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Flow Patterns and Spatial Distribution of 

Atherosclerotic Lesions in Human Coronary Arteries 

Asakura, Circulation Research 1990; 66:1045-1066 



Types of Involvement of Coronary Bifurcations by 

Atherosclerosis 

Atherosclerosis occur 

predominantly close to 

bifurcation  

Carinal involvement by 

atherosclerosis is extremely 

unusual. 

Renu Virmani, EBC 2006 



Pathological Findings at Bifurcation Lesions: Impact of Flow 

Distribution on Atherosclerosis and Arterial Healing After Stenting 

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







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 



Bifurcation Optical evaluation of Proximal Optimization Technique (BOOT) 
Background : 

The impact of POT technique in bifurcation lesion was established in bench test but its usefulness, when stenting with DES, 
is not clinically shown. Moreover, Pan et al. recently proposed to achieve POT after wire exchange rather than before to 
limit the risk of side branch compromise in some specific carena anatomies (spiky carena).  

For both restenosis and thrombosis prevention, a full apposition of DES struts is necessary. Consequently, apposition 
evaluation by OCT/OFDI could be a surrogate endpoint for clinical evaluation of POT technique. 

Population  

Bifurcation lesion 1.1.1 or 1.1.0 treated with provisional side branch stenting. In case of side branch stenting due to severe 
side branch compromise, only T or TAP technique will be used (No culotte or crush technique). 

Methods 

Patients will be randomized in three groups: 

-No POT 

-POT after main branch stenting and before wire exchange 

-POT after main branch stenting and after wire exchange 

Acute OCT/OFDI study after main branch stenting and kissing balloon inflation 

Primary endpoint 

% of patients having strut malapposition in main branch stent 

Secondary endpoints 

Degree of malapposition (highest distance between strut and wall) 

Strut malapposition criteria n side branch stent if needed 

Quantitative parameters of obstruction (OCT/OFDI) in main and side branches 

One year clinical follow-up 

Statistical hypothesis 

Malapposition in POT:  10%; in control:  35% 

Alpha= 0.05 Beta= 0.8 

51 patients per group with 10% of suboptimal imaging  

Global cohort: 165 patients 

Bernard Chevalier 



Bifurcation Optical evaluation of Proximal Optimization Technique (BOOT) 
Background : 

The impact of POT technique established in bench test, not clinically shown.  

For restenosis and thrombosis prevention, a full apposition of DES struts is necessary. Apposition evaluation by OCT/OFDI 
could be a surrogate endpoint for clinical evaluation of POT technique. 

Population  

Bifurcation lesion (excepted 0,0,1) treated with PTS. 

In case of side branch stenting: T or TAP technique will be used. 

Methods 

Patients will be randomized in 2 groups: 

-No POT 

-POT after main branch stenting and after wire exchange 

Acute OCT/OFDI study after main branch stenting and kissing balloon inflation 

Primary endpoint 

% of patients having strut malapposition in main branch stent 

Secondary endpoints 

Difficulty in wire exchange: bail out techniques (POT, balloon outside struts, microcatheter support) wire n°, procedural 
time, failure.  

Degree of malapposition (highest distance between strut and wall) 

Strut malapposition criteria in side branch stent if needed 

Quantitative parameters of obstruction (OCT/OFDI) in main and side branches 

One year clinical follow-up 

Statistical hypothesis 

Malapposition in POT:  10%; in control:  35% 

Alpha= 0.05 Beta= 0.8 

48 patients per group with 10% of suboptimal imaging  

Global cohort: 100 patients 



Bifurcation 

Crossover stenting + POT Crossover stenting 

Wire exchange Wire exchange 

Kissing + POT Kissing 

OCT/OFDI 2 branches 

% strut malapposition 



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 



Bifurcation 

2 angios + OCT/OFDI 2 branches 

Crossover stenting + POT 

Wire exchange 

Crossover stenting 

Wire exchange 

OCT main branch OCT main branch 

Kissing + POT Kissing 

OCT/OFDI 2 branches 

% strut malapposition 

FU OCT/OFDI (12-24 m / event) 

3D reconstruction ? 

3D reconstruction 

Localisation prediction  

/  NIH-neo  

atheroma thickness 



An EBC prediction pilot trial ? 

PREDICTION study 
Simulation assisted bifurcation stenting 

technique comparison 1 (validation) 

Purpose 

Plaque progression (incl. clinical events)  

versus  Vascular profile of shear stress + 

vascular characteristics (plaque burden) 

Quantification/localization of in-stent and in-

segment NIH/neo atheroma in stented 

bifurcation lesions vs pre/post procedural 

shear stress profile 

Methods 

3D angio ( from 2 projection acquisition) + 

IVUS  

3D angio (2 projection acquisition) + OCT in 

main vessel and SB (stented + proximal 

segments) (the local factor, WSS, should be 

dominant, quantification of malapposition …) 

Population 

In patient presenting with a SCA with at least 

1 segment requiring a stent 

In patient treated with provisional + POT 

versus no POT + kissing balloon (difficult 

comparison with clinical endpoints only, 

randomized). 

Where ? Japan: systematic angiography post PCI ?? 

Assessments 
Angio + IVUS at 6-10 month for progression 

of atheroma  

Angio + OCT at  … FU (and at long term 

clinical event) 

Clinical ass. Clinical events at 12 months Clinical events at long term 



Relationship of neointimal thickness with shear / patient and group 

(A) the DES and (B) the BMS group. All data points are also provided for a representative patient 

case in (C) sirolimus- and paclitaxel-eluting stent(s), and (D) bare-metal stent(s)  

Papaflakis, JACC Intv 2010;3:1181–9 



Discussion 

1. Surrogate for big expensive clinical trials comparing stenting 
techniques (long term outcome) ? Good idea ? 

2. 3D patient specific anatomy  

3. Stented bifurcation 

4. 3D model: one center / several ? (reproducibility) 

5. WSS in stented bifurcation for prediction (no available value 
for NIH / WSS, variable with stent, localisation only: pilot study) 

6. Clinical centers: FU Angio and OCT/OFDI  

7. Funding for clinical study: OCT/OFDI company (catheters, 
core lab) 

8. Funding for patient specific WSS profile 

9. CRO ? 

10. Specific stent (funding for 8 and 9 ?) 





The 3 ESS categories (low, 1 Pa; moderate, 1–1.7 Pa; high, 1.7 Pa) in the bar graph were 

derived from the terciles of the ESS frequency distribution in 3-mm segments. 

Baseline ESS patterns along the course of a coronary artery obstruction 



A, Decrease in lumen area 2.4 mm2 (20th percentile; n86). B, Decrease in lumen area 3.6 mm2 

(10th percentile; n40). C, Decrease in lumen area 4.7 mm2 (5th percentile; n20). The 3 ESS 

categories (low, 1 Pa; moderate, 1–1.7 Pa; high, 1.7 Pa) were derived from the terciles of the 

baseline ESS frequency distribution in 3-mm segments. Probability values are for testing the 

independence between ESS category (3 groups) and the binary outcome.  

Effect of baseline ESS on magnitude of worsening severity of luminal 

obstruction at follow-up (408 narrowings in 241 patients) 




