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Resting state fMRI (rsfMRI) and “functional connectivity”
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….however the brain is a dynamic system

Allen et al., 2014



Time-varying functional connectivity mapping 

Allen et al., 2014



rsfMRI networks undergo dynamic configurations

Leonardi et al, NeuroImage, 2013
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 Computational demanding – brain parcellations

 Arbitrary choice of window length and overlap

 Correlation based measures

6

Limitations of sliding-window approaches



Can we map rsfMRI dynamics 
without using correlation? 
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Point-processes analyses

Relevant network features can be observed from single 
fMRI frames at local extrema of key regions 

8
Liu et al., 2011, PNAS; see also Tagliazzucchi et al., 2010



Selective fMRI frame averaging reconstitutes rsfMRI network activity 

Co-Activation Patterns (CAPs)  mean BOLD signal
9





Can we map mouse rsfMRI dynamics with 
voxel resolution? 

http://psychologyrats.edublogs.org/

http://psychologyrats.edublogs.org/


Selective fMRI frame averaging recapitulates networks of correlated activity
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Selective fMRI frame averaging recapitulates rsfMRI network activity 
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Mean CAP (ACg)

ACg
Seed-based correlation 

map (ACg)

Gutierrez-Barragan et al., Current Biology 2019



Optical imaging show wave-like 
hemodynamic activity in the mouse 

dorsal cortex

Matsui et al., 2017, 2018
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K-means Frame 
averaging

Time

Identification of recurring brain states through 
whole-brain fMRI frame clustering

Gutierrez-Barragan et al., Current Biology 2019
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A few recurring states govern mouse rsfMRI dynamics
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Recurring functional states of the mouse brain
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Brain states can be reliably mapped at the single subject level
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Mouse brain states can be grouped into “state” and “anti-state” pairs

Do fMRI brain state 
exhibit oscillatory 
activity?
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Gutierrez-Barragan et al., Current Biology 2019



Brain state exhibit oscillatory dynamics

60 s

Gutierrez-Barragan et al., Current Biology 2019



CAP 1 CAP 2 CAP 3 CAP 4

fMRI states exhibit gradual assembly and disassembly 

1 frame = 1,2 s



Brain state exhibit oscillatory dynamics

30

CAP power spectra 
Global fMRI signal 

power spectra

25
Gutierrez-Barragan et al., Current Biology 2019



Mouse brain states occur at specific phases of global fMRI signal 
oscillation

60 s

26
Gutierrez-Barragan et al., Current Biology 2019



fMRI functional states act as coupled oscillators
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Interim conclusions (1) 

28

Oscillatory brain states govern spontaneous 
rsfMRI network dynamics



rsfMRI network activity is disrupted in brain disorders

Zhao et al., frontiers nhum, 2013
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rsfMRI overconnectivity in a genetic models of autism (CHD8 haplo-insufficiency) 

30



Altered brain state topography in a genetic mouse model of autism
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CHD8 mutants exhibit rsfMRI functional over-connectivity 

32
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Can these alterations 
be explained by CAPs?
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Atypical brain states may be implicated in rsfMRI over-connectivity in CHD8 
mutants 
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rsfMRI seed-correlation 
Chd8+/- > Chd8+/+ 

S
S

-H
C

P
1

S
S

-H
C

P
2

S
S

-H
C

P
3

S
S

-H
C

P
4

-0 .1 5

0 .0 0

0 .1 5

0 .3 0

0 .4 5 C A P  4  re g re s s io n

r

*
*
*

S
S

-H
C

P
1

S
S

-H
C

P
2

S
S

-H
C

P
3

S
S

-H
C

P
4-0 .1 5

0 .0 0

0 .1 5

0 .3 0

0 .4 5

0 .6 0 C A P  5  re g re s s io n

*
*
*

S
S

-H
C

P
1

S
S

-H
C

P
2

S
S

-H
C

P
3

S
S

-H
C

P
4-0 .1 5

0 .0 0

0 .1 5

0 .3 0

0 .4 5

0 .6 0 C A P  6  re g re s s io n

*
*
*

Chd8+/+

Chd8+/-

Gutierrez-Barragan et al., Current Biology 2019



HCP

SS1

Chd8+/-Chd8+/+

BOLD (A.U)

34

1 frame = 1,2 s

Altered regional BOLD dynamics in CHD8 mice at specific states 



Oscillatory brain states 
govern spontaneous 

rsfMRI network dynamics

Atypical brain states can 
explain FC aberrancies in 

models of ASD

S
S

-H
C

P
1

S
S

-H
C

P
2

S
S

-H
C

P
3

S
S

-H
C

P
4-0 .1 5

0 .0 0

0 .1 5

0 .3 0

0 .4 5

0 .6 0 C o rre la t io n  to  S S

r

*
*
*

S
S

-H
C

P
1

S
S

-H
C

P
2

S
S

-H
C

P
3

S
S

-H
C

P
4-0 .1 5

0 .0 0

0 .1 5

0 .3 0

0 .4 5

0 .6 0 C A P  1  re g r e s s io n

CAP 1

Neural 
drivers of 

CAPs?

Where, When, and How FC 
differences in ASD occur? 

35

Interim conclusions (2) 



Comparable state anti-State configuration also found in the human brain



Conclusions 

 fMRI dynamics can be mapped with voxel-resolution in 
the mouse 

 Oscillatory fMRI states govern rsfMRI dynamics and 
can explain rsfMRI “connectivity” disruption

 States topography shaped by ascending modulatory 
activity
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