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Background
Coronary bifurcation lesions and two stenting at 
coronary bifurcation are identified as predictors of stent 
thrombotic events throughout real-world clinical data.

Iakovou, et al. JAMA 293(17), 2126-2130, 2005.

(1) The reason for incidence of stent thombosis after 
two-stenting has not been well understood yet.g y

(2) There is little information about influence of one-(2) There is little information about influence of one
stent and two-stent at LM bifurcation on flow.



Objective

To assess potential flow disturbances after two-
t ti d t ti i l ti thstenting and one-stenting in an elastic three-

dimensional stenotic bifurcated artery replica, 
i h i l i l i l ti i l tusing a physiological circulation simulator

(1) Develop an elastic 3-D stenotic coronary  
bifurcated replica

(2) Develop a physiological coronary circulation(2) Develop a physiological coronary circulation 
simulator

(3) Investigate influences of two-stent and one-(3) Investigate influences of two-stent and one-
stent at bifurcation on flow characteristics



Kawasaki T, et al. The bifurcation study using 64 multislice computed 
tomography, Catheter Cardiovasc Interv. 2009;73(5):653-8. g p y, ; ( )

Results of bifurcation angles (n=209)g ( )
Bifurcation Average angle

∠LMT LAD° 143 13∠LMT-LAD° 143±13

∠LMT-LCx° 121±21

∠LAD-LCx° 72±22



Construction of an Elastic Coronary Artery Bifurcation: 
Three-Dimensional Model

Master Mold
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Development of a Stenotic Bifurcated Artery Model 
Th Di i l El ti M d l:Three-Dimensional Elastic Model 
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Mini-Crush Stenting in the Stenotic Bifurcation Model

Stenotic Bifurcation Post-Stenting

2 LMT～LAD: Driver 3 5mm×24mm

1. LMT～LCx:    Driver 3.0mm×18mm

2. LMT～LAD:   Driver 3.5mm×24mm

3. LMT～LCx:    QUANTUM MAVERICK  2.0mm×15mm  

4. Final KBT:     Simultaneous Kissing Balloon Post-dilation



Micro-CT Images after Two Stenting in the 
El ti St ti Bif t d A t R liElastic Stenotic Bifurcated Artery Replicas

Mini-Crush Stenting Modified-T Stenting
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Coronary Circulation Simulator for 
Flow Visualization at Bifurcation
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Mean flow rate 55mL/min

Flow ratio 50%：50%

Pressure 120/80mmHgPressure 120/80mmHg

Heart rate 80bpm

Working fluid Glycerol solution (1.1g/cm3,4.0cP)

Seeding particle Fluorescent particle(1 1g/cm3 13μm)Seeding particle Fluorescent particle(1.1g/cm3,13μm)

Time resolution 500Hz

Space resolution 170μm



Flow Observation at Coronary Artery Bifurcation 
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Flow Observation at Bifurcation [ High Magnification]

Carina

Normal Bifurcation Stenotic BifurcationNormal Bifurcation Stenotic Bifurcation

Modified-T StentingMini-Crush Stenting



Comparison of Flow Velocity Distributions at Carina

Velocity m/sVelocity m/s

Velocity m/s Velocity m/s
Normal Bifurcation Stenotic Bifurcation

Modified-T StentingMini-Crush Stenting



Comparison of Wall Shear Rate along Arterial Wall: 
from Carina Tip to Downstream
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Table 2 Morphometric Comparison Between Flow Divider Versus Lateral Wall In DES and BMS

DES BMS p Value for

(12 Lesions, 17 Stents) (14 Lesions, 18 Stents) DES vs. BMS

Table 2 Morphometric Comparison Between Flow Divider Versus Lateral Wall In DES and BMS

( es o s, Ste ts) ( es o s, 8 Ste ts) S s S

Flow Divider Lateral p Value Flow Divider Lateral p Value Flow 
Divider Lateral

Neointimal 0.07 0.17 0 001 0.26 0.44 0 25 0 0002 0 004thickness (mm) (0.03–0.15) (0.09–0.23) 0.001 (0.16–0.73) (0.17–0.67) 0.25 0.0002 0.004

Fibrin deposition
(% struts)

60
(21–67)

17 
(0–55) 0.01 8

(0–33)
3

(0–21) 0.21 0.008 0.19( ) ( ) ( ) ( ) ( )

Uncovered 
struts (% struts)

40
(16–76)

0 
(0–15) 0.001 0

(0–21) 0 (0–0) 0.10 0.004 0.38



Distinct Slow Flow Velocity at the Crushed Lesion

Velocity m/s
Stent crushed



Flow at Bifurcation: One stent with/without KBI

One-stent (Non KBI) One stent plus KBIOne-stent  (Non KBI) One-stent  plus KBI



Flow Tract Observation using Micro CT 

LCx
LAD

LCx LCxLCx
LAD

View from LMT to bifurcation
One stent (Non KBI) One stent plus KBI

View from LMT to bifurcation
One-stent  (Non KBI) One-stent  plus KBI



Flow Tract Observation using Micro CT 

View from Downstream of LCxView from Downstream of LCx
One stent (Non KBI) One stent plus KBIOne-stent  (Non KBI) One-stent  plus KBI



Summary
(1) In vitro pulsatile flow study using elastic three-

dimensional stenotic bifurcated artery replica   
d t t d th t t t ti tdemonstrated that two stenting at coronary 
bifurcation yielded distinctly slow flow region at 
carinacarina. 

(2) When mini-crush stenting was performed, distinct 
slow flow velocity region was observed betweenslow flow velocity region was observed between 
the crushed two independent stents.

(3) Influence of stent struts in flow domain especially(3) Influence of stent struts in flow domain especially 
after one stenting on stent thrombosis should be 
further investigated.

(4) These data would partially give an explanation of 
higher incidences of thrombotic events at

further investigated.

higher incidences of thrombotic events at 
bifurcation after two stenting.
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