
Building	
  The	
  Virtual	
  Brain	
  

Randy	
  McIntosh	
  
Rotman	
  Research	
  Ins8tute	
  -­‐	
  Baycrest	
  



Outline	
  
The	
  Virtual	
  Brain	
  

•  Theory	
  &	
  Architecture	
  
•  Applica8on	
  

– Brain	
  noise	
  
– Damage	
  

•  The	
  Art	
  of	
  Science:	
  My	
  Virtual	
  Dream	
  
– A	
  social	
  neuroscience	
  experiment	
  
– An	
  immersive	
  art	
  experience	
  



Ursus Wehrli “Kunst aufräumen” 

If	
  the	
  brain	
  is	
  a	
  network,	
  how	
  do	
  we	
  study	
  it?	
  



LGN Retina 

The Virtual Brain (TVB) 
takes a full brain network 
approach towards the study 
of brain dynamics.  



Rho, Jirsa & McIntosh, Brain Connectivity 2011 

Regions of increased correlation between 
coherence of n1 and n2 and the BOLD 
signal in n3 
 
Activity of n3 depends on its context, i.e. if 
n1 and n2 are coherent 

Criticality! 

Context	
  maJers	
  



Full	
  brain	
  networks	
  

•  Context	
  maJers	
  :	
  ac8vity	
  of	
  an	
  area	
  is	
  shaped	
  
by	
  ac8vity/interac8vity	
  of	
  other	
  regions	
  

•  Parameter	
  explora8on	
  approaches	
  in	
  allow	
  
for	
  an	
  intui8ve	
  understanding	
  of	
  network	
  
manipula8ons/interven8ons/pathologies	
  
rather	
  than	
  finding	
  the	
  “best”	
  model	
  
– This	
  the	
  philosophy	
  behind	
  The	
  Virtual	
  Brain	
  	
  



www.cocomac.org 

Thevirtualbrain.org	
  



Sanz Leon et al Front NeuroInformatics 2013 



Virtual	
  Brain	
  architecture	
  
WriJen	
  in	
  Python	
  (Open-­‐source	
  (GPL	
  v2))	
  
Scalable	
  and	
  modular	
  
Runs	
  on	
  Linux,	
  MAC	
  Os	
  and	
  Windows	
  
	
  

!

Sanz Leon et al Front NeuroInformatics 2013 



Thevirtualbrain.org	
  

Sanz Leon et al Front NeuroInformatics 2013 
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The	
  Virtual	
  Brain	
  (TVB)	
  
components:	
  modeling	
  choices	
  	
  

•  TVB	
  geometry	
  
–  region	
  based	
  modeling	
  
–  surface	
  based	
  modeling	
  

•  TVB	
  connec8vity	
  
–  global	
  coupling:	
  Connectome	
  
–  local	
  coupling	
  
–  space-­‐8me	
  structure	
  of	
  connec8vity	
  

•  TVB	
  neural	
  popula8on	
  models	
  
–  Firing	
  rate,	
  oscillatory,	
  generic	
  

•  TVB	
  monitors	
  
–  Local	
  Field	
  Poten8al	
  
–  EEG,	
  MEG,	
  sEEG	
  
–  fMRI	
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TVB	
  geometry	
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TVB	
  geometry	
  

•  MNI	
  brain	
  geometry	
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TVB	
  geometry	
  

•  region-­‐based	
  modeling	
  (N=30-­‐200)	
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TVB	
  geometry	
  

•  surface-­‐based	
  modeling	
  (N=1000-­‐140000)	
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TVB	
  connec8vity	
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TVB	
  connec8vity	
  

Two types of coupling 
 
- global: connectome, white matter tracts 
- local: neighborhood, grey matter 
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TVB	
  connec8vity	
  

•  local	
  versus	
  global	
  coupling	
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TVB	
  connec8vity	
  

•  global	
  coupling:	
  Connectome	
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TVB	
  connec8vity	
  

•  local	
  coupling:	
  surface-­‐based	
  modeling	
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TVB	
  connec8vity	
  

•  local	
  coupling:	
  surface-­‐based	
  modeling	
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Spiegler and Jirsa (NeuroImage) 2013 

TVB connectivity: local versus global coupling 

Connectome only 

Functional Connectivity Matrices increase of spatial extent 
of local couplings 
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TVB	
  connec8vity	
  
•  space-­‐8me	
  structure	
  of	
  connec8vity	
  

– no	
  8me	
  delay	
  for	
  local	
  coupling	
  
– 8me	
  delays	
  for	
  global	
  coupling	
  (default	
  speed)	
  

•  tract	
  lengths	
  	
  
•  Euclidean	
  distance	
  in	
  3D	
  



space,Cme1structure1of1connecCvity

34

TVB connectivity

Ghosh et al PLoS CB 2008

vendredi 4 juillet 14
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TVB	
  neural	
  popula8on	
  models	
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TVB	
  neural	
  popula8on	
  models	
  





Modeling	
  a	
  small	
  scale	
  network:	
  the	
  
neural	
  mass	
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Large scale equation of The 
Virtual Brain 

Short	
  range	
  input	
   Long	
  range	
  input	
  Popula8on	
  ac8vity	
  

I"E
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TVB	
  simula8on	
  algorithms	
  

•  determinis8c	
  algorithms	
  
– Euler	
  forward	
  
– Runge	
  KuJa	
  4th-­‐order	
  
– Heun	
  determinis8c	
  

•  stochas8c	
  algorithms	
  
– Euler-­‐Maruyama	
  
– Heun	
  stochas8c	
  (preferred!)	
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TVB	
  monitors	
  



TVB	
  monitors	
  

•  Raw	
  signals	
  from	
  neural	
  popula8on	
  models	
  
•  EEG	
  and	
  MEG	
  
•  Bold	
  
•  Stereotac8c	
  EEG	
  

Sanz Leon et al Front NeuroInformatics 2013 
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TVB	
  monitors:	
  state	
  variables	
  

•  Raw	
  signals	
  (LFP,	
  firing	
  rate)	
  
– all	
  state	
  variables	
  are	
  computed	
  and	
  can	
  be	
  saved	
  
– state	
  variables	
  are	
  model	
  dependent	
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TVB	
  monitors:	
  EEG	
  &	
  MEG	
  

15uV	
  

-­‐15uV	
  

0	
  uV	
  

400fT	
  

-­‐400fT	
  

0fT	
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TVB	
  monitors:	
  Bold	
  

Reduced Balloon-Windkessel model 
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TVB	
  monitors:	
  sEEG	
  

– sEEG	
  =	
  stereotac8c	
  EEG	
  

37	
  



Real data are fed into 
TheVirtualBrain to make a 
person’s own brain model 

Function 

Structure 
Modeled 

Original 

Connections 



Virtual	
  brain-­‐	
  data	
  fiing	
  

Ritter et al, Brain Connectivity, 2013 

Fitting of EEG wave forms 
through Stefanescu-Jirsa 
models 



What	
  have	
  we	
  learned	
  using	
  the	
  
Virtual	
  Brain?	
  

1.  Importance	
  of	
  noise	
  
2.  Impact	
  of	
  lesions	
  



Noise	
  is	
  needed	
  to	
  build	
  a	
  brain	
  

Here, we scale the connection strength and conduction 
velocity of the network to produce realistic activity 

(essentially have the model “grow-up”) 

Ghosh, McIntosh, Kötter & Jirsa, PLoS CompBiol, 2008 



PFCorb 

PFCvl 
PCM 

PCS 

CCA 

PFCdl 

“Exploring the 
dynamic 

repertoire” 
Optimal connection 

strength, 
conductivity and 

noise puts the 
system into a 

metastable state 
 

Ghosh, McIntosh, Kötter & Jirsa, PLoS CompBiol, 2008 

“Default mode 
regions” drive 

the system 
through 

instabilities 

Intrinsic Dynamics (Resting State) Model 



Brain’s Network 
Model 

DTI/ 
Tractography 

Dynamical Model 
of Local Brain area  

Structural  
Neuroanatomical 

link 

Simulated  
Neural Activity 

Simulated BOLD 
signal 

Model of Resting-State Activity 

Simulated Resting FC of BOLD Signals 
Vs. 

Empirical Resting FC of BOLD Signals 

BOLD 
Model 

Deco G , Jirsa V K J. Neurosci. 2012;32:3366-3375 
Deco, Jira, McIntosh, Trends in Neuroscience, in press 

 



Virtual Brain on the Edge: Exploration of the Dynamic Repertoire 

Spontaneous state	



multi-stable	


Attractor states	



Unstable spontaneous state causes 
noisy explorations of the dynamical 

repertoire of the cognitive states	



1st bifurcation	



2nd bifurcation	



V1 activation	
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Coupling strength	



Coupling strength	



Spontaneous state	



multi-stable	


attractor	



states	



unstable	


spontaneous	



state	



B A 

trivial spontaneous state	



Cognitive states	





Empirical	
  measurement	
  of	
  Brain	
  Noise:	
  
PCA	
  dimensionality	
  es8ma8on	
  increases	
  with	
  

matura8on	
  

McIntosh, Kovacevic & Itier, PLoS Comp Biol, 2008 

The brain gets 
noisier as kids 

mature 



Noisy	
  brains	
  have	
  more	
  stable	
  behaviour	
  

-0.6 -0.5 -0.3 -0.7 -0.6 -0.4 -0.6 -0.5 -0.3 

0.4  0.5  0.6 0.4  0.6  0.7 0.2  0.4  0.5 

Negative 
correlation 

between brain 
variability and 

stable RT 
(no correlation 
with mean RT) 

Positive 
correlation 

between brain 
variability and 

accuracy 

McIntosh, Kovacevic & Itier, PLoS Comp Biol, 2008 



Dynamic	
  consequences	
  of	
  a	
  lesion	
  
Lek	
  prefrontal	
  cortex	
  



Lek	
  Prefrontal	
  Lesion	
  

Functional Connections 

Normal Lesion 



TVB	
  model	
  of	
  Stroke	
  Recovery	
  

Left hemisphere stroke, Male 55yrs 



Consequences of Lesions 

Lesions may induce global changes in the pattern of network interactivity across a 
large network. 

Red = reduced interactions 
Blue = increased interactions 

Alstott, Breakspear, Hagmann, Cammoun, & Sporns, PLoS Comp Biol, 2010 



Where	
  do	
  we	
  go	
  next?	
  
•  Clincal	
  Applica8ons	
  

–  Track	
  &	
  facilitate	
  recovery	
  in	
  
Stroke	
  

–  Inform	
  in	
  pre-­‐surgical	
  
planning	
  

–  How	
  will	
  removal	
  of	
  diseased	
  
8ssue	
  affect	
  epilepsy	
  

–  Understand	
  brain	
  
s8mula8on	
  effects 	
  	
  

–  Why	
  does	
  deep-­‐brain	
  
s8mula8on	
  work?	
  



The	
  Virtual	
  Brain	
  

www.thevirtualbrain.org 
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Thank	
  you	
  

Thevirtualbrain.org 

Myvirtualdream.ca 
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Watch	
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