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PET/SPECT fMRI M-EEG 

Available modalities!



Mapping of neuronal 
Networks  Chronometry 

PET-­‐SPECT	
  

Indirect information about 
neuronal activity via 

neuro-vascular or metabolic coupling	
  

Available modalities!



False positive or negative activation(s) 

Available modalities!



fMRI!



Electro-magnetic measurements!

Electro-encephalography 

Direct measure of electro-physiological activity of neuronal populations 

Post-synaptic potential (PSP) Macroscopic 
current dipole 

Sum of synchronous PSPs 

Magneto-encephalography 

Detectable magnetic fields mainly 
generated by tangential dipoles. 

MEG records the variation of fissural cortical activity 

[Hamalainen et al. Rev.Mod.Phys. 1993]  



MEG!
Brain electric activity 
(spontaneous oscillations, response to stimuli, …) 

S	
  

Forward model 
(head model + 
Maxwell’s equations) 

Macroscopic magnetic field 

Whole-head 
sensor helmet 

Magnetometer × 102 

Planar gradiometer × 204 

Magnetic 
shielded room 
+ active 
compensation 
system 

Signal source  
separation 

MEG-MRI  
co-registration 

DATA ANALYSIS: 
-  Preprocessing 
-  Source reconstruction 
-  Localization… 
-  Dynamics… 

sLoreta
Equivalent Current Dipole 
Minimum Norm Estimates, dSPM, sLORETA  
Beamformer, DICS, … 



MEG & EEG!

Both modalities have their advantages and inconveniences. They should be viewed as complementary methods. 

-  Temporal resolution ~ 1 ms 
-  Direct measure of macroscopic electric brain 

activity 
-  Good realistic forward models (BEM, …) 
-  Source reconstruction methods not unique 

-  ECD, MNE, Beamformer, … 

-  Temporal resolution ~ 1 ms 
-  Direct measure of macroscopic electric brain 

activity 
-  Good realistic forward models (BEM, …) 
-  Source reconstruction methods not unique 

-  ECD, MNE, Beamformer, … 

-  MEG signal less deformed by in-homogeneities in 
head conductivity, cleaner signal 

-  Better source reconstruction and localization 
-  High-density helmet easy to use 

-  EEG signal strongly deformed by in-homogeneities 
in head conductivity 

-  In particular, traumatic brain injuries affect EEG signal 
-  Less precise source reconstruction and localization 
-  High-density EEG difficult to use 

-  Mainly sensitive to tangential dipoles 
-  limited to fissural activity 

-  MEG helmet not attached to subject’s head 
-  need quiet subjects 
-  HPI coils and movement compensation algorithm 

-  Sensible to external magnetic perturbations 
-  SSS preprocessing absolutely necessary 

-  Magnetic materials lead to strong artifacts 
-  radio-opaque wires, tracheotomy, nasogastric tubes, … 
-  Difficulties for post-surgical and DOCs patients 
-  Need to develop MEG-compatible devices! 

-  Sensitive to both tangential and radial dipoles 
-  not limited to fissural activity 

-  EEG electrodes attached to subject’s head 

-  Less sensible to background electric perturbations 

-  Less affected by such materials 

MEG	
   EEG	
  



MEG	
  data	
  analysis	
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disorders	
  of	
  consciousness	
  



Resting state and connectivity!
Simplest type of experimental set-up: 
subject at rest (not engaged in task or subject to specific stimuli) 
for 5 minutes, with eyes closed or open 

SPONTANEOUS BRAIN ACTIVITY or BRAIN NOISE 

Particularly suited to  
DOC patients 

This activity is not just random 
noise! 
 
The brain is a dynamical system 
composed of a large number of 
“simple” constituents (neurons) 
interacting through synaptic 
connections. 

A method to study this activity is to perform cortico-cortical 
functional connectivity analyses: evaluate dependency 
measures between sensors or reconstructed current dipoles. 

In general, resting state needs careful  
preprocessing and rejection of artifacts. 

 E.g. ICA for detection of artifacts due to heart  
 beating and eye blinks 

[Hansen et al. 2011] 



Resting state and connectivity!
An example of robust index assessing functional connectivity is synchronization. 

Many other measures of functional connectivity exist. Their choice depends on the 
questions and hypothesis under investigation. 
Other examples: temporal correlation, mutual information, Granger causality, … 

Examples of synchronization measures 

Synchronization is one of the major mechanisms leading to the emergence of 
ordered dynamics in many complex biological systems… 

Phase synchronization Generalized synchronization 

Linear or narrow-band oscillations (Fourier 
transform, coherence, phase-locking value, …)  

Non-linear dynamical systems (attractor reconstruction, 
metric continuity, synchronization likelihood, …) 

[Quian Quiroga et al.  
      Phys.Rev.E 2002] 



Resting state and connectivity!

Evaluation of pairwise functional connectivity  
determines a connectivity matrix representing  
a complex network. 

Statistical graph theory offers tools to study the 
structure of such network and characterize its 
functional architecture. 

clustering coef.= 0.32 
path length = 2.98 
small-worldness = 0.11 

cortico-cortical 

sensor-space coherence (α) Graph indices can be 
used to observe changes 
due to brain disorders… 

sensor-space weighted graph 

Full cortico-cortical connectivity analyses in source-space heavier and more 
difficult.  
The use of priors can help (seed-based connectivity maps, …). 



Resting state and connectivity!
Consistent resting state networks have been discovered and studied in fMRI. 

Resting state networks and correlation maps can be compared across various 
conditions, and the way brain disorders affect them can be assessed… 

Slow fluctuations of  
sources power time course 

Seed-based connectivity: 
temporal correlation Correlation map 

Those networks can also be used as priors for source-space synchrony analysis… 

LMPFC	
  
LFEF	
  

ρ	
  =	
  0.25	
  

LMPFC	
  
LPCC	
  

ρ	
  =	
  0.58	
  

α-band, MNE, rms (1sec) 

They can also be uncovered in MEG, showing their electrophysiological relevance. 
                 [de Pasquale et al. PNAS 2010; Brookes et al. PNAS 2011] 

Example of methodology 

LMPFC	
  

LPCC	
  

LMPFC	
  

LFEF	
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Sensory stimulations!
Visual evoked fields (checkerboard) 

Hashimoto	
  et	
  al,	
  1999	
  

95	
  ms	
  

160	
  ms	
  

120	
  ms	
  

Hashimoto	
  et	
  al,	
  1999	
  

Visual paradigms may be unsuited in DOCs 



Somatosensory evoked fields 
(tactile stimulation or peripheral 
nerve stimulation) 

Sensory stimulations!

Example: median nerve 

N20 

P35 

MI dipole strength due to median nerve stimulation of 
the stroke-affected hand positively correlated with 
neurological motor function scores 



Sensory stimulations!
Auditory evoked fields (pure tone, mismatch negativity) 

N100	
  

Example: 1 kHz pure tone 



Sensory stimulations!



Brain rhythm modulation!
Brain rhythm modulation: 
Towards the MEG detection of intentional brain activity 

∼	
  10	
  Hz	
   ∼	
  20	
  Hz	
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