Main vessel stenting Crush (culotte) stenting 



Culotte stenting : 12m dedicated QCA and clinical outcomes 

Adriaenssens EHJ 2008; 29: 2868–2876 

Predictors of 

binary restenosis 



5. Is a LM bifurcation stenosis a surgical 

indication ? 



CABG PCI P value 

Death 11.8% 7.5% 0.12 

CVA 3.9% 1.4% 0.11 

MI 3.8% 5.1% 0.55 

Death, 

CVA or 

MI 

17.1% 13.5% 0.25 
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MACCE to 4 Years by SYNTAX Score 

Tercile Low to Intermediate Scores (0-32) 
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Left Main 

TAXUS (N=135) 

CABG (N=149) 

 

MACCE to 4 Years by SYNTAX Score 

Tercile High Scores (33) 

P<0.003 42.6% 

26.3% 

Months Since Allocation 
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CABG PCI P value 

Death 10.5% 17.9% 0.06 

CVA 4.9% 1.6% 0.14 

MI 6.1% 10.9% 0.18 

Death, 

CVA or 

MI 

18.5% 23.1% 0.33 

Revasc

. 
11.8% 31.3% <0.001 



Linear Increase in 12-month MACCE 

 by Number of Stents in the SYNTAX Trial 
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6. LM / non LM bifurcation: different 

techniques ?   



A metaanalysis on 1274 patients with DES for ULM disease: 

Stenting technique and MACE rate 

 Rate of complex stenting technique (%) 
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Patients treated with 2 stents are significantly more likely to have MACE 

I. Sheiban, EBC 2008 

ULM Metaanalysis 



Single- Versus Two-Stent inTreatment of ULMCA 

Kim WJ, CCI 2011;77:775–782 

(A) death, (B) MI), (C) TLR, (D) MACE (death/MI/TLR) 



Single- Versus Two-Stent inTreatment of ULMCA 

Kim WJ, CCI 2011;77:775–782 

3Y Outcomes in the Unadjusted, Covariate-Adjusted Cox Proportional Analysis, and 

Adjusted With Inverse Probability Treatment Weight Methods: 1 Vs 2 Stent Technique 



Impact of Bifurcation Technique on 2-Year Clinical Outcomes in 

773 Pts With Distal ULM Stenosis Treated With DES 

Palmerini Circ Cardiovasc Interv 2008;1;185-192 



3Y Outcomes After SES Implantation for ULM Coronary Artery 

Disease: Insights From the j-Cypher Registry 

Cardiac death and TLR in pts treated for ULMCA / distal bifurcation stenting strategy 

Toyofuku Circulation 2009;120;1866-1874; 



French Multi-center Left Main studies with DES 

Pilot Taxus* 

2004 

FRIEND** 

2006 

LEMAX 

2008 

Nb patients 291 151 174 

% distal lesion 78 69 81 

% 2 stents 42 26 19 

Mean LM stent 

diameter (mm) 
3.44+0.39 3.59+0.49 3.63+0.33 

12 month TLR  5.9% 2.7% 2.3% 

*B. Vaquerizo et al. Circulation 2009;119:2349-56 **D.Carrié et al., Eurointerv 2009;4:449-56 

= 616 



SYNTAX, MACCE to 12 Months  
LM PCI Subset 

ITT population Event Rate ± 1.5 SE, *Fisher exact test 
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SYNTAX: Baseline LM Bifurcation Stenting 

Techniques Requiring Re-treatment  
LM Distal PCI (n=20 lesions) 

5/20 (25%) lesions originally treated with 1 stent  
15/20 (75%) originally treated with 2 or 3 stents 

0 0 
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7. More thrombosis ? 



3Y Outcomes After SES Implantation for ULM Coronary Artery 

Disease: Insights From the j-Cypher Registry 

Toyofuku Circulation 2009;120;1866-1874; 

Outcomes After ULMCA Stenting / Bifurcation Stenting Strategies Through 3 Years 



8. Specific tips and tricks ? 



M 
Main prox. first 

A 
Main Accross side first 

D 
Double 

S 
Side branch first 

Extended V 

Skirt 

PM  
stenting 

MB stenting  
across SB  

MB stenting  
+ kissing 

MB stenting  
+ SB balloon 

Elective 
T stenting 

Internal 
crush 

Culotte TAP 

DM  
stenting 

Provisional 
SKS 

V 
stenting 

SKS 

Trouser legs 
and seat 

SB ostial stenting 

SB  
minicrush 

SB crush 

Syst. T 
Stenting 

Minicrush Crush 

After 
balloon 

2 stents 

3 stents 

1st stent 

Skirt 
+ DM 

Skirt 
+ SB 

Y. Louvard, CCVI 2008; 71: 175-83  



After 
balloon 

2 stents 

3 stents 

1st stent 

Inv. MB stenting  
across SB 

MB to SB  stenting  
+ kissing 

MB to SB stenting  
+ DM balloon 

Inv. 
Elective 

T stenting 

Inv. 
Internal 
crush 

Inv. 
Culotte 

Inv. TAP 

DM ostial stenting 

DM  
minicrush 

DM crush 

Inv.  
Syst.  

T Stenting 

Inv. 
Minicrush 

Inv. 
Crush 

Inv. 
Provisional 

SKS 

M 
Main prox. first 

A 
Main Accross Main first 

D 
Double 

S 
DM branch first 

Y. Louvard, CCI 2008 Feb 1;71(2):175-83. 



From Peter Mortier 



Medina Classification 

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

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

0, 1 

0, 1 

0, 1 

MB 
(Proximal) 

MB  
(Distal) 

SB 



Optimal Provisional SB Stenting 

D1 

D2 
D3 

D1= (D2 + D3) 2/3 

Optimal 

Provisional SB 

Stenting 

* 

* 

POT 

* 



9. Specific guidance ?: Angio, IVUS, FFR, 

OCT … 



Impact of IVUS Guidance on Long-Term Mortality in Stenting for ULM 

Stenosis 

Park SJ, Circ Cardiovasc Intervent. 2009;2:167-177 Park SJ, Circ Cardiovasc Intervent. 2009;2:167-177 

145 propensity matched pairs of patients receiving DES 



Agostoni Am J Cardiol. 2005 Mar 1;95(5):644-7 



Diffuse atherosclerotic LMCA disease unmasked by fractal 

geometric law applied to QCA: an angiographic and IVUS study 

Motreff EuroIntervention 2010; 5: 709-715 



Correlation between FFR and % diameter stenosis 

of ostial Circ. after LM to LAD stenting 

Nam CW, Korean Circ J 2011;41:304-30 



10. Available stents are inadapted ! 



From Peter Mortier 

Xience Prime maximal expansion with a 4.5 ballon 

and a 3 + 3.5 kissing balloon 



Conclusions (1) 

• Same branching laws for LM and non LM bifurcations, same 
flow dynamics, same atheroma distribution 

 

• Different atheroma ? Consequences ? 

 

• Some quantitative differences between LM and non LM 
bifurcation: bigger vessels, bigger flow, more myocardium, 
more procedural risk, different angles… 

 

• Can be treated safely with PCI with same recommended 
provisional strategy, tips and tricks, guidance, same TLR 
results, same thrombosis rate … 

 

• Standard stents are not adapted to LM stenting: bigger 
stents ? dedicated stents ? 



Distal LM POT 


