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EBC EBC recommendations

Use of non-compliant balloons for kissing

Non-compliant balloons allow high-pressure individual inflations and, if necessary, kissing inflations
following bifurcation stenting. Higher pressures can be achieved with non-compliant balloons
without overdilating the vessel.

Lassen JF et al.

The proximal optimisation technique

POT is performed by dilating the proximal MV stent from the proximal stent edge to just proximal
to the carina, using a short oversized balloon. Appropriately sized non-compliant balloons may be
selected for POT, but recent data suggest that semi-compliant balloons are able to expand
contemporary stents and appose stent struts to the proximal vessel lumen in the absence of
relevant atherosclerosis.

Lassen JF et al.



Why a non-compliant balloon?

- (A) high balloon inflation pressure must be applied to deform the stent

Stent deployment pressure
1) Tubular stent (150 microns strut thickness) 2.1 atm from 2.0 to 5.0 mm diameter
2) Coil stent (120 microns strut thickness) - 0.25 atm from 2.0 to 5.0 mm diameter

Etave F, Finet G, et al. Mechanical properties of coronary stents determined by using finite element analysis.
Journal of Biomechanics 2001,34:1065-1075.

‘ No: Last generation of DES with approximately 80 microns thickness : < 0.5 atm

- (B) Detrimental "dog-bone" effect with latest-generation of DES is feared

distal COMPLIANT 4.0X15 EMERGE "NON-COMPLIANT 4.0X15 TREK

AD =0.10£0.03 mm

proximal —

‘ No dog-boning effect experimentally is observed




Compliant and non-compliant balloons
(CB and NCB)

What we think we know:

The mechanical behavior of balloon is entirely elastic

Reproducible from one inflation to another (iterative balloon inflation)

The curve provided by the manufacturer is accurate

Modern balloons are equivalent from one manufacturer to another



METHODS

Compliant balloons Non compliant balloons
Maverick™ Boston Scientific NC-Trek™ Abbot

Emerge™ Boston Scientific NC-Emerge™ Boston Scientific
Trek™ Abbot NC-Euphora™ Medtronic
Euphora™ Medtronic Accuforce™ Terumo
RyujinPlus™ Terumo

» Balloons were (re)inflated by steps of 2 atm up to 20 atm for CB and 24 atm for NCB.
Experiments were performed in a water bath at 37°C by thermostat.

» photographied by light microscope

» 3 diameters have been recorded as well as balloon length @ each balloon inflation
step
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Complia nt balloon - Emerge™ 3.5 x 15 mm - Boston Scientific
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Non-compliant balloon - nc-cuphora™ 3.5 x 15 mm Medtronic

3.8

3.7

3.6

3.5

3.4

33

Diameétre du ballon (mm)

31

2.9

2.8

—

1

1 1

1 1 -

- | @ nominal

1 1

1 1

1 1
1
1
1

1 1
1
1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

!

5 6 8 9 10 11 =12 13 14 15 16 17 18 19 20 21 22 23 24
FEEEEE NN E N NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEmE”
Pression d'inflation (atm)
Constructeur =@ |nflation 1 =®=—|nflation 2 =@=|nflation 3 3 5mm



RESULTS

Abbot Trek
Boston scientifc Maverick
Medtronic Euphora
Terumo Ryujin plus
Boston Scientific Emerge
Mean CB
Abbot NC Trek
Boston scientific NC Emerge
Medtronic NC Euphora

Terumo Accuforce

Mean NCB

Difference between
nominal and measured
diameter (mm, %)

-0.11 (1.7%)
-0.22 (6.5%)
-0.14 (4.1%)
-0.04 (1.2%)
-0.28 (8.0%)
-0.11 (4.3%)
-0.06 (1.8%)
-0.15 (4.2%)
-0.25 (7.3%)
-0.11 (3.1%)

-0.14 (4.1%)

Measured compliance @
first Inflation
(mm/atm)

0.037

0.078

0.062

0.043

0.077

0.059

0.024

0.037

0.043

0.027

0.032

The maximum capacity
for increasing the
diameter (mm,%)

0.38(11%)
0.69(19.7%)
0.45(12.9%)
0.48(13.7%)
0.87(25.1%)

0.57 (16.5%)
0.24(6.9%)

0.25 (7.2%)
0.18 (5.3%)

0.22 (6.3%)

0.22 (6.4%)



Mechanical characterization tests

Balloon polymer film - Sample preparation
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Issue of stent diameter optimization for SAR > 1.0
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Inflation of a 4.0 mm balloon for POT
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" After POT' ‘\After POT/
with non-compliant balloon with compliant balloon
Before POT 2 4.0 mm @ 22 atm 4.0 mm @ 20 atm

Murasato Y, Finet G, Foin N.Eurolntervention 2015,;11:V81-V85




@ Summary ()
EBC

Compliant or non-compliant balloons
?

| |
Reference arterial diameters <:> Nominal balloon diameters
vary continously vary by steps of 0.5 mm

Target diameter: 3.25 mm

3.0 mm C-balloon 3.0 mm NC-balloon
at 20 atm : .36 mm at 20 atm : 3.13 mm
ADY% (6 to 20 atm) = 16% AD% (12 to 20 atm) = 6%

Fine-tuning in diameter adjustments

Stent deployment pressure < 0.5 atm

No dogboning effect with the modern stents

Compliant balloons

“Pret-a-Porter” to “Haute Couture”!



@ Summary (1 Compliant and non-compliant balloons
EBC

What we think we know:
- The mechanical behavior of balloon is entirely elastic
NO - balloon and polymer are elastoplastic (and viscoelastic)
- Reproducible from one inflation to another (iterative balloon inflation)
NO - balloon elastoplasticity induces, after each inflation, a systematic increase in
the diameter of the balloon
- The curve provided by the manufacturer is accurate
NO - balloon diameters are systematically below the theoretical curve of the
manufacturer during the first inflation (deployment of the balloon)

- Modern balloons are equivalent from one manufacturer to another
NO



