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The problematics of final kissing balloon inflations

1) Recent and original concept has been proposed by Dr O. Darremont : Proximal Optimizing
Technique (POT)

Hildick-Smith et al. Heart 2014
Hildick-Smith et al. Eurointervention 2010

But POT has not had precise quantitative analysis

2) The use in our technical practice of the fractal geometry of arterial bifurcation
(in accordance with the law of the conservation of mass)

Murray CD. Proc. Natl Acad. Sci. 1926

Finet et al. Eurointervention 2007
Huo et al. Eurointervention 2010

3) Several recent and contributive publications on FKB optimization

- Final proximal post-dilatation is necessary after KB in bifurcation stenting
Foin et al. Eurointervention 2011

- FKB or sequential dilatation of the SB and MV for provisional stenting
Foin et al. JACC 2012

- POT + FKB post-dilatation with asymmetric balloon inflation pressure
Mortier et al. JACC Intervent. 2013



The objectives of this bifurcation bench model study

1) Quantify the mechanical effects of the POT

2) Quantify the differences between:

FKB approach (with its modified protocols) after POT

and

approach with no FKB but consecutive POT with SB balloon inflation (re-POT)

concerning different endpoints:
- optimal SBO (side-branch ostium) opening,
- no strut MAP (malapposition),
- circular arterial shape,
- no excessive arterial overstretch
- respect of the final fractal geometry of the bifurcation
- simplicity of the technique



METHODS

Fractal coronary bifurcation bench model (G. Finet)

55 shore A crystal PVC with the rheology of a 1-mm thick coronary artery (Young’s modulus: 1500 kPa)
(SEGULA technologies Sud, St-Priest, France)

Orifice of side-branch
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Linear law of coronary artery bifucation geometry and self-similarity
D =0.678 (D +D

mother-vessel — daughter-vessell daughter—vesselZ)



METHODS Quantitative analysis

SBO

Ostial area obstruction (%)

Prox area overstretch (MoV) %
Prox elliptic ratio (MoV)

Mid area overstretch (MoV) %
Mid elliptic ratio (MoV1)
Malapposed struts (%) (A,B,C,D)
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In vitro bench testing protocols
Promus Premier® 3.5x20 mm




METHODS

POT
Balloon inflation and distal radio-opaque marker positionning

non-compliant balloon: TREK® (Abbott) 4.0 mm @ 14 bars
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METHODS

SBO
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RESULTS Analysis of POT mechanical effects

before POT after POT
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Promus Premier™ (Boston) Before POT After POT p
n=20 n=20

Mean D MoV, (mm) 4.10+0.02 4.16+0.03 <0.05
Proximal mean D stent (mm) 3.38+0.05 4.161£0.03 <0.05
Expected stepwise difference in diameter between 0.83+0.06 NA
MoV, +Mb, according to fractal geometry (mm)
Measured diameter difference between MoV, & 0.71+0.04 0 <0.05
stent (mm)
Elliptic ratio of reference MoV 1.04+0.02 1.04+0.01 0.88
Elliptic ratio of stent in MoV 1.05+0+02 1.04+0.01 0.88
Stent strut obstruction in SBO (%) 31.1+3.6 24.243.0 <0.05

Distal stent cell area/SBO area (%) 20.8 304 <0.05




In vitro bench testing protocol

Promus Premier® 3.5x20 mm

MV @ 12 atm

(NORDIC I, COBIS, etc...) |
| No FKB
v v -
FKB FKB FKB FKB SB inflation | SB inflation
symmetric BIP symmetric BIP | asymmetric BIP | asymmetric BIP alone SB@ 12 atm
(12/12 atm) (12/12 atm) SB@ 12 atm SB@ 12 atm w/ SB @ 12 atm +
to 4 atm w/ MV @ 4 atm Final POT




RESULTS

migMOV
Promus
premier™
stent
(Boston) Total
(n=25)

Prox area overstretch (MoV) %
Prox Elliptic ratio (MoV)

Mid area overstretch (MoV) %
Mid elliptic ratio (MoV1)

Final linear fractal geometric ratio

Stent strut obstruction in SBO %

stent

e
no POT
symFKBi symFKBi
n=5 n=5

13.7+1.41 7.25+4.38
1.25+0.02 1.08+0.05
13.81+2.20| 13.0+1.19
1.23+0.02 1.17+0.02
0.6610.01 0.6610.01
22.7+5.7 9.1+5.6

(1-stent strategy)

with POT first

assymFKBi
4 atm MV
n=5

5.73+1.92
1.03+0.01
6.16+1.25
1.09+0.02
0.65+0.01

3.74.5

assymFKBi
4 atm SB
n=5

5.75%1.66
1.04+0.03
6.21+£1.96
1.06+0.03
0.64+0.01

7.3¥4.7

with POT first

+SB alone
n=5
5.25+3.01
1.04+0.02
5.19+3.71
1.06+0.01
0.64+0.01

3.3+2.7

+SB and
final POT
n=5

5.62+2.74
1.03+0.01
5.79+4.30
1.04+0.01
0.64+0.01

5.6+2.7

Quantitative analysis of the different bifurcation stenting protocols

P*

<0.05
<0.05
<0.05
<0.05
<0.05

<0.001

*P value beetwen re-POT and no POT+symFKBi
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Promus

premier™

stent

(Boston) Total
(n=25)

Global stent malappositon
Total number of analyzed struts

% of malapposed struts

Proximal stent segment
number of cases with strut MAP
max distance of strut MAP (um)
Carina
number of cases with strut MAP
max distance of strut MAP (um)
Wall facing SBO
number of cases with strut MAP

max distance of strut MAP (um)

no POT
symFKBi

n=5

897

39.5+7.2

4/5

710

5/5

1100

3/5

390

symFKBi

n=5

641

10.1+3.2

5/5

260

4/5

520

5/5

540

(1-stent strategy)

with POT first
assymFKBi

4 atm MV
n=5

804

20.1+4.5

4/5

230

5/5

1000

5/5

330

assymFKBi
4 atm SB
n=5

818

8.8+2.8

5/5

220

5/5

720

5/5

290

Analysis of strut malapposition in the different bifurcation stenting protocols

Malapposed stent strut > 100 um

with POT first

+SB alone

n=5

834

10.5+2.8

4/5

180

5/5

640

3/5

540

*P value beetwen re-POT and no POT+symFKBi

+SB and
final POT
n=5

736

2.611.2

1/5

200

2/5

210

0/5

0

<0.05
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EBC CONCLUSIONS

Our preliminary results with 25 fractal bifurcation models with Promus Premier® (Boston) :
- 1) quantitatively validated the mechanical effects of POT

- 2) showed by comparison with :
- FKB alone
- and POT + FKB with symmetric or asymmetric balloon inflation pressure
that with re-POT with SB dilatation provides the best mechanical results and is the
simplest technique in 1-stent bifurcation strategy.
- SBO almost free of strut (4.9%)
- a very low rate of global strut malapposition (2.6%)
- an almost perfect morphology of the carena and the wall facing the SB ostium
- a maintained circular cross-sectional area of the MoV (relative elliptic ratio : 1.0)
- the almost perfect respect of the linear law of coronary artery bifucation geometry
(0.66)

We are completing these preliminary results with 25 other fractal bifurcation bench
models with Ultimaster® stent (Terumo)
A total of 50 experimentations in fractal bifurcation bench models.

Submission in december 2014
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“Simplicity is the ultimate sophistication”
Leonardo da Vinci




