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ALZHEIMER’S DISEASE – a complex picture 

Sorry, I can’t 

remember that 

 episode… 

I can’t remember 

I’ve met that 

person before 

I’ve got lost 

near home… 

Genetics and molecular epidemiology Basic research 

Pathology 

A big gap exists that  

Neuroimaging can fill  



What can we measure? 

 
These are all INDIRECT measures of physical quantities which allow the 
macro-microscopic tissue structure and damage to be assessed 

“quantitative” MRI  

T1  
T2 
Diffusion tensor: mean diffusivity, 
anisotropy, fiber directionality,… 
Volumetrics 
fMRI 
Perfusion: CBF, CBV,MTT,… 
MT: MTR, qMT,…. 1HMRS 
•Etc… 

PATHOLOGICAL  

ABNORMALITIES 

MRI  – a powerful, non invasive tool for translational research in vivo   

MRI 



Baron et al., Neuroimage 2001; 14:298-309. 

(19 AD patients; 16 healthy controls) 

•MTL 

•Post cingulate 

•Precuneus 

•Temporo-parietal association cortex 

•Perisylvian neocortex 

•At lesser extent, frontal regions 

 

VOXEL BASED MORPHOMETRY – Regional GM loss 



AD < CTRLs 

Converter MCI patients 

Non-converter MCI patients 

MCI < CTRLs MCI < AD 

Converter MCI patients 

Non-converter MCI patients 

Bozzali et al., Neurology 2006; 67:453-460. 

(22 MCI patients; 22 AD patients; 20 healthy controls) 

VOXEL BASED MORPHOMETRY - Regional GM loss 



Correlations between regional GM volumes and NPS scores 

P corrected<0.05 

SVC mask 

15 Rey's word list Immediate  

Story recall 

15 Rey's word list Delayed 

Rey's Figure Delayed 

L R L R 

RH 

Serra et al., J Alzheimers Dis 2010: 19-147-159. 

VOXEL BASED MORPHOMETRY – Correlations with cognitive measures 



Serra et al., J Alzheimers Dis 2014; 38:391-402. 

VOXEL BASED MORPHOMETRY – Correlations with cognitive measures 



* FWE 

R 

Disinhibition 

Bilat. Cingulate gyrus 

Delusions 

R Hippocampus 

Serra et al., J Alzheimers Dis 2010;21:627-639. 

R Mid. Frontal gyrus 

A 

X=40 Z=56 Y=62 

B 

X=31 Z=30 Y=51 

R R R 

R R R 

Correlations between regional GM volumes and behavioural symptoms 

P FWE corrected <0.05 

VOXEL BASED MORPHOMETRY – Correlations with behavioural symptoms 





VOXEL BASED MORPHOMETRY – Correlations with cognitive measures 

Serra et al., J Alzheimers Dis 2014. 



Volumetrics 

Functional connectivity 

1 
2 

R 

GM loss 

1 

HS MCI AD 
2 

HS MCI AD 

PCC-driven maps 

3 
4 

R 

3 

HS MCI AD 

4 

HS MCI AD 
Gili et al., JNNP 2011; 82:58-66 

. 

Regional GM loss and Brain Disconnection 



DT MRI permits the measurement of 
water self-diffusivity and gives information 
about the size, shape and orientation of 
brain structures in vivo. 
 
FA quantifies how strongly directional the 
local tract structure is; it is related to 
axonal density, myelination and tissue 
organization, therefore it is an index of 
tissue integrity and structural connectivity. 
 
 The diffusion tensor encodes the principal 
direction fo diffusion in every voxel: this 
information can be used to reconstruc WM 
pathways in vivo 

axon 

myelin 

DT MRI & TRACTOGRAPHY 



HC > a-MCI > AD (linear decrease) 

Tract Based Spatial Statistics 
WM FA 

R R 

RH 

Skeleton 

WM 

L L L 

RH 

P corrected<0.05 

L & R Thalamus 
 
Splenium of the CC 
 
R Post Thalamic Radiation 
 
L Fornix 
 

Serra et al., J Alzheimers Dis 2010: 19-147-59. 



 The cingulate bundle contributes to Alzhiemer’s disease evolution 

Bozzali et al., Hum Brain Mapp. 2012;33:1295-1308. 



DTI tractography of the UF 

Mean FA AD < a-MCI 

AD < HS 

DLB < a-MCI 

DLB <HS p=0.06 

AD= DLB 

a-MCI = HS 

0,2

0,21

0,22

0,23

0,24

0,25

0,26

0,27

FA_UF_L FA_FU_R

a_MCI a_MCI AD AD DLB DLB HS HS 

HS:  FA R> FA L  

a-MCI: FA R> FA L p=0.07 

 

AD: FA R= FA L 

DLB: FA R= FA L 

Group effect F=3.64;  p=0.02  

Side effect F=15.0;  p=0.001 

The UF was successfully reconstructed in all subjects  

Serra et al., Curr Alzheimer Res 2012;9:326-33. 



DTI tractography of the UF 

Correlation between cognitive measures and FA in UF 

Considering a-MCI, AD and DLB grouped together  

Memory function  Frontal function 

…. Considering a-MCI, AD and DLB grouped together  

Serra et al., Curr Alzheimer Res 2012;9:326-33. 



Anisotropy does not correspond to connectivity 



Anatomical Connectivity Mapping 

1. Fit DTI/HARDI model 

to data 
2. select all parechimal voxels 

3. Initiate streamlines from all (blue) voxels 

4. Count the number of 

streamlines passing through 

each voxel in the brain 

0 

15x10-4 



Exploratory study 

• In an exploratory study (*), we found ACM to be reduced in the left 

supramarginal gyrus of patients with AD compared to HC, and increased in 

the putamen; 

AD<HC 

AD>aMCI 
AD>HC 

• One possible explanation of the observed ACM increase is that it might reflect 

processes of brain plasticity, at least partially driven by cholinesterase 

inhibitors.  
Bozzali et al., Neuroimage 2011; 54: 2045–51 



ACM – Interaction between AChEIs and global cognition  

MMSE x therapy interaction: 

Bozzali et al., Hum Brain Mapp 2013;34:3158-3167. 
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Accumulation of AD neuropathology 

No clinical signs Pre-clinical signs Clinical signs 

Low  CR 

High  CR 

? 

The Cognitive reserve hypothesis 



Increase PIB uptake  in AD patients with high CR 

compared those with low CR 

  

Decrease GMR  in AD patients with high CR compared those 

with low CR 



MRI:Structural data 



L 

z = 28 y = -36 x = -2 

L 

Positive association (p<0.05, FWE corrected at cluster level) between 

DMN functional connectivity and Education score across subjects.  

MRI:Functional data 



? 



Neuroimaging studies: functional data-Connectomics 

Neuronal networks can be detected in vivo by functional MRI (fMRI) techniques, 

particularly by  resting-state fMRI (RS-fMRI) approaches (van den Heuvel and Hulshoff Pol, 2010)  

 
The nascent field of 

connectomics generally 

attempts to study brain 

connectivity in a 

different way: 

 

 first identifying a 
number of network 

nodes (functionally 

distinct brain regions) 

 

 estimating the 
functional connections 

(network edges) 

between these nodes. 

 To generate nodes, parcellation of the brain is often 
conducted by clustering together neighbouring voxels on 

the basis of similarity of their time series. This typically 

yields a large number of non-overlapping parcels, with a 

single contiguous group of voxels in each parcel or node, 

and is then generally referred to as a ‘hard parcellation’  

 



Brain connectivity can be 
represented as a ‘parcellated 

connectome’, which can be visualized 

simply as an Nnodes  x Nnodes network 

matrix or a graph (explicitly showing 

nodes and the strongest edges)  

 



Participants 

68 AD, 61 a-MCI-due to AD, 25 HS 

Classification criteria to define the level 

of CR. 

To evaluate the impact of CR on clinical 

manifestation of AD, we divided our 

subjects’ cohort on the basis of their level of 

formal education. 

 Mean (m) and standard deviation (s) of 

years of formal education was first 

estimated across the sample. Then, for 

each subject, a z score representative of 

the individual level of formal education was 

calculated as follows: z = (x - m) / s. Each 

subject was classified as having High or 

Low CR  

AD 31 37 

28 33 

High Low 

a-MCI 

HS 12 13 

Neuroimaging studies: functional data-

Connectomics 

Serra et al., Poster SINDEM 2015 



 By using Matlab7 and  Brain Connectivity Toolbox  some measures of networks 

integrity has been calculated according with graph analysis framework : 

Global measures (Clustering coefficient, 
characteristic path length,  small worldness, 

assertivity, modularity) 

Connectivity measures and networks 

estimation 

Local measures (Nodal degree, Betweenness 
centrality, Nodal efficiency) 

Networks-Based Statistics analyses: By using Network Based 

Statistics toolbox . A two-sample T test was used to compare the 

matrices between patients and controls. 10000 permutations 

P-level for defining clusters 0.05    threshold:3.1. Methods to estimate the 

differences: NBS-Connectome 

 

 

   
Serra et al., Poster SINDEM 2015 



Neuroimaging studies: functional data-Connectomics 

Some measures indicates  the ability of nodes to be “HUBS”. Hubs are the brain regions 
interacting with many other regions and facilitating the functional integration. Among them, 
“Betweennes centrality” indicates the  nodes with small influence to the transfer of information 
through the networks; “Nodal degree” indicates nodes with reduced connections in the 
network; and the “nodal efficiency” indicates nodes involved in the less efficiency networks’ 
routes. 

Serra et al., Poster SINDEM 2015



Neuroimaging studies: functional data-Connectomics 

Serra et al., Poster SINDEM 2015 





RS-fMRI 

session  
 5’ and 15’ post cTBS RS-fMRI 

sessions 

Off-line cTBS 

real/sham 

A) Definition of a Region of Interest (10 mm sphere) for 

each subject on the base of PC activation detected in 

each scanning session.  

C) Seed Based Analysis: comparison between PC 

BOLD time courses (TC) of each session and the TC of 

every voxel in the brain 

B) Time Courses (TC) extraction and avereging  

from each sphere  

1 2 3 

4 

RS-fMRI analysis  

D) SBA results comparison between each 

subject session 

E) Second level analysis to assess the  

stimulation effect at group level   

F) Between groups  comparison 

Quantitative MRI combined to TMS 



Just few considerations to conclude… 

• In typical cases of AD, specific patterns of GM loss and 

brain disconnection have been identified; 
 

• These two pathophysiological mechanisms are likely to 

play a different role at different clinical stages of the 

disease; 
 

• Assessing GM damage and disconnection might help to 

differentiate AD from other forms of dementia since early 

clinical stages; 
 

• Brain disconnection, together with regional GM atrophy 

should be considered when monitoring longitudinal 

studies and clinical trials. 
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The posteromedial cortex including the precuneus (PC) is 

thought to be involved in episodic memory retrieval.  We 

used cTBS to clarify the role of the PC in the recognition 

memory process 

METHODS 

INTRODUCTION 

Effects of  parietal continuous theta burst stimulation on episodic memory  
S. Bonnì, D. Veniero, C. Mastropasqua,  M.Bozzali, C. Caltagirone, G. Koch. 

 

A selective reduction of a specific retrieval component (source 

errors) was found after cTBS over PC:  it increased episodic 

memory retrieval of the context associated with old items during 

the encoding phase.  

DISCUSSION 

1) ENCODING PHASE: series of colored pictures 

presented to each subject.  

2)  cTBS  over PC, LPPC (left posterior parietal cortex), 

CZ.  

3) RETRIEVAL PHASE: all previously presented items and 

a sample of new pictures were presented in black, and 

subjects were asked to indicate whether each item was 

new or old, and in the latter case to indicate the 

associated color. 

OUR FINDINGS SUPPORT THE 

HYPOTHESIS THAT THE PC IS 

DIRECTLY IMPLICATED IN NETWORKS 

SUBSERVING RECOGNITION memory 

HOW cTBS OVER THE 

PRECUNEUS MODULATES 

FUNCTIONAL CONNECTIONS? 

Behavioural results: 

the effects of cTBS 

delivered over Left 

PPC (LPPC); PC or 

vertex on accuracy 

measurements. 

CRs: corrects 

rejections; FA: false 

alarms, SEs: Source 

errors. Error bars 

indicate the mean 

error standards p* 

<0.005 

RESULTS 



Subject level ICA analysis 

and DMN extraction (GIFT) 

(GIFT) 

Precuneal activation in T1 coordinates 

for each subject 

Experimental Design: DAY 

1 

Healty controls (HC) 

Mild cognitive impairment patients (MCI) 

Alzheimer Disease Patients (AD) 

 

MRI ACQUISITION 3T (Siemens 

Magnetom Allegra):  

1) MPRAGE (TR=1338 ms, TE=2.4 ms)  

2) T2-weighted EPI sensitized-to-BOLD 

(TR=2470 ms, TE=30 ms, 38 axial 

slices) acquired during rest. 

Identification of the target 

using neuronavigation 

1 

2 

3 

4 



CORPUS CALLOSUM 

FRONTAL LOBES 

TEMPORAL LOBES 

CAUDATO NUCLEUS 

OCCIPITAL LOBES 

PARIETAL LOBES 

PERICALL. AREAS 

OCCIPITAL LOBES 

PARIETAL LOBES 

CORPUS CALLOSUM 

FRONTAL LOBES 

TEMPORAL LOBES 

INT. CAPSULE 

THALAMUS 

PUTAMEN 

PERICALL. AREAS 0.37 (0.04)  

0.32 (0.03)  

0.34 (0.03)  

0.25 (0.02) 

0.22 (0.04)  

0.66 (0.08)  

0.45 (0.06)  

0.31 (0.06)  

0.26 (0.06)  

0.25 (0.05) 

0.30 (0.04)  

0.26 (0.03)  

0.27 (0.03)  

0.21 (0.02)  

0.16 (0.03)  

0.51 (0.06)  

0.45 (0.04)  

0.31 (0.07)  

0.21 (0.06)  

0.20 (0.03) 

<0.001   

<0.001  

<0.001  

<0.001  

<0.001  

<0.001  

N.S (0.91)  

N.S (0.83)  

N.S.(0.06)  

N.S.(0.008) 

CTRLs DLB patients P* 

FA 

PUTAMEN 

’Diffusion-Tensor MRI’                                             
Dementia with Lewy Bodies 

Bozzali et al. Brain 2005; 128: 1595-604. 



Neighbouring regions of progressive GM and WM changes 

Results 
GM + WM 

P corrected<0.05 

R L 

LH 

GM 

WM Serra et al., J Alzheimers Dis 2010: 19-147-59. 


