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Pain as the 5! vital sign?

The Sign:

How Treating Contributed
to the Opioid Epidemic
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But there is no objective measure of pain!
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Pain is in the BRAIN.

But, prior evidence is mostly from experiments on healthy people in the lab.
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Chronic Pain Has Multiple Dimensions
distributed brain-wide

Somatosensory

Processing Domains
Sensory / Discriminative

Affective Cognitive Affective / Motivational
Cognitive / Evaluative
Pain Modulatory

Motzkin J, Kanungo |, et. al., Frontiers in Pain Research, 2023
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Inspired by Melzack and Wall (1965)




Brain stimulation for

relief of chronic pain

AND Howarp L. FieLbps, M.D.

School of Medicine, San Francisco, California
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Chronic Thalamic Stimulation for the
Control of Facial Anesthesia Dolorosa

Yoshio Hosobuchi, MD; John E. Adams, MD; Burt Rutkin, MS,

From the Department of Neurological Sur-
gery, University of California, School of Medi-
cine, San Francisco.

Randomized Clinical Trial of Deep Brain
Stimulation for Poststroke Pain

Good for depression
Bad for pain

Lemptka et al., Ann. Neurol. 2017
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Our Solution / Goal:

Closed-Loop Controller

Can we

H - Pain State Feedback
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chronic pain A
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First-in-human prediction of chronic pain
state usingintracranial neural biomarkers
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Electrode implants in the brain allow us to monitor and
modulate brain signals at-home.

Post-Stroke
Pain




At-home measurements of real-world chronic pain

symptoms and brain signals

Post-Stroke
Pain

Pain Score (VAS)
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Analyzing Brain Signal Frequency Components

Like using a music equalizer

Low Freq. High Freq.

¢
o‘\“o

>
%



Direct brain signal measurements can track
real-world pain severity
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What about
experimental
pain?

A B Ramp and Hold Protocol
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Brain signatures of pain showed intra-individual variability.

Chronic Pain £ Experimental Pain.
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