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MR Spectroscopy in Epilepsy

g

MISEZFE(MRS)S N2

ZF71373 %3 (magnetic resonance spectroscopy, MRS)
< MRIG|M et o] 7% A7 el A ojd (o] : 4
(H-1)., /UP-31)) € A7](excite) N7 2/ Fo (-
equency)d] AATE ¢HHo g WA 2 YAIA
AAgte] 457 veed o] A3 Felo] M (Four-
ier tansform)A|A FoEE 2HERE A& Wolth
MRSelAE MRE4E ded "4 R34
A7 (spatial encoding gradients)Z 7}etA] =tk A
o4 MRIET o dsivin & 5 o).

g}&+4d ol (chemical shift)9} 28-23 #HAE8 (J-coupl-
ing) @%e] MRS9 7|1E4elg o|&t}. o] F 7R 71E
ol e g slEdoy vee AFe gAg v
Fol &4z} T 0|3 & ¥A31 1 B FAE W1
1 ExE £ 4 Stk @A AMAd o2 H-1 MRS
P-31 MRSl ti3t A77t F7-E8 o] %2 on, Ko 94
Aol 53] H-1 MRS7t 6] Bo] o] &5 3 gt}.”

1. 8MO|(Chemical shift)

Z2e dAEE EAFA Ao weld f4al59e] A#
Tt gEn, @ B2 WM E 1 #28 745k 44
o & F9f AARE7} A FEFESV} g} B
T A e £4E dF B0 49sd, FEAH0)
o gle F49 A9 aliphatic groupdl -CHoA &
F& Fde ALV g2, HOAM e A3
o] & A& F9 o] HAT-E(electron cloud)e] &

Agdgn oA E FAA R ad
Department of Radiology, Seoul National University College of Medi-
cine, Seoul, Korea
MAXX}: ZAE, 110-744 A& F2T 98F 28
Agigta o Fus} I ad
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L .3

golal, F48E AT & 8] FolA] Yol ¥R o]
ad2 x2E9 RAFET o £ FurE 2 €
t}. ojof Wigl] AL (-CHYY FiE ¥4 Aad g
£ 3he HAT S €8] ¥ BEY o 35 ppm B F
g 2 ot CHOHIAME CH;- 9] 4% Azt
Bl 8 %9 ARAFEY gt R FAEE 2A F
I -OH9 #48& AHE e At AT ES w ok
A ARAGED R £& FH5E 2 €0t oA g 3
gdolgl ch Fuked N3 AV ME g8 ASTE
FHske H4E e A A7ldl o8 F-dot. AR
A717t & +5 g4A & F8E F 313, 1.5 Tesla o]l
A& o2l @ alolE A9 gobd & gltt. wekx dA] Fol
% 1.5 Tesla o]} MR ZH]o|A 2 in vivo H-1 MRS
7} 7Fssitt.

2. AW-AT HEF(J-coupling)

F9 AATEe EAZ sl F E2S] T A4 A}
oo A71e d&AE(interaction) S T F9 Haiet
LA Atolo]] ThFRt o AR] FEA AAM AHHoz g
E39] peak 417 Wiol] %719] fine-line splitting(dublets,
triplet, quartet §)°] A3}, o] split(frequency separa-
tion)9] Hol|g 2W-2 AEHY A5 F& JAHER A5
2ta 3le] Hz2 Jepdot. o] 42 5hdols} 2 ¢
FAge] A7l 98-S WA gt

MRS 1#

1. MRS &3 % 24 ¥

AL A1 FHG A 53 ¥ ohen & BFo
2 2¥EHS FF E4gt 1) 47 (volume of in-
terest, VOI) A% 3 A7139 G4 £4, 2) A
o] #Y= 1% (global shimming procedure). 3) VOI 4
Z (2% 1 cm®~8 cm?), 4) T2 #YE B (local
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shimming procedure), 5) ¥ A# 2 % parameter 2
% 6) BNzl AA|(suppression of water signal), 7)
~HER 23 8) ~¥EY dojel A, 9) 2¥EFH o
oe} ¥4

2, CuEMI OEEA(RYIY)E

MRSe] wiolEs A vro] ddRdlA dHolHE
ol v 47]4 (single voxel technique)® 2] ¥
oA SAlo] dlolels ¥3hs 71" (multi-voxel tech-
nique)dl ¥ 7HA7} Aok AR g FUF SEEE L
o z} AEA 9] o] olata Hloje 4 Ao At
= ARo] o}, o) AGelA doletg +3E davt
9le W Alzto] R oz dl AR o2 ARsy] of
do}. tE¥47)4 (multi-voxel technique)& W& F4
oA EAld] Holel® #3¥ & U Aze tAbEe
A g 945 # sle Adol Aot el H-1 MRSI|
Ae 22 ARHES NAA 94, choline %73, lactate 9
AL g 4 gtk a2y o] whie A2k B3 (suscep-
tibility effect)oll 115 oj3t9, eddy currents ¥422
Q13 HolEle] sfZo] Uehg 4 3 Ao} oo FAt
¥ @io] ot

A9 MRS

A el 7158 FRE F2 SPECT, PETS
ge Aelaty whiol] ola) QoA AT, He A
o Bg Yt FRE AT MRS7 S ol F,
MRSE M, HA44, Ho] Ay Aagst ohzt
A B E HTo B3] o883 ok B 48H2
2 o]&5E MRSE $4(H-1) MRS$ ¢1(P-31) MRS
o] % 7147} ot

olzdx H-1 MRSE #7139 4 (MRDA AHH
= %}594101—2— agg AHeE F A3, FaLA7E A

B, A7 FRA Agsithe A3l 3o P-31
MRSE\'»} o Zo] o] £¥t}, oju] MRI Aol 4 4=
7} ‘tuning 5ol 971 W&ol H-1 MRS St=dol€ bt
22 31 MRISH 874 S¥Aoz AP + gl ¥,
P-31 MRSE 27149l st=s]oldl RF 2 $& 2A3)
oF b= wo] i, P-31 YAt AAe 2% A
27| 2E @A) 9 Wzehy] o] #R B 2
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A sot sk @A dems (% 25 em’) UBA F8A4
o] H-1¥¢} @3jch >

1. £2(H-1) MRS

1) Y2 H

A4 A9 ¥ H-1 MRSlA& N-acetylaspartate
(NAA. 2.0 ppm). creatine-phosphocreatine £3&3
(Cr. 3.0 ppm) 2 choline 8% (Cho, 3.2 ppm)9| thAt
2ol &4 YAF peakd 2 Z BAHECTH NAAE 53
Aoz AolglE AAAHQ AAME Fxeo] 7] HE
o] AR AolglE AANEY §7E Yehlie EAZ
(marker) Q&< st A & @A FAo] B8,
aspartate®] storage buffer2 224 et Choe A
o}(cell membrane)®l F4E<1 A3 (phospholipid)
o) 4oz Mzutel FAle] Fda, Cre AUAtHA
o] fgttn geiA Aok oG tAtEolgeE vl
o] ojuleAt So| Be tlatEo] AR el EAShY,
A9 long echo time(TE) 7IYo2E ot ¥As)
ojgct.??

H-1 MRS®} 23} sidelA o) dazioletn w337 A
o] & %o Fojo} & £8§ H& NAA, Cho, Crs} &
A NEA7L o) Bejeic an, d7Reit gar] |
2o, H-1 MRSE Alsishes BN e 424 A7189 ¥
Hoz 23% A ZHANE NENZ Ao} ot
1.5 TollA A1sigr Bate} go] ojatd, AN B
=q] =AY T 3599 NAA peakX|7} Chott Cre]
AR g7l 24 o) Etevk(Fig. 1), siktsidME
NAA peakX7t Chovt Cre] 2R Bo} oziet 43 (Fig.
9). AAPES7 YA 2 B 2088 o2 He
o #johLelel A NAA/Chodle B 1.101%2, B34S
= 0.78~2.552 WtH(Fig. 3). NAA/CrHl& B 1.39]
A3, AR E 0.76~2.882 HAUTHFig. 4). & AHgl
NE &7t & #o] 8 Hol7|x ot FARLE /9
3 Aol giglch AR B4 2718 /R @
glalel 2482 fT ATl Fod Zol7t figeut 1.
0x1.0x1.0 cm® ZVldMe Az 3 (signal to
noise ratio)7} sol E4jo] oj&l Yh(Fig. 2).

2) oYL HY NE
NAAE AZA T} EAAo]7] dEe ABMET} 24
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2HEO MW EEFESE

SAY ek ol 1 9l AIgle] gt 3t
M 53] sintdsts 59 FFAUANNE NAAE
728ttt Chodt Cr& A7 mZ(astrocytosis)olA &5
gohe Eavt glov, ofF 1 83 7)ge] £33 ¥
2 A ket

EEel A7AES NAAY FUFEE E3shke Ao| 7]
402 ojfdx, Cho?t Crol AdAte Aoyt vlu3 4
st Jeh}7] df Zoll NAA/Cho. NAA/Cr, =& NAA/
Cho+CrH]& 223l F 3ol 223} vl mshe v FAQl
g ALggio) Ol REe] Aol B4 TS 4 st
o A9 95% ol Ade(£2 EFEHUAD FHAE ol
270 I s, %E vl AR F(asymme-
try index) (¥t &9 243 - 5359 F3/w5e] &
A +FZ0] 2] X 10008 73k 4B G zo] o)A
A A £15% <) o]327 ez Hejslr = frt.
fag 2ol A&dHlateralization) 23 % o8 @
NAA/Cho, NAA/CrH]9] F&3te] {olg Aol n8lm
gzEoe] folg AolE JIELE st glern, oo
MRIET ¢ <RI3t3 o] HojAolgtn Euslx Ut} 2
Hu 4% dFoME dz2Te] fln #xe] £ Ao
£ #AHS Bolz 9oy, tE dF A7 ddszt
AR Bohs g8t MAe] YA E Uelle 2F §
Aol A#E AAST ot olEd 21FFAE FHA A
B339 wislel Halgta el HRE ¥HE AFsAT o
4 BN & QoMY o) i AR E AR s A

24

|

ol t& Fasitt. Hel W33t A oM 5 &
olo} & £23% HL FHA X FAME FZo FAHoz
& Aol7} d& F Urhes Holrh. & A7 &3P NAA/
Cho+CrH17} 0.72 ©|3l2 ZAagE o o[ A o2 &y
& 4 Q3. NAA/Cho+CrH|7h 1B 32 o2 WoriA
& vla] 0.05 o] RotH g WE HFF| 7|Eo=
Abs 9let.

Yol A2l 2atd FFA3R0e] 95% ol el &
uhEQlel 24 A= NAA/Chotl7} 0.8 ©14, NAA/Crél&
1.0 o] delUck(Fig. 3. 4). webA BAEL sfjupists &
Ao Al H-1 MRSE Al 8] 34 3718 1.5X1.5%1.
0 cm 3k &331993, NAA/Chovl7t 0.8 o8, NAA/
CrilE 1.0 0318 o] 3479 71EA 2 Faldett. & &
7ol 23l NAA/Cho+Cr A ZH]7} 71 ofRista et
& A (index) 2 AH8-E 4 sltkm B3 v glovt? &
nAsE 84 2588 des § Fale d7EHE B
A NAA/Chotl7} NAA/Cré] E& NAA/Cho+CrHl E
t} o] oWisk o).

3) B oYL H

ti#§e] H-1 MRSel i@ A& 559302 EAlA
7V gol olfolA gitt. Ao RE H-1 MRSY &7
o3t &5 ol NAA A7t AuisiAl Zastn
w2} NAA/Cho, NAA/Crul7t adta 224 Ao
(Fig. 5). Cho# Cre ¥ & 25443 tj22e 554

NAA

‘g i Fig. 1. MR spectrum  fr-
1 om left frontal lobe in a

L) - Siflffg'héﬁ“ﬂﬁ;aﬁﬂe%
b I gt ’ﬂ
\,ﬁk ak { i

shows no abnormality wi-
th a 2X2X1.5 cm voxel
placed in left frontal lobe.
MR spectrum from nor-
mal left frontal lobe (rig-
ht) shows NAA/Cho and

NAA/Cr ratios greater than
2.0.
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u8iA] okt Asdthe Bast it ol dalie wd
o 27} o
a5qd #4225

B SRS & AT olshd

Fig. 2. Three MR spectra obtained with different voxel size from
right temporal lobe in a normal volunteer. Coronal T2-weighted
MR images with different voxel sizes placed in normal right hip-
pocampus in upper row (@ : 2X2X1.5 ¢cm, b: 1.5X1.5X1.0 cm,
c:1.0X1.0X1.0 cm) and corresponding 3 MR spectra (a', b', ¢
All the MR spectra show that NAA/Cho and NAA/Cr ratios are
equal to or slightly greater than 1.0. Compare the ratios with that of
frontal lobe in Fig. 1. Note that NAA/Cho and NAA/Cr ratios are
not significantly different among different voxel sizes, and that the
smaller voxel size, the lower signal to noise ratio.

A& dodle 2L Fe
& NAA Az74 7]‘ B 22%90E AAsa, Cr Ase
15% 7}l Cho A& 25% F7Hsicln Rusls
=3 NAA/Cr'f'ChOH]\: 88%°NA H|BEHoR ‘5%9&‘:}
Thompson $%& &5 A&t 1297 1089 dx
oA H-1 MRSE A8 & 23, 127 254 NAAY “1
AR F7 FTF 51% (89 24~93%) 24 NAAS] T g
28194t} Cendes 59 10% 9] TLE 25 8% (80%)
oA NAA/Cril7t Zastgs MRIZS &ivt ¢ 9 9
%4737 4XEE BodFch Breiter 57 A#A
1397 F3A9a 1498 3oz 9dE4d STEAM
71¥oz Al A7olA NAA. Cho, Cre] Hdi#g &
A A5, LE #xle) THAH Ao NAAZE Zas] o
bz A o) Al 19o0A lactate?t A5 A
-‘-’a— wFE lactates 7l B33 G2 (inter-
ictal)e] HEBANME BASHA ot B3] e T
75}’-‘1-‘?14]“5 A H o2 et Hugg 59 svidsts
o2 4% TLE 84 8% &) MRSIE Alast
Sed, siiZel Hjs] B39 siuloN BF 21:5%TF
NAA 2357} 72381988 Budldt lactate, Cho. Cr
£ 25 A4 ¥t =3 Hugg 5% 1089 TLE &
2l A Cr/NAAYIE £33 23, 8%H(80%)A 434
Cr/NAAYY] 4& BEasigict dxte] A7 et
Al sE BAA Hd fEiast T Fo NAA/
Cho¥] 9} NAA/CrHle] BEA e 2% 34 el v3)
FosHA wstout, iz A Wl xdEHE A
= otk E3 H59 FEEA A A {FElo

uil& NAA/Cho¥let NAA/CrHl= FAdizTl B3

—

Ipsilateral Contralateral

I [ Control &8 Ipsilat. ]

[ [ Control BB Contralat,J

Fig. 3. Distribution of NAA/Cho ratios in nor- 14
mal control group and patients with hippocam-
pal sclerosis. NAA/Cho ratios of ipsilateral hip-
pocampus in hippocampal sclerosis patients (bl- 10
ack bars) are significantly lower than those of

12

normal control group (lightly shaded bars) (p<0. ‘r? 8
05). Contralateral hippocampus in hippocampal 3
sclerosis patients (heavily shaded bars) has a § 6
tendency for slightly lower NAA/Cho ratios than 4
those of normal control group, but there are no
significant differences between them. Note that 2

there are wide ranges of NAA/Cho ratios in
both normal control group and ipsilateral and
contral lateral hippocampi in hippocampal sc-
lerosis patients with wide overlap.

14

Frequency

8 1.2
NAA/Cho

16 20 1.2

0.0 4 8
NAA/Cho
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2I&0 I EZEEE

Ipsilateral

Contralateral

[ O Control &8 lpsilat. J

[ ClControl €8 Contralat‘J

Frequency
Frequency

0.0 4 8

NAA/Cr NAA/Cr

Fig. 4. Distribution of NAA/Cr ratios in normal
control group and patients with hippocampal
sclerosis. NAA/Cr ratios of ipsilateral hippocam-
pus in hippocampal sclerosis patients (black
bars) are significantly lower than those of nor-
mal control group (lightly shaded bars) (p<O0.
05). Contralateral hippocampus in hippocampal
sclerosis patients (heavily shaded bars) has a
tendency for slightly lower NAA/Cr ratios than
those of normal control group, but there are no
significant differences between them. Note that
there are wide ranges of NAA/Cr ratios in both
normal control group and ipsilateral and contral
lateral hippocampi in hippocampal sclerosis pa-
tients with wide overlap.

1.2 16 20

e A%e pgoy SAHCE /T Aole AU
(Fig. 3. 4).

A3 44 744 (neocortical epilepsy)ell ¥ A+ Ve
rmathen 579 23] A@HAed, 15 WEFHEE ¢
2 (mesial temporal lobe epilepsy. mTLE)# 415124
Ztds] 7hde] H-1 MRS7H E8¢] € & gz 4.
258 2332 924 mTLE s} 108<] Andy 3t
AgA 1689 BANZTE tid 22 H-1 MRSIE A3
3o afuloll A NAAS A% NAA/Cr+Chodl, NAA
AR SFE 7§ 23, mTLE AN e AL
EZ0A NAAZL folsH ZAase] e v, AAay
FAAAE F2 snlolA] NAAZE ZdEo] YA F5-2
#F

Stanley $"& 2599314 (extratemporal epilepsy)
BAHARE AFENE) 2083 FA4YEE 165& i
o2 H-1 MRSIE A8 & A3, 28T FF NAA/
Cr. NAA/Cho. NAA/Cr+Chotl Z3Uzae] 238
o} ouiglAl A=A, FAEEANN T Hie] g7
NAA/Cr. NAA/Cho, NAA/Cr+Chotle H]ZtAW 29
aARY  Bol ZAaHe] YAt Budct. Garcia
o A=A g} §HolA WSl vldle] 3t ¥
A2 A NAA/CrHl7t B 27% (o= 5%) 723}
gtz 2ot

92978 (malformation of cortical development)
g2 118 B 1088 tde2 41 TAA 478 &
B osbd, 244 lFol¥ 4 (focal cortical dyspla-
sia)ell & Cr/NAAZE A8t o, ol 34 (het-
erotopia) ¥} kol 3 3] Z (polymicrogyria) A& o] d4&
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o] VeIRA] gett
DNET 59 ¥Z%ol- & Chool £718ln NAAZL 3
A3t o] AL v Eo|HQl Ffo] Yt Aot

4) M Y29 MEY(ateralization) 2t YA T

@ AP0 o3t F 25% 9 ERATE A F 2%
(18%)lA H&38 Bed 235 15%8(60%)904 32
S wae XAt 12%°04 918 &3k (false latera-
lization)& Btk Thompson £9& %9 {A@&A
129 % NAA9Q] HItIPAFE o] 88 d& 100%04 3
g% WE8E Bglon, NAA/Cr+Chodlel HliRAS
2 92%(11/12)914 &g B&3t 753t Het-
herington 52 4.1 TolA 1089 TLE #xte} 108
A zFE 4o H-1 MRSIE A& 23, Cho/
NAA¥IE 80%(8/10)914 <JuiiAl £33, Cr/NAAYE
100%9) A7AEE BATHMRIME 70%0A Bd-&
BYth. Cendes $92 1049 TLE #43 8% (80%)
A MRI39] sivil&azds 928E B8t Huge
582 % 52 fule] ABAXE 24N nFo] U
TLE &4 83olA 100%9 A& HEst 7hssisltt
(MRICIA & 88%(7/8)ol A5k T&317t A &3ich). YA
A3t o3k vl s FAtelA MRIE gold st-
andard2 A2 = H-1 MRS ¥ =(sensitivity)=
72%(18/25)8 t& @7AE9 AnEct 23t EEG,
MRI, PET, 28l3 #Hela7d S o] &3 i 24 E
gold standard® & W DA%/} 59%(13/23)e 34
89t NAA/Cho¥] 7} NAA/Crélv NAA/Cho+CrH] 2
oy 2 UREE 2o
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s .

"Ase] A7ATs g A7AEL] A viE A&
A& (false negative rate) (Fig. 6)°] B ¥ olf& £%
A @t} 2371&4e] Aol EY £E AL, THEY B
a9 o] f¥Y £5 Ak AZEnh.

5) go| YEHT 227 M

ge a7l 5% 259 WABANN WS 559
= vigle 29Ee WEE Hashn ok Wdeisel
Asie $3e14 wrise Wauch & Asich ol @

th2o] UEREE oj4F 27& Zhae] WE Ee /I 33
AAle) B3} EE 4 439 bias Fo2 Ve ANY
4t 93 obohs WelaAa ool g Rom Uy

& J &

2o ATASE 25w Aok A 71&e vt 2ol @
AFNAE oldT FEA o4 2L 40%IH BIe
2 9t 4.1 T st H-1 MRSIE Al The Q7199
NE 40%45/109)e] F54 gue wasigd. £
Hugg 57 1099} 84913 1089] TLE 8tll4 4.1
Taol MRSIE Aldslel Cr/NAAHIE 238 2%,
2% (20%)14 ¥24 Cr/NAAUle 45g T3
259 A PeAZARANN F5 S50 o4
A7e] Qe AL o 50%7HE Huste Rel olRE
auaan I o] AN E F34 e ek

312 gz 257 F 6% (24%) A EAHAG(Fig. 7).
Q24 Wo] L 7 FAlolA S o3 &

By} 259 A8 $4 3o 2ot ol F8Ael 3l

=)o 3t AFE Cendes 99 o8l Ea8 Ht 3io}.

Fig. 5. Typical abnormal MR spectrum of hippocampal sclerosis in
a patient with right TLE. Coronal T2-weighted MR image (upper
row) shows atrophy and high signal intensity of right hippocampus
{arrow). MR spectrum from right hippocampus of 1.5X1.5X1.0 cm
voxe! (R) shows marked decrease of NAA/Cho ratio. MR spectrum
from left hippocampus (L) is normal.

J Korean Epilep Soc,/ Volume 2/ December, 1998

Fig. 6. False negative spectrum of hippocampal sclerosis in a pa-
tient with left TLE. Coronal T2-weighted MR image (upper row)
shows atrophy and high signal intensity of left hippocampus (arrow).
MR spectrum from left hippocampus of 1.5X1.5X1.0 cm voxel (L)
appears to be within normal range, probably mainly due to partial
volume effect. MR spectrum from right hippocampus (R) shows
NAA/Cho ratio less than 1.0 which is within normal range.
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2IEO NI EEHEEE

252 1499 TLE &A9A MRSIE Al¥slq] 2
o] NAA/CrHlE vl 23}, &3 Hdo] A
Ao 28 MRSE 559 NAA/CrHT w2
H, #e3dx o] A&E AT e £¢4 MRS
oA FEe] NAA/Crol7h 2% ¥gttin Easict. &
£F9 MRSeJAME ol Al @apidlMe MRS
% dol Al 799 NAA/CrelZE B8z 37k
FEFo = o] A48 TN E NAA/CrH|

(- < P

7b WgtatA] @ik, el Hztol vlE] SFHAA 2
WA g Cr Z=rt T8eM st € Fol 284 e
Crol A&H oz kel of 298 2% Hdo] AR
F-& T o] 52 NAA, Crel 0]34-& A7

Cho Cho

E

-
+
L}

Fig. 7. Bilateral abnormalities in a patient with right TLE. Coronal T
2-weighted MR image (upper row) shows suspicious slight high sig-
nal intensity of right hippocampus, but its size appears symmetrical
(arrows). MR spectra from both hippocampi of 1.5X1.5X1.0 cm
voxel show significant decrease of NAA/Cho ratio.
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243 3% (gliosis) WELR2T A7]= Ro] opy
& Fol sl Brbgetn], 0 fsl e 34y
Bt opzl W Rl 7R E A F 7FoldE wdse
d5A BFAAY F vk A& AT E¥ Hugg
92 1089 TLE &AM £&3el Cr/NAAHIE 5%
slo] 290l FE4 Cr/NAAHIS “dsg #F3HTT o
Z 5olA £% 1d ¥ MRSE th Algaidied, 4=
4 Cr/NAA &% B 2904 a7 g2 V& Cr/

NAABIZ 38 502 388 ¥ st

JAWAE QRE 25 doiA B 7ol 713
3 Hoisl dXsht, AR Hae He o]
e AX)8kA] ¥ 495 itk MRSE 229 B3
o] &zl i FEE AFSAT T 12 AA e
A& dodle ¥ 2 A4 E Jehlle AL oilt. £ 3
A Fo] 2xH Q) HEAgo) bR AR JEPE £E g2
o HAE dodA ¢ Qi o SRSV AA AL
23 ¥WRde o BEAE 1 Aok

6) E¥5 fl(voxe® 37

R AFAEL 15T ZAE o] 83l 574 S
A &£ 29 (voxel, BA)Y A7|E 2X2X2 cmZ 319
248t o] Avle sjuhEst ohel FH9 PG &
T4 93 x ¥3EE Zvlolt. snastE #2539 &
vi9lEo] A3t SAM e FE-8H A (partial volume
effect) 2 18l FE3 AAE 7lds] oeiey B4&
o|AY AA e AL Aad FHE AFsH KA
golth. B MRS S7AELS #vt o]9jol Hx(amy-
gdala) 59 5 WS F9ol= HelgAd o|dad &
Hole 2971 B7] W&ol oj2|gt H-97t XFH & FAde]
A712 MRSE Algshe dlo) 27t gvka #3430, &
B2 H-1 MRS d7llA vehd o} 278 549 =7
7} 2x2X2 cmE g Aolng supAstEe] WHo] 3
upol] FEERA] gha &FGel BEAH AR ke
A& AARRIHE Zsl7h AujFolct, Bate] 1.5 TE &
& AroM e glMz 713 viet Zo] B A7|E
FZ sivke] TR} A RS Tsh= 2.0%2.0X 15 cm, L.
5%1.5%1.0 cm, Z28]2 1.0x1.0x 1.0 cm® A 714 37]
2 3l 248 A7} 1.0x1.0x1.0 cm Z7]lAMe 4
o] A& A A3 AU/} Feut, 2.0x2.0x1.
5 cm®}t 1.5x1.5%1.0 cm AbolollE A5 a7)d 2@ 2t

R

+

[oa

X
A
T
um

¢

q,
>

T o

N
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ol7t g%t 4.1 TolA A& MRSIFIME 1.5 Toll A Al
5 MRSS Bl A4S HolAw Az Favvt &
o} VOIZ 1 cm® olot2 Y 4 don, 29ERS 3%
2o| o} o} AEF ARE AE F AT

7) s HD CEEAYH(EYIYIMRSI)
gl 24 (single voxel)7IH& HA] W& 2o 53
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