Vitale §: Penn
Lab GR ASl}ELr;\gl:SE/gllj(l)rll{%
K-Lab Goncral R, Avmion, Sersing ¢ Fereapion Lab
‘ ‘ \- ‘ gzﬁgngineeﬁng !(RCH | M E D ES
Therapeutics

Neural decoding from stereotactic EEG: accounting for
electrode variability across subjects

38th Conference on Neural Information Processing Systems (NeurlPS 2024)

U
;':' NEURAL INFORMATION
L'IL PROCESSING SYSTEMS
s

| T

Georgios Mentzelopoulos', Evangelos Chatzipantazis', Ashwin G. Ramayya?, Michelle J. Hedlund?,
Vivek P. Buch? Kostas Daniilidis™ 3, Konrad P. Kording', Flavia Vitale'

1. University of Pennsylvania, 2. Stanford University, 3. Archimedes, Athena RC




Vitale Center ) )
Lab I q l?ﬁ?ﬁi’ﬁ?ﬁi‘m

Background

How do thoughts translate into actions?

Thoughts Actions



Vitale Center ) )
Lab I q Therapeutics

Background

How do thoughts translate into actions? Behavioral Experiment

) [[ 22 )\
9 | iiw iﬂJ

|
O

@

Motor Action

Thoughts Actions




Vitale Center ) )
Lab I q I?ﬁ‘é‘rﬂi’éﬁ?ii““g

Background

Behavioral Experiment

@

Motor Action (y)




Vitale Center ) )
Lab I q Therapeutics

Background

Neural Activity (x)
Behavioral Experiment

f(x) =y

Electrode

AN AN/ AA /AN AANAAAAN NN Ay ‘

‘ Motor Action (y)




Vitale Center ) )
Lab I q Therapeutics

Background

Challenges to building neural decoders based on sEEG.
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Background
Challenges to building neural decoders based on sEEG.

Highly variable electrode

Small Cohort Size number/placement across subjects Baseline behavior highly variable across subjects
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Framework: Seegnificant

. Signal processing for electrode selection
[I. Build ANN to decode behavior from neural activity of
selected electrodes
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Framework: Seegnificant

Signal Processing
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Framework: Seegnificant

Signal Processing

Identify behaviorally relevant electrodes based on
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Neural recordings: sEEG
p
o @13 Ll
Sex

dosoeme |[oaw < s
S D % -

-
ol ﬁ.’ . ! S p.? ",j'
e “ons » .3-'2. ) XS
g ot W X L~ s e e eitstng
o e,
o ol [ g A1E \ - wfiled
- le-. woacge |locemen AN - ~ I 3 o
e o A -, 2 ' =~ 0% %o P N S
iz > ; - 5 A2 T
3 age }'l’ o % P e ot R W asvaeszot VR Lo
. ‘\. o “‘- T " % e 4 M v
% .. ~—cone . e e el o e Tommie XY _:
b iy - Ny ;-- A 4 ~ Sy
.

1
@ '°
Age

-----

¢ J
Behavioral task

r

Ethnicity

|

1
Stimulus Response
. Pre-trial < Delay , . Responsetime
Goal: decoding the trial-wise response time of subject using their sEEG.

14



Results: Single-subject vs multi-subject models

Single-subject models (SS)
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Results: Single-subject vs multi-subject models

Single-subject models (SS)
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Single-subject models (SS)
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Results: Transferring pretrained multi-subject model to left-out subjects

Single-subject models (SS)
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Single-subject models (SS)
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Results: Baseline comparisons
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Summary

e We introduce Seegnificant: a training framework and architecture that can be used to decode behavior
across subjects using sEeG data.

® Using Seegnificant, we show:
o Training unified, multi-subject models for neural decoding based on sEEG is possible.

o Training models on multiple subjects improves decoding performance compared to training on single
subjects.

o Multi-subject models can be efficiently transferred to new subjects.

Our paper and code is available at
gmentz.github.io/seegnificant
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