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Excitation

Relaxation: T1, T2

Image contrast: T1WI, T2WI, PDWI
Scan parameters: TR, TE

Bioeffect and safety



Magnetic Resonance Imaging
(MRI)

« Magnetic
— There are small magnet in human body
— A static magnetic field makes bulk magnetic effect
— The bulk magnet (magnetization) rotates in Larmor frequency w,

 Resonance
— Apply RF (with the same w,) to excite the magnetization
— Magnetization release energy after remove RF
— Receive energy using MR coll
* Imaging
— Apply gradient field to have magnetization spatial variation
— Spatial encoding according to spatial variation
— Solve the variation using Fourier Transform



Formation of MRI

Source of MR signals

RF excitation

Image contrast (PD, T1, & T2)
Signal detection

Spatial encoding

Image reconstruction



Influence of the main magnetic
field on the proton

Irregular alignment -> reqgular alignment -



Which atom has spin?

water, protein, fat..

* Anyone which has
uneven number of
protons / neutrons

y (MHz/T) 10.71 40.05 17.23

13C I9F Concentration (mole/l) 0.10 0.0066 0.35

Related Sensitivity . 0.016 0.83 0.066

Wo @ 3T (MHz) . 32.13 120.15 51.69



Precession of proton Iin the
magnetic field
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Precession of proton Iin the
magnetic field

Larmor

Frequency B, = 3T = 30,000 Gauss

y - Gyromagnetic ratio = 42.58 MHz/T

o = yB, W, = 127.74 MHz

A proton rotates about the axis of B, -




RF excitation and relaxation
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Precession

Larmor Precession

Precession frequency is proportional to the
main magnetic field

® = yB (Larmor equation)
Basic of resonance




Magnetization at Thermal
Equilibrium

ZI
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RF Excitation

11



Precession
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* On-resonance: (no deviation from the y’ axis)
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Relaxation
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T1 and T2 relaxation

* T1 (z-axis)
— Longitudinal relaxation time
— Spin-lattice relaxation time

* T2 (xy plane)
— Transverse relaxation time
— Spin-spin relaxation time
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Signal Intensity

T1 recovery of tissue magnet

> Signal at this TR

« Substantial increase in TR leads to SNR galin

Time
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Spin-lattice relaxation time (T1)

* The time interval for the spins to realign
along the longitudinal (z) axis

» Signhal source: energy exchange between
spin and lattice

* The time for the spin to give the obtained
RF energy to the surrounding lattice
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Spin-lattice relaxation time (T1)

M, = M, (1-exp(-TR/T

exp(-1) = 1/e = 0.37
T1: the time interval for 63% signal

recovery

)

Almost cost 5xT1 to recover 100% signal
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Spin-lattice relaxation time (T1)

 Different T1 In different tissues

Tissue T1 (ms) @1.5T | T1 (ms) @1.0T [ ShortT1 ] WM
Fa.t 250 SRTLL

_ GM

Liver 490 ’

Kidney 650

CSE

Muscle 860
White matter 780 —
Gray matter 920 [ Long T1

CSF 3000
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Effects of TR onT1 Contrast

TR =600 TR =2400 TR =4200ms
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Factors affect T1

« Coupling between spin and adjacent median

— Tight coupling makes energy release quickly (shorten
T1)

— T1 of solid < T1 of liquid

« Molecular size

— Molecule tumbling frequency ~ Larmor frequency —
hasten energy release (shorten T1)

— Small molecule has high tumbling frequency

— Median molecule (e.g. fat) has tumbling frequency
close to Larmor frequency
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Factors affect T1

e Macromolecular environment

— Interaction between hydrogen atom among
macromolecule will promote energy release

— Soft tissue, protein (shorten T1)

« Magnetic intensity

— Larmor frequency increases at high field # Molecule
tumbling frequency

— Slow energy release (lengthen T1)
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Factors affect T1

« Paramagnetic ion/molecule

— Local magnetic tumbling created by unpaired ion
create makes spin hardly stay at high energy level
(shorten T1)

— Mn?*, Cu?t, Fe?*, Fes*, Gd3*, free radical...

 Temperature

— Lower temperature makes molecular motion slow
(shorten T1)
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T2 decaying of tissue magnet

Magnet becoming
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Signal Intensity

Time

« Substantial reduction in TE leads to SNR gain
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Spin-spin relaxation time (T2)

* The time for the spins dephasing along the
transverse axis

* Neighbor spins cause small change of
magnetic field, which cause signal decay

(dephase) due to slightly frequency
changed
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Spin-spin relaxation time (T2)

 Phase angle = 0 -> in-phase
* Phase angle = 180° -> out-(of)-phase

A

Small induced magnetic filed
Slow precession

\

Large induced magnetic filed

. 25
Fast precession



Spin-spin relaxation time (T2)

M,y = Mg exp(-TE/T2)

exp(-1) = 1/e = 0.37

T2: the time interval for 63% signal decay
Almost cost 5xT2 to attenuate 100% signal
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Spin-spin relaxation time (T2)

 Different T2 In different tissues

Tissue T2 (ms)
Fat

Liver

Kidney

Muscle
White matter
Gray matter

CSF
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Effects of TE on T2 contrast

TE = 30ms
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TE = 90ms

TE = 150 ms
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Factors affect T2

* Local magnetic field disturbed by tissues
— Mobility
« Molecule with low mobility has strongly magnetic
disturbance (shorten T2)
 Solid T2 << Liquid T2

* Big molecule has low mobility and therefore has
short T2. e.g. protein

el S10]1(0]0)Y;

 Tissue with lower isotropy has stronger magnetic
disturbance (shorten T2)

« collagen (< 1ms)
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Factors affect T2

Any factor makes local magnetic
disturbance

— Paramagnetic materials

Magnetic intensity

— High magnetic intensity (shorten T2)
Temperature

— Lower temperature makes molecular mobility
slow (shorten T2)

Molecular diffusion
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T2* decay

* Magnetic field inhomogeneous

— Increasing of spin procession speed makes
the stronger dephase

e Source

— Magnetic field can not achieve 100%
homogeneous

— Gradient field makes magnetic field
Inhomogeneous

— Subject itself also disturbs the magnetic field
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T2* decay
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Effects of TE on SNR & T2*
Contrast

TE = 50ms
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T1 and T2 relaxation

* T1 recovery: M, = M, (1-exp(-TR/T1))
* T2 decay: M,, = My exp(-TE/T2)01
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T1 and T2 relaxation

Bignal = M, (1-exp(-TR/T1)) exp(-TE/T2)

Signal

Long TR No difference from T1 TZW'
relaxation

Short TE No difference from T2 relaxation

ms

Long TR
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Excitation and relaxation

6= yB T
M =M sinf
Xy 0

y: gyromagnetic ratio

B, : RF pulse strength

y 7: RF pulse duration
I\/I0 : net magnetization along z-axis

0 flip angle
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Real RF Excitation
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Real RF Excitation

« Spiral trajectory



Real Precession
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NMR signal

* Free induction decay (FID)

Excitation—=> proton = relaxation

Mxy Peak at Larmor Frequency
relaxation in xy plane

—7

Uwumm Spectrum

FID

Resonating at Larmor Frequency

Fourier transform
Time Frequency
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;Tlrecovery

Longitudinal relaxation

. T, decay

A

ransverse T"."IC xation

Real Relaxation
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TR and TE

* Repetition time (TR)
— The time from one RF to the next for each slice
(in msec)
— Determines T1 relaxation

 Echo time (TE)

— The time from RF to the peak of signal induced in coil

— Determines how much decay of transverse

magnetization is allowed to occur (T2)
- .
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T1 weighted image (T1WI)

e Short TR

— Maximizes T1 contrast due to different degrees of
saturation

 Short TE
— Minimizes T2 influence, maximizes signal

>
200 TR[mg] 15 60 90 120 THlm‘_.‘]

T T

TR short TE short
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T2 weighted image (T2WI)

. Long TR

— Reduces saturation and minimizes influence of
different T1

* Long TE
— Maximizes T2 contrast

— Relatively poor SNR
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Proton density weighted image (PDWI)

* Long TR

— Minimizes effects of different degrees of saturation
(T1 contrast)

— Maximizes signal

Short TE
— Minimizes T2 contrast

. . TR=2500
— Maximizes S|Pnal
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TE

20

40

60

TR and TE

TR=250ms TR =500ms TR =750ms

TR =1000ms

TR =2000ms




Bioeffects of Main Field

Enhanced T-wave in ECG
Magnetohydrodynamic effect
Blood is electrically conductive

Electrical induction from moving conductor
IN magnetic field

Detected by ECG surface electrodes

47



Enhanced T-wave In
Electrocardiogram

R

S
A known effect from MRI main field
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Magnetohydrodynamic Effect

. Electrlcal Induction from moving conductor



RF Bioeffects

Local temperature increases with too much RF

FDA: specific absorption rate (SAR) limits
(2004).

— Mean < 3.0 W/Kg in head

— Mean < 4.0 W/Kg whole-body

— Mean < 8.0 W/Kg body (H&&F)

— Mean < 12 W/Kg locally (PUf%)

Automatic detection by MRI system (body
weight)

Related to protocol, e.g. fast spin echo

50



Heating Effects from RF

 Temperature raise induced by RF
—~1°C
— Head < 38°C, body < 39°C, limbs < 40°C

 Homeostasis for maintaining body
temperature in human

* Blood flow carries away the heat
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Gradient Bioeffects

Magnetophosphene

Rapid B, change on conductive human
body

Electric induction due to fast dB/dt

Flash-like vision when optic nerves fire
action potential
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Magnetophosphene

Smaller effects near MRI isocenter
Peripheral nerve stimulation
Response gone after scan stops
Optic nerves unharmed

Present in EPI scan only
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Protection for MRI Safety

* What kind of protection do we need if MRI
IS SO safe?

* No worry under normal operation

« Abnormal operation can be extremely
dangerous
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The Strong MRI Magnet

« Earth field: 0.5 Gauss
* Toy magnets: ~ 50 Gauss

 MRI magnet: 15,000~117,000 Gauss
WARNING !
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Magnetic Effect to Electronic
Devices
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Danger of Strong B,

* Huge attractive force for appliance
— Nail scissors, tweezers
— Wrench, screwdriver, hammer
— Computer, chair, oscilloscope
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Danger of Ferromagnetic Object
in MR
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Danger of Ferromagnetic Object
in MR

Chair




Danger of Ferromagnetic Object
in MR

Nitrous oxide tank Oxygen cylinder
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Danger of Ferromagnetic Object
in MR

Vacuum cleaner V. Injector
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Other "Bad” Things

* Metal or magnetic stuff

— Implants — Carry-on
 Surgical clips » Dental work
« Cochlear implants « Leather belt
* Injection pump « Make-up (eye shadow)
* Prosthesis  Hair pin

* Discomfort or image distortions
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Bad Things”

11

Some Known




Superfunction or
Susceptibility Artifact
B4 TR Al B2
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Safety information

N

BRACCO

b 3.0-Tesla MR Safety Information * Medivance Masogastric Sump Tube

| | for Implants and Devices with¥SI Series 400 Temperature
b AccuRx Constant Flow Sensor

| DISCLAIMER | Implantable Pump and Duracath * Metallic Orbital Foreign Bodies and

| | Intraspinal Catheter Screening

b Acoustic Noise and MRI * Miscellaneous Implants and Devices
Procedures F "Missile Effect" Accidents and

| RESEARCH SUMMARY | b ActiFlo Indwelling Bowel Catheter Prevention

| System * Monitoring Patients in the MR

THE LISET

| SBAFETY INFORMATION |

| EEmEE coee * Actipatch Environment
| PRODUCT TESTING | b Activa (Neurostimulation) System"* MRI Contrast Agent Safety

{Medtronic, Inc., Minneapolis, MMN}* MRI Contrast Agent: Magnevist -
ORDERING BOOKS/VIDEOS - :
| | b Alsius Intravascular Temperature Product Insert Information
| LECTURES | Management k MRI Contrast Agent: MultiHance -

 ABOUT DR.SHELLOCK | * Ambulatory Infusion Systems Product Insert Information

b Aneurysm Clips k MRI Contrast Agent: Omniscan -
| FRIORITY E-MAIL |  Baha, Bone Conduction Implant Product Insert Information

* Bineffects of Gradient Magnetic * MRI Contrast Agent: ProHance -
Eields Product Insert Information

* Bioeffects of Radiofrequenc  MRI Contrast Agents and Adverse

 http://www.mrisafety.com/safety Info.asp e




Take home message

Excitation

Relaxation: T1, T2

Image contrast: T1WI, T2WI, PDWI
Scan parameters: TR, TE

Bioeffect and safety
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Thank you for your attention

* May the force be with you
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