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animal or finite element analysis: what for ?
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Stent deploiement in simple bench

Bestent

Distal recrossing toward the SB = SB covering + distorsion

T. Lef evr e, Y. Lou
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Malapposition

_s.com.fr From O. Darremont
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SKS in a bench

www.icps.com.fr From O. Darremont
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Crush jailed SB

EBC

No kissing

www.icps.com.fr

After kissing

From John Ormiston
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Crush: kissing or not ? EBC

Entire Cohort FKB Group ~ Non-FKB Group
n = 181 Patients n = 116 Patients n = 65 Patients  p*

Angiographic success, n (%) 178 (98.3) 116 (100) 62 (95.4) 0.13
Procedural success, n (%) 162 (89.5) 106 (91.4) 56 (86.2) 0.40
In-hospital MACE, n (%) 16 (8.8) 10(8.6) 6(9.2) 1.0
Cardiac death 0 0 0 —
Q-wave MI 1(0.6) 0 1(1.5) 0.77
Non-Q-wave M 15 (83) 10 (8.6) 577 095
TLR 0 0 0 —
TVR 0 0 0 —
Cumulative nine-month MACE, n (%) 48 (26.5) 23(19.8) 25(38.5) 0.008
Cardiac death 2(1.1) 2(1.7) 0 0.54
Q-wave MI 6(3.3) 2(1.7) 4(6.2) 0.28
Non-Q-wave MI 15(8.3) 10 (8.6) 5(7.7) 0.95
TLR 27(149) 11(95) 1602
[TVR 31(17.1) 12(10) 19(292) 0,002
Postprocedural stent thrombosis 5(28) 3(2.6) 2(3.1) 0.78
Subacute 1(0.6) 0 1(1.5) 0.77
Late 4(2.2) 3(2.6) 1(1.5) 0.95

www.icps.com.fr

Ge et al. JACC 2005: 46: 613-20
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Extansion distance mismatch: a factor for suboptima
ostial coverage

Stent name, company Extension Extension
distance during| distance after
KBI, mm KBI, mm

Vision, Abbott Vascular 5.62+.04 541+ .05
Liberte, Boston 52+ .03 50+.04
Scientific Corp.

Chopin2, Balton 4.58 .05 4.52 .03
Volo, Invatec 441+ .04 430+ .02
Driver, Medtronics 4.39 £ .04 4.30 = .06
BxSonic, Cordis, J&J 4.48 + .05 426+ .04

~ www.icps.com.fr Vassiliev, Gil
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Crush technique ERBC

Stagnation area
between the struts

Recirculation

www.icps.com.fr From John Ormiston
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Outcome after Crush: role of angle \Ebc
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www.icps.com.fr Collins Am J Cardiol 2008:102:4041 410
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Culotte stenting : 1y dedicated QCA and clinical \ gsc
outcomes

Predictors of binary restenosis

Variable Odds ratio (95% CI) P-value
Age increase by 10 years 2.38 (1.21—-4.96) 0.01
Diabetes 3.43 (0.71-16.60) 0.13
Male sex 0.62 (0.15—-2.53) 0.51
Medina classification 0.42 (0.13—-1.32) 0.14
Restenotic lesion 0.52 (0.12—-2.24) 0.38
Bifurcation angle increase by 10~ 1.53 (1.04—-2.23) 0.03
Calcified lesion 0.53 (0.12—-2.24) 0.39
Proximal main vessel

Reference vessel diameter 4.55 (0.17—-123.36) 0.37

decrease by 1 mm

Baseline stenosis increase by 10% 0.921 (0.67—1.23) 0.54
Distal main vessel

Reference vessel diameter 0.10 (0.00—-3.17) 0.19

decrease by 1 mm

Baseline stenosis increase by 10% 1.47 (1.03-2.09) 0.03
Side branch vessel

Reference vessel diameter 31.83 (1.71-592.77) 0.02

decrease by 1 mm

Baseline stenosis increase by 10% 0.97 (0.82—-1.15) 0.75
Kissing balloon post-dilatation 0.37 (0.13—1.10) 0.07

www.icps.com.fr Adriaenssens EHJ 2008; 29: 28681 2876



Crush

www.icps.com.fr

SKS

(.
TN
Q)

Thanks to J.Ormiston and Y. Hikichi
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» Maximal stent expansion: inner lumen diameter achieved (MLD) for each workhorse design

Maximal expansion capacity and workhorse designs

Element

Very Small WH
(2 cells) max
exp.: 2.8mm

Small
workshorse (8
crowns, 2 cells)

max expansion :

3.5mm

Medium
Workhorse (8
crowns, 2 cells)

max expansion :

4.5mm

| Large WOIk'V ‘imse |

(10 crowns, 2
cells) max
expansion:
5.4mm

Xience V

* Medium

Workhorse (6
crowns , 3 cells)

| max. expansion:

4.4mm

Large

workhorse: (9
crowns , 3 cells)

max expansion :

5.7mm

~ Small

workshorse (6
crowns, 2 cells)

max expansion:

3.3mm

" Medium

Workhorse (9
crowns, 3 cells)

max expansion:

4.7mm

(9 crowns, 3
cells) max
expansion:
5.75mm

Integrity

* Small workhorse

(7crowns, 2
cells*) max
expansion:
4.0mm
*1.5cell in

| Resolute

‘Medium

workhorse (10
crowns, 2 cells)

max expansion :

4.8mm

BioMatrix
Medium
workhorse (6
crowns, 2 cells)

max expansion:
4.4mm

Large workhorse

(9 crowns, 3
cells) max
exnansion:
5.75mm

workhorse (6
crowns, 6 cells)
max expansion:
4.75mm

Large workhorse
(7 crowns, 7
cells) max
exnansion:
5.7mm

Foin, Sen, Di Mario, Davies. 2012
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www.icps.com.fr

From Murasato
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Kissing or sequential dilation of the side and main vessel for provision
stenting of bifurcations: Mie@omputed Tomography and Simulations

Flow Chart and Representative Planar Radiographic Images

MV stent

(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

SB dilation

(C)KB inflation with a 3.0-mm ——— Conventional Kissing
ba” oon in th e MB an d a 25_mm s -
balloon in the SB simultaneously
inflated at 10 atm

P
SB-MV 2-Step Sequence <7 ¢

Conventional Kissing

W T

‘s\ S

(D) Post-dilation using a 3.75-mm
NC balloon inflated in the MV up
to the MB ostium (POT)

www.icps.com.fr Foin, JACC CVINT 2012, 5: 50-56
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Toward a realistic simulation: finite element
analysis versus stereolithography (« 3D
photocopy »)

S
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For morphologic analysis
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A Novel Simulation Strategy for Stent Insertion and\ =i
Deployment in Curved Coronary Bifurcations |

Rotational angiography  Mean fiber directions

ini ini lements: hexahedral discretization
for finite elements Finite elements: hexahedral discretizatio

€925 |
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Endeavour micro CT and model

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



@) INsSTITUT CARDIOVASCULAIRE PARIS SUD '

A Novel Simulation Strategy for Stent Insertion and\ =i

CT Scan Mean fiber directions
for finite elements

Finite elements: hexahedral discretization
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www.icps.com.fr Mortier. Annals of Biomedical Engineering 2010 Jan;38(1):88-99
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LM,LAD1,Cx1

1,0,0

www.icps.com.fr

From J. Wentzel, P. Mortier



QO Stent deployment

X il ;O

Simulated stent deployment significantly enlarges the diameter of the LAD.

A serious malapposition can be observed in the LM. Therefore, performing a
proximal optimisation (POT) seems recommended before inserting an

additional guidewire.

This top view shows a reduction of LCX diameter (circular => elliptic). This is
due to a combination of carina shift AND a movement of the lateral wall.

post-stenting

From J. Wentzel, P. Mortier
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Strut apposition analysis

From J. Wentzel, P. Mortier
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POT technique: 1 stent = 2 diameters EC

4.5 short balloon

From J. Wentzel, P. Mortier



NEQC Proximal optimisation technique (POT)

.
o

Proximal optimisation seems to reduce the number of cells covering the side
branch ostium

It also enlarges these cells, possible facilitating side branch access

The location where the guidewire goes into the side branch is indicated with
the red circle

post-stenting

From J. Wentzel, P. Mortier



Strut apposition analysis
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From J. Wentzel, P. Mortier
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Kissing balloon inflation (Hiryu NC 3,5X10, 3X10) “EBC




From J. Wentzel, P. Mortier
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Tubular versus dedicated stent EBC
Final kissing inflation can not avoid the occurrence of obstructing stent
struts at the side brach ostium when using tubular stents.

Based on in-vitro bench evaluation of a number of tubular stents, an

average SB ostium obstruction of 20% has been reported after final kissing
inflation. (Foin et al., JACC Interv, 2012)

dedicated

www.icps.com.fr Peter Mortier PCR 12
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Kissing or sequential dilation of the side and main vessel for provisior
stenting of bifurcations: Mic@omputed Tomography and Simulations
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www.icps.com.fr Foin, JACC CVINT 2012, 5: 50-56
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FEA: Stent / technique evaluation

A Realistic imaging: educational

A Description of techniques (simple / complex)
A Radial stress

A Metrics: malapposition

AStent expertise ( max

A Comparaison of techniques

Validation ?

‘ Library of cases ‘

www.icps.com.fr

expans
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For flow analysis
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Flow Patterns and Spatial Distribution of ERC
Atherosclerotic Lesions in Human Coronary Arteries

Reo=772 eft main Re,=772 7 Left main
D.=4.13mm coronary artery D.=4.13mm coronary artery
9,= 334 ml/min Q,=334 ml/min
U.=416mm/sec U,=416mm/sec

Left anterior i
deccanding Left anterior

branch

www.icps.com.fr Asakura, Circulation Research 1990; 66:1045-1066
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LM bifurcation

wall_shear
075 150 225 300 375 450 525 600

1.87 2.62 3.37 12 4.87 5.62
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Pathological Findings at Bifurcation Lesions: Impact of Flow Dis%gﬁc
on Atherosclerosis and Arterial Healing After Stent Implantation

A

Main Vessel
proximal

il

Main Vessel distal Side Branch

m— High shear Low
shear

www.icps.com.fr

B

l 1 or 2 sections

Lateral wall

v v
Flow divider

Nakazawa, J Am Coll Cardiol 2010:55:1679i 87
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Pathological Findings at Bifurcation Lesions: Impact of Fl i 1S
Atherosclerosis and Arterial Healing After Stent Implan?acﬁi

(A)
(B)
(©)
(D)

(E)

(F)

(G)

In vitro stented bifurcation
recorded pressure
flow rate measurements

Boundary layer separation in the nonstente
model was observed at peak systolic phas
the lateral walls, particularly at the side
branch

After stenting, the boundary layer was
increased

However, after side branch dilation, the
boundary layer was decreased

(G) No flow disturbances were observed
during the early diastolic phase of the cycls
the nonstented model

However, in the stented model, vortical
structures were present in the carinal regic

www.icps.com.fr Nakazawa, J Am Coll Cardiol 2010;55:167971 87
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Pathological Findings at Bifurcation Lesions: Impact of Flow Distribefti
on Atherosclerosis and Arterial Healing After Stent Implantation

DES BMS D Value for
(12 Leslons, 17 Stents) (14 Leslons, 18 Stents) DES vs, BMS

Flow Divider Lateral pValue  Flow Divider Lateral pValie  Flow Divider  Lateral

Neolntimal thickness (mm) | 007(003-045 047 {0.09-023]' 0001  0.26(016-073) 0.44(0.07-067) 025 00002  0.004
Florin ceposition (% struts) | 60 (21-67) 17(0-55) | 0.01 B(0-33) 3(0-21) 021 0008 0.8
Uncovered struts (% struts | 40(16-Te) 0(0-15) | 0001 0(0-2 0(0-0) 010 0004 0.38

www.icps.com.fr Nakazawa, J Am Coll Cardiol 2010;55:167971 87



@ INSTITUT CARDIOVASCULAIRE PARIS SuD fY)

Percentage of Patients With
Atherosclerotic Changes in DES Versus
BMS in Relation to Duration of Implant at

Autopsy

SES 12 mo

o)
£
o
]
wn
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wn

BMS 15 mo

Duration (month

CorumMmniA UNTVERSITY

CARDIGVASCULAR RESEARCH Nakazawa et al. J Am Coll Cardiol Img 2009;2:625-8 O S/ et batats

www.icps.com.fr



(\/w Fluid dynamic results: comparison

s EDC

o WSS [Pa]

= Wall Shear Stress (WSS) S E—
PRE EXPANSION MB EXPANSION POT

WSS < 0.5 Pa = risk of restenosis (Ku 1997, Malek et al. 1999) From G Dubini
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Local hemodynamic changes caused by MB stenting and subs%@@
virtual SB balloon angioplasty in a representative coronary bifurcation

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

Post MV Post MV Post SB
stenting stenting balloon
Pre-stent (best stent (worst stent angioplasty

position) position)

REST
S

N
w

Qo

m & =
—
(&)1

Time-averaged Wall Shear Stress
(dynes/cm?)
o

HYPEREMIA

www.icps.com.fr Williams J Appl Physiol (May 27, 2010)
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Flow patterns at stented bifurcations: computational fluid dynan% al

Single stenting techniques Double stenting techniques

Time averaged wall shear
stress (TAWSYS)

B Stenting of the main branch followed by E “Crush” stenting
balloon angioplasty of the side branch

C Balloon angioplasty of the side branch F 1deal T-stenting
followed by Stenting of the main branch

www.icps.com.fr Katritsis Circ Cardiovasc Interv. 2012:5:00-00
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Evaluation of Local Flow Conditions in Jailed Side Bra@c
Lesions Using Computational Fluid Dynamics |

Wall shear stresses in the 8-computational bifurcation models

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).

N K

w

Wall
shear
stress

(Pa)

noou

wul

(o]

S

www.icps.com.fr SH. Na, BK. Koo, Korean Circ J 2011:41:91-96
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Evaluation of Local Flow Conditions in Jailed Side Bra(qﬁgC
Lesions Using Computational Fluid Dynamics |

Area of low WSS (<4 Pa) in the 8-computational bifurcation models
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www.icps.com.fr SH. Na, BK. Koo, Korean Circ J 2011:41:91-96



