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Effects
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1. MR 2tZe] 254l &2l metsic
2 MRl Z}EojA ojLp= XpXtal XI|Etof ojxlE= HEHE ofsf Bt
3 MRl ZAte} BHEHE FoJAIEHE Z]9Bic)

2% MRIE Th3s 39 A9 22 FA9) #F, A9 e SHmolecular imaging) AT %
AA de] 2o|x glom o]E HopohA X Wad AptHoz ARth MRIZF %ol A
QT EF AF 2otz YA kAN MRI AALE o83t A ATAEL MRIE AT
AARA ) el 8L 7HACk B Tg kAol B3l FANL T glojof Atk

MRI ¢tdol 3 AL MR 7|4 AARGE 32 ZAE 2 2o 2 o4 449 2%
2 A(biomedical implants)olut A¥e} 2AS Y3 Mg 4 (medical device)ol AT Hut
S8 MRL ZAHRgo) 19773 248 A o 303 $< 19 539 o] dE ZAAA MR 717
AA % BEE A AlnE QU & MRI FA £5 24 Ageld A71F i AL
Foj o]2 AL AT 2EG YUY AZAE ATELS MR A AAY EAE ohUn F
2 FAFHE A YAY QA el SeigE FHERG FA PR dojygrt. o2
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A3} MRI Roksld Ashe AFELS FHBANY AN B aFA dhaf & ¥ Qo
(1. -

a8y 2% B¥Y AT 43U MRIAY S8 AAREE AlgEd] Zals
29 MRISH #h8e) A7) FAVF @A FEEAo) X HETL opde 4A & 4 vk
HAR A AARIZN, ©AE =7, A1) gs 2 ZARE AR =7t AL 9
T, 38 FAE AAEE AdEe] e BUFS I BAL 23] S8 MR 714 AAA
MR sequence F4< AFsAL HEES a78: dB0] A% itk EF MRI 714E A%
st} 30 - 80 TY MR 71%0] WolA o] £51 3o} olg #AY AHze FY7d, Fol
A A%, AR, RF 829 A28H Jakol) otdo] YT M2 73] Besd

o) & FEERONY X o] BAY AATART ohyz} MRIY AT BAst] Ao}
g 848 AR (static magnetic field), BAFA 3 (gradient magnetic field), RF field A} 4%
i olg Zzte) AREA Ensl AN BAE @ TRnA SR,

1. MX}AH(Static Magnetic Fields) 1}

() AAZ A7} Ao WA E T

22 AL o] &EH = MR AAZLE 19773 AS A7i€E § 0.06TAA A F7Fshe] 1998
d 80T7HA E7ketth. A2 Al717E 056G S 13 d o 80T MR 7IAle ATFAE
1600008} & ARPFE AT Qe Rolth olgd 2d A% FlM A= kA 1)
o AEeHEAd dstE ARl 80T ZAdAME ‘BACA A AFS fltknon
significant risk for patients) 3 B3] Qo 80T ol AFNA FAE Aoz ddixn
Ash= A5 H7HE €58 Austa Jok AAY A4 AE tiFEo] A=A i) RzteA] o
o B 2 (diamagnetic) ZH2]Ql &4 42717 ¥ & T UWK3). -

a2y A% Aol QA 2F | ulXe G digd I dTEol Aoistrh WolaA
Rtii2] #(semicircular canals) W endolymphel ¥3& wix oAAeg&F LAEA, AE 4733
e, AxAYolv} ZIFEA, FHR F2ol dF FF A AF ololo] viXE FY, H
el FF, A Wz}, Aol AA2F W), HAAA g ®sl T o Fojd o
O¥ 29S¢ Busty ok giFE 5d3% 9o ivtn Busta ovt gRoA EAH
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= A% stk 22y wkEA (reproducibility)e] iAWY @A MRIZF o] &5HE 21% o
€ 3%S AAste 5 a4 dae dd@ 3). A ARRstn e AFdMT dFE ¢

Aog ¥42A .

A AT AA Y ¥E F 2 IIAE FAFHLRE A F EoE2TH0).

1) shahitgo] i@t A9 o g (Magnetic Effects on Chemical Reactions): oxyhemoglobin
R A ™ deoxyhemoglobin e A AN AAF WAME dart BolE e A%

& & QAT AAE 1 B} e Ak -

2) QA W) A Ao A3 &} (Possible Ferromagnetic Tissue Components): & (iron)< | A
24 4 9 ok(QA Yol 37g/T0kg ) Mol A Uil 2o QA (bulky distribution) %
7] Wizl AFe] 37 A9 glvk 2y FAlolv ad w4 S ¥ AspEel A W
AN Ag To} g0} FW 22 g AZ5o Fo] 4YAY G4 4T A & Yok

3) Magnetohydrodynamic Forces and Pressures: 73t A& &) QA Yolx z2& i
U Wol9) endolymphol AF7F 2Aste {1 endolymphE 2+ Jok FF WolM A7 I
W4 HolM HFo AY FFL FA ¥ou endolymphol BFHE WA oA E doF
A |

4> o

(2) A7ge] F&EA oY A4 vzl 23

MRI 75*}9} 4%‘_5101 dojt Ay 4?1 AlAL tiRE A5 Aol AdE He 5828 S
HAEA Y torque) M2 &2 A (translation force) LA A& € o oo HAF HF5H

F 299 A% A ool gold Ao wad e wjde dux 2Yo] HFE B A
ol i ¥z "ol Almy} BAFTHY, 5). ARNERAY] T3 A3} AP dFez
2o AR} Almrt VA E SFGrHE). EF MR 7|4 FEME 2Ade] Hat uj$
= A3l 2 Z(static magnetic field with spatial gradient 4% #I=Z) A& He EAE 77tolst
W U AZoz Eoitt 19, AAE, daE A Fo] BAE HA A o2& A

2E0] YAk olFF AALE L FAfA o|&£HE MR AT EArnte 2E AL
Y ZE JAA 24T ¢ g EAloth Y HTde Yol AFEzY] $2
MR 7ol AHSSEE BET Qo] A2e BE A AA MRI E90] olFojA1 glow
(7-9) o}%8 &7 gt Rusty 9o

{
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(3) MRIY #2€ Yol FAste AFe ¥4



oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

AFHA LAFA B Al =2VY Fo} AE A2e B FAHA @t 2
Fedtd 2% Al =F9A g Ao AWs AL FHskn BAY Yart YTk,

2. AAIXIAO|LT RF A 2o|st o4&k (Oscnlatmg

Magnetic Fields)

MRI &9 5 A&HE A 9Helectromagnetic wave)s I =27} &gl AAlglo] 9%
AR &, Tl =AY Be Pold), o|EASNN B AR, AFH BUHM Yo
= Az Al AARAR NN ALHE AT, 2gH FH A4, AARE WERYAY
SN2 FAN BYRE AR 5 ALHE AR FRse a2y ols AR
AHE FAE 94 FALE B BN AT DY Zolth MRI e SR @
o w22 BUdE FHol ot MRIY FHY FAAY ATASAAE B =257 o
qol 27 @3] Wash

MRI 29 3014 Azl mat A9 Wss W& HAolth & 949 X AAS
A% AR gradient magnetic field), ZAFHE 23 R @9 &4 shexcitation)& 93¢+ RF
27t 7)o g Azkel oel Wsets ARe 27 WA 7] % (Electric fields)E ¥
Ran AR7E 4T o) 93 UAA 9ok 23 ) e BYHRE A% A8 RF
HAE Larmor frequencydl 938 23 H® MHz 59 2 37} 239 2 F(heat)o]
4712, BAAEY A4 Fher ARGl 094 Aske $EVF b dele AL
(ramp time)o) W} ARBEY Fss} HnY Rob S $3 Hz AR BE FHH)
AT F2 AR RS F40] ALK, 2, 10-14). A AHEH d+ MR 7]¢ﬂ°ﬂ*i*'= MR
sequenced] Z7d wWa} QAo SAL 2 4 gt HAE AT MR sequenced] HIE A&
& A% AT ABPS UA LES FAST Yk =99 BATE Ak AAARY 2
3} RF pulsed] 98 98g Urol 71¢ama st QAo vAe 99 908 Faio] T
BE 5 g ASE A

(1) B AAA2] 4 3F(Gradient Magnetic Fields)
MRI 717 WA= g4 X ABE votslr] A8 Al Wikx, v, 29 AARZZ Y] Q)
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Figure 1. Definition of gradient ramp duration, t. Gradient current waveforms
are shown at the top. DB/dt waveforms are shown at the bottom.

Patient

. ' _. i
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Figure 2. Cylindrical human model used by Reilly to estimate dB/dt
stimulation thresholds. The patient is oriented along the static magnetic field
and assumed to have a radius of 0.2 m. Peak electric fields are induced on the
cylinder surface (13).

ov] MRI 29 FAdAE A B ZAE 29 2571 o9 w2 A 2739 Wes dozid.

S A7l A 00A dste 9 AFE 2SS T A AR F AAA dokFigure 1). Al
Ao mhey ek AFY Q] B9l ARAC AXFe] RS ARJL B2A I
(Figure 2). w58 #7149 Fa5e addM & F ARl AARPE] 0dlA 43 FE7HA
287t A 7Hgradient ramp duration, rise time)oll whel Z2AFH W T3 A7|Fe WsHdB/dt)7}
AR9t



...................................................................................................................................................................................................

15T MR Z1AdA A2 e 0~50 mT/mrk ol $33 gk AAREE AAH1L5~
30T)oll o) B 3008 WA 600ue] A& 2gg AHEdth & So] ANsnd, AR
2 0914 1OmT/m77}7~] —Q—E];i_ ramp time©] 200 ps (B2 MR sequence}A] ramp timee
%9 psolth) o]W dB/dt & 50T/s, olW A7]= A7) electronic field) & 40 cm H7 EdolA
5V/m7t A7tk 27 Sdo] 5V/me) AF7t 524 =0 o)2A A7 AR T2 AR A
to A)NEE AT Pk

¢ BXRABASY FAFL 6 V/m ot HxAAE AFE & dv AVFY 279
HAAE B Aol i 8B5S e Arlde Aot JdEd, 59 -] 2xAF A

Zuck o 28% o ¥03 A Qo1 AF AF T3k oln o B FFAM Lo

7booF 8iiAE H wo =Y BHe A H(retinal  cones)ol Zgate A
(magnetophosphenes)?] "‘371715 sta, AR oA 32 EF ArA o] dAstd ECGY T
g W3 7Y ol AR JHAE Ui wgs

MR 7A)7} 20)7] A& 27)de 20 T/s2 AdstA et 2 F ASH sequence T L.
2 53|, echoplanar imaging (EPI) techniques®] ©]€%HA] . AANARS A i 249
240l AZ|HUS. FDANM A3t Y& 7|EL ‘the levels which do not result in painful
peripheral nerve stimulation’sh 2ol 258 FAL Tx itk AU FAE W $8F 94
71 (sequence)®} AL WA F 7] WEo] ALEHA =97} Base Bz
23t Vogt 52(11) TR A5 FEHET 120% ¥ FEAA 94 4oz 94 84
o] 27% AT EHS 343 H& E9 *ﬂi—% MR sequence E°] ¢ ¢HEsital FA8aL
Atk @A AHEE I = MRI sequence £ IR o33 TxANA Aoy AFAII 2
= do} VA FE=F AdEE F v #x9 AAE AVFY fE d%E nE A
T Zolu & N2 BXA Fo} 12X % conducting loop)S THER Tojof dt} T2 1
ARGe whe Ag) usd st 17 YR ARV 4A BAs] wRo

(2) 73*}7}75}3‘3-1 ] o] 137]“ & °(Ac0ustic: Noise)

MRI AAF =% o9 2 2218 2% F At} ol AARE ZY dgEdd e Agoth &
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A A& AN A FES oA AR} 52 %
o g ol WLste] 27} WA Bk AR AR W) AFE E9F
A Faol A7 Age] Fo AAZN $EE QoA AAAR 2ol Hsl 9A Hu 2d
A FHd BEE xrt doh o)$ wE FAAAEE dolE MR sequenceol A O A A
£ 5% & gk

FDAIA S A% AFEe 140 dBolahe 29 g Feka AT 9 dB ol4ol® AF nE
3jolettt. EarplugE AH-3Hd 10-30 dB A=) 28§ 29 7 AT 7Fs3HE headphone
2o 05 3B A8 o) Best 280 9B BhE 239 FEE FLHAU w3
Aztel 3 £47} €k MRI 88 o] FAME $5 288 Zole Wi F9E 7

£ F387} 9}

(3) RF "2 o3 43 (RF Fields)

AAstnat st 229 AAE 48 Avtaxt A FHF I Larmor frequency©l
(42~57 MHz/T) #dst= AFE FA =Hew -01‘41 Z2 Y2 Eorte Aol WiddA 45
LAYA 71 AdA HE F F Aok TYFIHSE A (static magnetic field)d] 2719 w2t
gtk Azt 3 d AL AxHAXE AAEH GA ol = Aotk AAAYA A
T ' BAE 4 Y8 2450 MHz A=Y AAgE WEWY e 23 Wilx
- AL do] LAY SFAEE °A "ok oldf AT JUAY Fe WattsThe ©HE
AHEe A Q1A Y] ¢ T00~800 W A& AHE-gt. |

MRI dlXe dide] & datd wel FPFaert d2e 18 J2ge Azld bgsME
F3471 g2, 23 o] £23% RF 4+ A3 Ax}Fe-F(precession)® FHE oA
AR U7 Agdnt. A4 AgHe qUxE ZA7] Hs SAR(specific absorption
rate, watts/kilogram)@t= @& AL3it) o2 EH 55 AFA 2 Wkl = 607 B =
A7 ZAUE 2571 076 AE Asdls Ao® 434 ok ol Ikt I 2kk
AL U B 2EF AssiA gu AA #294g whd g4 4 Fo7 dle =AHATL
SAastAY 77 FA Wiy EHE 3AdE AL E T AUTh

SAR7} ¥=0lR = ZA$E RF pulseE ®o] A}83tE MR sequences(dll, fast spin echo)oll A
o 2 qUAZ E5EY HA B 29 AFE sue g4olth RF YA o3 EHFS
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o) A AN A 2 22209 4TS AYA AR, SO MR 2 02
B, £ ST £% 440 G%E vtk FDA Aat A4ANAE 40 Wi, Bl thald
15 Whego2 1 itk 2eiv 99 Ande AA0e o 08d) mFd Wy LxE A
o S2b] BT WY LW F 47 4k A ol$HT 3 MRI sequence® Foith
9 FDAS A3 A33} 4 o7} g8e & + ok

1) 33 (Burn)

RF Zdo] Y= A uwlid AA} 18)E e AMoly EEE(ECG electrodes, wires,
skull plates, hip prostheses) Sl AF7} FEHo 34e dod F Job. IFJH7L ZYe 9
ol B2 =2 Fogorstn T3 AN T3 22 BAL HAAZ AR HAL T AR 9
FA BEE 3t 17 EYS PAIA LEE o}

p F3nAR 1; MR AT AR 4Ad 2 AedHHTable 1).
(23] http'//www.fda.gov/cdrh/ode/primerf6.html)

Table 1. MR Environment Medical Device Concerns

Static Magnetic Field (always on)

Rotational force (torque) on object

Tearing of tissues Rotation of object in order to align with field
Static Magnetic Field Spatial Gradient (always on)

Translational force on object

Teanng of tissues Acceleration of object into bore of magnet "missile effect
Gradient Magnetic Field (pulsed during imaging) |
Induced currents due to dB/dt

Device maliunction or failure

Radio Frequency Field (pulsed during imaging)

RF induced currents resulting in heating

Patient burns (thermal and electrical)

Radio Frequency Field (pulsed during imaging)

Electromagnetic Interference— active device |
Device malfunctions Induced noise (monitoring devices)
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AL 22 Al2tn ZlH el 24| (Patient-related

Devices)(10)

1) Implants(*<&9F &%, cochlear implant, stapedial replacement): A WlollA] o}&3AY
A 7 U &2 4o + A A A 2T implantso] WRE AR A4 2% G
Ao digt AAY g Etd, Algsles dEFRESY A digt ASAHQ J&ﬂﬁr Hu7t g
a3t BHashl AAE A e gio '

2) o] 2 (Foreign bodies): ok o} Eoi7t o] B9 A HAT F1lo] Rty Jhsdt
H T2 HAE o] &8 of it

3) AdtExd7)(Pacemakers), led FE 5 ¢9 =9 X

4) Adaeh A ¥ IA Fe Aoz &EA

5) CSF shunts: A9} FF& ¥A et

6) Wires, other metallic objects and skin contact: pacemaker lead wires, ECG and
plethysmographic cables and surface —coil connections & 7AAMALZolu RF Aol 23]
AF7F w22 7 JoBE yid JAF 2A FEEF Fof Itk F5 F] 07 A= X,
AR, BN HEH g3 AN, EZ7) SE JHA 31 o7 ¥EF Fof gk

7) IUDs: ¢Hdg Aoz &3 o

8) Joint and limb prostheses: %@3}1}{- oro} 47tel o] At

9) Skin patches: RF energy &2 ¢33 48 4L 4+ U

100 94 Ejopoll Al &S FA g+ Aoz HuFHPTHIL). 28y JFestd 9a 27)de

Wes Asa Yo ' ' '

- p F3A=R 2 ; Operational safety rules(10)

1) Magnet room $tO.2 Eoj7b= AL FdEE AR 32 2AAY) g3 EA Y 3
3

2) MR 32 Z= 5 Slojof 3y div FAE FAR AR Folof &

3) e %%174}-‘:‘: AR &3t 7ZHAIH oo} g

4) HAF Fa hfEo]l £ ojof 7

o
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P Fuzs 3 ; Absolute contraindications(10)

1) Electronically, magnetically, and mechanically activated implantst cardiac pacemakers
2) Ferromagnetic or electronically operated stapedial implants

3) Hemostatic clips (CNS)

4) Metallic splinters in the orbit(Eoll o]&&0o] o7t A$-

- P F3AR 4 ; Relative contraindications (10)
1) Electronically, magnetically, and mechanically activated implants: other pacemakers for
the carotid sinus, insulin pumps and nerve stimulators; lead wires or similar wires
2) Non¥ferromagnetic stapedial implants
3) Cochlear implants
4) Prosthetic heart valves(in high fields, if dehiscence is suspected)
5) Hemostatic clips in body
6) Makeup and tattoos
7) Congestive heart failure
8) Pregnancy
9) Claustrophobia

p FaAs 5; #H & A

1) Ferromagnetic materials(Z3 A+ A))
- the "normal” form of magnetism which most people are familiar with, as exhibited in
horseshoe magnets and refrigerator magnets
2) Ferrimagnetism(&7}4+43)
- ferrimagnetic material is one in which the magnetic moment of the atoms on different
sublattices are opposed, as in antiferromagnetism
3) Paramagnetisim(AH (34 A1)
- paramagnetism is a form of magnetism which only occurs in the presence of an
externally applied magnetic field.
4) Magnetic susceptibility
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- the degree of magnetization of a material in response to an apphied magnetic field.
5) Diamagnetism(¥tA+4d )
- a form of magnetism that is only exhibited by a substance in the presence of an
externally applied magnetic field. |
- the result of changes in the orbital motion of electrons
- Matenals that are said to be diamagnetic are those which are usually considered by
non-physicists as "non magnetic”, |
- include water, DNA, most organic compounds such as oil and plastic, and many metals
such as mercury, gold and bismuth.
6) Static magnetic field and spatial gradient
- magnetic bore®] ZH¢E 02~40 T7HA] ©¥sis $8 2] Zart s 24304 &
U bore FHAA dojd AHAHe] W3S spatial gradientzt &
- spatial gradient W&o 38 4 9= EAL magnetic bored] 77kl ZEA7MH FEA
B (projectile) FAXIA €
- 371€ 8 £ translation force7} #-&3ct
* static magnetic fieldt deviced ®¥jgd] we} d=v} 34y 22 =4S 3l = ¥y
TorqueZ} 2H&3cHEHESZA ).
7) Five gauss line
- MR scanner $H .2 5 gauss ©]3} T4
- Ak Al S A rEET L Aq7|a 9
8) MR compatible
- ol# device7t MR 714 FHA ALRHAE § 98 ASATIAY AA 7)E0] B
AR e B¢
9) MR safe
- no additional risk to the patient, but may affect the qualty of the diagnostic
information
10) MR environment
- MR scanner ¥, 5 gauss line ¢&:
- Static magnetic field (0.2~15 T), associated spatial gradients
~ Rapidly changing magnetic fields(imaging gradients ~kHz)



lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

- Radiofrequency magnetic field pulses(MHz)
11) Active device
- medical device that can only serve its intended use with the supply of power
12) Passive device
- Medical device that serves its function without the supply of power
- — Aneurysm clips, shunts, scaplels, IV poles, oxygen bottles
13) Specific absorption rate (SAR)
~ Measure of the absorption of electromagnetic energy in the body (watts per kilogram
Wikg)
14) Time rate of change of magnetic field dB/dt
- Rate of change of the magnetic flux density with time (tesla/second)
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