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About history of fMRI

e Since 1977 when the first
clinical MRI scanner was
patented nuclear magnetic
resonance imaging Is
Increasingly being used for
medical diagnosis and In
scientific research and
application in practice. In
1992 Ogawa and Turner
demonstrated an image
contrast by changing
oxygenation state of blood
and opened a unigue method
of investigation.




Problem which fMRI’s helping to
solve

* An important
additional feature of
fMRI Is capabillity to
follow signal changes
In real time with a
high spatial resolution

« The most important role
of fMRI in investigating
human brain function
arises from the fact that
brain function is
spatially segmented.



The basic principles of NMR



Macroscopic magnetization

L,—magnetic moment of

nucleus N I, Ng— quantity
of nuclei in sample

Macroscopic magnetization

(Mg ) aligns along
external field. If M, Is
disturbed from
equilibrium frequency of
Its nutation

Is m=—yB, (Larmor
frequency)




In laboratory frame of refers

« Exciting 909 radio
frequency pulse
tips M, to
transverse plane
spirals down.
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RF pulse
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Inhomogenelties speed up
transversal magnetizations
dephasing
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In the present of
Inhomogeneities of
external field signals
exponential decay is
much faster.
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Creation of Image



Gradient

e Gradient is applying magnetic field which value
has a linear dependence on coordinate



Slice selection
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t excited slice|
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selecting
gradient
t
signal

e Due to SG
RF pulse
excites only
spins which
Larmor
frequency
coincides
with
diapason of
pulses
frequencies




Pulse sequence for frequency
encoding

RF pulse S(w) —Fourier transformation

of S(t)




Frequency encoding
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scale every
frequency
corresponds to
certain
coordinate.



Pulse sequence for phase
encoding

|:| RF pulse




Pulse sequence for phase

encoding
H RF pulse
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Sequence for slice iImage receiving

RF
pulse
slice
selection J
G,
Phase *
encoding -C?—_-"" :
gradientis| “v ' f
changing frequency
when RF encoding | L

pulse G, :
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e Time diagrams of
NMR signals

M (abscises axis)
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Phase Encoding Direction

Frequency Encoding Direction



k-space FT r-space




Echo signal



Gradient echo sequence

RF pulse e TE time to walit
to measure
i —
_ t refocused
gradient
transversal
—I—I‘ | oy magnetizations
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Mechanism of gradient echo

dephasing upr{usite sign
gradient collecting gradient
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« After positive gradient has dephased transversal
magnetizations, negative gradient collected
them back




Echoes pulse sequence

RF pulse
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Echo planar imaging scheme
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Necessary equipment
' —] BJEE

scanner
electronics

= &

_ , Magnet
RF coll gradient coil AEHEY

e The strength of magnetare 1, 1.5 or 4T



How It looks like

Gradient coll




e RF coll



Blood Oxygenation Level
Dependent signal (BOLD)



 Oxygenated
hemoglobin is

Iron and Oxygen diamagnetic
Binding Sites » Deoxy-hemoglobin
IS paramagnetic

* The presence of
paramagnetic
Speeds up
dephasing and
reduces T,




Connection brain function and MR

signal
== A Metabolism * Rato
\ diamagnetic
to
A CBY paramagnetic
* IS higher,
 CBF >> 4 CVIRO, result are T,

longer and at
right TE signal

1~ HBOQ/HBR Increase

A MR signal/

Brain
function J'



Comparing T, during task and
control

* |n presence of
paramagnetic T, is

My,

. ess. That leads to
g, T,* task amplitude decrease
/ T,* control and it is a control

signal
L

TE time



Hemodynamic response function

positive
=2 BOLD response
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% signal change is 2-6 time to rise signal begins to
rise soon after stimulus begins initial tip is could be
too small, not everyone can find it time to peak is 4-
6s after s.b post stimulus undershoot signals
suppressed after stimulus ends



Some examples of applying
fMRI



Visual Field & Retinotopy:
Quadrant Stimulation
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Quadrant Stimulation




Mapping the Language Area




Subject Reading Swiss
Wikacoo, Srangels, F-EIEIZJ.IEII-I‘.HEJ'qIJI af al, 19Lg WG rd S

BOOOD-

Active zones of whole brain slice by slice. Subject
adult and healthy



Calculation in adults and children

e Red label is
adults

e Green label i1s a
normal achieving
school children

e Frontal, Sagittal
and Axial views




Mapping the Motor Areas

posicentral precentral

central sulcus



Sequential Finger
karcar, Loepneker, Martin, =t al, 2001 a p p I n g

Sequential left hand
and right hand
finger tapping task in
an eight year old
child




Data receiving by PET (O-15)

* Images a motor areas of scratching



cvent Related Paradigm -~
CR CR CR CR CR

basenel‘ I| I| || I| hase

e C-command R-reach



) - ) Reach-5pecific Regclons
Visual Command Auditory Command Yisionl Auditory

1%

Medial frontal gyrus, inferior parietal lobule, lower is
cerebellum



Averaging IS necessary

subj2  Subj3  Supld
4!!! Fig
WHE +4E

e This slide illustrates the individual patterns of
responses for 4 subjects on a comparable slice
of brain.

Reach
Task




Results — Mapping of sagittal slice
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J. Hirsch 2, R. Silver ', S. Kleiner !, L. Rothman *, D.T. Barry *, Weill Medical College of Cornell University, New York,
Memorial Sloan-Kettering Cancer Center, New York, NY 2, Johnson Space Center, NASA, Houston, TX?.



Correlation between BOLD and
LFP
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— LFF
MU ] 6.0
— SDF
130
M/ VA iVt o
0 5 1045 %0 55 30 35 40 45°0

 LFP -local field potential

Recorded trough the a microelectrode while anesthetized
monkey was visually stimulated. LFP reflects neuron
activity. It a sum of the membrane potentials from
neurons

http://neurosci.nature.com



Advantages and disadvantages of
high static magnetic fields

= The decay time of

* MR signals
Increase because
the magnetization
of sample is
proportional to the
field strength.

* The increase of
MR signals
iImproves the
signal to noise
ratio.

magnetization
signal due to
dephasing (T2*) is
shorter

The susceptibility
artifacts due to the
iInhomogeneity of
the statistic
magnetic fields are
lager




| VIEWING & NAMING FACES vs. VIEWING NONSENSE FICTURESl

i -

Mrs. Bush

Examples of the picture of familiar
faces and nonsense pictures.



e There are activation patterns when a healthy
volunteer recognized familiar faces.



13.5
13.25
13 9

12.75 -

12.5 — T e T T T T 1
0 20 44 G0 B0 100 120 140 160

Scan (image number)

Intensity of MR Signals
in Region of Interest

Data points obtained from scans in region of
Interest when face pictures are viewed are
shown with gray background.
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attention
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