
Sylvain	Baillet	

McConnell	Brain	Imaging	Centre	
Montreal	Neurological	Ins7tute	
McGill	University	
		
[sylvain.baillet@mcgill.ca]	

Google	it!	’MEG	MNI	’

Electromagne7c	Brain	Mapping	
Func7onal	Connec7vity	

mailto:sylvain.baillet@mcgill.ca


  

Why spectral analysis?
  MEG signals contain a wide range of 
components

  Electrophysiology vs. BOLD: what is 
'activity'?

BOLD fMRI example

MEG example
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MEG/EEG	temporal	resolu7on	vs.	fMRI:		
a	curse	and	many	opportuni7es	for	connec7vity	analysis		

neural	“ac7vity”

BOLD	hemodynamic	response

e-phys	trace	(LFP,	MEG,	EEG)



Connec7vity	es7ma7on:	typical	data	flow

Alhourani	et	al.,	J	Neurophysiology		(2016)
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Classical	measures	of	interac7ons
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Narrow-band	amplitude	correla7on	

Classical measures of interactions

Siegel	et	al.,	Nat	Rev	Neurosci		(2012)
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Narrow-band	amplitude	correla7on	in	the	res7ng-state	

Brookes	et	al.,	PNAS		(2011)



Classical	measures	of	interac7ons

adapted	from	Niso	et	al.,	Neuroinforma3cs	(2013)
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Jerbi	et	al.,	PNAS	(2007)
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phase-amplitude



Effec7ve	connec7vity:	Granger	causality
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Correla7on	between	ongoing	brain	rhythms	and	BOLD

Schölvinck	et	al.	PNAS	(2010)	
see	also	Logothe7s	et	al.,	Nature	(2001)
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Interdependencies	in	the	polyrhythmic	ac7vity	of	the	brain?

Baillet,	Nature	Neuroscience	(2017)
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MEG example

cross-frequency	coupling
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Cross-frequency	phase-amplitude	coupling	(PAC):	
A	generic	mechanism	regula7ng	local	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)
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Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Dynamical  
relaying

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Dynamical  
relaying

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Dynamical  
relaying SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT SI

FI
E

Dynamical  
relaying SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



INPUT

E EE
I

unpredicted
STIM

expected
STIM

δ－α
𝜸 𝜸 𝜸

II

expected
STIM

expected
STIM

𝜸

ph
as

e 
re

se
tti

ng

E
I

β

SI

FI
E

Dynamical  
relaying SI

FI
E

Cross-frequency	coupling:	
	a	generic	mechanism	regula7ng	long-range	brain	dynamics?

Baillet,	Nature	Neuroscience	(2017)



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	

δ－α: cycles of regional excitability



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	

δ－α: cycles of regional excitability

β: bursts as expressions of top-down modulations



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	

δ－α: cycles of regional excitability

β: bursts as expressions of top-down modulations

𝜸: bursts nested in slower rhythms, 
bottom-up signaling



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	

δ－α: cycles of regional excitability

β: bursts as expressions of top-down modulations

𝜸: bursts nested in slower rhythms, 
bottom-up signaling

E EE

I I



Wrap-up:	dis7nct	roles	for	dis7nct	frequencies	

δ－α: cycles of regional excitability

β: bursts as expressions of top-down modulations

𝜸: bursts nested in slower rhythms, 
bottom-up signaling
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higher 𝜸: PSP/AP spiking ?
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“Res7ng-state	network”
Set	of	brain	regions/neural	popula7ons,	
which	over	7me:	
✓ tend	to	synchronize	their	E/I	cycles	
✓ “fire”	in	coherence	
✓ hence,	demonstrate	similar	dynamics	of	cross-
frequency	coupling	
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MEG	Res7ng-State	Networks
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VisualDMN
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Florin	&	Baillet,	NeuroImage	(2015)



Seed-based	connec7vity	panerns

Florin	&	Baillet,	NeuroImage	(2015)
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