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INntroduction Results — A first look at short-term NI Release

* Nitinol iIs composed of ~50% Ni and Ti. Ni release Is a toxicological concern.

« Ni release is conventionally evaluated with long term (> 2 months) soaking in c e T = 370C Model Fit Parameters Prototype Flow Cell Simulated flow velocity (mm/s)
physiological conditions per ASTM F3306-19. £ “ = Temperature a T B - 5.0
 Accelerated testing by soaking at higher temperatures has been proposed [1]; this € 2.0- (K) (ng/cm?) (min) (ng/minY2/cm2)
study aims to elucidate the mechanisms for extrapolating Ni release. L 310 1987+336 1655+ 3.62 092 +0.11
. - - - - - =) |
A NI release model |r_1<:|ud|ng_terr_ns for burst and sust_alned_release [2] Is evaluated £ 1.5 340 3025 +549 3159 +4.81 152 + 013 |
and a method for rapid sampling is proposed to better investigate burst release. a 2K
= 1.0- k '
m ]
The purpose of this work is the development of tools that shorten the duration of ; 051 E, (kd/mol) -18.90 29.32
- - - - - m =
benchtop testing while providing reliable results. o 0.0 N.i_}*__{____ _____ . e — Table 1. Tabulated fit parameters to Equation 1 and activation energies
. o UL | | | of the two mechanisms calculated from Equation 2. 0
Research Question - .
= _ —_ 0, 0 : . :
i : . = 2.5 T — 67 C R In 782¢ . Figure 5. (left) Flow cell prototype containing Crystal Violet dye for
Is the proposed model (Equation 1) appropriate for Ni = K37°c kpurst = /v N - - -
Prop g PProp NE 5 0- E, = Burst flow visualization. Dye is cleared from the flow cell in approximately
release during the burst (< 1 day) release phase? S | 1 1 Kevcrainag = R2 4 minutes at a 100 pL/min flow rate. (right) COMSOL flow simulation
auation 1 Ni rel te (M) . 3 1.5- 310.15K 340.15K for a 60 pL/min flow rate in a circular flow cell. Color gradient
quation 1. Ni release rate (M;) per unit area - _ _ _ o _ : - : -
e s sustained (Higuchi) release [2]. 'E ' \ reaction rates at two temperatures. - . -
| iy 2 0.5 MM e cuesion Preliminary Conclusions
W R S YA . - i - i i _ _ _ _ e
Md(t) o 3xe 1 —|— 3 3 0.0 . | - | - | » This prf_llm'_”ary dats_s_hows !Pclarleascllng'T Tr(]:reabses t“ %ontrafl}/hﬁo « Early (6 hr) Ni release follows bi-phasic profile; diffusion is the rate
_A —_— —TL'ZT _Zﬁ 0 100 500 300 assump |on:, more Ni is ar\:c_suﬁ 1:el ulrlng eIt urst phase. K IS limiting mechanism.
| N | time (min) Ca‘tﬂsei_ T o Increase whnich Talsely results 1n - a negative « Apparent temperature dependence of a violates an assumption of the
f | _ | attivation energy. model; additional considerations (e.g., chemical reactions) could be
_ Burst Release Sustained Release Figure 2. (left top) NI release rates for 37 °C and o _ o added to the model.
- — (left bottom) 67 °C. Values represent means and o« Sample-to-sample variability and handling difficulties due to short
Figure 1. Representative EFTEM standard deviation of N=4 independent replicates. time intervals should be addressed with a more sophisticated - -
Image of a nitinol oxide layer  «a — Burst phase NI mass per unit area - o P Challenges and potential solutions
J ye phase > Dashed lines represent the model fit. apparatus (see below). « High sample-sample variability in burst phase limits confidence
from reference [3]. Note the Ni- » 1 — Characteristic release time of burst phase ) - :
rich phases near the surface e [ — Sustained release rate per unit area » Perform test usihg b_etter controlled surface finish by mechanically
Sl PrOpOsed Apparatus and/or electropolishing
| Goal: Decrease sample variability and increase time resolution y DetVe'OFi_ ?Ipptaratgs to C?”t'ntlous'y monitor NI release
- automatically to reduce experimenter error.
Materials and Methods Fused Silica Inlet/outlet
= S Mock Elution Profile with Future Work
oo ) L 2 . . . - - - - "
= - Meets ASTM F2063-12 specification ) L L Regular Injections }/alld?_te ,:\r:henlus li)teha\élor bydtestlngfat additional temperatures
Nltmql 1 » Dimensions: 50.8x57.2x 0.5mm plate - . |2¥2§t:g:t§ dei;?sr(aerr?t l;rrlitheolilegngnr(rzlea’?er(i]lal arameters to better replicate
Article  Superelastic (A; temperature = -50C £ 50C) Adhesive 1.6 FVeSty . q dict . pN | due t d']l‘of .
e Cold rolled (R _ 024|.1m) I\/Iechanically polished Nitinol (100 or 115 m) =1 INn VIVO COI-’I’OSIOn an preadict varying | reiease dadue 1o Iifreren
a % (R~ 10 nm) H 5 1. manufacturing methods.
2 < Injections of known Ni
1.2 J
— « Per ASTM F3306-19 O 5 e
Extraction e Test solution: Phosphate-buffered saline Nistd. | PBs | 3
_ o - - . 2 |CP-MS Q0.8
and Sampling Extracjuor.l Ratlc_). 6 cm?/mL 2.5% SNV N 320,/min =
e Sampling: 15 min or 1 hr over 6 hr ) HNO3 ¢ 3 350 uljmin 1O 1CP-MS ® 0.6 !?e;‘elre;\hg:ess_: o T o
. aylor, VL Slvan, S.; turner, F.; l, ., d0Nneson, J.c.; eaver, J.D.; I Frima, ., dUSSMan, VI Temperature
\ 100pL/min — PTFE tee fitting 04 2 E?gzir;i%%so%écieé c;?:rr]\t:ELe:Zj_g rc;ir.g%/\r/ll\é)t.l?gtl) 2m/jet§jr:n;%:; g%%cfz\]o:rnal Zflilome_d:(ca:l I\/Ilater;a:cs Resea::'h Part IB. :ppflled
® - _ | 1/16”0D x 0.02” ID PTFE tubing .2 . aylor, D.IVl.; -I arma, L.; rFisner, J.VV.; brown, R.r. -IO INnetic m_o el 10r nic e_ released 1rom cardadiovascular devices.
Trace Metal [ Ip ettt ot bt N oot ’ L ;o Torsogy a armaclogy 201,80 15 e mp el o/ O O ORS00, | e
AnalySiS ° Samples diluted _5X t-O 2 VOI_A) nitric acid _ A 80uL/min - piscard 0 | with’ori.g;inal oxides. E.l’Jropean Sympos’;iu.r’n on Martensitic Transformations 2009, 05027.
* Kinetic energy discrimination (KED mode) used for analysis 20ut/mir 0 100 200 300 400
_ Collect Fractions Time (minutes) Acknowledgements/Disclaimer
\ Th_e auth_ors acknowledge Ruc_:ha Natu for expertige on COMSOL simulations anc_zl _Keaf[on Nahan for tech_ni_cal assistance with HELC.
e Fit generated from N=4 independent replicates Figure 3. (top) Side-view diagram of adhesive-based microfluidic Figure 4. Mock data of continuous Ni measurements with o ;V;?esr,i‘;papr,ojtéﬂJ?afi’?:tﬁ¥oﬁgha§£c?:ﬂterpaegnetn§§ 22feiniiiirﬁﬁwi";‘ﬁﬂﬁi‘ti_?.%.fSZS;?{”mZ‘S{“ of IIES;[leerreg(;/ szdtt[]ﬁeoljg.l:\;ggg
Model Fitti « Inverse weighting by standard deviations flow cell. Nitinol surface finish is tightly controlled. (bottom) regular injections of known Ni mass. Injections can be used and brug Administration. The Metal Implants and Immune Response umbrella project is funded by the Medical bata Enterprise
SR | . Activation energies of burst and sustained release calculated Proposed fluidics setup to feed acidified samples to the ICP-MS to correlate area under the curve to NI mass. Calculations The findings and conclusions in this paper have not been formally disseminated by the Food and Drug Administration and should
assuming Arrhenius Kinetics. D while simul’_taneously collecting fractions for conventional trace can be verified with co_nventional ICP-MS of fractions pnoggﬁncgcqu[luveﬁt;or;;g;ff;ﬂ};gyrtae%eQgge?rftg':ﬁg%g or potiey. Z?iiﬁee':t;ina?;fgmf&céﬂ'eﬂrggggﬁi’e thetr sources, grfotgjgsuss
metal analysis. collected during the experiment. Department of Health and Human Services.




	Slide Number 1

