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BAE, bREICKIT S MRI EBOR 4
X, 1988 FIZKED Food and Drug Adminis-
tration (FDA) 7 578 & 17z Guidance for Con-
tent and Review of a Magnetic Resonance Diag-
nostic Device 510 (k) Application (FDA #54})
CERLL TR, TAHS, ZEWE =58
ERNDORINL L UBREBESFPHF SN T
% 1,2)

gt Tl, "R ORI Th 5 specific
absorption rate (SAR) %, BRI 52
AW QENLHEM LY, ZLHEMEELE LT
DEREAED TN 5.

LA L, 1995 4E|C International Electrotech-
nical Commission (IEC) » SRS NI LW
% 4 18 $T International Standard 601-2-33
(TEC #i#) Tk, mEE#HEICEA L TFDA
faer L I3 R 7 5 SAR HIE Lk & B R EEHR
SN/ (Table 1). T TIZhPEICB VT,

EILEES,

AF—52 THHRLY
HEIEE!
2R E R A KB O

ZOF LWERERE ORI 7B S EA
TWBERY, BRBESICKT 5 EBEREROM
3R E I N Tz,

ZZ Thhvbhid, BKAMRIEEDORE
PEICBE 4 5 BB RO LB, &, ERIRIC I
HEAERBROFMAE B E LT, MRI#&H
FETFIE LACEERO SAR %, o0 D
RIFETHEL, FEOHEHRFZ1T- /.

Table 1. Comparison between FDAV and IECY
with Regard to SAR Limits

SAR Limits (W/kg)

STANDARD -
Whole body Head Local tissue

FDA 0.4 3.2 8.0

IEC* 1.5%* 3.0 8.0

FDA : Food and Drug Administration IEC : Interna-
tional Electrotechnical Commission SAR : Specific
absorption rate
* Normal operating mode
** the room temperature =< 24°C, the relative humidi-
ty<60%
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MRI 2B 13 HBEEM 1.5T (BEgEHE MAG-
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MRI BRI 1) % & AR R BE 3 AR5t

VEEQD a4V (BEAR, BEES —=
VIRR, 1287 A V) BERLE. ¥,
AEBICBIT A ERAEOFLEERIT,
64MHz (radio frequency wave : RF) & L7-.

BEsRE LT, Ry PI—TTFSA4Y
(HEWLETT PACKARD #4195A) Z{FEMH L
7z,

Vi *
1) 77V b4

RABESEARMKR T 7/ bo GRIR7 7~
FA) LT, B 14cm, 16cm,18cm @ 3
BEOT7 7 VIVEERRESRZER L. NEY
i3, BEEARERABER S TIEEME T4
DOIT, FRERIAZET )T AKEBE (04%)
THRRLY, BEIE 2mmol/l & L. £5%
KRELLEEOANRYERIL, £+ 170
kg, 2.45kg, 3.30 kg TH - 7-.

IEC ##& D E & 5 test object 1 1213, AL
o IVIKEBKR 7 7/ kA (10 mmol/l, B
6cm, &I 10cm OMER) #HEHL, BRR
7 5% k% test object 2 & L7z,

2) WigEwE
a) BRMMEERE
BEEDT, EBXMRIKEZETVEL,

spin echo (SE) #:i% T1 587 E & (TWWI) &
LCT# Y& LKER (TR)=500ms, flip an-
gle=90°, A5 4 AW H =13, HHESE &I
TR E €& (T:WI) & L CTR=3500 ms,
flip angle=90°, Ta— LA VE=9, X5
A A =14, 7o+ VEEEE (PDWI) &
L T TR=3500 ms, flip angle=90°, Ta—}
VA V=9, RS54 AKE =14, ¥ LU mag-
netization transfer contrast (MTC) D7z%D
off-resonance presaturation pulse (MT /31 Z)
#GfH L7z 3D gradient echo (GRE) i3 MR
angiography (MRA) & L T TR=40 ms, flip
angle=30°, A5 A AH=1slab DKM &
L7-. (Table 2).
b) FDA #5$Hic# U/-5AEE SAR OHllE
/B EMFITBT I SAR %=, FDA
FHCERL L THAIT L » TR DTz

SAR={Pfx[1—(Ql/Qe)]xD}/m

72720, Pl: REEaf VicEzon55H
B (W), Ql: AFMCREBORRE A VICk
% QfE, Qe: MATRBOREE A ICE
F5QfE, D: T a—F4—YA 7, m: E
2 (kg) Ths.

MRIZBICEWTET 7V FLARKEDO Y
Uy 77V IVBERTT, ZOATMEE &R

Table 2. The Pulse Sequences for Brain

Pulse Sequence TR (ms) FA (deg.) Necho Niice
SE (T1WTI) 500 90 1 13
FSE (T2WI) 3500 90 9 14
FSE (PDWI) 3500 90 4 14
3D-GRE with MTC 40 30 1 1(slab)

SE : Spin echo

TiWI: T1 weighted image FSE : Fast spin echo T:

WI: T2 weighted image PDWTI : Proton-dencity weighted image 3D-
GRE with MTC : Gradient echo with off-resonance presaturation pulse

for magnetization transfer contrast FA : Flip angle

echoes Nisice : Number of slices

Necho : Number of

1996457 A25H%B 19964 9 A 6 HIE]
BURIFE S

T470-11 BHRBATHAHITHE » 22 1-98  BRAREHEERFEES T RARESLHE

HEEE
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T 180"/ K JJfE (RFout) #BH L.
DEHD 5, BBRGEEHEIC T 55 R HE
(Pf) &RD/.

QEDOREE, HEIHEBIHER L T 5HHE
EF a—Z VI HADONVF LT A +E
QD aA VDOEFYE T AV FORBEL, BRTHE
CEBEICALOT 12 pEFTEREL, a4
oFOHE (B) EZzomMl (A, C) D436 4
CBWTT-7- (Fig. 1). BIEEREE LT,
Y—Faf )l (BE2cm,50Q) &Y —Fa4g
VEHEEGEAFLTEAE (Fig.2), %
v T =7 TF G54 = AN T VEED
REBFED» S QER R/ (Fig. 3)D. &
ATIRFICIL 36 MOBEME MEFH L, F&
FRHIE 7 7/ P AOBIEEOINEEEE & &
gL, ThZhO QEZEHE LX.

c) IEC HI#&ICHE U7-BE#B SAR OHIE

IEC 8K T3, /WAL RIVF—k & FE
NABPEERED N TWAEY. TOFET
X, = O test object DA E EIEE DA

- BB TERDOQ)RITLD SAR #HHT 5.

SAR={[ (Pf2—Pr2—Po2)
— (Pf1—Pr1—Pol) I xD}/m ------ (2)

7272 L, Pf2:test object 2 & MiFICEE O

ANVICEZ DN ARKERERS (W), Pr2:
test object 2 ARBFICEE a4 VA BRE I
L kEEEES (W), Po2: test object 2 &
IR ¥ A T A DMMOSGHT CRIN & 7= 13 HE S
NnLsEKEFARES (W), Pfl:test object 1
ERRFICEE A MICE 2 DN AR KEARE
71 (W), Prl:test object 1 AMIFICEE T4
WH BRI NBERAEEEES (W), Pol:
test object 1 ARRHIC ¥ AT ADMDEFT TR
RELIHEEINSZEAEREE (W),D:
Fa—F4—PA7), m: EE (kg) Th
5.
7k, BROEETIH, @QRICETLEE
a4 Vip BOREE L UEEREROBEOMHE
MBI R THH 0D, ThHEERL,
fEimg{b L= Tae D (3) K& VT SAR % &
HL7-.

SAR=[(Pf—Pc) XxD]/m---rrererrrreeees 3)

7-72 1, Pf:test object 2 AFIBFICEE a4
WICE 2 6N B EARBEES (W), Pc:test
object 1 AFRED A MICE W THE I N Ak
KEBEBIW),D: Fa—F 4 —YA 7,
m: E&® (kg) TH5A.

c) Wittt k5 SAR JIEBOKE Zh7Z

A B C

Fig. 1. The measurement points of the Q-factor in the head coil. The coil is a tuneless type QD
coil and it has 12 segments. These points are decided in consideration of the segments.
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Fig. 2. This is a search coil and a support stand.
These instruments are used for Q-factor measure-
ment. The system can reproduce points of the meas-
urement exactly.

NOFEIT LV RRE L7z SAR JEE % ik
B &I, REAIEEL LRI,

& R

1) FDA fa¢tic#e U7-3A5F SAR OHIE

‘AR LUEHRRT 7 v F AARRO
RFout |3, E&14cm Tt 34.6 W,18cm T
$90.9W t ABAVEENPKEWIF ERELR
L, QMEIZOWTHHEDOERAZED bz (T-
able 3). &HR7 7 v/ b AZEE MRI #ED
BoeT IV ET 5 &, RIEMELSHESE %k
(PDWD) IZ k% ldcm BT 7/ FADEE
T, ZTOSARZ 0104 W/kg t7n-57-. F/&
EEEERLCES VL, MT 2SOV A% 6ER
L7 3DGRE # (MRA) T &k % 18cm BRIk
T 7V P LADOBREBT, 2O SAR T 0.921 W/
kg TH- 7z (Table 4).

2) IEC MM HE U /-FEHE SAR OJlIE
INWVALRIF—EIC LBBRBICB VT
HAEELR LIET VL, MT V2% 6
A L7 3DGRE# (MRA) i X %18 cm B
K77V 0BT, £ SARIT1.361

W/kg Tdh- 7= (Table 4).
3) WfEEHC & 5 SAR BIFEEO HE
SAR BIZEEIL, WINOFELCEVWTLHEA

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

Q fo
d8 I f2-f1l
MAX
MAX—3
fi fo f2 frequency

Fig. 3. This diagram gives an example of Q-
factor measurement. The Q value is measured
by frequency characteristics of a coil.

Table 3. The Measurements of RF Power and Q-
factor

Phantom ¢(cm) Weight(kg) RF out(W) Q-factor

none — 16.5* 93.90
14 1.70 34.6 65.29
16 2.45 54.8 51.17
18 3.30 90.9 41.96

RF out : 180° peak RF power (W)
* with test object 1

MEEAKEVLDIR Y, BELZRTERANA
bNrz. £/, SAR BIEfEcBEd sMEOH
B ClE, IEC BIARIC X ABIEMEA 3T 14 5
HEDORExYR L.

oMM L OX LT, FDA fBeHic#L
7-3EF SAR OHIE ChmE% 2 L7z MT 71
Z%PEA L7z 3D GRE B (MRA) 2B\ T,
FDA f5¢tDED » L HHMEM (3.2 W/kg) %
KELSTES 2. F, 7SIV AIRIVF—IEIC
Fo THIECHBEDED HELELEM (3.0
W/kg) % TF@E-7.

% £
MRI BAEIC 10 @A OREHT, EM4FIC
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BOWTHFECEEEF#5/&R I L, Saun-
ders B3z DAY ERMEE A E /2 136E
BICUEER L EICRONARIG &E—B
T5E L TWAS., X5 National Radiologi-
cal Protection Board (NRPB) (%, BEZICIsiF
BID & D Te—HOH AT, HATH IR
BRI AR SED TRV E#E LT
A9, Simunic Hit, Th 6 ZHIRICERSER
R OFEM B ONEM ZIER L, BHO
REFRRREZER LCETVICLD, BATH
EGER (Ky FARy ) O SAR & Z DR
EERICOWTRRZTT-> T 510,

LA LR b, 1985 05 1995 F0 10 4
FIZ2WThNbPRER LI AT, b
ET MRIBHEIC X A5 BEFERICE T
HEET TV, T Thhbhid, BHHEMRI
BELET I & L7z SAR OHIEZIT, HH
E D% L5t 138 U % FDA 8§ & 1995 451
RENTz [EC HIEIC L AT E R BB O
fHIC DWW CHERKR 5 & & bic, ZeilEE
EOR DT 7D TH 5.

ABFE T, EAMICIIFDAKH B LU
IECHKD, ThZThicExsBIEF k% H
\WT SAR OBIFEHFT - 7z. FDA #5$H3, Bot-
tomley HIVWOWEEZHA L THY, HE
ICEERT 53400 QEEBIES %Y. M)

LN TEY 7 I VOBEITIE, HEE
BAEZHIC QEOREN TE SHHB, APIECHE
ALV FE7 AV FEQD a4 )UTiEE
EDRRETHS. Lich- T, EHOMIRE—
FEMEEE 7 AV MEICHBEL THRIETE S
IOBEEETIRTOILELD > /- QEH
ERERP D, AR TRUEBEDOTRICLDE
WHEE CORIEPTZ /2O &k L.
LSHTRELOBRB<INVF LT AV R
QD aA W EFEALTWAR, #¥DFDA
Fe4tIc#e U7z SAR OB X HEE L 78 > T
5. —7, IECHK TIE, QEHEDRLE
VAL R IVF—EEIC L 5 SAR JIENED
SNTEVY, BRESICE W CHENESIC
ERANEROBR AT Z LA TH 5.
migstic E® b7 SAR HIEkIL, HBiRm;
KABUADORTHE SN S RAKRENZ
QEDH I LRIBHICER T 50, HHWIE
BEHERETHPOMTRESD, BB (1)K
BIUGRK2D, TOEBBRIIERICE
/e 53 FTH5. LiL, AFFRERIZE T
FENFNOHETHEE LB SAR IC£R
BROLNIZ. COEROERPOASB L, H
EF 2—Z VT HRDOQD I WIZOWT,
FDA f84Hc#8 U7 SAR OHIE % 1T - 72854,
Z OPNTEAE B/ N FHE S N A5 TREMER D % -

Table 4. The Result of SAR Measurements

SAR (W/kg)
Pﬁ‘éfg? SE (T:WI)  FSE(T:WD)  FSE (PBDWD . &%@%&Rm
FDA IEC FDA IEC FDA IEC  FDA IEC
14 0175 0299 0212 0363 0104 0179  0.347 0.640
16 0287 0441 0348 0534 0171 0263  0.615 0.943
18 0431 0636 0522 0771 0257 0380 0921 1.361

SAR : Specific absorption rate SE : Spin echo T:WI: T1 weighted image FSE : Fast spin
echo T2WI: Tz weighted image PDWI : Proton-density weighted image 3D-GRE with
MTC : Gradient echo with off-resonance presaturation pulse for magnetization transfer con-
trast MRA : Magnetic resonance angiography FDA : Food and Drug Administration IEC:

Internationl Electrotechnical Commission

336



MRI BEIC BT 5

iz QD oA WAEEBER OB, HEE
HiEO QEAENWICET IR TWAD L
HHEITX 55, ZOFMICOWTE, SHICK
WNEFOULBERDH EELZTVA. WThICE
£, MEERENCED b/ HEEOHEY+
ﬁk—nuaﬁj—%) kﬁkﬁgfjﬁé

B SAR L RO R n R & ORIHEMEIC
OWTEHMICEHE L /- Athey D145 T3,
B SAR 73 3 W/kg DS AR L B
mEEAIT, I'CREBICEEELIENTHS
nNCws. COREPLHERTHE, ETIVE
L7538 MRI BRZEIC B W TKO 1°CHLE DR
EEREIRBILAEVWERDNS. THIC
Simunié & O#EF T, HPTSAR 75 3.67 W/
kg /R LIBEEHICEWTD, ZORELR
12036CICé EEo/ct LTWARO. Tl
E D, EHEREEETELAT Yy PAR Yy
MZDOWTh, ZORE R I'CREGIC & &
EHEEXS.

MT /3 A% B L7 3D GRE i 0% &
SARﬂ%@&&%@ﬁ#mtht#,;ﬂ
{3 Shellock 52 DM EAH L TR, 5%
PRSI NABRBEICE LT S HITHE
HITOMEPDHEEZS.

AR ClL, IEC HAEICHE UCHI SAR ©
P A 1T D 7 DI AT F AR T 7 v b
LEERA L7-. Simunié &3, FEIE 08
DFMEBR =T 556G, Bk A THRE S
NEHET IV EBWRHMERBETH S & L
TV R0, HELEIEHITED b NI-EHT
SAR FHEHEEDOFHETH VDY, H—WE
T/ ENTERR T 7 v FAOERT, KPFE
DERPOHELTHL EEZ .

IECHE T, BABEHBICKT 5425
SAR »EFEREEOZELICES T 5 Schaefer Dt
H10 2RI, 28 SAR O LR EA 1.5 W/
S ICEMLTWAY. $TCIEROICED
C DR 4 FLEEE O KIB /BTN O\ TOHEH
TEINTWAHRY, WFEEICBT % SAR flIE
BOERLMOTAIC 51T B R L EIEFOIF

AR BRIC B T B A

IZOWTIEN B TWiRW.

L7zh > T, APFRBRTHLG2IICRDO b
7-3EF SAR BIEBOERIZOWTIE, Zhb
RO TRBRT A LETHELSCEELEZ T
5.

] B

FR R MRI 58 Q% &M BE 3 5 EaEp
DNHEMD SERBRBIC BT 5 & B HROT
iz B# & LTS SAR OBEIEZ1T - 7=

ZORRE, BESEELMT NIV A%t
L 7B MRI B E OB AEHBRICR W T,
FDAfR$TICEE Lc b AEO R LR B L O
IECHE R ED B EEFEE L THITH /LT
5T EDFERTE .

“‘7:7 MiEEHIC &k 5 SAR HlEEICIL, B

KEEBPBD LN/, Dhvbhid, TOXE
75>WEFE|§‘[’ CREXD b7z SAR BIEEOHEE R
FHTHET, EICEEEFT EDTWA
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A Study of the Exposure of Subjects to RF Radiation during MRI Examinations
—Measurement of the SAR of Head Parts and the Evaluation
of the Measured Values—
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Recently, as the fast spin echo technique has become prevailing among all the techniques in this
line, there has been an increasing interest in the exposure of subjects to radiofrequency (RF) radia-
tion during magnetic resonance imaging (MRI) examinations. On the other hand, there have been
no reports about the safety of the MRI examination in Japan. For this reason, in this study, the
authors aimed to evaluate the extent of the exposure of subjects to RF radiation during MRI exami-
nations, and measured the specific absorption rate (SAR) of spherical phantoms, which assumed to
be adult heads, by using the procedures set forth in two safety guidelines respectively: the 1988
Guideline of the Food and Drug Administration (FDA), and the 1995 Standards of the International
Electrotechnical Commission (IEC).

As a result of the measurement, it was found that the highest value of the SAR was 1.361 W/kg,
which stayed far below the upper limits set forth by the respective safety guidelines referred to in
the above.

However, the measured values of the SAR varied depending on the respective measuring proce-
dures. As both the measuring procedures are equivalent theoretically, the authors consider the vari-
ance to be very important.
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