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Stent deploiement in simple bench  

Distal recrossing toward the SB = SB covering + distorsion 

Bestent 

T. Lefevre, Y. Louvard, before 2000 é 



Stent deploiement in simple bench  

T. Lefevre, Y. Louvard, before 2000 é 

Stents are not equivalent 



Malapposition 

From O. Darremont 



SKS in a bench 

3.5 X 20 mm at 12 Atm  

3.0 X 24 mm at 12 Atm  

From O. Darremont 



Crush jailed SB 

 After kissing No kissing 

From John Ormiston 



Crush: kissing or not ? 

Ge et al. JACC 2005; 46: 613-20 



Vassiliev, Gil 

Extansion distance mismatch: a factor for suboptimal SB 

ostial coverage 



Crush technique 

Stagnation area 

between the struts 

. 

Recirculation 

Stent not apposed 

From John Ormiston 



Outcome after Crush: role of angle 

Main vessel stenting Crush (culotte) stenting 

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

bifurcation angle 

Collins Am J Cardiol 2008;102:404ï410 



Culotte stenting : 1y dedicated QCA and clinical 

outcomes 

Adriaenssens EHJ 2008; 29: 2868ï2876 

Predictors of binary restenosis 



Video 

Complex techniques: to suppress the gaps at SB ostium 

Thanks to J.Ormiston and  Y. Hikichi 

Crush SKS Culotte  





Explain a poor angiographic result (IVUS) 

Gap 

a b c d b c d 

Cross sectional view 

a b c d 

From Murasato 



Kissing or sequential dilation of the side and main vessel for provisional 

stenting of bifurcations: Micro-Computed Tomography and Simulations 

Foin, JACC CVINT 2012, 5: 50-56 

Flow Chart and Representative Planar Radiographic Images 

(A) Deployment of the stent in the 

MV of the coronary bifurcation 

model and incomplete apposition 

proximal to the SB 

 

(B) Dilation of the SB with a 2.5-mm 

NC balloon 

 

(C)KB inflation with a 3.0-mm 

balloon in the MB and a 2.5-mm 

balloon in the SB simultaneously 

inflated at 10 atm 

 

(D) Post-dilation using a 3.75-mm 

NC balloon inflated in the MV up 

to the MB ostium (POT) 



Toward a realistic simulation: finite element 

analysis versus stereolithography (« 3D 

photocopy ») 



For morphologic analysis 
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Endeavour micro CT and model 

Finite elements: hexahedral discretization 
Mean fiber directions 

for finite elements 

Mortier. Annals of Biomedical Engineering 2010 Jan;38(1):88-99 

A Novel Simulation Strategy for Stent Insertion and 

Deployment in Curved Coronary Bifurcations 

Rotational angiography 
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Endeavour micro CT and model 

CT Scan 
Finite elements: hexahedral discretization 

Mean fiber directions 

for finite elements 

Mortier. Annals of Biomedical Engineering 2010 Jan;38(1):88-99 

A Novel Simulation Strategy for Stent Insertion and 

Deployment in Curved Coronary Bifurcations 



LM,LAD1,Cx1     1,0,0 

From J. Wentzel, P. Mortier 



From J. Wentzel, P. Mortier 



From J. Wentzel, P. Mortier 



POT technique: 1 stent = 2 diameters 

4.5 short balloon  

From J. Wentzel, P. Mortier 



From J. Wentzel, P. Mortier 



From J. Wentzel, P. Mortier 



Kissing balloon inflation (Hiryu NC 3,5X10, 3X10) 



From J. Wentzel, P. Mortier 



Tubular versus dedicated stent 

Peter Mortier PCR 12 



Kissing or sequential dilation of the side and main vessel for provisional 

stenting of bifurcations: Micro-Computed Tomography and Simulations 

Foin, JACC CVINT 2012, 5: 50-56 



FEA: Stent / technique evaluation 

ÅRealistic imaging: educational 

 

ÅDescription of techniques (simple / complex) 

 

ÅRadial stress 

 

ÅMetrics: malapposition 

 

ÅStent expertise (max expansion, cell size é) 

 

ÅComparaison of techniques 

Validation ? Library of cases  



For flow analysis 



76 

92 

Flow Patterns and Spatial Distribution of 

Atherosclerotic Lesions in Human Coronary Arteries 

Asakura, Circulation Research 1990; 66:1045-1066 



LM bifurcation 



Pathological Findings at Bifurcation Lesions: Impact of Flow Distribution 

on Atherosclerosis and Arterial Healing After Stent Implantation 

Nakazawa, J Am Coll Cardiol 2010;55:1679ï87 



Pathological Findings at Bifurcation Lesions: Impact of Flow Distribution on 

Atherosclerosis and Arterial Healing After Stent Implantation 

(A) In vitro stented bifurcation 

(B) recorded pressure 

(C) flow rate measurements 

(D) Boundary layer separation in the nonstented 

model was observed at peak systolic phase at 

the lateral walls, particularly at the side 

branch 

(E) After stenting, the boundary layer was 

increased 

(F) However, after side branch dilation, the 

boundary layer was decreased 

(G) (G) No flow disturbances were observed 

during the early diastolic phase of the cycle in 

the nonstented model 

(H) However, in the stented model, vortical 

structures were present in the carinal region. 

Nakazawa, J Am Coll Cardiol 2010;55:1679ï87 



Pathological Findings at Bifurcation Lesions: Impact of Flow Distribution 

on Atherosclerosis and Arterial Healing After Stent Implantation 

Nakazawa, J Am Coll Cardiol 2010;55:1679ï87 





WSS < 0.5 Pa = risk of restenosis (Ku 1997, Malek et al. 1999) From G. Dubini 



Local hemodynamic changes caused by MB stenting and subsequent 

virtual 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 



Flow patterns at stented bifurcations: computational fluid dynamics analysis 

Katritsis Circ Cardiovasc Interv. 2012;5:00-00 

Time averaged wall shear 

stress (TAWSS) 



Evaluation of Local Flow Conditions in Jailed Side Branch 

Lesions Using Computational Fluid Dynamics 

In the normal bifurcation model 

(A), a small low WSS area was 

observ-ed along the lateral side 

walls (green and blue).  

In post-MB stenting models with 

significant SB stenosis (B-E), low 

WSS areas were observed in the 

SB and lateral side MB wall.  

Low WSS areas in the la-teral 

side MB were also more 

exaggerated in the post-kissing 

balloon angioplasty models (G 

and H) and carina shift model (F).  

SH. Na, BK. Koo, Korean Circ J 2011;41:91-96 

Wall shear stresses in the 8-computational bifurcation models 



Evaluation of Local Flow Conditions in Jailed Side Branch 

Lesions Using Computational Fluid Dynamics 

Area of low WSS (<4 Pa) in the 8-computational bifurcation models

  

SH. Na, BK. Koo, Korean Circ J 2011;41:91-96 


