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Computational modeling
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Anatomy + Physiology = Ongoing activity
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Table 1. Summary of computational models ordered in ascending complexity
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64-channel
ECoG array
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Pt contacts, 250 um dia
1.5mm dist

* Chronically implanted micro-ECoG 64 electrodes
* Superficial LFP signals over the posterior left hemisphere
* Ongoing activity / spontaneous behavior
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Phase coherence

P Envelope

Carrier
oscillation

> Couplings not imposed by stimuli/movements
> Occur during ongoing activity and tasks
> Route cognitive and sensorimotor processing

> Effective processing and communication
Amplitude envelope correlation

? Engjel, Fries & Singer, Nat Rev Neurosci 2001
Siegel, Donner & Engel, Nat Rev Neurosci 2012
Enagel. Gerloff. Hilgetag & Nolte. Neuron 2013
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[ Phase ICMs } [ Envelope ICMs ]

Phase coherence Amplitude envelope correlation
» MEG, EEG, LFP, spikes * FMRI, MEG, EEG, LFP, spikes
« Band-limited oscillations (1-150 Hz) * Aperiodic scalefree (<0.1 Hz)
e Coherence, PLV, PLI, PSI, etc * AEC

Engel, Gerloff, Hilgetag & Nolte, Neuron 2013
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Messé et al., Neuroimage (2023)
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Stitt et al., Sci Rep (2017)
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» Spectral changes in the slow oscillations (0.8-3Hz), theta-band (4-6 Hz) and alpha-band (8-16Hz)

 Classification of brain states: awake, REM sleep and slow wave sleep



Structural basis of phase and envelope ICMs

HHHHHHH

Structural vs. Functional brain connectivity

21

awake period

% A" 'VAWAVAW
NN m .
: A‘hﬁh D A g -2

W/ V.f‘\fx Vet a7 Al J"'WVU

Y ™, :-,j\— Mt~ “, L '\_

referencing R A R

N ey

Vo _’ ’ l{ff\.__\fr’ \__V AW VR N _/\_/‘\V"v

“"v W
= AﬂIAvAf ‘WA"A..._AA‘( = anatomica I o
"" "‘ / .‘ 7," .',_,'h‘.Jf\lu”.‘t’f.\f.rf ._! \ \»\_,rv’

‘WLM VA A montage -
s 2y Mr, A~ ,\w\:\“ NN
S AATIOAI AN A2 A A
o RN A VA VAV AN B | e e e
= = e N @ . o ol g
e A,
0 -

- time

Messé et al.,

Bizley & King, Hear Res (2009)

Neuroimage (2023)



Phase and en Velope ICMS Structural vs. Functional brain connectivity 22

HHHHHHHH

Phase locking value Amplitude envelope correlation
electrode 1 electrode 2
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Lachaux et al., HBM (1999) Hipp et al., Nat Neurosci (2012)
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Diffusion MRI tractography based on high-resolution ex vivo imaging at 7T
Collaboration with Institut Pasteur and NeuroSpin, France
Delettre et al., Netw Neurosci (2019)
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Dell et al., J Comp Neurol (2019 a,b,c)
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/|| »volume conduction
\\_/ \ /| *signal leakage/spread/mixing
\—/ N/ >field spread

Instantaneous (zero-lag)

Cowley et al.. Foundations and Trends® in Human—Computer Interaction (2016)
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Imaginary phase locking value Orthogonalized amplitude envelope correlation
electrode 1 electrode 2 . : _
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time delay ICMs

Messé et al., Neuroimage (2023)
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Large-scale spiking
attractor model
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Wilson-Cowan
neural-mass model
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Statistical
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Messé et al., Neuroimage (2023) SAR
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local field potentials tractography

> Consistent relationship between phase and envelope ICMs with SC
> The relation between structural and functional coupling is not artifact
> Computational models are challenged to predict ICMs

> ICMs appear substantially constrained by the underlying structural scaffold

> Dominant role of direct, short-distance, near zero-lag interactions
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