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Stent Corrosion Testing Paradigm

ASTM F2129
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Motivation

* ASTM F2129 not
intended to represent
in-vivo conditions

e Results difficult to
correlate with in-vivo
performance

 Variability in
breakdown potentials
from workshop
respondents

Proposed Acceptance Criteria

Eb > 600 mV - Acceptable
Eb = 300-600 mV - Marginal
Eb <300 mV - Unacceptable
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Objectives

1. Manufacture and characterize Nitinol stents
manufactured to possess low to high corrosion
resistance (ASTM F2129)

2. Investigate in-vivo pitting corrosion of Nitinol
stents manufactured to possess low to high
corrosion resistance

3. Correlate in-vitro nickel leaching with in-vivo
release and biocompatibility in Nitinol stents
with low to high corrosion resistance



FOA

Stent Manufacturing Process
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-
OSS Stent FEA — Crimping & Deployment

LE, Max. Principal

+3.228%e-02
+2.961e-02
+2.692e-02
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- +1.081e-02

L +8.126e-03
+5.441e-03
+2.755e-03
+7.016e-05

|

— High strain regions at the apex of V-struts



Methods

In-vitro
 Surface characterization 2 SEM/Auger &
e Pitting corrosion > ASTM F2129

* Uniform corrosion = Nickel leach

In-vivo

* Minipig implantation:
o left and right iliac arteries
o 12 animals implanted
* Single stent conditions (n=6/group)
* 6 month implantation period
* Explanted stent surface analysis
o SEM and EDS




In-vitro Testing



Surface Characterization - SEM
Salt Pot (high F2129)

Mech. Polish (medium F2129)




Surface Characterization - Auger
Salt Pot
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ASTM F2129 Testing
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ASTM F2129 Results

Eb Eb-Er
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Nickel Leach Testing and Results

 OT, AF, SP, and MP stents (8 X 30mm) immersed in PBS at 37C

e Stents crimped prior to testing

* 10time points: Day 1, 2, 3,5, 7, 14, 21, 30, 45, 60

* Nirelease: OT > SP > AF > MP for all time points (*p<0.001)

« ASTM F2129 breakdown potentials not correlated to Ni release
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Explant Analysis
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In-Situ Imaging

Proximal Proximal

- Deformation, but no fractures observed in explants
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Explanted Artery Nickel

Arterial tissue surrounding stent digested using papain

10,000
B Explanted Artery (180 days)

B Bench Testing (60 days)

1,000

100

Ni Release (ppb)

10 ~

(n=3-5/group)

— Artery nickel: OT > AF > SP > MP

- Explanted artery Ni values variable compared to in-vitro results
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SEM Imaging — Salt Pot (nigh F2129)

Non-implanted
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Explant
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SP Non-implanted +/-0.06 13
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— No corrosion observed in explanted SP stents
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FDA
SEM Imaging — Mech. Polish (medium F2129) .

Non-implanted

< 20kV X430 50pm 12 63 SEI

. 1.11

MP Non-implanted +/- 0.01 14
1.11

MP Explants +/-0.03 47

— No corrosion observed in explanted MP stents
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SEM Imaging — Air Furnace (low F2129)
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- Micro-cracks & corrosion observed in explanted AF stents
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SEM Imaging — Oxidized Tubing (low F2129)
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FDA
SEM Imaging — Oxidized Tubing (low F2129) .
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—> Pitting observed in explanted OT stents
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Corrosion Depth (Fi8 milling)

AF Stent
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Elemental Analysis Summary

e SP and MP explants: no change in Ni/Ti ratios
* AF explants: sig. lower Ni/Ti ratios in corroded regions

e OT explants: similar Ni/Ti ratios in corroded regions

. —
e e
1.2 - I [ T
T -
1 : Tl L T J_ l I:I!\Ion
o 1 - J implanted
B 08 - :Z;jijjjijgj; O Explant -
- A General
E 0.6 [ Explant -
2 04 - Corrosion
0.2
*p<0.05
0

SP MP AF oT o4



Discussion

Meets
Acceptance
Criteria

In vitro Nickel Leach
Testing

Standard
Surface
Finishing?

Meets
Acceptance
Criteria

Surface
Characterization

YES

No Further
Testing v
rCompare Against Acceptable
Levels of Nickel from Risk
Assessment

25



Conclusions

Bench Testing Correlations

e Nirelease (uniform corrosion) is not correlated to breakdown
potentials from ASTM F2129 testing

e Oxide thickness and composition provides insight into Ni release
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Conclusions

In-vitro to In-vivo Correlations
e Nirelease

e In-vitro: OT > SP > AF > MP (uniform corrosion)

* In-vivo: OT > AF > SP > MP (localized + uniform corrosion)
e Pitting Corrosion

e E,>"~600 mV = no localized corrosion observed

e E,<~200 mV - localized corrosion observed
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Upcoming features:

Biologics Overlapped stents
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Conclusions

Bench Testing Correlations

e Nirelease (uniform corrosion) is not correlated to breakdown
potentials from ASTM F2129 testing

e Oxide thickness and composition provides insight into Ni release

In-vitro to In-vivo Correlations
e Nirelease

e In-vitro: OT > SP > AF > MP (uniform corrosion)

e In-vivo: OT > AF > SP > MP (localized + uniform corrosion)
e Pitting Corrosion

e E,>~600 mV = no localized corrosion observed

e E,<~200 mV > localized corrosion observed
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