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" Widely deployed in hospitals and research centers
" Endogenous contrast mechanism
" Non-invasive imaging tool to study human brain anatomy and function

Structural MRI - Functional MRI

Series of 3D volumes
= 2X2X2 mm?3
= 30-60 slices
Single 3D volume = every 1-3 sec

= 1x1x1 mm?® = during 5-10 minutes
= takes couple of minutes

Siemens 3T Prisma MRI scanner @ Campus Biotech / picture (c) EPFL/Alban Kakulya




FMRI blood-oxygenation-level-dependent (BOLD) signals are slow proxy for neuronal activity
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FMRI blood-oxygenation-level-dependent (BOLD) signals are slow proxy for neuronal activity
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* Notice the response timing:
~2 sec delay, 4-6 sec to peak,

up to 20 sec back to baseline

[Buxton et al 1997; Friston et al. 1998, 2000; lannetti & Wise, 2007]



fMRI of evoked activity

I THE MYSTERY OF CONSCIOUSNESS By Steven Pinker I HOW THE BRAIN REWIRES ITSELF By Sharen Begley
SO WAYS T0 HANDLE STRESS By Christine Corman I THE NATURE OF MENORY By Michael D. Lemeaick
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fMRI of spontaneous activity

changes w.r.t. baseline
resting-state scan (minimally preprocessed)

- BOLD signal (PCC)
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seconds

movie accelerated 4 times

minimal compliance for patient studies!




PCC connectivity: task-positive and task-negative networks
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FMRI blood-oxygenation-level-dependent (BOLD) signals are slow proxy for neuronal activity
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FMRI blood-oxygenation-level-dependent (BOLD) signals are slow proxy for neuronal activity
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[Khalidov, VDV et al, IEEE Transactions on SP, 2011; Karahanoglu, VDV et al, Neurolmage, 2013]
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FMRI blood-oxygenation-level-dependent (BOLD) signals are slow proxy for neuronal activity
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BOLD is full of innovation

measured signal in posterior cingulate rtex PCC)
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[Karahanoglu, VDV, et al, Neurolmage, 2013]
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Innovation never comes alone

posterior cingular cortex (L)

angular gyrus (L)

superior frontal medial (R)

and 10°000 voxels more...

[Karahanoglu and VDV, Nature Communications, 2015]



Innovation never comes alone

posterior cingular cortex (L)
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Temporal labels refer to similar spatial patterns of
transient activity (iCAPS: innovation-driven CAPS)
w spatial overlap is possible

Sustained activity can be recovered by
back-projecting iCAPs to activity-inducing signals
w temporal overlap is possible
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iCAPS: innovation-driven co-activation patterns
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Deciphering moment-to-moment activity

behavior

| ) Cognition I
| ) Perception

seconds

[Karahanoglu and VDV, Nature Communications, 2015]



Feed the models: Big data in human MRI

= ..is a fact!
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Big data in human MRI already arrived

Resource Sites|Subjects| Size | Population |[sMRI| DWI | tfMRI |rfMRI
Lz 1000 func connectomes 35 1.355 |~240GB HC X X
&% |ABIDE 20 1.112  |~200GB HC, ASD X X
R T T S B e e
A | ABIDE Il \%“2‘0\6 17 | 1144 |~200GB | HCASD x x
\%’% ADHD-200 8 776 ~160GB HC, ADHD X X
£ON) ADNI 59 758 ~100GB| HC,MCI,AD X
ADNI 2 63 850 ~800GB | HC,MCI,AD X X X
& [CamoAaN T TREMTTT T e T 1mB | HC | x | x | x | x
(e [Gam-CAN Nov 20| 1] 893 | L= L2 X1 X
@ lomeaome  \HCP 2 1..900 | 521B | HC A S D S N S .
Other INDI retrospective 8 568 ~1TB |HC,ERP,SZ,COC| x X X X
Other INDI prospective 8 467 ~500GB HC X X X
@ Nk-RS 1 | 9 | 1218 | HC X | x [ X _1.X
OASIS 2 566 70GB HC,AD X
OpenfMRI 55 1.941 ~2TB HC,SZ X X X
ABCDSTUDY |ABCD Project 21 10.000 HC (9-10y) X X X X
UK Biobank 10.000 HC X X X X

" Open data of thousands of subjects!...

Adapted and updated from [Poldrack and Gorgolewski, Nature Neuroscience, 2014] 18



Take home message

= Dynamics of resting-state fMRI

Is not about oscillations, but about transients!

basically a “broadband” feature...
notice that a transient has a “deterministic” 1/f spectrum!

Clear transient behavior is recovered

Massive spatial and temporal overlap

“The human association cortex consists of multiple, interdigitated
large-scale networks, that, while partially overlapping, possess
predominantly parallel organization. ... Our (essential) correlational

analyses will miss vital details of dynamics of network interactions.’
-- B.T. Thomas Yeo et al, Neurolmage, 2014

= Perspectives

Tracking of brain states
Naturalistic stimuli/tasks; neurofeedback

Towards new markers for brain function and dysfunction
Benefit from “big MRI data” in health and disease

bJ
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