Angikovion MayvnTiKov 20VTOVIGHOD KOl EYKVUOGLV)

O poioc Tov Puvoikov LlaTpikig otn ooy sipion
0.60£v0VS 1 EMOYYEANOTIKA EKTIOENEVIIC EYKVOV

Oouac I'. Mapng

dvoikdc Nocokopeiov — Aktivopuoikog (M.Sc, Ph.D)

AvamAnpotc Kadnynmc latpikne ®uvoiknc
[Tavemotnuio Kpning
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O poiog Tov Pvoikov latpikig otny AMX

» Aopaieio ovotnuatawv AMY
Tpnon 6A®v TOV KavOVOV aGQAAELNG

» Ilowotixol eAeyyor ovotnuotwyv AMX
Bootkol kot EEE101KEVUEVOL TOTOTIKOT EAEYYOL YO TNV OLUCPAALCT] TNG
TOLOTNTOS TV TOPAYOUEVOV EIKOVOV AMX

» EpevvnTiKég OpoaotnploTnTes
Epevovntikéc opaoctnplotnteg Ue KOPO otoyo 1t PeAtioon g

AGPAAELONG KO TNG OLOLYVMOGTIKNG ASiG TOV TOPAYOUEVOV EIKOVOYV AMX

» Exroidsvon
2VVEYNG EKTOLOEVLGT OAOV TOVL EUTAEKOUEVOD TPOCMOTTLKOV
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AMX Kol €YKopoovvn
O poirog Tov Duvoikov laTpikng

Acpaieln cuootnudtoOv AMX
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AMZY, Evepyd vrocvotnuota, Xvoyvotntes ypnons H/M

2tatikd Mayvntikd [eota m
CLASS FREQUENCY WAVELENGTH ENERGY 0O Hz (() 2T — 12T)

300 EHz 1.24 MeV
30 EHz 124 keV
3 EHz 12.4 keV BoOpwowtd Mayvntika Ieoia

ggopr:gz 1.24 keV (Gradients)
Caov 1 KHz - 10 KHz

4 eV

IovtiCovoa

el 1o mey [Tedio Padiocvyvotitmv m
oo e e | 15 mey IR S ) A

oo :21.2 MHz
:42.5 MHz :
: 63.7 MHz 2VYVOTNTEG
:127.5MHz > ToApikng

: 297.5 MHz Emavainyng

: 340.0 MHz 200 Hz -2 KHz
: 399.5 MHz
:510.0 MHz

AKOVGTIKEC XVYVOTNTEC
20 Hz -20 KHz (< 4 KHz)
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300 kHz 2
30 kH=z 10 km

UO Hz 1 Mm
30 Hz 10 Mm 124 feV
3 Hz 100 Mm | 12.4 feV

T
T
T
T
T
T
T

0.5
1.0
1.5
3.0
7.0
8.0
9.4
12.

S
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AMYX : Ac@aielo 6TV EYKVHOGUVY

Buoloyika amoteréopata oty AMX

2ratika Mayvntika Iedia
(Hy)

BoOpomta Ieoia
H/dt

mﬂlﬂlﬂEﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂlﬂﬁgﬁﬂ%ﬁ%ﬁ%&&%& Y N

i i it e e ]

e

S i

EEmmmea ] s
- . = .

Ontikéc owtapayés 1. BAntwn aviikeipuévav

Tayyoc, Novtia, 2. 2TPEYN OVTIKEIUEVOV

Nevpovikr] o
P 1 AxovoTtikoi 60pvfot
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AMYX : Ac@aielo 6TV EYKVHOGUVY

Hapayovres kKivovvoo o eletaloueves amo to nepifaiiov tng AME

Hapdayovtes Kivovvov oty AMX : (Eykvoc — Konmua —"Euf3pvo)

v BloAoywég emopacelg otatikowy payvnuikov teoiov (H) A

v Blrohoykég emodpdoeig fabuiowtav poyvntikov nediov (dH/dt) > ZIX’;/P;“

v Brohoyikéc emopaocelg meoiwv paotoovyvorntwy H) )

v 2Ky POPIKES ovcisg} E&étoon AMY
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AMYX : Ac@aielo 6TV EYKVHOGUVY

H éykvog oav eletalouevny oto cvotiuote AMX
v H eEetalopevn ogv eivan evijuepn yio tnv komon (1° tpiunvo)
v H eEetalduevn ypnler e€€taonc AMX (2° kou 3° tpiunvo)

v Hoparopnn) and petd and eégtaoelg Y/X yio motomoinon mboavig PAapng

v Moviun anacyoinon cav (Iatpdc, Aktivoeuoikog, Texyvoddyog, Teyvikog)

v EOELOVTIKT) GUUUETOYN OE EPELVNTIKA TPOYPALLLOTO
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Ac@arewo otnvy AMX (AweBveic emTpoméc)

I[EC (EE, Ilayxoowa amoooyn, 2002)

IEC

]
Edition 2.2 2008-04

INTERNATIONAL
STANDARD

ICN

[EC : Intern
CENELEC Medical electrical equipment — ardlzatlon

FDA . Food Part 2-33: Particular requirements for the safety of magnetic resonance
: equipment for medical diagnosis

ICNIRP : In n Protection

Appareils électromédicaux -
NRPB . Nat Partie 2-33: Régles particuliéres de sécurité relatives aux appareils a résonance

WH O ) WOI' magnétique utilisés pour le diagnostic médical
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Opwr £ék0gom¢ otoTikOV Teoimv (IEC60601-2-33)

Patient Population
Neonates, Infants, Children, Main static magnetic field
Adults

Operating Mode ¢
NORMAL <27

FIRST LEVEL CONTROLLED [2T < 4T]

SECOND LEVEL CONTROLLED > 4T

Oudoec acBevav : Neoyvd, Bpéen, moudid, eviAKec
Evniikec : 1o opia 1oyvovv yio epyoloucvovs & eCetolouevoos atny AMY

Particular Requirements for the Safety of MR Equipment for Medical
Diagnosis, IEC 60601-2-33, Edition 2.2, 04/2008, http://www.iec.ch
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Opwr £ék0eong padpootov teoiov (IEC60601-2-33)

Patient Population
Neonates, Infants, Children,
Adults

Operating Mode ‘

Time varying magnetic fields
(Gradients)

radients shall operate at a level that does
NORMAL ot exceed the 80% of the PNS median

erception threshold

radients shall operate at a level that does

FIRST LEVEL CONTROLLED ot exceed the 100% of the PNS median
erception threshold

PNS median perception threshold = d—H = 20(1 + 0'36j (Zj

dt T S
1 : effective stimulus duration (ms)

Evniikeg : 1o opia 1oyvovvy yio epyoloucvovs & ecetolouevoos otny AMY
IEC 60601-2-33, Ed2.2, 04/2008, ICNIRP statement 2004
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Opwr £ék0eong neotov P/X (SAR) (IEC60601-2-33)

Averaging fime G min

WHOLE BODY | PARTIAL BODY HEaD SAR LocaL SAR
SAR SAR (averaged over 109 of tissue)

Body region — Whaole body Exposed body | Head Head Trunk Extremities
part
Operating mode | [Wikg) [Wikg) (Wikg) (Wikg (Wikg)

BlORMAL z g 10° i0 20

FIRST LEVEL 4 4_104a . 10° 10 20
CONTROLLED

SECOND LEVEL =4 =(4-10) @ =3,2 =10°* =10
CONTROLLED

SHORT TERM SAR The SAR limits over any 10 s period shall not excesd three times the stated values

4 The limit scales dynamically with the ratio "exposed PATIENT mass [/ PATIENT masa":
MORMAL OPERATING MOCE :
FARTIAL BODY SAR = 10 Wikg — {8 Wikg * exposed PATIENT mass [ PATIENT mass)
FIRST LEVEL CONTROLLED CPERATING MODE :
PARTIAL BODY SAR =10 Wikg — (6 W/kg * exposed PATIENT mass [ PATIENT mass)

In cases where the orbit is in the field of a small LOCAL RF TRANSMIT COIL, care should be taken to ensure that
the temperature rize is limited to 1 -

HOTE MR WORKER exposurs limits are the same as for the PATIENTS. Compliance with the SAR limits for
FATIENTE therefore in practice implies compliance for the MR WORKERS.

Oudoes acBevav : Neoyvd, Bpéen, maidold, EVAIKES

Ot tyéc (Whole body SAR ) woyvovv ya : Gepuorpaacio < 24 °C, Yypooio < 60%
© 0.1 Moprnc Hovemotuio Kpntng




Oprwo avénong Osppokpaciog (IEC60601-2-33)

Spatially localised temperature limits
Operating mode | Rise of body core
temperature
NORMAL
FIRST LEVEL CONTROLLED

SECOND LEVEL CONTROLLED
s~ _2r_ ___ ____. AMNMNANV _
2€ o TUTTIKT €CETao AMX ¢
Ta opra avénong g Oeppokpaciog tnpovvron,
av tnpnodovv Ta opra Tov SAR

Particular Requirements for the Safety of MR Equipment for Medical
Diagnosis, IEC 60601-2-33, Edition 2.2, 04/2008, http://www.iec.ch
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Apeon eniopaon (H,) : avénon Ogppotnrog m

v To peyaidtepo uépog g ekneunopevne RFE evépyetlag petotpénetal o
OepuotTnTo LEGO GTOVC 1IGTOVG AOYM TOV MUIKWOV OTTOAELDV.

v 01 Ogpuopuotkoynuikéc  ovtidpdoelc otnv  £kAvon  Oepupotnroc
eCOPTOVTOL OTTO TOAALOVC PLGIKOVG, AELTOVPYIKOVS Kot TEPPAALOVTIKOVG
TOPAYOVTEG OTTAC :

v Aldpketa €kbeonc, PuvOudc evamdbeonc evépyetag, THmoc wolpov

v Avotopukn Teployn

v Oeppopvdutotikd cvotnuo tov eetalopévon
[Tapovacia AavOavovcac vocou (ITvpetdc, Yréptaon, Awofrng)
IIep1Barroviikég cuvOnkeg 610 choTUe AMX
DapUOKEVTIKEC OYDYES

v K\etotoli deppotikoi Bpoyyot mov 0dnyodv nAEKTpIKd peduoTo
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Apeon eniopaon (H,) : avénon Ogppotnrog m

OeppopvOuoTIiKo cvoTnra euppovev
v O eufpuikdc petoforkdc pvbudc ava Pdapoc 1otod givor oyeTikd
VYNAOTEPOC GE GUYKPIOT UE EVOV EVIIAMKOL

V' OgpudTnTa LETOPEPETOL 6TO £UPPLO HECH TOL TAAKOOVTO KOl TNG UHTPOC
€101 wote tedika m Oepuokpacio oto EuPpvo va gtvar : 0.3 °C — 0.5 °C
ueyoAvtepn amd v Oepuokpacio g eykvov. H Ogpuokpacio tov
euPpvov eCaptdton aueco amd v Oepuokpacio TNG UNTEPAC UEYPL TNV
Yévvnon

v' H oanaywyn g Oeprokpaciac ota Epppovo tov ONAacTIKOV yivetal TolD
apyd 6e oyéon ue tovg voAowmovg 16tovs (NRPB 1991, 2004). Avénon
Oepuokpaciac e untépog kot 2.5 °C givar kavny vo 00MNYNOCEL GE
euPpouikn voéia n 0EEmon

Hirobumi A, J.Nippon.Med.Sch, 71(6), 2004
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Eykvpoovvn otny AMX (Xvotaoceis ICNIRP)

O xpoOvo¢ e€€taonc o€ pa euPpouikn e€etaocn AMY npEmel va
neplopiCetal oto eAdyloto. Ta cvotnuata AMX mpénel va
Aertovpyovv 610 emimedo : (Normal -IEC60601)

ICNIRP 2004

e o euPpoikn e&€taon AME, eatvetal Aoyiko vo, vtotedet
o011 mbavég PAAPec oto EuPpvo pumopoldv va amoesvydovv
edv M Oeppokpocioc cOUATOC TNG EYKVOL OEV QVCAVETOL
repioootepo amo (0.5 °C kol n Oepuoxpocio Tov gufpvov
mopouével uikpotepn amd 38 °C. Avtd oyvel yioo OAd T
emimeoa Aettovpyiac Tov IEC

ICNIRP 2004
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Opwr akovetik®v Bopvpov (IEC60601-2-33)

The MR EQUIPMENT shall not produce noise having an unweighted peak sound pressure level
(Lp) higher than 140 dB referenced to 20 uPa in any accessible area.

*dd) Exposure of the PATIENT and MR WORKER to excessive acoustic noise

For MR EQUIPMENT that are capable of producing more than an A-weighted r.m.s.
sound pressure level (Laegq 1 nh) of 99 dB(A), the INSTRUCTIONS FOR USE:

— shall state that the A-weighted r.m.s. sound pressure level is measured according to
26 e) and 26 g);

shall state that hearing protection shall be used for the safety of the PATIENT and that
this hearing protection shall be sufficient to reduce the A-weighted r.m.s. sound
pressure level below 99 dB(A);

shall state that special attention and special training for the OPERATOR is required for
proper positioning of the hearing protection, especially when the standard ear cuffs
cannot be applied, or no protection at all can be applied, as for neonates and
premature infants;

shall draw attention to a warning that due to increased anxiety, accepted sound
pressure levels may still be of concern to pregnant women and the foetus, to new-
borns, infants and young children and to the elderly:

Oudoec acBevav : Neoyva, Ppeen, mondid, EVIATKES

IEC 60601-2-33, Ed2.2, 04/2008
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Kovoves 06(paAELOS Y100 TO GTUTIKO LAYV TIKO TEOLO
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Kavoveg ac@arsriog Yo to fadpiomtd weolo,

‘Enpeca aroteréopota (mp@tokoriro spfpuikns AMY)

Turbo factor 15 — RF pulse type  Low SAR

il
:J

Gradient mode  VWhisper WPTTOINOM

Program || Routine | Contrast |[Resolution| Geometry
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Kavoveg ao@aierog yio T TEOLN PaOLOGVYVOTNTOV

Apgoo amoteréopata (TPOTOKOAAN gpPpuiknc AMY)

Turbo factor 15

— RF pulse type

Gradient mode  YWhisper ;I
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MAGNETIC RESONANCE (MR) PROCEDURE SCREENING FORM FOR PATIENTS

VOKEVES

Patient Number

Name Age Height Weizht
YOUR INFORMATION RESOURCE Last mama st Wliddle Initial
FOR MRI SAFETY, BIOEFFECTS,
AND PATIENT MAMAGEMENT

M n l i Date of Biurth | Male O Female J  Body Part to be Examined

Address Telephone (home) (

City Telephone (work) ( ’ VO 8 81,) OVT a’l‘ ané
Registration or lo s ) . /§ !

VCC0

v

M INSIDE

PRIORIT

MR Safe MR Conditional MR Unsafe

T T et

2. Do vou have anemia or any disease(s) that affects vour bloed, a history of renal (kidney)

123‘456

2. Are you taking oral contraceptives or receiving hormonal weatment?
. Are you taking any type of fertility medication or having fertility treatments?
If yes, please describe:

© O.I! Moprg R ) Iovemotiuio Kphitne




Ac@aiewo oty AMX (ZKL0ypo@IKES OVGLES)

Kivouvvol okiaypa@ik@v otny AMX

v 'Exouv avapepOel KAmToleg aviEVEPYEIEC TOV EYKEKPIUEVOV EVHOCEMV
TOV YoooAwviov (eCavOnudrta, ava@uioiec), ue wikpn mbavotnTa vo
ovuPovv (2-10 /1.000.000)

v To ehevbepo 10V Tov Yadoiwviov eivar dwaitepo to&kd. Oume, ot
EYKEKPIUEVEC ProcvuPateés yNAIKEC EVOCELS EIVAL OVEKTEC OKOUOL KOl
oo acOEVEIC TOV TAGYOVV OO VEQPIKN AVETAPKEL.

v O1 eviogic owtéc, péo® TOV TAOKOOVTO, OlOYETEVOVIOL KOl
GVGGMPEVOVTOL GTNV KVGTN TOL EUPPLOL Kol 6TO auviako vypo. H
eniopac™ otov EUPPLOo OeV Elval YVOGTN KoL YU 0VTO 0EV GLVIGTATOL
YPNON TOLG GTNV EYKLUOGUVT

v Exkpivovion ermiong oto yOha, omdte TWPEMEL VO, ATOPEVYETOL O
OnAacuog yia 36-48 mpeg LeTd TNV ¥PNON TOLG
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AMX Kol €YKopoovvn
O poirog Tov Duvoikov laTpikng

E101K01 o10t1Kot EAeyy01 cuoTnuUatOY AMX
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Iovotikoi 'EAgyyor otnv AMX

AAPM REPORT NO. 28
AAPM REPORT NO. 34

AAPM REPORT NO. 100

QUALITY ASS
FOR MA| €B ING
GING SYSTEMS*

Acceptance Testing
and Quality Assurance Procedures
for Magnetic Resonance Imaging Facilities
“Reprinted o CE COMMITTEE

19, Issue 1, 1992

Report of MR Subcommittee Task Group |

December 2010
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IowoTiKOl Ay 0L cvoTnUdTOV AMX

HoiEg TopaueTpol UETPOVTAL GE EVAY ELOIKO TTOIOTIKO EAEYYO

v "EAleyyoc Laser torofétmong

v’ Opotoyévela otatikod poyvntikod ediov (Hy)

v InuotobopvPikoc Adyoc SNR, opotopoppion SNR, Avtibeon CNR
v Opotopop@io ekOVoC

v" Extiunon yevdevocifemv

v’ Teopetpikn mopapopemon / Xopikn ypoupkoTnTo

v Tdyog Toung

v Xopikn S1oKprtikn tkavotnto vyning avtibeonc

v Xmpikn S1oKprtikn tkavotnTo Yo unAng avifeong
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IHorvotikoi ' EAeyyor AMX (YAka)

American College of Radiology (ACR) multi purpose phantom

Eykapowa oyn OBemaia oyn
Awatduaro winpwong : NiCl,, NaCl
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Eiwdwkol Ilowotikotl 'Edeyyor AMXE (YMKQ)

Opowopora EUROSPIN (Test Objects) TO1 — TOS

(Test Objects) TO1 — TO4 (Test Object) TOS
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IHE AMX (OMKOG ovvtereotns avtifeons, CNR)

v Avaiven : Xpnomn xotdAiniov opowdpatoc (TOS5, Idwokotackevn) mov
TEPLEXEL VAIKA ue yvootég tiueg mopausétpov T1 kor T2. Xpnon ROI 1
TOPOUETPTKOV EIKOVOV Y10, TNV LETPpNON 12 TIHOV TOV OUOIOUATOV.

Contrast Factor = Méyiotn owagpopa tinav / (Méyiom + EAdyiot)

CNR = Méyiotn owapopd tinev / @o6pvfo

v’ Kpirtijpro Amodoync : tyun tinoiéotepn otnv povado CF =[0.0 — 1.0]

EUROSPIN (TO5))
Awohvpato Ayapoing
+

Corn oil h{
ResE
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AMX Kol €YKopoovvn
O poirog Tov Dvoikov laTpikng

Exmoogutikéc / Epeuvntikéc opactnploTnTec
(BeAT16T0TOINGT 010 YVOGTIK®OV TEYVIKOV)
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BeATi0TOTOIN G OLOYVOGTIKOV TPOTOKOAL®V
O&oelg YooY
Tlw (SE)

: WFI pe npoopniceic Gd (XAI)
Corn Oil

:EﬁROAU
: Acetone
: Double Distilled Water
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BEATIGTOTTOIN G S10YVOGTIKOV TPOTOKOLA®V

AvOporopop@ika oporopate. Metpfioeic RF kot akovoetikov 0opvpov

>uvOnkec : Ogpuokpaocio wepifariovroc : 21 °C, Yypaoia : 10 %
®¢on : 3 m €€ and v €icooo Tov Tovvel (1.5 T)

Padiocvyvotnrec : Smart Fieldmeter, Isotropic E probe sensor (3MHz-10GHz), Peak value
Axovotikoi @opvPBor  : MASTECH digital sound level MS6701, A-frequency weighting type
Peak sound measurement, Scale : 80 — 130 dB(A)
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BeAtiotomoinon owyveoTiKOV Tp@TOKOAL®VY (T1lw, MPRAGE)

ﬂuﬁarmﬁ

il mn, e N B2 e
- QMTime : 425 : Time : 4.25

@:-p

minmax: 233

Crycng: 34

TE TP S
Ll el lalulalylsem

: 1570/2.73/15° : 1570/4.88/20°

:0.47 V/m :0.38 V/m
Acoustic Noise : 98.0 dB(A) Acoustic Noise : 84.6 dB(A) (whisper)
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Apeon emiopaon H, : Eykopoovvy m

IHopaoerypa Epeovag aSroloynonc (Survey)
v Kanal et al 1993. (Radiology 187, 395-399)
v 'Epevva 6e 1421 £ykveg yovaikeg texvolOyovs cuotnudtov AMY otic HITA
v MehetnOnkay : (yovipotnra, xpovog komong, Bapog, PUALO Kl KOTACTAGT))

v 'Eytvav KovoviKOTOWGELC Yo NMKIOKES OUAOES, OUAOEC KATVIOTMV KTA

v Agv TopatnpNONKAY GTATIGTIKA CTILOVTIIKEC OLOPOPES OTIC GLOYETICELS OE

GUYKPLIOT UE TIC AVTIOTOLYEC OUAOES EAEYYOL
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Ac@aiera otny AMX (Eykvpoovvn £pgova aEloAoynong)

‘Epevva o€ 352 cvotiuota AMX otnv Ayyiia, owdpketog 1 £€tovg
(A) Amerkovion g eykvov [10c00To amokpiong : (59 %) |

Results from analysis of hospital procedures
Condition 2003

Hospitals applying a 10/28 day rule equivalent

Hospitals that would scan during the first trimester in emergency

Hospitals that would scan after the first trimester in cases of clinical need

Hospitals with a follow-up procedure when a woman later discovers she is pregnant 52 (27%)
Hospitals that scanned pregnant women the previous vear 143 (69%)
Approximate number of MRI scans of pregnant women in UK (not fetal scans) 498

De Wilde J.P, Progress in Biophysics. and Molecular Biology, 87, 335-353, 2005
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Aoc@aiera otny AMX (Eykvpoovvn, £pgova aSloAoynong)

‘Epevva o€ 352 cvotiuata AME otnv AyyAia, owdpkelac 1 €tovg
(C) Epyalouevn £ykvog [tocootd amokpiong : (59 %) |

Hospital policy for pregnant staff working in MRI
Protocol for pregnant staff entering scan room Response

Pregnant staff must continue to work as normal 4 (2%)
Pregnant staff are given option in the Ist trimester only 2 (1%)
Pregnant staff given option of not working in MRI but must work as normal if they remain 2 (1%)
Pregnant staff given option during all stages of pregnancy 102 (51%
Pregnant staff given option but may not enter while scan is running except in emergency 63 (32%)
Pregnant staff must not enter scan room during 1st trimester, then given option 18 (9%)
Pregnant staff strongly advised to hmit scan room time and must not enter while scan 1s running. 4 (2%)
Pregnant staff must not enter scan room at any stage of pregnancy 6 (3%)

De Wilde J.P, Progress in Biophysics. and Molecular Biology, 87, 335-353, 2005
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AMX kol Eykopoocvovn, O poiog Tov Pucikov latpikn
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