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How is EEG generated ? 



Dipoles 



Simulation neural oscillations 

 

 

In large-scale oscillations (EEG), amplitude changes are  considered 
to result from changes in synchronization within a neural ensemble, 
also referred to as local synchronization. 
Neural ensembles can generate oscillatory activity endogenously 
through local interactions between excitatory and inhibitory neurons. 

http://en.wikipedia.org/wiki/Neural_ensemble
http://en.wikipedia.org/wiki/Endogenous


Large-scale synchronization 

Synchronized activity (by phase reset, 
with higher amplitudes as a result) in 
large-scale neuronal networks has 
been linked to perception, cognitive 
functions and behavior. 
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    Van Straaten E.C.W., 2014 

                       NORMAL                                                                 AD 

With respect to topography in the antero-posterior direction, sources of alpha 

and beta activity shifted more anteriorly in AD patients compared to both the 

controls and MCI subjects. No significant difference was found between MCI 

and controls. Combined alpha and theta GFP were the best discriminating va-

riables between AD patients and controls (84% correct classification) and AD 

and MCI subjects (78% correctly classified) (Huang C., 2000). 



Integration of multiple biomarkers (1st year) using logistic 

regression predicts Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 

We clearly see that the combined outcome is better than the classification using 

the individual biomarkers. 1. Peak width of dominant beta peak; 2. Range of 

amplitude values in beta (13–30 Hz); 3. Bandwidth of subject-specific beta 

frequency; 4. Ratio between theta and alpha power; 5. Alpha relative power 

(normalized with 1–45 Hz broadband); 6. Amplitude correlations with Cz in beta 

(13–30 Hz). 

SE.Sensitivity; SP.Specificity; PPV. 

Positive predictive value; MCC. 

Matthews Correlation Coefficient; 

AUC.Area under the receiver 

operator curve. 



Integration of multiple biomarkers (1st year) using logistic 

regression predicts Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 

SE.Sensitivity; SP.Specificity; PPV. 

Positive predictive value; MCC. 

Matthews Correlation Coefficient; 

AUC.Area under the receiver 

operator curve. 

The retrospective testing on first-year data using the classifier model trained on 

the second-year data gave a SE of 92%, 85% SP,79% PPV (MCI-stable, n = 39; 

ADconvert, n = 25), which indicates that even at this very early stage differences 

between AD-converters and MCI-stable can be identified. 

 1st EEG 



Integration of multiple biomarkers using logistic regression 

predicts of Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 



 Integration of multiple biomarkers using logistic regression 

        predicts of Alzheimer’s disease at the MCI stage.  

                                Simon-Shlomo P., 2013 

Topograms based  

on 2nd EEG 



Integration of multiple biomarkers using logistic regression 

predicts of Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 

Apart from relative alpha power and the theta/alpha power 

ratio, which may reflect early changes toward the well-

known slowing of the EEG in AD, our optimal set of biomar-

kers is derived from the beta frequency band (13–30 Hz). 

 

Beta-band changes have previously been observed in 

Alzheimer’s disease, e.g., by a more anterior distribution 

(Huang et al., 2000). The larger width of the beta peak and 

bandwidth could potentially be linked with a less stable beta 

frequency, and, therefore, also a less efficient working me-

mory (Kopell et al., 2011).  

 

Hyperexcitability of the cortex has also been observed in AD, 

which our finding of higher beta frequency also suggests. 

 



    Relationship between hippocampal hyperactivity and 

    cortical thinning (structural MRI) in clinically normal and   

                              MCI older adults (61-83 y.) 

                                        Putcha D., 2012  
 

Hippocampal hyperactivity showed a significant 
association with thinner cortex, specifically in the 
precuneus and lateral temporoparietal cortices. This 
cortical pattern of thinning has been observed in 
AD dementia, prodromal AD, and in presymptoma-
tic amyloid-positive individuals. There is evidence 
from functional and anatomical connectivity work 
linking the MTL to these regions of the neocortex. 
Furthermore, this specific network has been implica-
ted in playing a crucial role in episodic memory 
formation and has been implicated as being targe-
ted by the neurodegenerative process of AD. 
 

 

 

   



ROI-restricted thickness correlation map of hippo-

campal activation and cortical thickness  with an 

AD signature mask. 



 

 

   Levetiracetam and hippocampal activity in MCI 
                                                   Bakker A., 2012 
 

 

Greater hippocampal activation in MCI relative to the control group was isola-

ted to the DG/CA3 region consistent with earlier studies.  

 

Treatment with low dose levetiracetam (125 mg BID, 2 weeks) significantly redu-

ced that excess activity (fMRI), such that hippocampal activation in 17 patients 

on drug did not differ from 17 age-matched control subjects. 

 

Additionally, drug treatment significantly improved 3-choice recognition perfor- 

mance. Memory errors attributable to DG/CA3 dysfunction, which differed be-

tween the groups when MCI subjects were on placebo, were significantly redu-

ced by levetiracetam.  

 

Mechanisms tied to AD amyloid pathology demonstrate that fluctuations in neu-

ral activity dynamically regulate levels of A-beta in the interstitial fluid (Bero et 

al., 2011). Such findings support the regulation of neural activity as a possible 

therapeutic modality to modify disease progression.  

 

 



The lure items in the memory task are designed to assess the balance of pattern 

separation and pattern completion mediated by the DG/CA3. In memory-

impaired aged rats with excess CA3 activity, the CA3 pyramidal neurons activate 

representations tied to prior experiences and fail to encode distinctive represen-

tations for new information, indicating a shift in network function toward greater 

pattern completion and diminished pattern separation (Wilson et al., 2006). A 

similar condition in humans would be expected to produce more errors with lures 

incorrectly identified as repetitions of prior items rather than correctly identified as 

similar but distinctive, only sharing features with prior items in the task. We found 

this specific profile in the aMCI patients. 





A Perfect Storm: Converging Paths of Epilepsy and 

Alzheimer's Dementia Intersect in the Hippocampal 

Formation                                           Noebels J.L., 2011 

 

 

When active inhibitory mechanisms fail early, the resulting 

disinhibition may destabilize network oscillatory activity at 

formative stages of AD.  

Critical new evidence implicating cellular hyperexcitability, 

hypersynchronous circuit activity, extensive rewiring of hip-

pocampal networks, and subclinical  temporal lobe“silent” 

seizures identified in validated mouse models of AD implica-

tes a new level of circuit-based pathophysiology that could 

lead to the appearance of epilepsy and further aggravate 

memory loss. 
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Z-score coherence 



               Hippocampal atrophy and  interhemispheric 

                              hypercoherence in MCI                            

                                       Moretti D.V., 2011 
 

In MCI subjects, hippocampal atrophy is linked to an increase of inter-
hemispheric coherence seen on frontal (delta) and – earlier - temporal 
(delta, theta, alpha) regions.  

  

An increase of neuronal excitability could explain the increased temporal 
functional coupling. 

 

This hypothesis could receive a support from studies demonstrating a dys-
regulation of inhibitory GABA-ergic system following the hippocampal 
atrophy. 

 

Through the hippocampal commissure, the increase of excitability could 
spread over the two hemispheres. Our results confirm this view because 
the increase of coherence between temporal regions is present only in 
the MCI subjects with the greater hippocampal atrophy. 

  

 



 

 



 

 

A decrease of fronto-parietal coherence cha-

racterized MCI with hippocampal atrophy. 

 

A possible explanation is that the increase of 

excitability in medial  temporal areas subse-

quent to the hippocampal atrophy creates a 

sort of “temporal areas wall” impairing the 

long-range, fronto-parietal functional con-

nections within each hemisphere.  





Limitations of scalp EEG 

 Scalp electrode EEG activity is contami-
nated by far-field generators by volume 
conduction. 

 Reference problems prevent exact loca-
lization and make phase/coherence calcu- 
lations ambiguous. 

 Blurring of the signal by the skull 
(solution: Laplacian montage). 

 Coherence inflation by phase delay = 0 
volume conduction (solution: lagged 
phase synchrony; phase lag index). 





 i 



Inverse solution: two reasons 

 Solving ambiguity of scalp problem of 
volume conduction and reference 

 Electrical Neuro-Imaging 







Inverse solution 
 Neuroanatomical constraints: cortex 

 Electrophysiological constraint: 40-200 
mm2 cortical area is needed to produce a 
well-defined potential at the scalp 

 Electrophysiological constraint: electrical 
activity mostly occurs in a whole Brod-
mann area (88 BAs) 

 LORETA: distributed solution of dipoles 

 Laplacian operator: 2nd spatial derivative 
= current density 

 Validation with EP and with fMRI, DTI 
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The main advantage of the regional 
analysis of LORETA solutions is that 
this modelling can disentangle 
rhythms of contiguous cortical 
areas. 

 

Reference free: unambiguous loca-
lization and unambiguous phase/ 
coherence calculations.  
 









Early AD 

A. Lateral PFC                    B.L Temporal-R.Parietal 



L TEMP.-R PF       L ANTEROTEMP.-R CENTR. 



Knyazeva M.G., 2010  

 

MPS (multivariate phase synchronization) measures the degree of 
phase synchronization within a multivariate time series and allows 
synchronization mapping in spatially extended systems. 

 

In early AD, whole-head mapping reveals a specific landscape of 
synchronization characterized by a decrease in MPS over the 
fronto-temporal region and an increase over the temporo-
parieto-occipital region predominantly of the left hemisphere.  

 

These features manifest themselves through the EEG delta–beta 
bands and discriminate patients from controls with an accuracy 
of up to 94%. Moreover, the abnormal MPS in both anterior and 
posterior clusters correlates with the MMSE score, binding regional 
EEG synchronization to cognitive decline in AD patients. The MPS 
technique reveals that the EEG phenotype of early AD is relevant 
to the clinical picture and may ultimately become its sensitive 
and specific biomarker. 





   
      NORMAL                    AD 

     ALPHA2 PHASE LAG INDEX 

   Van Straaten E.C.W., 2014 



 

 
 

 
Hyposynchronized clusters  in the temporal and prefrontal cortices.  

 

Lateral: superior, middle, and medial frontal gyri bilaterally and the left 
inferior and middle temporal gyri.  

 
Medial temporal lobe: the uncus bilaterally and the left parahippocam- 

pal gyrus together with the left fusiform gyrus. The medial hemispheric 

surfaces were affected symmetrically. 
 

 

 

Knyazeva M.G., 2013  



 

Hypersynchronization in posterior clusters located on the medial, basal, 
and lateral surfaces of both hemispheres, with the largest network on the 

right hemispheric convexity. 

This R cluster spread from the right inferior and middle occipital gyri pos-

teriorly, covering a significant part of the lateral temporal territories.  

The L cluster was limited to parietal (SMG) and lateral temporal. 
 

In the medial surface hypersynchronized networks covered the posterior 
cingulate gyrus, precuneus, and cuneus.  

 

On the basal surface they were found in the lingual, right fusiform, and 
right parahippocampal gyri.  

 

 

 

 
 



2-phase scenario for the evolution of FC with AD progression 

 

Increased EEG synchronization is characteristic of early and 

possibly preclinical AD, and is the result of a loss of inhibitory 

interneurons. With progression, ongoing degradation of ana-

tomical connectivity ultimately results in hyposynchronization.  

 

Increased EEG synchronization is a manifestation of the hy-

poactive state of a region in early AD. The clinical significan-

ce of this possibility is that the earliest EEG signs of preclinical 

AD may be hypersynchronization in the posterior cortex (la-

teral and medial parietal and posterior cingulate cortices, 

extending into lateral occipital and medial temporal regions). 

This is a very early event observed at a preclinical stage, 

when neither cognitive deficits, nor cerebral atrophy are de-

tected. 

 

 



The networks with decreased intraregional synchro-

nization are in the lateral and medial temporal re-

gions including parahippocampal and fusiform gyri 

of the left hemisphere and the uncus, which is 

affected early in AD. 

 

The asymmetry of hyposynchronization with greater 

effects in the left hemisphere is mirrored by a com-

parable spatial pattern of demyelination of juxta-

cortical white matter (U-fibers). 

 

 



Continuous linebelow, dashed lineabove the 

estimated cutoffs:  

2.57 for temporal delta LORETA current density, 

2.07 for Fz–Pz delta log coherence,  

and 2.62 for Fz–Pz gamma log coherence. 
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Changes in the neural process generate modifications in the measured brain 
activity (univariate analysis, abstraction level 1).  
FC (bivariate analysis, abstraction level 2) applies to the measured brain 
signals. 
Graph modelling (multivariate analysis, abstraction level 3) applies to FC. 



 

 

NETWORK (GRAPH) TOPOLOGY 





 The clustering coefficient C is a measure of the local connectedness 

of a graph. It can be defined as the number of edges present 

between the neighbors of a node divided by the total possible 

number of edges between the neighbors. Normalized C: gamma 

 Path length L is the number of edges in the shortest path between 

two nodes. Nomalized L: Lambda 

 Node degree k is it’s number of connections 

 Network degree K is the average degree of all nodes 

 Small worldlness sigma = gamma/lambda. Small world if > 1 





INTEGRATION 

. SEGREGATION RANDOM 



 

 
 

STAM C.J., 2007 
Average reference 

SL (synchronization likelihood) 





Both groups showed small-world properties. 

 

AD patients exhibited longer characteristic path length, Lp, 

over a wide range of thresholds. 

 

There was no significant difference observed in the cluster 

coefficient, Cp, between the two groups.  

 

Significant negative correlation between MMSE score and 

network path length of all the subjects. 

 

These results suggest a disruption of small-world organization 

in the brain functional networks in AD. 





Network topology in MCI 
Xu P., 2004 

   REST (reference electrode                     Average reference 

   Standardization technique) 

      IR (infinite reference) 



Network topology in MCI 
Xu P., 2004 



Network topology in MCI 
Xu P., 2004  

 

 

 

 

 

 

 

 

 

 

 

Gomez C., 2009 

Coherence mean values were lower in the MCI group than in control 
group at all frequency bands (delta, theta, alpha-1, alpha-2, beta, 
and gamma). The highest accuracy (69.8%) was achieved in the 
beta band. 

 



Network topology in MCI 
Xu P., 2004 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The classification Acc using the Mcoh (mean coherence) is 75%-85%. 

90% Acc was achieved when the network features in the alpha2 band were 
adopted.  



Network topology in MCI vs. mAD 
Lu C.F, 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The disruptions of network integrity 
and reductions of network efficiency 
in mAD characterized by  
 
lower degree,  
decreased clustering coefficient, 
higher shortest path length,  
reduced global and local 
efficiencies  
 
in the delta, theta, beta2, and 
gamma bands are evident. 



 

Network topology in MCI vs. mAD 
19 ch. EEG source reconstruction 

Lu C.F, 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Network topology in MCI vs. mAD 
Lu C.F, 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bilateral medial orbitofrontal cortices (MOF) exhibited 
increases in nodal strength S (weighted degree) in the 
theta and delta bands for mAD. Theta activity, which 
arises from the hippocampus and oscillates with medial 
frontal and cingulate cortex, is associated with memory 
functions. This result suggested that the mAD patients 
have stronger functional connectivity related to the bila-
teral medial orbitofrontal regions in the low-frequency 
fluctuations, which may be compensation to the disrupt-
tion to the hippocampus-related connectivity. 
 
In contrast, the right parahippocampus exhibited reduced 
nodal strength in the delta band for mAD. The decline of 
the nodal strength in parahippocampus gyrus may sug-
gest the impairment of memory encoding and retrieval in 
mAD patients. 



Network topology in MCI vs. mAD 
Lu C.F, 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Significant increases in nodal shortest 
path length for mAD were found in 
several central regions (preC and postC), 
right middle frontal (CMF), and right 
inferior frontal regions (PT and PO) in 
addition to the bilateral parietal and 
occipital regions in the higher frequency 
bands, namely, the beta2 and gamma 
bands.  
 
The increased nodal shortest path length 
of a node indicated larger separations be-
tween it and other nodes in the network, 
suggesting that the costs for information 
transmission and integration were expen-
sive in mAD compared with aMCI. 



Network topology in MCI vs. mAD 
Lu C.F, 2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nodal efficiency quantifies the importance of a node for 
communication within the network. 
For nodal efficiency, significant alterations between 
mAD and aMCI groups were observed in different cortical 
regions in the delta, theta, beta2, and gamma bands. 
 
In the low-frequency delta band, regions with significantly 
reduced nodal efficiency in mAD mainly distributed in the 
right hemisphere, covering right inferior frontal (POP, PT, 
and PO), temporal (paraH, insula, ST, TT, and EC), parie-
tal, and occipital regions. The delta waves of EEG have 
been reported to be characterized by right lateralization 
focused on the thalamus-connected frontal, parietal and 
temporal cortices. 
The distributed regions with significantly decreased nodal 
efficiency lateralized to the right hemisphere in the delta 
band may reflect the disrupted connections between the 
thalamus and multiple cortical regions.  
 
In the high-frequency beta2 band, regions with reduced 
nodal efficiency in mAD mainly located in bilateral parie-
tal, temporal, occipital regions, and right frontal regions. 
Two limbic regions (PC and IC) also exhibited significant 
reduction of nodal efficiency in the beta2 band for mAD. 
 



 

 

 

 

 

 

Stam (2009) further demonstrated that the AD-related network changes in 
the lower alpha could be better explained by a “Targeted Attack” model 
(assuming that edges connecting high-degree nodes are more vulnerable 
than others, causing their weight to be reduced first) instead of a “Random 
Failure” model (assuming that network changes are due to a random 
decrease in the strength of all edges). His modeling analysis suggests that 
those highly connected brain network “hubs” (e.g., association cortex 
regions/DMN) might be especially at risk in AD. 

 

 

The connectivity account would play an important role in revealing the 
transneural spread of misfolded proteins through neural networks in neuro-
degenerative disease. The multimodal association areas, which have a 
striking overlap with the default mode network, have the highest level of 
connectivity, and are the most electrically active. 

 

 

In line with this view, the metabolism hypothesis (MH) has been proposed, 
which suggests that changes in the default mode network (DMN, the 
ongoing low-frequency fluctuations during resting state between the 
anterior and posterior cingulate cortex as well as the precuneus) stimulate 
an activity-dependent or metabolism-dependent cascade that promotes 
the development of the AD pathology.  

 

 

 









 

Hyperactive neurons are observed near amyloid 

plaques in animal models and in humans, connec-

tivity hubs overlap the anatomy of A-β deposition. 

Abnormal DMN activity discriminates between Mild 

Cognitive Impairment (MCI), AD and controls, and 

predicts AD conversion. Thus, default connectivity 

seems to be a promising approach to reveal novel 

mechanisms leading to AD. 

 

Early-stage, transient rises of firing rate and functio-

nal connectivity in AD matches observations in pre-

clinical AD patients, suggesting that this chain of 

events is not compensatory but pathological. 



Task increases (red) and decreases (blue) from a simple word classification 

task referenced to a passive baseline task. 



A new reformulation of the Hebbian principle:  

‘not only neurons that fire together wire together 

but also neurons that wire together die together’ 

As the disease progresses the plaques move to other specific areas lower in the 

brain, as though they are following specific pathways.  These cues suggest that 

the disease is moving by electrical activity through specific neuronal pathways, 

connecting one area to the next, driving new pathology. 



           Activity Dependent Degeneration (ADD) 
                                              de Haan W., 2012 



Figure 5. Effect of ADD on functional connectivity and network topology. 

de Haan W, Mott K, van Straaten ECW, Scheltens P, Stam CJ (2012) Activity Dependent Degeneration Explains Hub Vulnerability in 

Alzheimer's Disease. PLoS Comput Biol 8(8): e1002582. doi:10.1371/journal.pcbi.1002582 

http://127.0.0.1:8081/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1002582 

http://127.0.0.1:8081/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1002582




 STAM C.J., 2014 NETWORK CHANGES IN AD 



 



 





          RS-FMRI AND EEG WHOLE-BRAIN  

                        CONNECTOMES 
Deligianni F., 2014 





 

 

 

The results indicate that in this spatial resolution (1-

2 cm) the information carried in the EEG signal is 

richer than the averaged hemodynamic activity. 

In this context, the question of which EEG band 

represents best the fMRI is not important; any EEG 

band can provide similar connectivity information. 

This implies that scalp EEG can be used to provide 

similar information to resting state fMRI based 

connectomes at substantially reduced cost while 

providing much greater possibilities in dynamic 

information content. 

These findings are consistent with the concept of 

nested oscillations and cross spectral coupling 

often found within EEG. 

 



 



eLORETA FC in schizophrenia-like psychosis of epilepsy: 

Increased beta2 (21-30 Hz) FC in R frontotemporal circuits 

Canuet L., 2011 

 



         FUNCTIONAL CONNECTIVITY (LORETA) IN PSYCHOSIS IN TLE 

                                                 Canuet L., 2011 

 

For functional connectivity analysis, a “whole-brain Brodmann areas 
(BAs)” approach is used, selecting all 42 BAs in each hemisphere as 
regions of interest (ROI). The anatomical definitions of BAs provided by 
eLORETA software package are based on the Talairach Atlas 
(http://www.talairach.org/).  

For the analysis of connectivity between pairs of BAs, a method using a 
single voxel at the centroid of each BA was chosen. This procedure is 
justified because eLORETA has a low spatial resolution, which makes it 
unable to separate two closely spaced sources, and additionally, the 
single centroid voxel (the closest to the center of the BA mass) is an 
excellent representative of the corresponding BA.  

Overall, 5166 tests were performed by eLORETA to compare all connec-
tions between 42 BAs (861 connections) for each of the six frequency 
bands (861×6 = 5166). 

 



 

 

                         Transgenic mice                                            
                                                  Goutagny R., 2013 

 

We therefore assessed whether theta and gamma oscillations and their cross-
frequency coupling, which are known to be essential for normal memory 
function, were altered precociously (before Aβ overproduction) in the hip-
pocampus.  

 

1-month-old TgCRND8 mice showed robust alterations of theta-gamma cross-
frequency coupling in the principal output region of the hippocampus, the 
subiculum. 

Compared to controls, these mice expressed negligible levels of Aβ. Finally, 
these network alterations were not due to genetic factors as 15-day-old 
animals did not exhibit theta-gamma coupling alterations.  

 

Thus, initial alterations in hippocampal network activity arise before Aβ 
accumulation and may represent an early biomarker for AD. 

 

 

 

 



                                                    

                                         Transgenic mice 
                                                    Wulf P., 2008 

 

We generated genetically modified mice (PV-Δγ2) in which synaptic 
inhibition was ablated in parvalbumin-positive (PV+) interneurons. 

 

These data indicate that synaptic inhibition onto PV+ interneurons is 

indispensable for theta-activity and its coupling to gamma oscillations 

but not for rhythmic gamma-activity in the hippocampus. 

 

Such cross-frequency coupling may aid the execution of cognitive func-

tions such as working memory. 

Fast synaptic inhibition shapes both theta and gamma oscillations and 

could also control cross-frequency coupling. 

 

 



Cross-frequency coupling between distinct brain rhythms facilitates the 

transient coordination of cortical areas required for adaptive behavior 

in humans. 





Gainotti L.R.R., 2007 

 

 

 

 

Differences between mild and mode- 

rate AD patients, and controls 

 

 

 

 

 

 

 

 

Correlations between MMSE scores  

and LORETA current density in the  

two EEG frequency bands with signi- 

ficant correlations 

 

 



Rivastigimine 3 months 

Gainotti L.R.R., 2008 

 

 

 

 

 

 

Left fronto-parietal regions, bilateral posterior cingulate cortex and 
precuneus , bilateral parahippocampal regions and hippocampus. 



Rivastigimine 3 months 

Gainotti L.R.R., 2008 

 

 

 

 

 

 

Our data showed a significant correlation in the alpha1 band between the 
differences in the cognitive functions measured with MMSE during the 
two sessions and LORETA-computed intracortical activity in the left insula,   
indicating better cognitive performance with increased alpha1 current 
density. L Insula is part of circuit involved in verbal memory. 



The most significant finding of this module study is the interrupted 
integration of insula module in AD group. Anatomically, the insula is a 
crucial hub in the human brain network; it is widely connected to the 
cortical, limbic, and paralimbic structures. Functionally, it is involved in 
high-order cognition, emotion, autonomic, and sensory process (Naqvi et 
al., 2007; Allen et al., 2008). The previous study has shown that the insula 
was affected in AD and its atrophy was significantly decreased from the 
normal population (Fan et al., 2008). The seed-based functional 
connectivity of the insular regions was discovered to be significantly 
decreased in the regions that functionally connected with insula. This 
disruption was associated with episodic-memory deficits in aMCI patients 
(Xie et al., 2012). Our results are not only consistent with these previous 
findings, they indicate a disruption between the insula and other brain 
regions. Also, we detected the breakdown of the insula module in the AD 
group, which is a possible neural underpinning of AD dementia. 



Alpha1 rhythms (8–10 Hz): synchronization of diffuse 
neural networks regulating the fluctuation of subject's 
global awake and conscious states;  

 

Alpha rhythms (10-12 Hz): synchronization of more se-
lective neural networks specialized in the processing of 
modal specific or semantic information (Klimesch, 1999; 
Pfurtscheller and Lopes da Silva, 1999).  

 

When the subject is engaged in sensorimotor or cognitive 
tasks, alpha and beta1 (12-20 Hz) rhythms reduce in 
power (i.e. “desynchronization or blocking”) and are re-
placed by fast EEG oscillations at beta2 (20-30 Hz) and 
gamma (>30 Hz) rhythms. 



It can be speculated that in the resting state eyes-closed 
condition, the EEG source markers of MCI and of the 
disease progression along 1 year would reflect an abnor-
mal tonic desynchronization of the alpha1 rhythms, sug-
gesting an exaggerated and unselective activation of 
brain networks underlying cortical arousal. Effective cog-
nitive processing is expected to stem upon the selectivity 
and flexibility of the excitation and inhibition across brain 
neural networks during both resting state condition and 
task demands.  

 

In the MCI progression, this abnormality would be asso-
ciated to an abnormal tonic desynchronization of the 
alpha2 rhythms indicating a worsening of the selective 
neural networks specialized in the processing of modal 
specific or semantic information.  



 
 
 
It can be speculated that in the resting state eyes-closed 
condition, the EEG source markers of the AD state and 
disease progression would reflect an abnormal enhance-
ment of the pathological EEG slow-frequency rhythms 
(i.e., delta and theta) in the temporal, parietal and occi-
pital areas as a cortical “disconnection mode” impinging 
upon thalamo-cortical circuits. 



 

 





Babiloni C., 2013 



Inverse solution 



                                    Sheer D.E., 1989 

The Alzheimer patients were markedly lower on cognitive evoked gamma (35-45 

Hz) activity, as compared with the normal geriatric, multi-infarct, and depression 

groups.  

Predictive efficiency of individual cases, differentiating early Alzheimer patients 

from normal geriatrics, multi-infarct, and retarded depression patients, was 80 to 

90 percent.  



 It is now well documented  

 

 

 

 

 

 

 

 

 

It is now well documented that AD patients and animal models of AD 

exhibit reorganization of hippocampal and cortical networks. This reor-

ganization is initiated by an early imbalance between excitation and 
inhibition, leading to altered network activity. The mechanisms underly-

ing these changes are unknown but recent evidence suggests that 

either soluble amyloid-beta (Aß) or fibrillar forms of Aß are central to 

various network alterations observed in AD. However, recent evidence 

also suggests that Aβ overproduction in animal models is not systemati-
cally linked to network overexcitation. We hypothesize here that early 

changes in the excitation-inhibition balance within the hippocampus 

occurs much earlier than currently believed and initially produces only 

slight changes in overall hippocampal activity. In this review, we introdu-

ce the concept according to which the subtle changes in theta and 
gamma rhythms might occur during the very first stages of AD and thus 

could be used as a possible predictor for the disease. 





1st derivative 
Ampère= flow of 
coulombs (charges) 
per seconde 
 
 
Electrical Field 
V = IR  
(Ohm’s Law) 



Integration of multiple biomarkers using logistic regression 

predicts of Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 

A recent suggestion for a potential improvement of 

Alzheimer’s disease symptoms is transcranial direct 

current stimulation (tDCS) (Hansen, 2012).  

 

tDCS increased theta and alpha oscillations toge-

ther with improved working memory performance. 

These effects may be caused by altered GABA 

concentration within the stimulated cortex, and 

potentially by an adjustment of the excitatory/inhi-

bitory balance, which is disturbed in Alzheimer’s 

disease. This balance may be directly linked to EEG 

biomarkers that have been shown sensitive to Alz-

heimer’s disease. 



Integration of multiple biomarkers using logistic regression 

predicts of Alzheimer’s disease at the MCI stage.  

                                  Simon-Shlomo P., 2013 

As in AD, GABAergic cortical inhibitory interneurons play a 

role in the disease’s early stage, modulation of these inter-

neurons by tDCS is a possible disease-modifying mechanism. 



ONOO 

Reducing Nav1.1 (sodium channel subunit) levels specifically in inhibitory 
interneurons improves oscillatory rhythms, network synchrony and memory 
in AD mice, offering a new therapeutic approach for potentially treating 
cognitive disorders (Verret L. , 2012).  


