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(H #J(Objective)) Pain fluctuations reduce quality of life of patients with Parkinson's disease (PD). Despite the vast
knowledge of the subthalamic nucleus's (STN’s) role in PD, the STN biomarkers for pain fluctuations and the relationship
between bilateral subthalamic nucleus (STN) activities and pain occurrence are still less understood. We conducted an
observational study by collecting annotated pain followed by a series of corresponding binary pain ratings and wirelessly
transmitted STN signals, then leveraging the explainable machine learning algorithm to decode binary pain levels and sort the
feature influence. In this study, we hypothesized that the binary levels representation of pain fluctuations ratings could be decoded

from bilateral STN-LFP activity using a machine learning (ML) classifier for each annotated pain reported by patients.

(U772 & N AE (Methods/Results)) We recorded bilateral STN signals from PD patients implanted with adaptive deep brain
stimulation (DBS) systems and collected pain rating series during in-hospital recovery. Patients provided pain annotations prior to
surgery that inform the location (specific or non-specific) and PD-association with pain (PD-related or non-PD-related). A
machine learning model was trained to classify higher versus lower pain states, from the eight pain annotation series of the six

patients, using features derived from STN signals.

(i #&(Conclusion)] STN activity significantly classified the pain intensity in the PD-related pain group. Feature analysis
indicated that STN activity from both sides can impact pain classification, with gamma and beta bands in the contralateral STN
and delta and theta bands in the ipsilateral STN exhibiting a prominent role. Our observational study demonstrates a novel

approach to decoding pain states and identifying STN biomarkers linked to PD-related pain.
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