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OUTLINE <
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m Overview of the MR system
m MR Safety
m Visit of the 14.1T MRI scanner
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MRISYSTEM OVERVIEW 40>
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Main Coil The «strong» magnetic field

Shim Coils Make it homogenous

Gradient Coils  Enable localization of the signal

RF Coil Create and read the signal

&
( -
\
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m \VWhatis the easiest way to produce B, ?

Solenoid

Integral path

IT
After applying Ampere’s law
NI
Bo = Mo

for Ampere's Law

Beware of Joule heating!
P=RI?

© CIBM | Center for Biomedical Imaging


https://upload.wikimedia.org/wikipedia/commons/0/0f/Solenoid_and_Ampere_Law_-_2.png

ciBm

STATIC FIELD (B,) ¢
- w 'emerforBiomedicalImaging

m Produces the static magnetic field B,

| =
mm

Hyperfine Swoop, 64 mT, 630 kg

— Permanent magnet (<1T)

— Electromagnet (resistive, <1T)

Gy

B,electromagnet

6.5 mT electromagnet, MGH
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STATIC FIELD (By) Y

ciBm
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— Superconducting magnet (from O.5T up to Hyperfine Swoop, 64 mT, 630 kg
11.7T human, 21.1T preclinical)

m Produces the static magnetic field B,
— Permanent magnet (<1T)

— Electromagnet (resistive, <1T)

Iseult magnet, 11.75 T, ~150 tons
om outer diameter Bruker’s strongest horizontal MRI, 21.0 T

© CIBM | Center for Biomedical Imaging



SUPERCUONDUCTING B, COIL S
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m Superconductor: zero resistance below a critical temperature, field
and current density

m MRI magnets mostly use NbTiand NbSn filaments
&+

25F IR .

20

Critical field [ T ]
7
I

—_
<

()]
I

24 at.% Sn
(0ST 3 kA/n}mz)

) . ) Ny ] Tern peratUne
4 6 8 10 12 14 16 18 20 K]
Temperature [ K ] Lyndon Evans. The LHC. 2009

Cheng et al. IEEE Transactions On Applied Superconductivity. 2007
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SUPERCUONDUCTING B, COIL S
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m Superconductor: zero resistance below a critical temperature, field
and current density

m MRI magnets mostly use NbTiand NbSn filaments

Bruker.com B, coil in the making at Magnex (RIP ®) factory

© CIBM | Center for Biomedical Imaging



SUPERCUONDUCTING B, COIL S
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m Typically: cryogenic liquids required - uid Helium
to maintain superconductivity. ] AT igh vacuum
M =g e t-—1 dli 4 Inzulation Space

— Ligquid nitrogen (77K)

| I Liquid Hitrogen

— Liquid helium (4.2K) Rioom L
Temperatura—___
[T =}
m Stefan-Boltzmann law: ><
Radiant emittance : M = eoT* j
— €. Emissivity
— 0. Stefan-Boltzmann constant | Figure C
Horizontal Room Temperature Access
— T:. Temperature
m INnsulation with vacuum, radiation American Magnetics

shields, multilayer blankets.

© CIBM | Center for Biomedical Imaging



SUPERCUONDUCTING B, COIL

m [ypically: cryogenic liqguids required
to maintain superconductivity.

— Ligquid nitrogen (77K)
— Liquid helium (4.2K)
m Stefan-Boltzmann law:
Radiant emittance : M = eoT*
— €. Emissivity
— o. Stefan—-Boltzmann constant

— T:. Temperature

m Insulation with vacuum, radiation
shields, multilayer blankets. Opened Bruker NMR magnet

© CIBM | Center for Biomedical Imaging



https://www.reddit.com/r/Skookum/comments/z1p7n4/inside_an_old_bruker_nmr_scanner/
https://www.reddit.com/r/Skookum/comments/z1p7n4/inside_an_old_bruker_nmr_scanner/
https://www.reddit.com/r/Skookum/comments/z1p7n4/inside_an_old_bruker_nmr_scanner/

STATIC FIELD INHOMOGENEITY 4>
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m Induced by the scanner and local environment

m Induced by the imaging subject

paramagnetic sample diamagnetic sample

~

B, offset (ppm)

\J

—0.5 I . 0.5 0.5 IR N 0.5
B, offset (ppm) B, offset (ppm)

LI %air = +0.36 ppm M Zarer = —9.05 ppm Robin de Graaf, ISMRM 2019
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PASSIVE SHIMMING

m Pieces of iron or steel placed to
compensate inhomogeneities of the
main Mmagnet.

m Usually installed once at installation

Magnetic field mapping

© CIBM | Center for Biomedical Imaging
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GRADIENT COILS
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m Produce calibrated linear variations of B, in the x-, y- or z- directions

m Adds a magnetic field component parallel to B,
m Typical strength: 40 mT/m (human), 500 mT/m (small)

Z Gradient Coil
G,

X Gradient Coil Y Gradient Coil
Gy
O—Bit 0O B, S B B
¥
= f X
TRV, \ x
Z
Bu Y Z“_l\
2 Bo Y
B, Y
mriquestions.com
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GRADIENT COILS S
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m Linear variation in magnetic field intensity in a direction in space

m Example with a positive G, gradient

Static field Gradient Static field + Gradient
IR S BEER
P Pt I I
T 1 0 X + o} > p— 1 1 01_1_1_,x
ettt R T N B
T 1 1 1 I ¥ ¥ ¥ ¥ ¥ t t t t )
B, =B,-% G, 732 (By + G, 2)2
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GRADIENT COILS S
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m Linear variation in magnetic field intensity in a direction in space

m Example with a positive G, gradient

Static field Gradient Static field + Gradient
[ . Voo N bt
T T T 1 ooy T | t 1
1o : + oo g — t b o S
| O O b st S
[ b Lot S

B, =B, 2 Gy X2 (By+ Gy - x)2

© CIBM | Center for Biomedical Imaging 14



GRADIENT COILS L
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m Linear variation in magnetic field intensity in a direction in space

Bo + BO +
TTTTT Gradient Gradient o Grgzli:nt

Source: Imaios

© CIBM | Center for Biomedical Imaging



GRADIENT COILS L
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m [N real world: wide stripes of copper to carry hundreds of Amps.

Wi
””””’“ﬂm’hm’iiﬂ»":\
(et

© CIBM | Center for Biomedical Imaging 16



ACTIVE SHIMMING S
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m Superconducting or resistive shim coils

degreem

+3 +2 +1 0 -1 -2 -3

Qe -

Spherical harmonic functions up to second order
on the surface of the unit sphere.

order n

First and second order shim coils

Robin de Graaf, ISMRM 2019
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ACTIVE SHIMMING IN PRACTICE S
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C

© CIBM | Center for Biomedical Imaging 18



RADIO-FREQUENCY COILS S
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m Resonant circult

m Cenerate/measure an oscillating field B, perpendicular to B,
— Tip the net magnetization (B,": transmit field)

— Pick up the NMR signal (B, : receive field)

© CIBM | Center for Biomedical Imaging



SURFACE COIL 4>

. . ciBm
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+ High sensitivity and efficiency close to the coll
- Inhomogeneous B,

- Limited field of view

N L
3 Y N
— . — \\ Ia'f /f——
N S\
| | ¢ C““*.Lu_\l L)
c 28 [ 8RN
oy~ /f/i’\\
VLC

Doty et al. NMR Biomed. 2007
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TRANSMISSION S
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Amperes law: current passing through a wire creates a magnetic
field: .

—jéB-dE:/J-dS

HJc S P>

where:
» 1 is permeability (po = 47 x 1077 H/m) ] ¢
. . g

» B is magnetic field dsS 5
» C is closed loop around current path de
» J is current density ~

» S is surface enclosed by C

We design our probe to produce current distribution J, to generate
the desired magnetic field.

© CIBM | Center for Biomedical Imaging



ReCeEP TION S
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Faradays law: time-varying magnetic field induces an EMF in a
conductor: B
fE dé = —/ - dS
dt
where:

» £ is EMF induced across the loop

» E is electric field across loop section d¥#

» line integral taken around loop C is
» B is the magnetic field

» surface integral taken over loop area S

© CIBM | Center for Biomedical Imaging



VOLUME COIL

+ Homogenous B,
+ Large field of view
More complex

Lower sensitivity

Cheng et al. IEEE. 2014

© CIBM | Center for Biomedical Imag ing



LINEAR VS QUADRATURE COIL S
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m Quadrature coll
— Circularly-polarized B, field I kfa .
oil 1
— Doubles the power efficiency

— Increases sensitivity up to 1.4x

T w4
AN
— /1 ik

Both Coils

Combined effect of two coils in quadrature in Quadrature

Pure rotating field

This is a surface coil with _ ]
two loops in quadrature mriquestions.com

© CIBM | Center for Biomedical Imaging




TUNING AND MATCHING 40>
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The coil's properties change as a
function of the sample. This is why
there are adjustable capacitors to

adjust finely its resonance. Mat;hing

m [unetheresonance frequency | | e ‘
of the coil to the Larmor > T Coil
frequency. Tuning

m Match the impedance between
the transmission line and the
coil for optimal power
transmission.

© CIBM | Center for Biomedical Imaging






DANGERS S
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m General aspects

m Magnetic field

m Cryogens

m Radio-frequency waves

m \Veterinary aspects

© CIBM | Center for Biomedical Imaging



GENERAL ASPECTS S
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m No food, nowater in the labs

m Storeyour belongings in the lockers close to the entrance.

© CIBM | Center for Biomedical Imaging



MAGNETIC FIELD
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Magnet is always on!

Anything ferromagnetic becomes

a projectile!

Do not stay close to the magnet |

NOt Necessary.

Medical devices could stop
working!

Warnzeichen: Magnetfeld
Starkes magnetisches Feld
Warning sign: Magnetic field
Strong magnetic field

Signal d'avertissement: Champ magnétique
Champ magnétique intense

Senal de advertencia: Campo magnético
Campo magnético intenso

Warnzeichen: Hochfrequenzfeld
Nichtionisierende Strahlung
Warning sign: High frequency field
Non ionizing radiation

Signal d'avertissement: Champ haute fréquence
Rayonnement non-ionisant

Senal de advertencia: Campo de alta frecuencia
Radiacion no ionizante

r

Verbotszeichen

Prohibition Signs

~

Signaux d'interdiction Senales de prohibicion

Kein Zugang fir  No entry for
~ | Personen mit

persons with

MACHERN,

Horgeréaten,

dosiergeréten

Defibrillatoren,

Insulinpumpen,
Medikamenten-

elekt gnetisch ptik
k! b, S ) to el .
Implantaten, effects,

2.B. HERZSCHRITT-  e. g. CARDIAC

PACEMAKERS,
defibrillators,
hearing aids,
insulin pumps,
dosage devices
for medication

Datentrager wie: Kreditkarten,
Scheckkarten und Ausweise mit
Magnetstreifen oder Magnet-
béander

Data carriers, such as credit
cards and identity cards with
magnetic strips or magnetic

tapes

Supports de données tels que
cartes de crédit, badges avec
bandes magnétiques ou bandes
magnétiques

Soportes de datos, p. ¢j
tarjetas e crédito, tarjetas de
identificacion con franja
magnética o cintas magnéticas

Ferromagnetische Behalter wie:
Feuerldscher it magnetisierbarem
Metallgehause oder
Druckgasflaschen mit
medizinischen/technischen Gasen

Ferromagnetical objects like: Fire
extinguishers with magnetizable
metal housing or compressed
gas cylinders with medical or
technical gases.

Objets ferromagnétiques comme:
Extincteurs avec boitier
meétallique magnétisable ou
bouteilles de gaz médicaux
pressurisés/autres gaz techniques

Envases ferromagnéticos como:
Extintores con carcasa metélica
magnetizable o botellas de gas
comprimido con gases
medicinalesftécnicos

®
&
<)
®

»

Entrée interdite aux  Prohibida la entrada
personnes avec a personas con
e P :

aux interférences a los campos

électr q electr

p. ex. STIMULATEURS p. ej. MARCAPASOS,
CARDIAQUES, desfibriladores,
défibrillateurs, audifonos,

prothéses auditives, bombas de insulina,
pompes a insuline, dosificadores de
doseurs de medicamentos
médicaments

Implantate aus Metall oder
sonstige Metallgegensténde im
Korper, 2. B. Splitter

Metallteile, Uhren, Taschenrechner,
Schliissel oder Mobiltelefon
mitfiihren verboten

Metallic implants or other Do not carry metal parts,
metallic objects in the body such watches, pocket calculators,
as splinters keys or mobile phones

Implants en métal ou objets Interdit dintroduire des objets
métalliques intra-corporels, métalliques, montres,
p. ex. éclats calculateurs de poche, clés,
ou téléphones mobiles
Implantes metalicos u otras
piezas metalicas en el cuerpo Prohibido introducir piezas
p. e}. fragmentos metalicas, relojes, calculadoras,
llaves o teléfonos moviles

Ferromagnetische Gegenstinde,
Werkzeuge oder medizinische
Instrumente aller Art

3 Kein Zugang fiir Schwangere

No access for pregnant women

Ferromagnetic objects, tools or

Acces interdit aux femmes
medical instruments of alltypes

enceintes

Objets ferromagnétiques, outils
ou instruments médicaux de
toutes sortes

Prohibido el acceso a mujeres
embarazadas

Objetos ferromagnéticos,
herramientas o instrumentos
médicos de todo tipo

Warning Sign T5955 Version 03 - MRI / 12.2019




LD MAP

A ging
P ,’ e ~

9 November 2007, / \
scale: 1/50 K
Responsible: R. Gruetter i 4
B=14T r g;
Measured at 100 cm height ( “

|

Measured by! A.Groso w‘
a=>565m, |
b=4.10m, : i
c=112m ‘\
d=335m N

e=215m
f=082m e

m
e
1

3 mTline doesn't extend

Maximum value authorised for the No access to general public T w
holders of MD No access to holders of MD \

0.5mT

FO 595

rs

© CIBM | Center for Biomedical Imaging 30



SerORE GOING TO THE MAGNET S
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m Remove all magnetic objects
— Belt
— Wallet, keys, phone
— Watch
— Pens
— Shoes with steel
— Hair pins
— Jewelry, ear rings, bracelet, necklace, ...
— Magnetic tools, devices, ..
m Some glasses/jewelry are magnetic. In doubt, remove them.

m Gold, silver, palladium, titanium, brass, stainless steel are fine!

© CIBM | Center for Biomedical Imaging



NO FERROMAGNETIC OBJECT BEYOND THE S
ORANGE LINE, PLEASE !l

ciBm

‘en’fer for Biomedical Imaging

CIBM.CH

© CIBM | Center for Biomedical Imaging 32



WHAT COULD HAPPEN 7 S
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(Part of) a bracelet with ferromagnetic materials

Laboratory power supply

© CIBM | Center for Biomedical Imaging
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WHAT COULD HAPPEN (2) 7 .‘"
| | 'enterfor Biomedical Imaging

" m"r;uc;:nr.. MES. :
IRA 2001/01

Steel clip

____ CIBM CH

© CIBM | Center for Biomedical Imaging



“MERGENCY DISCHARGE

m Todischarge the magnet as last resort to
save someone’s life.

m Cost: at least 500’000 CHF (if the magnet
survives)

DO NOT TOUCH THE
EMERGENCY DISCHARGE
BUTTON!

© CIBM | Center for Biomedical Imaging



CRYOGENS

m Nitrogen and helium are inert gases.
m Major risks:

— Hypoxia and asphyxia.

— Very cold
m Gas/liguid ratio: 700

m If you see/hear the alarm, evacuate
and leave all doors open.

p :. >y & s LT P A . g~
Loy B = 4 il M o T % 5
et o SRR - Uy i 3 2% Ao i ook
Sral £ A * "“:‘,n' ,‘ ) B ﬁ: rb ‘, ,:‘_
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QUENCH P

ciBm
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m Sudden loss of superconductivity.
— Either initiated by the emergency discharge unit
— Helium bath too high
— Superconductor failure

— Vacuum loss

m Allthe energy is dumped into the helium
obath and it will boil off!

Dump resistors

© CIBM | Center for Biomedical Imaging




QUENCH (CONTROLLED) "D

© CIBM | Center for Biomedical Imaging



RADIO-FREQUENCY WAVES

m Perturbations of

telecommunications (and other

electronic devices).
m High voltage (100-1000 V)

m RF heating (The subject absorbs

RF power)

© CIBM | Center for Biomedical Imaging

U Table A RIRS  DOCs

v.3989/1.1.26

Presets: —choose pre & Lower freq: 59(C MHz = ¥ Upper freq: 0f MHz -

Allocations
Applications

590 - | for 470 - 608 MHz: for 470 - 608 MHz: for | for 470 - 608 MHz:
605 | BROADCASTING Broadcasting primary. 47 | Broadcasting (terrestrial):
MHz | Land mobile 5.296 Land mobile secondary. 0- | Band IV channel 21 - 34:
5291A 60 | 470-582 MHz: Annex 2,
8

Lower part of band V,
channel 35- 37:
| 582-608 MHz: Annex 2,

DVB-T:
RIR0201-71

DVB-T Retransmitter:
RIR0201-72

470-578 MHz:

Land mobile applications,
inside shielded rooms
only:

RIR0507-08

Radio microphones and
in-ear monitor systems:
470-694 MHz (max. 50
mw):

RIR1009-10,

ERC/REC 70-03,

477-694 MHz (max. 250

mW):

National Frequency RIRT009-1
A”OCatIOn Plan, OFCOM Wireless audio

applications:
477-694 MHz:
RIR1013-20

UWB Applications, Annex

for 470 - 608 MHz:
Terrestrial digital
television broadcasting
{(DVB-T) or mobile
multimedia services (as
DVB-H) according to
Regional Agreement
GEO6.

470-494 MHz:

Wind profilers:
Geographical sharing with
wind profiler radars (RR
5.291A).



MR SCREENING FORM
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m [0 check whether you have e

‘emev for Biomedical Imaging

| . |
a | ' yt | | ' g t a t p r e \/ e I I t S y O u f r O | | ' Magnetic resonance (MR) environment screening form for individuals
The MR system has a very strong magnetic field that may be hazardous to individuals entering the MR environment or MR system

.
room if they have certain metalic, electronic, magnetic, or mechanical implants, devices, or objects. Therefore, all individuals are
g O I n g . required o fill out this form BEFORE entering the MR environment or MR system room. Be advised, the MR system magnet is
ALWAYS on. Please fll out this security questionnaire before entering the MRI room. An investigator s here at your disposal to help
you fill out the form.

C First name:

Age:

1. Have you had prior surgery or an operation (e.g., arthroscopy, endoscopy, etc.) of
any kind? If yes, please indicate type of surgery and date: D D
Type of intervention:

2. Have you had an injury to the eye involving a metallic object (e.g., metallic slivers,
foreign body)? If yes, please describe: D

0

3. Have you ever been injured by a metallic object or foreign body (e.g., BB, bullet,
shrapnel, etc.) ? If yes, please describe:

O

4. Are you pregnant or suspect that you are pregnant?

50

<
@
@

Please indicate if you have any of the following:
Aneurysm clip(s)

Cardiac pacemaker

Implanted cardioverter defibrillator

(ICD) Electronic implant or device
Magnetically-activated implant or device
Neurostimulation system

Spinal cord stimulator

Cochlear implant or implanted hearing aid

Insulin or infusion pump

Implanted drug infusion device

Any type of prosthesis or implant

Artificial or prosthetic limb

Any metallic fragment or foreign body

Hearing aid (Remove before entering the MR system room)
Other implant

[ o
[ [

Remove all metallic objects before entering the MR environment or MR system room
including hearing aids, beeper, cell phone, keys, eyeglasses, hair pins, barrettes, jewelry
(including body piercing jewelry), watch, safety pins, paperclips, money clip, credit
cards, bank cards, magnetic strip cards, coins, pens, pocket knife, nail clipper, steel-toed
boots/shoes, and tools.

I attest that the above information is correct to the best of my knowledge. | have read and understand the entire
contents of this form and have had the opportunity to ask questions regarding the information on this form.

and date:

4 5 ] ] cisvcH

© CIBM | Center for Biomedical Imaging 40



UJARANTINE CHECKING FORM &
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m Prevent any contamination g‘!.’sm
from external sources.

Visitor form

(Quarantine checking form for the Animal Imaging Technology section)

MANDATORY IF ENTERING THE 9.4T OR 14T ROOMS

m Form to be signed every time

This form has to be signed at each visit

to confirm that the rules are e

Last Name...........ccoooiiiii

respected before entering e

experlmentatlon a rea. CIBM visit from (date) .................cccooe..

Veterinary license NUMDEer..............ooiiiiiiiiiiiii e

Module 1: Yes [] No [

1, undersigned, certify that:

- 1 do not have any rodents nor rabbits nor reptiles as pets at home;

- if  worked with animals coming from a dirty animal facility, | have respected a
72-hours quarantine before visiting CIBM laboratory;

- | have been informed that CIBM animal facility is subjected to quarantine
procedures and | will respect a 72-hours quarantine after visiting CIBM
laboratory before entering into another animal facility;

- if  am not working on EPFL campus, | will inform the animal facility manager
of my institute of my visit to CIBM and | will conform to quarantine procedures
in use;

- | have been informed that the present form will be scanned and transmitted to
the veterinary of the EPFL animal facilities

Date.....cooviiiiiiie e Signature...........oeiiiiiiiiiii
] | | | cemcs
v Ml EPFL o

© CIBM | Center for Biomedical Imaging 4]
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