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Introduction: Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is an established treatment
for medication-refractory Parkinson’s disease (PD) [1]. Optimal targeting of the DBS electrode within the
sensorimotor region of the STN attenuates many PD motor symptoms [2]. Conventional techniques for
intraoperative STN-DBS targeting rely on time-intensive clinical assessments of movement-related
electrophysiological signatures in real-time [3]. This standard procedure is subjective, arduous, and requires
advanced clinical expertise [3]. In this study, we performed a correlation between neuronal firing rate (FR)
within the STN and volitional movements tracked using computer vision (CV) to inform more objective,
efficient strategies for optimizing DBS targeting and programming.

Material, Methods and Results: Datasets from 4 patients A.Kinematic tracking B. Subthalamic spike times
with PD (N=5 hemispheres) were analyzed. During awake Neural netuorlsbelsdvideoffames | oS Scorol s it
DBS surgery within distinct STN subregions, we collected )
single neuron activity synchronized with multi-camera
video recordings while subjects performed repeated trials
of upper extremity motor tasks. Neural signal processing,
markerless motion tracking, and deep learning-based
kinematic feature extraction were used to evaluate STN
neurophysiological dynamics in relation to CV-tracked Kinematic coordinate trace
movements (Fig. 1A). Repeated-measures ANOVAs
compared within-subject averages of normalized FR across
STN regions, with post-hoc tests applied to investigate
significant comparisons. In 3 hemispheres, mean neuronal
FR was highest and increased most significantly during
active movement, relative to baseline activity, in the ARV m fin

dorsolateral STN (Fig. 1B). S My
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Conclusion: Preliminary results support the hypothesis that Time <) ’ :
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kinematic features provides a basis for predicting the  Figure I: 4) Neural network-labeled video frames (top)
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relationships may assist clinicians in optirnizing DBS the motor task (seen in A) at distinct STN depths: dorsal
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anatomical labels

Markerless tracking of

Neutral Supination Pronation

— o
= S
g 8
Movement repetition

I~
S

@
3

Fingertip displacement (mm)
IS
5

)

Acknowledgments and Disclosures: We thank the patients who participated in this research. E.M.R. receives
fellowship support from the National Science Foundation Graduate Research Fellowship Program (NSF
GRFP). D.S.K. receives research funding from Boston Scientific, Medtronic, University of Colorado
Department of Neurology, and the Parkinson’s Foundation. J.A.T. receives research funding from Boston
Scientific, Medtronic, and the National Institute of Health (NIH).

References:

[1] Limousin P, Krack P, Pollak P, Benazzouz A, Ardouin C, Hoffmann D, Benabid A-L. Electrical Stimulation of the Subthalamic Nucleus in
Advanced Parkinson's Disease. New England Journal of Medicine, 1998.

[2] Thompson JA, Oukal S, Bergman H, Ojemann S, Hebb A, Hanrahan S, Israel Z, Abosch A. Semi-automated application for estimating
subthalamic nucleus boundaries and optimal target selection for deep brain stimulation implantation surgery. Journal of Neurosurgery, 2018.

[3] Tekriwal A, Baker S, Christensen E, Petersen-Jones H, Tien RN, Ojemann S, Kern DS, Kramer DR, Felsen G, Thompson JA. Quantifying
neuro-motor correlations during awake deep brain stimulation surgery using markerless tracking. Scientific Reports, 2022.

CCBY 4.0
https://creativecommons.org/licenses/by/4.0/deed.en
This CC license does not apply to third party material and content noted otherwise.

102 Published by Verlag der Technischen Universitat Graz



