MRI

“MAGNETIC
RESONANCE
lMAG}lﬁNG” /

oY/

MRI IS A REVOLUTIONARY
DEVICE

MRI IS A NON-INVASIVE
TOMOGRAPHIC METHOD

HISTORY OF MRI

® 1946 Felix Bloch and Edward Purcell discovered nuclear
magnetic resonance

* 1950 1950-1970 NMR matures as physical & chemical technique.
* 1971 Damadian shows tumors appear different than healthy
tissue.

¢ 1973 Lauterbur does MRI on test tubes

* 1975 Ernst suggests frequency and phase gradients and
Fourier Transform

* 1980 Edelstein et al. Firstbody MRI

e 1987 Cardiac MRI

® 1992 fMRI

* And Beyond




NUCLEAR MAGNETIC RESONANCE IMAGING:
BASIC PRINCIPLE

EXCITATION PULSE

Proton transmits a
radiofrequency electromagnetic
wave (yellow) after excitation
by an RF pulse (red)

Cross-section of an NMR scanner

ATOMIC NUCLEI WITH NUCLEAR SPIN:
ELEMENTARY MAGNETS

Atomic nuclei
have mass:

My, pot0n = 1,67 LSS

Atomic nuclei carry
angular momentum:

L=Ji(i+1)

I = spin quantum number

Atomic nuclei

= -19
carry charge: Qproton = 1,6.101° C
Atomic nuclei possess L
e Cetlach magnetic moment: =7

Y = gyromagnetic ratio
L = angular momentum

NUCLEAR MAGNETIC
RESONANCE (NMR)

In absence of magnetic field:
random orientation of elementary magnets

In magnetic field:

elementary energy
magnets orient  levels split
Bo

parallel gLz

}
AE=hf=pBo
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Edward Purcell, 1946
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NUCLEAR MAGNETIC RESONANCE:
SPIN PRECESSION

Precession or
B Larmor frequency:
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Felix Bloch, 1946




NET MAGNETIZATION
DUE TO SPIN ACCESS IN DIFFERENT ENERGY STATES

Low energy state
parallel in case of proton

450

High energy state
antiparallel in case of proton

Bo = magnetic field
M = net magnetization

Ratio of magnetic spins in high-
(antiparallel) and low-energy
(parallel) states:

N _AE
antiparallel kT
—e "B

N =

parallel

Boltzmann distribution

EXCITATION

USING RADIO FREQUENCY RADIATION

Resonance condition: Larmor frequency

B,
—_—
M
¥
Bo = magnetic field
M = net magnetization
By = irradiated radio frequency wave A

SPIN-LATTICE RELAXATION

T1 OR LONGITUDINAL RELAXATION

T1 relaxation time:
depends on interaction
between elementary magnet (proton)
and its environment

SPIN-SPIN RELAXATION

T2 OR TRANSVERSE RELAXATION

Mxy “free induction decay”
(FID)

T2 relaxation time:
depends on interaction between
elementary magnets (protons)




SPIN-SPIN RELAXATION

T2 OR TRANSYERSE RELAXATION

Repetitive pulses of excitation and subsequent relaxation: spin-echo sequence
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THE SPIN-ECHO EXPERIMENT

Excitation
pulse (90°)

Refocusing
pulse (180°)
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Refocusing
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Excitation
pulse (90°)
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CONTRAST IN MR IMAGES IS DETERMINED
BY THE INTERACTION OF SPIN SYSTEMS

Hydrogen bridges

Bl [
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WATER

High mobility

INTERMEDIATE M
LAYER

Protein, polymer, membrane

Low mobility
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Purcell

NUCLEAR MAGNETIC RESONANCE IMAGING:
TwWO IMPORTANT RELAXATION MECHANISMS

pin-lattice relaxation

Restoration of longitudinal magnetization
Energy transfered to lattice (phonons)

Entropy increases

Repopulation of spins between spin energy levels

Interactions with magnetic field fluctuations at Larmor frequency

Spin-spin relaxation

Dephasing of transverse magnetization

Energy transferred between spins

No entropy change of total spin system

No repopulation of spins between spin energy levels

Interactions with magnetic field fluctuations at low frequency




FROM NUCLEAR MAGNETIC RESONANCE SIGNAL
TO
MAGNETIC RESONANCE IMAGING

NUCLEAR MAGNETIC RESONANCE IMAGING:
BASIC PRINCIPLE

EXCITATION PULSE

Proton transmits a
radiofrequency electromagnetic
wave (yellow) after excitation
by an RF pulse (red)
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Water molecule fd
Image
& Processing
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= Radiofrequency coil

Cross-section of an NMR scanner

MRI:

FIRST NMR EXPERIMENTS IN VIVO
NET MAGNETIZATION OF THE HUMAN BODY IS GENERATED
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Downstate Medical United States Patent (19

Center - Brooklyn, 1972
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Inhomogeneous “Indomitable”

First MRI scan 1970: detection of lengthened relaxation times in cancerous tissues magnetic field
1972: theoretical development of human in vivo 3D NMR
1977: first human MRI image




SPATIAL ENCODING OF THE NMR SIGNAL:
IMAGING GRADIENTS

X-gradient coil

Y-gradient coil

Z-gradient coil

IMPORTANT NOTE:
The magnetic field is always in the Z-direction

SPATIAL ENCODING: SLICE SELECTION

o=7B

B

GRADIENT COILS

f=64.8 MHz

SPATIAL ENCODING OF THE NMR SIGNAL IS BASED
ON
FREQUENCY CHANGES IN THE PRECESSION
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= RF COIL
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Fourier
transform

NMR SCANNER WITH BACKPROJECTION

Paul Lauterbur, 1973 Peter Mansfield, 1973
Tllinois Nottingham

Nature 242, (1973), 190-191

Nobel price for physiology and medicine (Lauterbur & Mansfield) in 2003




NMR SCANNER WITH 2D FOURIER
TRANSFORMATION

Richard Ernst, 1974
Ziirich
NMR Fourier Zeugmatography

ANIL KUMAR, DIETER WELTI, AND RICHARD R. ERNST
fi Technische Hochschule,

Chemie,
8006 Zarich, Switzerland
Received August 2, 1974

A new technique of forming two- or three-dimensional images of a macroscopic
sample by means of NMR is described. It is based on the application of a sequence
2 i ries of free induction decays. The image

i be achieved by a straij two- or three-dimensional Fourier

perimental and computational simplicity.

Nobel price for chemistry in 1991

The first MRI scanners ...

1 -

Open MRI unit
... and recent ones

MRI IMAGING I:
SPATIAL RESOLUTION

voxel:
volume element

S
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pixel:

picture element

MRI IMAGING I:
SPATIAL RESOLUTION

Definition and addressing of
elementary 3D image points (voxels):
by using gradient magnetic fields




MRI IMAGING II:

COLOR RESOLUTION (CONTRAST) BASED ON RELAXATION TIMES

Tissue A

Tissue B

-4 Transverse signal Loss

Short T1 Long T1 Time in ms

MRI IMAGING II:
COLOR RESOLUTION (CONTRAST)

BASED ON SPIN DENSITY AND RELAXATION TIMES

T1-weighing

Proton density-
weighing

T2-weighing

MRI TECHNOLOGY

Magnet: superconducting (liquid He) ‘ﬂ
(A g

Resolution enhancement: surface RF coils

Excitation with pulse sequences

Detection and analysis:
Fourier transform of temporal signal

MRI:

IMAGE MANIPULATION I

Reslicing in perpendicular plane




MRI:

IMAGE MANIPULATION II

Spatial projection
,volume rendering”)

ANATOMICAL IMAGING:
ONCOLOGY

T2 weighted T1 weighted with contrastagent
(cyst) (Breast carcinoma)
Protondensity
(Brain metastasis)

T2 weighted 3 i
(chondrosarcoma) ¢ e v ik"& —
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T2 weighted an.
(cervix carcinoma) T2 weighted
(prostate tumor)

ANATOMICAL IMAGING:
MULTIPLE SCLEROSIS

Proton density
(sagital)

-
Proton density T2 weighted T1 weighted
(transverse) (transverse) With contrast agent

ANATOMICAL IMAGING
BONE AND SOFT TISSUE

Rheumatoid arthritis Rheumatoid arthritis
whrist

T2 weighted
(torn ligaments)

Osteoporosis (femur)

W

T2 weighted
(hernia)
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THERE IS MORE TO MRI MRI:
THAN ANATOMICAL IMAGING ... g NON-INVASIVE ANGIOGRAPHY

na 1.5T SYS#CWMROY University MRI of Boca Raton

Image slice

saturated
spins
Th:1:443

unsaturated
In research phase spins
* quantitative imaging
* cell-specific contrast agents
* hyperpolarized MRI
‘State of the art’ * in vivo spectroscopy
* functional imaging
* 3D images * ‘multimodality’ imaging
* dynamic images
First NMR mages * sharp image resolution

MRI: MRI MOVIE

NON-INVASIVE ANGIOGRAPHY BASED ON HIGH TIME RESOLUTION IMAGES
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arteria carotis Circulus arteriosus Willisii
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Opening and closing of aorta valve




FUNCTIONAL MRI (FMRI)

HIGH TIME RESOLUTION IMAGES RECORDED
SYNCHRONOUSLY WITH PHYSIOLOGICAL PROCESSES

IEgrae)

Effect of light pulses on visual cortex

SUPERPOSITION OF MRI ON OTHER
INFORMATION (PET)

SUPERPOSED MRI AND PET
SEQUENCE

PET activity: during eye movement
Volume rendering




