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The Functional Neuroimaging lab 

IIT@CNCS - Rovereto 

Bruker Pharmascan MRI scanner 

ü7 Tesla superconductive magnet

ü16 cm bore, 72 mm clear access

ü4 RF channels for parallel imaging

üSpecies Ą Rats & Mice
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Presentation outline

1. Refresher on fMRI 

2. Mapping spontaneous brain activity with resting-
state fMRI

3. rsfMRI networks in the rodent brain

4. Mapping the connectional landscape in autism  
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Neuroimaging methods: spatio-temporal resolution
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fMRI measures hemodynamic correlates of 

evoked (and spontaneous) neuronal activity

Á Uses a standard MRI scanner 

Á Acquires a series of images 

Á Measures changes in blood oxygenation and flow

Á Use non-invasive, non-ionizing radiation

Á Can be repeated many times; can be used for a wide range of 

subjects

Á Combines good spatial (< 1 mm) and reasonable temporal 

resolution (ca. 1 s) 
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Synospys of fMRI

STIMULUS

CMRO
2

Local Energy

Metabolism

CBV

CMRGlcCBF

Neural Activity

fMRI

dHb

CBV: Cerebral Blood Volume

CBF: Cerebral Blood Flow

CMRO 2:Cerebral Metabolic O 2 consumption

CMRGlc : Cerebral Metabolic Glucose consumption

Hb:Oxygenated hemoglobin
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BOLD Endogenous Contrast

Á Blood Oxyenation Level Dependent Contrast

Á Deoxyhemoglobin is paramagnetic

Á Magnetic susceptibility of blood increases linearly with increasing 
oxygenation

Á Oxygen is extracted during passage through capillary bed

Á Brain arteries are fully oxygenated 

Á Venous (and capillary) blood has increased proportion of 
deoxyhemoglobin

Á Difference between oxy and deoxy states is greater for veins Ą BOLD 
sensitive to venous changes
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Task-related activation paradigm

Á changes in BOLD signal attributed to experimental paradigm

Á brain function mapped onto brain regions

Fox et al., 2007
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How do neural components 

interact é ?

What is the neuroanatomical 

correlate ofé  ? 

Functional Segregation
Specialised areas exist in the cortex

Functional Integration
Networks of interactions among

specialised areas

Resting state

fMRI

Courtesy of Josh Kahan, UCL  
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ĄAt best, task-related modulation explains 20% of BOLD variance

ĄSpontaneous ongoing activity explains 50-80% of BOLD variance
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Biswal et al., 1995

Resting-state (= spontaneous) 
fMRI signal is temporally 
correlated between functionally 
related regions 
Ą fMRI connectivity networks

Van Dijk et al., 2010

Beckmann et al., 2005, HBM
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Altered intrinsic connectivity patterns typically observed 

in all major brain disorders!

Schizophrenia Autism

Depression Bipolar 

disorders 

Zhao et al., 2013 Front Human Nueroscience



13

Open questions

ÅWhat neural elements are necessary for the establishments of 
rsfMRI couplings? 

ÅWhat causes rsfMRI aberrancies in human brain disorders?

ÅAre rsfMRI oscillations hierarchically or directionally driven by 
specific cortical or subcortical substrates?

ÅHow do local brain perturbation affect topology of macroscale 
networks?
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.ǊƛŘƎƛƴƎ ǘƘŜ άŜȄǇƭŀƴŀǘƻǊȅ ƎŀǇέ

Cellular 

biology/Physiology

Explanatory

gap

Mouse Neural 

Systems

Human 

Neural

Systems

Liska and Gozzi, 2016
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NETWORK

NETWORK

Talking about a revolution

GENE 

PROTEIN

ÅBehaviour

ÅDevelopment

ÅPathology

ÅPhysiology

NEURONAL

CELL

ÅFunction

ÅBehaviour  

Transgenic models

Optogenetics

Pharmacogenetics
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Difference

Akei et al  (2015 ) eLIFE 

Light anesthesia preserves rsfMRI network organization
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Motion-free images - reliable network mapping  

Zhan et al., (2014) Nature Neuroscience  


