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Bifurcation Stenting
Bifurcations PCIs account for one-fifth of all coronary 
interventions

Bifurcations PCIs exhibit higher rates (10-20%) of 
restenosis, thrombosis and recurrent adverse clinical 
events

Bifurcation PCI remains challenging and the ideal 
treatment strategy is still elusive

Lassen JF, et al. Eurointervention 2014;10:545-60

Abdel-Latif A, et al. JACC Intv 2015;8:561-3



Role of ESS in Stent 
Restenosis and Thrombosis

Locally disturbed blood flow (i.e. low ESS) is a major 
determinant for the development and progression of 
atherosclerosis

Experimental and autopsy evidence extend our current 
understanding of low ESS as a proatherogenic stimulus to 
a factor that also contributes to stent restenosis and 
thrombosis, clearly in conjunction with established risk 
factors 

Chatzizisis YS, et al. JACC 2007;49:2379-93

Richter Y, et al. J Cin Invest 2004;113:1607-14
Nakazawa G, et al. JACC 2010;55:1679-87





Pathobiologic Implication 
of Low ESS in ISR

Koskinas KC, Chatzizisis YS, et al. JACC 2012;59:1337-49



Determinants of ESS 
within Stents

• Stent type: BMS vs. DES
• Stent design: Strut thickness and shape
• Stent diameter: Under- and over-expansion
• Stenting technique: Single long stent vs. two 

overlapping stents
• Bifurcation stenting

Koskinas KC, Chatzizisis YS, et al. JACC 2012;59:1337-49



Nakazawa G, et al. JACC 2010;55:1679-87

ESS and Stent 
Thrombosis



Pathobiologic Implication of 
Low ESS in Stent Thrombosis

Koskinas KC, Chatzizisis YS, et al. JACC 2012;59:1337-49



Consideration of local biomechanical factors, as 
well as anatomic parameters, in bifurcation lesions 
might optimize the post-stenting ESS distribution 
and in-stent drug kinetics in this challenging lesion 
subset 



Biomechanical
Modeling

In-vitro Bench TestingComputational Simulations        

Migliavacca F, et al. Eurointervention 2015;Suppl V:V31-4

Foin N, et al. Int J Cardiol 2013;168:3623-8



Modern Tools for Effective 
Biomechanical Modeling of Stenting

High-resolution invasive (OCT) and non-invasive 
(CCTA) imaging of pre- and post-stenting
Improved 3D reconstruction techniques (including 
stent struts)
3D printing methods
Improved materials for in-vitro bench testing
Fast and refined flow and mechanical computer 
simulations



Clinical Trial
EBC-driven, Prospective, Multicenter, Randomized, 
Single-blind, Controlled Clinical Trial



Objectives

1. Local biomechanical factors (i.e. low ESS, high 
wall stress) are implicated in bifurcation stent 
restenosis and thrombosis

2. Biomechanical modeling can improve coronary 
bifurcation stenting and clinical outcomes 



Clinical Significance 
Stenting simulation may provide an opportunity to translate 
biomechanical engineering breakthroughs into quantifiable and 
patient-oriented clinical benefits

Stenting simulation can help in the optimization of stenting 
techniques and development of new generation stents, 
ultimately improving clinical outcomes 

Stenting simulation can be used in real time to guide young 
interventionalists (auto-pilot PCI) 

Also, excellent educational and training tool

Such modeling techniques can be applied to other vascular 
beds (i.e. carotid artery bifurcation or aortic bifurcation) and to 
structural interventions (TAVR)



Study 
Concept

Antoniadis A, et al. 
JACC Intv 2015;8:1281-96



Clinical Trial: Design
True bifurcation 

lesions

Pre-PCI OCT & CFD/FSI

Baseline post-PCI
OCT & CFD/FSI

Computational
simulation

Conventional
PCI (n=?)

Randomization 1:1

Simulation-aided
PCI (n=?)

Primary end-point: MACE (Death, MI, TVR)
Secondary end-point: Anatomical ISR

Follow-up post-PCI
OCT & CFD/FSI

1 year1 year

1- and 2-stent
techniques included



Adjusted Groups

Koskinas KC, Chatzizisis YS,
et al. JACC 2012;59:1337-49 



Core Labs
Core Lab #1: 

Imaging data collection
3D reconstruction
CFD and mechanical simulations (FSI)

Core Lab #2: Computational simulations of 
bifurcation stenting



Independent Third-Party 
Contract Research Organization 

• Clinical data collection and monitoring

• Statistical analysis



Potential Funding 
Sources

$$$$$??



Innovation

Patient care





Participating Clinical 
Centers

OCT (and CCTA) availability
High bifurcation PCI volume and expertise
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