Neural Implant insertion system using ultrasonic micro-vibration to Improve #700.26

penetrating microelectrode array insertion mechanics: In vitro and in vivo evaluations
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Introduction Improving Insertion Mechanics of Compatibility with Many Array Types
Penetr_ating electrode arrays provide localized access to neural stimulation and Commercial Microwire Arrays + Blackrock + N-Form

recording sources, and they are a valuable neuroscience research tool. Poly-ethylene glycol (PEG) was used to PEG was also used to attach a 2x2 array with
: : . . . - - _ attach unwired 4x4 array to actuator Pons portion of ribbon cable to actuator coupler. Insertion
Neuroscientists and researchers developing future clinical applications + Reduced Insertion Force Demonstrated MicroProbes Tucker-Davis SR A e W D Force measUremont sotn with agar tont samoje

continually seek to increase information transfer potential by implanting electrode in Agar Model | S ammE and dimpling vs. distance for resting on force sensor is shown in lower left photo.

representative vibrated and non-vibrated Insertion force and dimpling could be reduced by

arrays with higher numbers of shanks at greater density. Successful insertion of Tucker-Davis MicroProbes vibration . T i INARAEE R nsertions. Right: Video frames from TR 75% and 60%, respectively. PEG can be dissolved
penetrating electrode arrays into brain tissue remains a significant challenge, and started In | Ll same insertions extracted after advancing | with water to release array.

Air 1000 um. Dashed line marks surface of

outcomes are often heavily reliant on surgical skill and technique. During agar model at initial contact (blue), and at
insertion, electrode arrays apply forces to the neural tissue resulting in significant Microvire | | \ maximum dimple (green).

. . . . . . . rrays — . BN : : | | | ' “off-axis” on-Vibrate ibrate
compression (dimpling) at the implant site and strain on local tissues. Shallow > N — Vibration Substantially more oft-axs e

(2x8) = =5 = Started vibration was observed with

Insertions (< 1 mm) targeting the upper cortical layers are especially difficult. = y After * MicroPrdopes.(top) arrays W:en
. . — tuat t
Electrode arrays may need to be over-inserted past the target depth to ensure Contact AEAAN T ar Pme e

. . Tucker-Davis. Delayin
Microwire ying

puncture of meningeal membranes, or be fired in at very high velocity, limiting Tps  — LW - LI - . vibration untl tips make initial

. : i : . i ~ 250 pm 250 pm ] contact avoids off-axis
accuracy and possibly increasing implantation trauma. | I | vibration (middle).

Arrays in

+ NeuralGlider-Cortical™ uses ultrasonic micro-vibration to reduce the Coupler
Insertion force and dimpling during microelectrode array implantation.
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Delaying vibration until the tips
were partially advanced into + NeuroNexus

i - : + the model did not greatl _ _ _ _ _ _ _
Default Insertion Speed = 50 pm/s 0 . . . impact performan(?e Y Several NeuroNexus probe configurations have been evaluated with the NeuralGlider system, including both acute and chronic

_ _ 0 100 200 300 400 varieties. Reductions in force and dimpling (evaluated in agar model) are 60-80%.
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Above: Examples of agar insertion force vs. insertion distance

Stereotaxis mountable closed loop ,.:;
' LI T profiles for both Tucker-Davis and MicroProbes arrays.

micro-positioner stage, 0.5 ym resolution

Omne_tlcs-compau_ble_, detachable C_OUP|er _ — | WL | Right: Summary analysis of initial puncture force (15t peak in / ' ' ' 1 2 3
for reliable transmission of ultrasonic vibration N ol force vs. insertion distance plot) vs. actuator power. Actuator Power (W) Actuator Power (W)
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RoHS compliant control box 1% + Insertion Force and Dimpling Reduction: |
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+ Neural Recording During Insertion + Compatibility with TDT’s ZIF Connector + Improving Insertion of Other Devices
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EX vivo insertion force summary for insertion of Tucker-Davis arrays
Examples of ex vivo insertion force testing sample through pia only vs. through intact dura (control = non-vibrated). With ( : I d F t D t
preparations. Left: sample with large craniotomy on bed of agar ultrasonic vibration, insertion through dura generated comparable O n C u S I O n S a-n u u r e I r eC I O n S

for pia-only insertions. RIght: =xample o preparation with small— forces as insertion through pia only. Insertion through small + Ultrasonic micro-vibration by the NeuralGlider neural implant system safely

Vibrated (R17-left) ~ Control (R17-right) craniotomies for testing dura insertion approach. craniotomy with intact dura yielded less dimpling.

P I | Or Re searc h A Lt (L — Improves insertion of microwire arrays and many other array types on the market

_ | Distribution of Bleeding Score o 60-80 % reductions in tissue dimpling and insertion force are typical
S ) R Demonstrated Safety and Efficacy of Ultrasonic Bleeding Score Key: " The NeuralGlider system enabled the insertion of microwire arrays through dura,
o Utilized custom-built 8-channel tungsten microwire s I i e The system is shown to be compatible with many electrode array types; also
could have application in the placement of other non-electrode devices
1500 - , 1500 A _ Pia, Non-Vib  Pia, Vib  Dura, Vib

arrays (50 um diameter with 250 pm spacing) i Insertion Through Pia Only ~ Insertion Through Dura (all with vib) ey om i e 40% I
Future in vivo studies required for evaluating potential for improving chronic
(nctades nomsurvvals): 7 results and for evaluating performance with non-microwire devices

. . - : 3 = sustained bleeding; often fills %
Bi-lateral barrel cortex implants Insertion Depth: 850 um 2000 - 2000 - cranolomy: atge clot obscring . L
All insertions through pia (dura removed) at 50 um/s  g-ch arrays inserted with (left) and without

*Roa N . 0%
2-week survival (N=10); recordings and histology (right) ultrasonic vibration into rat barrel cortex.
Dashed lines: brain surface at initial contact

(Blue) and at target insertion depth (Green).
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Ultrasonic micro-vibration of penetrating
electrode arrays during insertion substantially
reduces insertion forces and dimpling of brain
tissue
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Initial short-term studies supported safety of
approach; no significant difference in recording
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* Max dimple estimated by total distance array was advanced as blood obscured % H ‘ % ‘ é

q Ual |ty or h |StOIOgy ' video and/or rupture (and subsequent brain relaxation) was not clear.

!\/Iaximum Flimple, estimated from analysis of wk3 wkd wk5 wk6 Defense Advanced Research Projects Agency or the NIH. — WINNER —
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