Introduction to MRI
Acquisition




VVhat are we trying to
achieve?




VVhat are we trying to
achieve?

¢ Informed decision making:

® Protocols need to be tailored to the problem
(Motion? Effect size! Area of activation?)

® |earning some physics will make this less daunting

O > R oy R X A Bt X RSl 2Tty LN W= ooy R e e RNl 8 } $ :
B e R B e e G I T e e v Nl o e I e e N o i e R e o T T o e ST S e e
8 e et e 1’-} ST ;(I:’ A 1Y TR N -,.A_A{.’.- B P So L Ky ",".' AL y;/,t‘ SRl T i b Lo LA R & S 3" OO AR P
o e AT a RIS Ry 3 . b - . hp2 v b 4 T 4I% o ¥ 7
¥ A T O S N IS EL R, it e S SRS B3 e RGP
X et T A WL L £ LS 0 e S i R S TR e P LR LR R b L S B

e i - bR T , A ALy
) G Ay TR N DL AR D L2 AP I TS [ B oy ~d
IR M G E VY i Sy Mo -:;.':’.\r't's("-n_r..s§9,\,l\'~‘ ot 3 NS N e R 3"*1’ DS “'f P L SR A L e Sl o4
oy . ’ o




VVhat are we trying to
achieve?

¢ Informed decision making:

® Protocols need to be tailored to the problem
(Motion! Effect size! Area of activation?)

® | earning some physics will make this less daunting
e A commonhn language:
® Explain your needs to physicists/radiographers

® Understand their response

® Thereis a LOT of jargon, but you can master it!




MRI Physics

® Joday:
® Basics of (nuclear) Magnetic Resonance

® |mage Formation
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Magnetic Fields (B)

® VWhat happens when you place a bunch of
nuclei with spin into a magnetic field?
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® VWhat happens when you place a bunch of
nuclei with spin into a magnetic field?
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Magnetic Fields (B)

® VWhat happens when you place a bunch of
nuclei with spin into a magnetic field?
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Excitation




Excitation




Precession




Precession




Signal detection




Signal detection




Magnetic Resonance

W, = YBg

Magnetic: external field (BO) magnetises sample




Relaxation




Relaxation




Relaxation: T1 and T>




Echo time (TE) & T, contrast
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MRI Physics

® Joday:
® Basics of (nuclear) Magnetic Resonance

® |mage Formation




Making an image
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Making an image
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Precession




Magnetic gradients
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Magnetic gradients
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Decoding Frequency:
The Fourier Transform

Expresses a function of time as a function
of frequency

an orchestra: you differentiate




The Fourier Transform
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tial frequencies
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tial frequencies

Fourier
— Transform
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atial frequencies

Low Spatial
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Spatial frequencies

Low Spatial
Frequencies
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Spatial frequencies

Fourier
Transform



Spatial frequencies
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Spatial frequencies




Spatial frequencies
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Spatial frequencies
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2D “k-space” describes contribution
of each spatial frequency




What does this have to
do with MRI?

® Remember, we detect all excited protons in
the object at the same time

® They're resonating at different frequencies
due to the gradients

® VWe acquire the data in k-space!

® We then fill k-space & Fourier transform it
to get the image




Simple MRI*“pulse sequence”




Linescan (2DFT) Acquisition

Ky

Acquire one line after each excitation
Useful for structural images (minimal artefacts)



Linescan (2DFT) Acquisition
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Acquire one line after each excitation
Useful for structural images (minimal artefacts)




Echo-planar Imaging (EPI) Acquisition

Acquire all of k-space in a “single shot”

Used for FMRI, diffusion imaging



Echo-planar Imaging (EPI) Acquisition

F N k-space

Acquire all of k-space in a “single shot”
Used for FMRI, diffusion imaging




Signal-to-noise ratio (SNR)

I\\

Signal-to-noise ratio: describes signal “robustness”

All else being equal, we want to maximise SNR!!
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Protocol choices affecting SNR...

 RF receive coil & field strength
« Timing: TE & TR

e Voxel volume




Protocol choices affecting SNR...

 RF receive coil & field strength
« Timing: TE & TR

e Voxel volume




What affects noise? Acquisition time




at affects noise? Acquisition time
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What affects signal? Voxel volume




Averaging to achieve high resolution

8X
SNR




Averaging to achieve high resolution




Contrast-to-noise ratio (CNR)

SNR =10, CNR = 1 SNR =10, CNR =2 SNR=10,CNR =4




MRI Physics

® Joday:
® Basics of (nuclear) Magnetic Resonance

® |mage Formation
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The BOLD Effect [ Ogawa et al, 1990 ]

"fast" "slow"
frequency




The BOLD Effect [ Ogawa et al, 1990 ]

"SIOW"
frequency
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Vascular Response to Activation
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dHb = deoxyhemoglobin
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Vascular Response to Activation
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Vascular Response to Activation
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Vascular Response to Activation

neuron %
7

capillary

bO, dHbe02 dHp  HbO, HbO; HbO, HbO, 4Hb
HbO, HbO, HbO, elgle dHb

HbO
HbO, 4Hp dHb HbO, 2 DO, o)

bO, HbO, o HpO;  HoO,  dHb HbO, Hsgb HbO,
2 2

HbO, = oxyhemoglobin
1 O,metbolism | dHb Y dHb = deoxyhemoglobin

f blood flow $ HbO, > l [dHb]
T blood volume T HbO, )




BOLD Contrast

1.0

o o
(@) o

BOLD signal
o
AN

l[dkﬂﬂ
rest ... active
[ [dHb]

20 ___ 40 60 80
Echo time (Tg, ms)




BOLD Contrast
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BOLD Contrast
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BOLD signal and field strength (Bo)

©
0o

O
o

©
IN

g
2
©
e
C
O
&)
A
—l
@)
m

©
N

40 60
Echo time (TE, ms)




Sources of BOLD Signal

Blood flow
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Blood volume
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Hemodynamic response function (HRF)
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Hemodynamic response function (HRF)
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What is required of the scanner?

image 123 ... R




Typical* FMRI Parameters

* Typical, not fixed!!

Parameter Relevant points

T 2 Determines functional
(echo time) | 70T contrast, set =~T2*
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Confounds: Noise




Confounds: Artefacts

Distortion “Ghosting” |




Source of signal dropout

signal
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Source of signal dropout

signal
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BOLD Signal Dropout
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Image distortion

field offset local warping

Field map




Non-BOLD fMRI

® BOLD depends on CBF, CBY, CMRO2

® Consider looking at these variables
separately for longitudinal studies:




Final Thoughts
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® | earn how different experimental parameters
affect SN R and image artefacts
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® T[radeoffs: you can’t get something for
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Final Thoughts

Learn how different experimental parameters
affect SN R and image artefacts

Tradeoffs: you can’t get something for
nothing, but you do have options
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Final Thoughts

® | earn how different experimental parameters
affect SNR and image artefacts

® TJradeoffs: you can’t get something for
nothing, but you do have options

® Get to know a physicist/radiographer: get
help setting up study protocols, show them your
artefacts

® Quality assurance: always look at your data,
even if you are running a well-tested protocol
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