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MRI vs. fMRI

Functional MRI (fMRI)
studies brain function.

MRI studies brain anatomy.
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Necessary Equipment

rr: | oG] G| G
amp dmp | amp || amp
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! \ Magnet

R £ coil Gradient coil

Gradient Coil

Source for Photos: Joe Gati



The Big Magnet

Very strong
1 Tesla (T) = 10,000 Gauss
Earth’s magnetic field = 0.5 Gauss

4 Tesla =4 x 10,000 + 0.5 = 80,000X Earth’s magnetic field
Continuously on

Main field = BO Robarts Research Institute 4T

MW x 80,000 =

Source: www.spacedaily.com
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fMRI Setup

. Video projector |
Video screen

Prism glasses

Headphones

|
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Radio-frequency il computer control computer
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fMRI Activation

Flickering Checkerboard
OFF (60's) - ON (60 s) -OFF (60 s) - ON (60 s) - OFF (60 s)
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Source: Kwong et al., 1992
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Neuron = BOLD?

Glucose use

b c

Dendrites ———

Cell body—

Axon

Figure 1 The neural basis of
functional magnetic resonance imaging (fMRI). a, Viewing a stimulus such as a checkerboard
produces marked changes in the areas of the brain that respond to visual stimuli, as seen in these
positron-emission tomographic (PET) images. These changes include increases in glucose use and
blood flow that are much greater than those in oxygen consumption. As a result there is an increase
in the oxygen level in those areas (supply exceeds demand). PET is usually used to monitor blood
flow. fMRI detects the changes in oxygen availability as a local change in the magnetic field. The
resulting fMRI signal is a ‘blood-oxygen-level-dependent’ (BOLD) signal. b, As Logothetis et al.?
show, these metabolic and circulatory changes are driven by electrical potentials arising from the
input to, and information processing within, the dendrites of neurons. ¢, An attractive explanation
for the BOLD signal invokes the preferential use of glycolysis in nearby non-neuronal cells
(astrocytes) to handle an increase in the release of the neurotransmitter glutamate (Glu), which
must be converted to glutamine (Gln) before it is returned to the neuron. Glycolysis consumes
glucose to produce energy, but does not require oxygen.

Raichle, 2001, Nature
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Deoxygenated Blood = Slgnal Loss

Oxygenated blood?
No signal loss...

Deoxygenated blood?
Signal loss!!!

Images from Huettel, Song & McCarthy, 2004, Functional Magnetic Resonance Imaging



BOLD
(Blood Oxygen-level Dependent)
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neural activity T

=» blood oxygen 1T
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PET and fMRI Activation

Mean difference image

Source: Posner & Raichle, Images of Mind



Ventral view Lateral view
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Parahippocampal Place Area (PPA
— place-selective
— places > (objects and faces)
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The Concise Summary

We sort of understand this
(e.g., psychophysics,

We're *2A%SH® clueless herel We sort of understand this (MR
neurophysiology) ere 65#@ clueless here! Physics)
(1) Neuronal (3) Haemodynamic fMRI BOLD
activity response response
(2) Neurovascular (4) Detection by

Stimulus coupling MRI scanner

el i- Op LE I o O
. = 00 (_?n (o] -

or modulation

in background A A A
activity
- Excitatory activity - Metabolic signal - Blood flow - Magnetic field
and inhibitory activity unknown - Blood strength
- Anaesthetic influence - Anaesthetic oxygenation - TR. repetition
influence level time
- Blood volume - TE. echo time
- Haematocrit - Spin or gradient
echo EPI

TRENDS in Naurosciences
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