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In vitro Assessment of Tissue Damage Following Insertion of Micromachined Neural Prosthetic

Devices

Seung Jae Oh', CS Bjornsson’, Y Al-Kohafi’, KL Smith?, JN Turner’, B Roysam’, W Sham SJ Kim',
l]‘~Ianobloeltromcs & Systems Research Center, Seoul National University, Seoul Korea, Wadswonh

Center, New York State Dept of Health, Albany NY, *Dept of Electrical Computer & Systems
Engineering, Rensselaer Polytechnic Institute, Troy NY

The full potential of neuroprosthetic devices is presently limited by biological reactive responses that
begin immediately upon insertion. The size of these responses may be impacted by many insertion-
associated parameters (e.g. insertion speed, device size, tip design, etc.). To investigate these
parameters, we developed an in vitro system that permits quafitative observations and quarntitative
analysis. Live 500-pm thick cortical brain slices with pre-labeled vasculature were mounted in a
recording chamber. Time-lapse images were collected during both insertion and withdrawal of devices
into the slices. Single and multi-shank devices were microfabricated with different tip geometries. An
automated drive controlled insertion rates. Comparisons of videos collected provided qualitative
assessments of the effects of tip design and insertion speed. Quantitative analyses were performed
using videos with automated image analysis software that traced vascular elements, recognized discrete
objects, and tracked the movement of these objects. Qualitative observations permitted descriptions of
specific vascular damage events including displacement of luminal contents, cutting, rupture, and
vessel dragging. Tissue compression and movement were observed extending >100 pm from insertion
sites. Faster insertion speeds caused less compression and penetrated the pia more efficiently, but
introduce more cellular shearing. All tip shapes caused breakage, rupture, and dragging of
neurovasculature. If pial blood vessels were caught and dragged, significant compression occurred.
Quantitative image analysis of insertion videos provided data for describing tissue compression during
insertion. These results demonstrate the utility of this experimental model and indicate its value for

guiding future device designs insertion methods.

Supported in part by NIH, NIBIB, R01-EB00359, NINDS, R01-NS044287, NSF, ECR, EEC-9986821,
and MicroBrightField Inc.



