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- Magnetic Resonance history

- From signhal to image: the physics of MRI
- What can we measure with MRI?

- Brain metabolites

* Brain microstructural architecture
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- Neurological applications



MAGNETIC RESONANCE
HISTORY




1930 — Isidor Rabi

Resonance method for recording
the magnetic properties of atomic
nuclei.

Nobel Prize 1944
Physics

T. Geva, J Cardiovasc Magn Reson (2006)



1946 - Felix Bloch and Edward M. Purcell

Certain nuclei in a magnetic field absorbed energy and
re-emitted this energy when they returned to their
original state.

Nobel Prize 1952
Physics

F Bloch

T. Geva, J Cardiovasc Magn Reson (2006)



1974 — Paul Lauterbur and Peter Mansfield

Magnetic field gradients can be used for spatial
localization of NMR signals (2D NMR)

back-projection approach & slice selection
Nobel Prize 2003

Medicine

Lauterbur Ansfield

T. Geva, J Cardiovasc Magn Reson (2006)



1975 — Richard Ernst

Two-dimensional Fourier Transform
(2D-FT) to reconstruct 2D images,
i.e. 2D spatial encoding.

Nobel Prize 1991
Chemistry

T. Geva, J Cardiovasc Magn Reson (2006)



FROM SIGNAL TO IMAGE:
THE PHYSICS OF MRI




Basic Principles — Nuclear spins

https://www.imaios.com/en/e-Courses/e-MRI/NMR/nuclear-spin



Basic Principles — Static magnetic field

https://www.imaios.com/en/e-Courses/e-MRI/NMR/nuclear-spin



Basic Principles — Nuclear magnetization

https://www.imaios.com/en/e-Courses/e-MRI/NMR/nuclear-spin



Basic Principles — RF magnetic field
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https://www.youtube.com/watch?v=sWP6lcmUDZs /



Basic Principles — RF magnetic field

]§1 oscillating with w=w), for T seconds
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http://users.fmrib.ox.ac.uk/~michielk/phdthesis.html



Time evolution and Relaxation

Bloch equations dt ‘ T,




Time evolution and Relaxation
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Time evolution and Relaxation

Bloch equations
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From signal to image
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From signal to image — Spatial localization
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[ Acquired data: k-space

Courtesy of Claudia Wheeler-Kingshott



WHAT CANWE MEASURE
WITH MRI?

Why is it widely used in medicine?



What makes MRI so powerful is ...

Really exquisite soft tissue, and anatomic, detail

Doesn't use ionizing radiation
(opposite to X-ray, CT)

No adverse effects have been demonstrated

Any kind of magnetic metal implant poses a hazard



Elements abundance in vivo

Mass
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Elements abundance in vivo

Nucleus Net Spin y (MHz/T) Natural
abundance (%)

Human Body

Hydrogen is used typically in in
Vivo experiments.



MRI acquisition —Sequences

Train of radiofrequency pulses

Fundamental parameters are
TR = Repetition time & TE = Echo time
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MRI acquisition —Slice orientation
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Nervous system




Nervous system
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What information can we infer with MRI?




What information can we infer with MRI?

Structural imaging Quantitative imaging

FLAIR T1 gad White matter fibres

Spectroscopy (MRs)

IH

“Physiological” imaging

fMRI Perfusion (PWI)




MRI acquisition —Image contrast
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MRI acquisition —Image contrast

sy o (1) "

Inversion Recovery
Short TR and TE: T1-weighted images (T1W)




MRI acquisition —Image contrast

Sy o p(H) € oft - T

Spin Echo
Long TR and TE: T2-weighted images (T2W)




MRI acquisition —Image contrast

S, @ o~TEIT, (1 _ o TRIT, )

Spin Echo
Long TR and short TE: PD-weighted images (PDW)




SPECTROSCOPY

Metabolites quantification



Chemical environment

1-D Fourier transform of the NMR signal

Chemical Shift:

Each peak corresponds to a metabolite

Metabolite concentration = peak area
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Brain metabolites

N-Acetylaspartate (NAA) — 2.02 ppm
Creatine (Cr) —3.02 ppm Neuronal concentration

Energy reserve (stable)
Glutamate (GlIx) -2.20 ppm

Neural activity

Choline (Cho) —3.22 ppm
Cellular turnover
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DIFFUSION IMAGING

Structural Imaging



Diffusion — Brownian motion

Isotropic Anisotropic

Alexander Leemans (Alexander@isi.uu.nl)




Why “diffusion” help us?

The in vivo sample is an anisotropic system

terminus
restricted
free diffusion
diffusion ‘

cell body

et -
O ==
axXon

—> Diffusion gives indirect information about the
underlying structure.

Slide modified from: Karla Miller, FMRIB. http://www?2.fmrib.ox.ac.uk/Members/
karla/lectures-and-teaching-material#animations



Why “diffusion” help us?

x-direction: R-L y-direction: A-P



Why “diffusion” help us?

x-direction: R-L y-direction: A-P



Eigen-system and Diffusion Tensor




Eigen-system and Diffusion Tensor

Eigenvalues I T



Eigen-system and Diffusion Tensor
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Fractional Anisotropy and Mean Diffusivity

Measure intrinsic properties
of tissues and
characterize their microstructure



Fractional Anisotropy and Mean Diffusivity

Degree of anisotropy for each Mean diffusivity for each
voxel voxel




Directions information




Diffusion tractography
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Diffusion tractography
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Diffusion tractography

isi™lu.nl)

Alexanddr Leefans (Alexander

ipsoids”

ing ell

-

-

O
O
-
20

ting ne

connec




Diffusion tractography

Alexander Leemans (Alexander@isi.uu.nl)

“connecting neighbouring ellipsoids”







FUNCTIONAL IMAGING

Physiological Imaging



Vascular Response to Activation

neuron %
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Karla Miller, FMRIB. http://www2.fmrib.ox.ac.uk/Members/karla/
lectures-and-teaching-material#animations



Vascular Response to Activation

neuron %
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Vascular Response to Activation

neuron %
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Vascular Response to Activation
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BOLD Contrast
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Karla Miller, FMRIB. http://www2.fmrib.ox.ac.uk/Members/karla/lectures-and-teaching-material##fanimations




Functional MRI (fMRI)

BOLD signal

Measures activity of neurons
indirectly



Task-related fMRI —Visual task
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Networks found by correlation analysis of signal variation at low
frequencies (0.01 — 0.05 Hz).




NEUROLOGICAL
APPLICATIONS

What can we known about anatomy and
diseases?



Superior peduncle
Inferior peduncle

nerve

Acouslic nerve
P yra mered
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Cerebellar Spectroscopy M brarn
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Cerebellar Spectroscop
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Cerebro-cerebellar loop —Tractography

Constrained Spherical
Deconvolution

Diffusion Tensor




b, AR

Left SCP Left MCP

Palesi et al. (2014) & De Rinaldis et al., submitted




- De Rinaldis et al., submitted
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Courtesy of Letizia Casiraghi



Bl reduced FCin AD [ reduced FCin MClI  [] reduced FC in both AD and MCI

Castellazzi et al. (2014)



Over structure and function of the brain

Combined MRI modalities to assess

structure/function relationship

Nodes - fMRI

Edges - DTI

BrainNet Viewer, http://www.nitrc.org/projects/bnv/



Workflow

A (sfMRI preprocessing RS networks Nodes definition




RS networks Nodes definition

C

Connectivity matrices Brain networks
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Beyond groups — Single subject classification

Dataset

Quantitative indices from

clinical tests and MRI




Beyond groups — Single subject classification

Feature Selection
e Kruskal-Wallis test
* RelieF algorithm




Beyond groups — Single subject classification

Classification

» Support Vector Machine (SVM)
* RBF kernel (C=1.0, v=0.5)

* SVM Training




Beyond groups — Single subject classification

Validation
e SVM test




Beyond groups — Single subject classification
Best features

Pool of the most informative
features to discriminate
between two groups with the

highest accuracy (ACC)




Converter MCl vs non converter MCl

Conversion to AD is predicted
with an accuracy of 77%

using multi-modality (rs-fMRI + DTl + NPS + sMRI)

Courtesy of Letizia Casiraghi






