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NAA: N-acetyl aspartate

Cr: Creatine and phosphocreatine
Cho: Choline—containing compounds
MI or myolns: Myo—inositol

lac: Lactate

Glx: Glutamin and Glutamate complex
Glu: Glutamate

GABA: vy —aminobutyric acid

VA

STEAM: Stimulated Echo Acquisition Mode
PRESS: Point—Resolved Spectroscopy

CSI: Chemical Shift Imaging
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1. Glioma @ grading |Z-2V T proton MRS X221 128 H72 5 a2 BN CE 5 A gEME
DIRIBZID, (Grade B)

2. Glioma OIBHEH% D viability,radiation necrosis &AL AH B G281 T
XL ATREMES RIS LD, (Grade B)

3. Glioma & metastasis DX BINZ proton MRS 138 H THA A[REMEDNVRIZEINA,
(Grade B)

4. FEROMEREG LIRSS OFERIIZ proton MRS 23F FH THA n[REME D RIBI NS,
(Grade B)

5. Meningioma, shwannoma, metastasis, hemangiopericytoma, subependymoma,
central neurocytoma, pilocytic astrocytoma ZEDEERINZAH FH &I AIERIHRE 1355,
(Grade C1)

AL IE E
AR 331T 5. MRS OREGEAIA FMHIZ B A5 M B
1)  Glioma ® grading |\ZB4-4%F F

2) 1B D glioma D viability, radiation necrosis S1EWEHE DZEAL . Pham B £2
3)  Glioma versus Metastasis O RIIZR4 54 HME

4)  [EBEOMGZ . S EIEBEIERZE ORI 354 Atk

5) MRS & MRIHUM MRI (2Ot FikE) LD L MRS OB INHYA M
6)  Glioma LSt DiRfEEE DAL, fiEBIZ2

1) Glioma ® grading \ZB§3 28 FHE

B DREFE N HOIEEED MRS & HWT, SERICHBIO T VIV RN LD 50 E R
AT . GBM(87 JiEH]), meningioma (57) . %ﬁ-ﬁ%’*x P (39 SEF) . IR glioma (22
SEB) Z x5 L CuA,  Grading (22 TIE, AUC 94% (long echo) & 96%(short
echo) D Ra1FTWD, [1] #% 205 FEFI, SVMRS, TR/TE=1500-2000/25-35,
135-144

90 BEHED MR A~ZMVD B BT Z2 A2y, BEIEITICIZ, Bl 126 B3
® deta % training set EL CHIHAL T2, GradingI/H(BO) CI(29) L IV(31D) Dk BIIE
sensitivity, specificity 73 95%., 93% Cd>7=, [2] Gradelll & gradelV O[Tl #E(E EE
(accuracy) 1. IEWVER TH-7=, 90 JER], SVMRS, TR/TE=1500/135,

» Prospective |[ZHE O HILTZ, MR FRICHERZINT- 66 EHEZXRELT,
Gradel(13),




gradell(30), gradelll(7). gradelV(16) @ multi-voxel MRS ®»F —# XV &% Cho t°
— 7 DEN voxel DAY L% T, Cho/Cr+0.49Lac,Lip/Cr DFEIEZE & fiE
Prd 2L, AUC 96%23 2647,  ZhU, BIfE 1.8 T, sensitivity & specificity 2% 96%
L 88%E7r o7, [3] #IER 66 fiEH], CSI, TR/TE=1000/65

Glioma grading 122V T, MRS data, perfusion MRI ZHW\\/=355 0 sensitivity,
specificity, predictive value |ZDOUWTHEHTL, #EL TWD, B, K OHHAE D
HCTrCBV, MRS @ Cho/Cr, Cho/NAA Z#H\\\5Z & T, grading @ sensitivity @D _F5-
FHIVZA, MRS HARTIE, Cho/NAA OfE 1.66 T, sensitivity, specificity I3,
73%& 63% TLLEZAYIERL, perfusion MRI 23FbiBlRERS KW EHE L TD, [4]
160 patients, CSI, TR/TE=1500/144

-Glioma OIEMEFEFZIIIZ proton MRS @ v —7mfgbkid, 57 L— 7T, #
S B72E O ERDTZ, Cho/Cr Ay BYEE 2 DOEMREL DR T, Lac/Cr
LeiE, A R A AR L X B A EMTE T, [6] 27 patients, SVMRS,
TR/TE=2000/272

- Cho/Ref D& fE . NAA/Ref DEAE X, tumor malignancy /R 35, [6] 17
gliomas 8 menigiomas., SVMRS., TR/TE=2000/272

MRS |4, brain mass D#LHEE A H 72 FETHD, NAA/Cho, Cho/Cr, lipids &
— JDF L AL tumor grading (2F F THD, [7] gliomas 60 cases. 58
7. SVMRS. TR/TE=3000/20, 270, STEAM

‘MRS T® lipids methylene B—72{%, high grade glioma T low—grade glioma (Z
A EITEL, glioma grading (ZA HEH T, [8]:20 patients, SVMRS,  STEAM,
TR/TE=2000/11-15 ms

‘High grade glioma %, Cho/NAA., Cho/Cr k7S low—grade glioma (ZEb~/E{EA
R7, [9]
27 H& | CSI, TR=1500/TE=135

‘MRS O BLL matrix metalloproteinase—2 (MMP-2)IZJ> T X415 astrocytoma
DOFENEFE L OB E 2OV TR, 41 JEFID astrocytoma (16 low—grade astrocytomas
(2 pilocytic astrocytomas, 14 grade Il astrocytomas) and 25 high—grade astrocytomas
(5 anaplastic astrocytomas, 20 glioblastomas)). 41 JEfDHH 19 FEF] (8 low—grade



and 11 high—grade) (292 L7 HT & Jiti{ T, high—grade astrocytoma TiZ Cho/NAA,
Cho/Cr b, MMP-2 COD &% 12 low—grade astrocytomas &L~ F & IZEfHE,
Cho/NAA & MMP-2 COD, Cho/Cr & MMP-2 COD D JIZFEVVFHBEH Y, [10]

‘normal side creatine (Cr) % internal reference &L CHV /= glioma grade D FFAfh, 25
SE D glial brain tumor Z#i5t (high—grade 23 19, low—grade 73 6), maximum Cho/Cr
(normal) (max— Cho/Cr(n))& minimum NAA/Cr(normal) (min-NAA/ Cr(n)) 131E%#

AL Cr ZHWTEHAI, maximum Cho/Cr (max— Cho/Cr) & minimum NAA/Cr
(min—NAA/Cr)l X R IE B Tl E S 417~ high—grade group T, max—Cho/Cr(n)ix
max—Cho/Cr EH~_F EIRAEE » 72, Cr fElX high-grade tumor TIHEV MEH A 12H
Y. internal reference &L CIXIEHF EBALD Cr & ~7- F KO R BN 5 725, F
72 Min-NAA/Cr(n)% tumor grading |23\ THERIEIEL2DH D, [11]

- multivoxel MR spectroscopy (Zd&-> T, BRI EDT-DIZEIZE O T THD
aggressive 72L& FFE TE DD MR FET, Grades 11, 11 glioma (2% LATRITIZ MRS Z 1T,
FORERATTIT 2-3 yETAEMZTTV, MIB-1 cell proliferation index (PI). the terminal
deoxynucleotidyl transferase—mediated deoxyuridine triphosphate nick—end labeling
cell death index (DDF5LUNHIRRE FEAMIE LTz, —DDIEZEDOH ORI DEH AT,
Cho, NAA LAlfa% BE | P, PI/DI HEICAHBBIGR 23 HD | FFIZ Cho/NAA fETIXLY I8
WBHEL N DT, ISR R EITBEER7< MRS 23R O target IREITA KD, [12]

«PWI & proton MRS 723 high—. low—grade oligodendroglial tumor ORI A HMNZD
WTHRR R, 22 JE ] @ oligodendroglioma or oligoastrocytoma (13 low—grade. 9
anaplastic tumors) (22U T, Relative cerebral blood volume ratio % low—grade &
high—grade il CAH B ZENHHILT-, MRS T, Cho/Cr 2 low—grade J9% high—grade
THEIZEE, Cho/Cr Lk bA7fEIL 2.33 T, high-grade tumor OFEFNZIB U
THibH AR, PWI, MRS %12 anaplastic oligodendroglial tumor & low—grade tumor
A, [13]

-short echo time (1)H-MR spectroscopy % HV 7= low—grade gliomas DR EZ %0
AHZEE MR imaging—measured sodium ((23)Na) signal intensity SRJE-SIFAZ L% H
&2,

low—grade glioma &5 13 FEFIZ Proton ((1)H-MR) spectroscopy & sodium
((23)Na) MR imaging #fiti{T. low—grade glioma TiZ NAA. Glu 238 EIZ{&fE, mins,
Cho, sodium signal intensity 238 =2 EfE CTHY . NAA-Glu [H]. NAA-mIn [HB I
(23)Na signal intensity -NAA ], (23)Na signal intensity— Glu EIZH B ZEZDHHIT-,



]

NAA/(23)Na FEDN e Ji BE D i FE e[ 14]

MRS 73 diffuse low—grade gliomas @ proliferative activity &&EZUEZE ML TUNAD>,
82 SEBID grade 2 gliomas (2L, MRS 347 2 ¥ M LANIZAMEO BT BR B DV TR
% Hiti{ T, Proliferative activity i Ki—67 immunochemistry Mb-1)IZX > TEHHL 7=,
(1) low Ki-67 proliferation index (PI) (<4%)I% Cho/Cr DI/, free lipids LN
lactates DORFIZETE, (2) intermediate PI (4-8%) I lactates (ZRH3E . (3) high PI
O8%)IX free lipids (ZHFHEHY, free lipids AR 24 B, (1DHMRS X grade 2
glioma @ proliferation activity D aEMIZ A Zh[15]

2) 1BE% D glioma D viability, radiation necrosis E1EEHE DAL, BIBH L

43 SEBN O U BRI IE A 52T T2 43 JEF10D  glioma D MRS DIZ KO R L DA,
Cho B =27 OxHAOAEIZ k95, 50%H4 % irradiation TR JEEHHE 32 F b L HEA
H 5 &, sensitivity  72% . specificity  82% Td o 7=, [16] 43 4E ] . CSI.
TR/TE=2000/272

<25 JEBOBFIN RO IEES D glioma2s FEFIZ-OUVNT, Cho/NAACL.17).
Cho/CrO1.11) D8 E % A & | sensitivity89%. specificity83% CHEE O H- 38 S F 4
LW CTXALHELTWA, [17] 25 SEHI. 3T SVMRS, TR/TE= ?

FRAFNEE-C R DN e b= 20 JEFI D glioma |Z-2VNT, Cho/Cr e 1.5 DL B
ETARE LB ORI EE 2 HE . sensitivity 64%. specificity 83% Tdhr-7-, [18]
20 J5iEfF], 3D-CSI. TR/TE=1500/270,

BN Z BT glioma T, 1E ALk & B HHLRR DR BI1X. rCBV O IN7Z 1 CTH.
Db Ly, [19] 19 3, CSI | TR/TE=1000/144

‘Low grade glioma Z5%&b V= IERFIZ-DUW T, MRS I TROBEI 2O F FEIZ W T
D, 14 B THE T progression ERIZEZEIZIIT, MRS TOZEALITEHEE D
MRS TZAL AR TEZ, MRS OZA A R UREINCE U/ PRI SR A 352
LETITHOTNWD, [20] 14 B3 (Low grade glioma) . SVMRS., TR/TE=2000/144

- Carmustine wafers (Gliadel Wafer)iZ high—grade gliomas OUIRH% A 77 MUHUE
All, high—-grade gliomas DOYIER., Gliadel D IAFx 1% O & B O Kz i35 F
Bl LT, (DH MRSl O##%179, GBM @ 3 JEGNZ DUV THRTR L OMIT#£ 5-12 1
(Z MRS 21T 57, fiTATE Cho & LAC DFHZ2HIN, NAA DT &) BRIRy 7215



— TS T2DN, 2 JEFITTIZIN % OIS L& NAA/CRE OH#EAN, CHO/NAA DK
TARIBI RHAIM E L) . 222 d) (1DH MRSI 23 Gliadel {8¥IZ KD RRERT
U ET AR REME S RSN, [21]

MRS TR B 2 7R 9350 & U BRI IR 1% O PR F8 ERA & D BT DU TRRRY,
Tipifarnib (77 FHERIVERE) LU BRI R A OFHLTZ 9 ADWIFED GBM B IZRL | 16
RIS, FRSATETO 2 p H I 23 AL {TL7-, CNR2 LA EEVoor, LRI
1RO B OFRIELSNDE DTN IRIEANS T1 S NFR+CNR2 LU EA7RUTZE
ALD T5% CTHEIEEEZE CNR2 LA EA7RLTZ, — . T1 &R HVT CNR B IEFE D
A1 22% EH B ENHZDIZ, CNR2 PLETH LG EDNAONTEALIE, 80% 03
Héth e T2WI E{E 5+CNR2 UL ETHY . MRS 23 b BRI #% O F 32 Tl 5
DI LD, [22]

*MRS 77 grade 1I glioma DA SPIEIZE OMETT , FtEHA LA THIT 2D
MEIMDRFLT=, 45 A D grade 11 glioma B3 (KL | #iTHTIZ MRS Z 51T, MRS 7 —
Z O, JEGOUIBRELH , R OFHE, REZBLOHMAL., Fils, MR, F]
IR CMETZIT oo/ R, BEOMEITEEMSIR b O TRICHE B LRS-
creatine/phosphocreatine (tCr), EEMEERLICA B ZN T DOIXZMIRF D& R D
A JEGOET THEZN IO YIREFHZ 572, tCr DK F A7~ 7 low—grade
gliomas 13, LV R B I OEMI L ETORENRVMERNZH D, [23]

low—grade glioma (23 T MRS 23EEEOESTEEE 350, 21 FEFID low—-grade
glioma (ZXL, A 7p<Ed 3 [BlD MRS ZhiafTL 72, 16972 LT grade I 76 grade 111
IZEITLT2H DIZ DU T, sensitivity 57.1% (lipids). specificity 60% (Cho/Cr 8L
Myo/Cr) C. {65 F CO %A 1L sensitivity 57.1% (NAA/Cho LY Myo/Cr) .
specificity 100% (Cho/Cr B XL lipids), NAA/Cho 2MEERI ORIV EIEL 5%
bz, [24]

‘MRS 2MEEH% D glioma (Z1EFINDENLAHILL 725 A ORI NL 20>, LLR]
WZUIBREB DV NI R DM TAo 417~ high—grade glioma [T <& 2 SILAHEBNLDS
HBLL7= 28 JEB, Cho/NAA & Cho/Cr FEAN i BRI 5 L0 BB CA B IS EE,
NAA/Cr Feid iRk & L0t F38 EE CIXAE, Cho/Cr & Cho/NAA FuiHIE & HL
EHE A R E T BT NAA/Crib X E, ROC 4347 C MRS 133 fE 5
R L ORI A %D, [25]

cHEX T 2 RIS TV A recurrent malignant glioma (WHO grade 111 or [V) 16
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JE BT KL . MRS Z 1T L7, B IXIR#E % 8 M T responders (7 AN)&
non-responders (9 AIZ43¥E, 8 W [H] DI 5T, responders TiZ Cr. NAA 23 &1l Lac,
Lip 2MEAE L non-responders &b~ BN TEY, 8 Hl[H#4 D responders TIXZ
ELTEZRL TV RO EITICL > TE{bZ LT T, Cho, Lip\
Cho/NAA I Lac/NAA X treatment failure ESVAHNY) 4 BRI FTHA BIZ
. Cr i3 A EIME T, Lac 1% 8 WM ATD EAHL T, {bRIEL iiTé)iFE&b
TERPEM DAL TEY, MRS 14 treatment failure O FRIIZH %), [26]

RIS D2 Wr DD\ ABTFRE, PN+ U BRI S O TR e 72
aﬂ:%; (+) DIFENIMRS Z BN L 72255 E B & % A1 E (28D S FRRE & AU fi
WM L2, JRAEED  Cho/NAA, NAA/Crit & Cho/nNAA  GRHAIODIER &
,EE\iOiLénNAA) LS, MEGGFFSICREE L7z, ¥ (sensitivity) & FREFE
(specificity) I%. Cho/NAATI93%, 70%TdH o7, Cho/NAA ENAA/Cr 25, B
OFHINT B A H T, Cho/nNAAL Y {,E 2> 7= (Area under the curve = 0. 92
versus 0.77, AUC= 0.85 vs. 0.66), [27]

« XN A7 (VEGFRILZEH]) OGBMIZX 3 D1 N F A MRSIC TREOBBIZE L7
o 2DCSHEIZLD, 314 DGBMEFE D B E Db 5% OB EIZ I A VWb
72o ALZFHEEL . day28L56day DT, NAA/Chobb® EH 3 Z B30, HilEEzhH
ARG B LE 2 BT, ZONAA/ChoDZEAbZz VT, 64 H LA LA AT HId
5. day28, day56DZALIFAUCTA %, 95% L7220, HERELThH-T-, [28]

3) Glioma versus Metastasis

-Gliobalstome 23 JEfIE metastasis 24 JEFIZ-DUVNT, LPA @ pattern ( 1.3ppm
L 0.9ppm IZHR.OBNAE—ZE ) T, 80%sensitivity, 80% specificity T & % X5
AIRE T o7z, ZFODMD metabolite FLTIL, A E/RZEIL, 72 oT=, [29] ¥ 47
JEFRZS . SVMRS, TR/TE=2.0/30ms

High—grade glioma & metastasis O#EHIIZ MRS Z W =8B S 2R T 5,
Lipids B =21, W& CTRDDH, @ Cr B —Z KW lipids E™—721X glioma @ A
BEMEDN &< IRALMED RTEEMEMEV Y, [30] 31 (glioma) | 25 (ALK ) B4,
SVMRS,. TR/TE=2000/136, 30

*Meningioma, low—grade astrocytoma. anaplastic astrocytoma, GBM. metastasis D&
BNZR T D MRS IZEAT VTR LD AR T 84%D IEZ2 3 . GBM & Metastasis (2D
T 82UDIEZHRAEL TS, [31]  108patients. SVMRS., TR/TE=2000/30
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I DR DDOIEED MRS 2T, SERIZHBEIOT VAT AL LD 04
AT, GBM(87 SiEH). meningioma (57) . #5fEE (39 JEMB) . KM glioma (22
SEW]) %15,  Grading (22 TlE, AUC 94%(long echo) & 96%(short echo)Dfif
REHBTNDD, GBM EEEALPERZE O X BN T, MEHIZITA B EZDRH 5
DD 64 EAR NG R, [1] # % 205 FEHI. SVMRS, TR/TE=1500-2000/15-35
135-144

sproton MRS 245 MET & GBM @ lipid BXO Lip/MMs ZlE L7, 1.3-ppm
Lip/MM peak |£ GBM &k~ MET THEIZEE, EODIEVY 2.05-ppm, 0.09-ppm
Lip/MM peaks [ZMET & GBM TRIERDAE, B DY 2.05-ppm Lip/MM peak 25 MET
& mucocele THALINLAZELH 7=, MET Tl 2.05-ppm Lip/MM peak &HRFIZ EHE.
N-acetyl aspartate (NAA)Ef HHO LW ED3 B D, [32]

D S FE MRS SRR M IS (N=159) R 12, 2D—CSI &R MRI, A% AR ET R &

DD JRE OB EELERZ WA ThHo LRSI T\d,  GBM,
metastasis D #& Bl (213 . 2D-CSI (955 2 5B & & FH O [l 35 2 fEAl I N 2 T\ b)) &
DSC-perfusion MRI %fﬂ%‘ﬁb’d’ﬁﬁﬁ‘ﬁi% WV LR R EE NGO N
(p<0.000001), FEMEEEZWHCBIL Th, GII-II 7 VA —~ ORI [RIEEOEER] 143
SO 03, mixed glioma IZEERZ NI L7~  [33]

4) FEFOMKZ . BFLIEEFEREDERIK o7 Atk

*Brain abscess & necrotic brain tumors D#&RIIZ diffusion weighted images &
proton MRS 23 H CHDHEDO#WE, [34] : 14 fERF]. SVMRS, TE=135, 270

KRR DS DR IE SR (20 J9ZE) & abscess (29 JiZE) O#ERINIZ DWI & H-MRS
TR A LTV, ADCEZ 0.9 +/- 1.3 x 10 mm/s LA N, MRS {ZTI,
LR — 2 H AU NI, succinate, acetate, alanine, and glycine D —27 D& fafE LT~
%A . MRS sensitivity  96%. specificity 100%T. ADC fE& MRS [#ij# T, 76%D
sensitivity & 100% D F B PEZ W E L T\ 5, [36] #%E 52 JEHI. SVMRS,
TR/TE=3000/144

*Meningioma M (" shwannoma. metastasis & D #3112 ., Hemangiopericytoma %
menigioma D /NZ — L LT E B ATV AER T 5H, [36] : 43patients
(meniongioma 19, schwannoma 13, metastasis 8. hemangiopericytoma 3). SVMRS,
TE=34/TR=2000ms, STEAM and PRESS

12



*Subependymoma., CENTRAL neurocytoma, Subependymal giant cell astrocytoma,
pilocytic astrocytoma 7£& ventricle tumors (Z-DUVNTOD MRS &8 0 7 SEHH S
[37] : 9 JEH], SVMRS, TE=272

-Low—grade glioma & Focal cortical developmenta malformations(FCD)® #& 51 %
MRS & HWT#HiE, [38] : 18 4 (FCD6, DNTZ2, glioma 10) . CSI, TE=270,
16x16 FOV=16¢

B RS I TR DB GBM EDO#ERIIZ MRS TR EED MR, 15 AEFI DN
15 JEFIO GBM 1Tl MRS ZHifT, B0 15 FEFIDSSH 7 JEHIT, ZERMNIC
Cytosolic amino acid peaks 238D B, HLOZERERAL CORT FITIEE . GBM &1
(ZHERL, Wi OYED Z 7R3 EAL Tl maximum Cho/Cr, Cho/NAA, Cho/Cho—n tt
THEZ, E#2%I% Cho/Cho—n LT Cho/Cr, Cho/NAA XVHE -7 (93.3%
versus 86.7% and 76.7%) [39]

-central neurocytoma @ 3 JEFNIXIL MRS Zh61T, 3 FEFIEHIZ echo time 135ms T
glycine, high choline, small NAA XN alanine 73iR & 5217~ Alanine (X Hf R L [F)
F£IZ central neurocytomas THERDHILD, glycine =X NAA MR DTS- G H
U720, (N-acetyl aspartate (NAA) 2.0 ppm, choline(Cho) 3.2 ppm, creatine (Cr) 3.0
ppm, lactate (LLac)1.3 ppm, alanine (Ala) 1.48 ppm, inositol (ml), and glycine3.55 ppm)
[40]

MRS (2o TRERARDIFIE WD DA 2 RO 2 Z LAV RIRED N TR % DR
EBE T 2D ARG, 26 NORKEBIER] GRIERTDS 21 N TBRBAMRIE D 6 A
RIEE T2 2 7 AD 4 N)ITxL, MRS Ziti1T, Principal component analysis (PCA),
partial least square regression analysis (PLS) Z MV THaF, (breast(n = 9), lung (n =
9), malignant melanoma (n = 4), colon(n = 3) and kidney (n = 1)) Jfind A EFL3 AT
DOOEFENTINT DI, MR AR —EDOM AT, 1.3, 0.9 ppm T lipid 73
KA-DIEB THBIL, IR DR E L Tieb TBEL, {GWEBAAARTIC MRS ZHifTL72
FEGIOD 5 4 A AAFFHRI lipid EREEIZ OV TEAHIfE,  [41]

«short echo ™ MRS Z T, /NEORMIEEHZ 35175 ml BL O Glxe ZHIEL7-, 59
NOOTE 2 DI 126 LT MRS 21T, NAA/Cho, Cr/Cho [Z&TDZAT D
HEIES CIE 5 kLR & L~ B I TARAIE, ml/Cho [XARIRIR DS T, 1% DR
JONIEFEALE b _NEF EIZIEME, ml/Cho 1% diffuse pontine gliomas T & fE .

medulloblastomas & supratentorial primitive neuroectodermal tumours T{KfE .
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Glx/Cho X grade 1 astrocytomas & unbiopsied optic gliomas TraifE. diffuse pontine
gliomas T, Lipids and macromolecules [XlEEAE DIEIGE TROHILTZ, ml & Glx
IZIEIE DX AT Thk 2 THY ., long echo TD NAA X° Cho, Cr I0H JEE DR EA
FLTCD, ml/Cho IXIRIRAITE TEAR> TRV, J5¥ D monitoring (27D, [42]

NFEORMERIFZE 5 SEW] (brainstem glioma, brainstem encephalitis, demyelination,
dysmyelination secondary to neurofibromatosis type 1 (NF 1), and possible infection or
radiation necrosis) {22V T MRS ZJitif T, MRS [XHE5E M | FEHEFEM: R B OB A
wheBbi=73, NF-1 TIZRAZ2 Ob E 78577, Cho @ _FH- I3 myelin turnover O HEAN
DD EHERISND, [43]

< /INFED RGNS RE S 35 SiEH (18 medulloblastomas, 12 pilocytic astrocytomas and
five ependymomas) {Z-2V VT short—TE ® MRS ZJiti1 T, medulloblastomas Tl taurine.
phosphocholine. glutamate 23 fE T glutamine HMEAE., astrocytomas Tl Cr 2MEfHE
T NAA DEME. ependymomas Tl ml & glycerophosphocholine 23 & fE VW) RFEDS
Y. glial-cell (astrocytoma + ependymoma) versus non—glial-cell (medulloblastoma)
tumours D43 FAN A HE ChHo7=, [44]

/N o /NREBE S 30 JE B (10 pilocytic astrocytoma, 4 ependymoma, 16

medulloblastoma) IZ%f L. short-TE @ MRS %17, NAA/Cr >4.0 73 astrocytomas 73

43530, Cr/Cho <0.75 7> mins/NAA <2.1 T ependymomas & medulloblastomas
b, [45]

meningiomasb JEH, L intracranial lesions20 JEH. normal controld FEFIZXIL
MRS Z JiifT,

alpha—Glx/glutathione . beta/gamma—Glx . total Glx/glutathione 725 fifi & kb X
meningiomas TH B\l EfE7Z>7-, Alanine $ meningiomasb JEF|DHH 4 FEH| TERED
LIV, Do 3 JERITIL lactate 2 alanine Z—#F mask LTV /=, i
intracranial lesions, normal control Tl% Alanine |32 HIV7270 o7, Alanine 23388
ST oT- 1 JEWHIZETe 4 D0 meningiomas TlX Glx O _EHANAHELNT-,
meningiomas D& HII1Z1%, glutamate/creatine & alanine MFLA 5 4>H 73, alanine HAH
FObIVEEHEZ 2 BTz, [46]

-extraventricular neurocytomasl JiEf]. intraventricular neurocytomas4 JHEIZ%FL
MRS Z i1 T, NAA OFFEEE Ml and/or Gly O EAfEDY intraventricular neurocytomas @
BB 72573, Cr E35 A7 Cho I intra, extra D2 T CTiROBLILZ, [47]
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sintracranial tumour20 JiEfi|& non—neoplastic diseasel5 FEfFIZ%FL . Multivoxel MRS
ZHEAT,

Meningioma [%¥)—72 Cho @ &% 7~L . Malignant tumour fFIZ &7z glioblastoma
multiforme [FAEHEN OGN ARE) —TH o7, 2 TD tumour TiE nCho >1 & EH-,
non—neoplastic diseases IX nCho <1 B EIMKAES 7273, dHAMEMEZES IO
cryptococcoma Cld Cho @ FHNALILZ, [48]

BB EDDOMRERRE BT, MRS TOMRE ST A—H—DiEWE LT 5,
25 JEM] (lungs (10 cases), colon and rectum (8 cases), breast (3 cases), kidney (2
cases), prostate (1 case), and cardiac muscle (1 case)) DR Z LT o722 A,

colorectal carcinoma 7>5HMDH#AFE Tl L& - mobile lipids (Lip) M RKIXVMEZRL
7= Lip/nCr [t 2 LL_E7251X colorectal carcinoma 23%&4>415, [49]

-medulloblastoma D /N 16 FEBFNZ DUWNTIFIEERLIZ MRS 21T o702 A, #5842 1F
STBE TR, R THEIZHE VW Cho &Ky mobile lipids 2338 Hiiz, BEBEHED
medulloblastoma 1%, JR I BLIZEEX cell growth 2380, cell death 23353 T
WD, I DR DR L TOD AT BB IO risk K@V EE LI
%, [50]

< 2ERC 253 @ glioblastoma, meningioma, metastasis 33X O\ low—grade glial JiEf % H
N MRS IZ KBNS D B 8hi72 3 FBA I HEZR classifier Z1ERK L 7=, glioblastoma
versus metastasis 1% 78% LA F72o72h3, Z LM T 90 % FEE D IERZ N ELNT-,
(51]

*MRS % neoplastic & nonneoplastic lesion O BINZZIZNLDDD>, PWIL ITIEINHA
FHPEZEF SO0 ELUT-, 69 JEH] (brain tumors, n = 36; benign lesions, n = 10; stroke,
n = 4; demyelination, n = 10; A~BA, n =9) {Z%fL MRS %17, NAA/Cho, Cho(norm),
NAA(norm), NAA/Cr Z3£IZ L7 1E2 (1% 84.2%, Perfusion MR imaging 33X Y MRS
& PWI O AE DRI, MRS DAL RIZEORE RE/2>7-, [52]

- D E I o T B R A ME (2T 2) EFENEIE MR 2 (2090 4) ORI &
H-MRS @ tCho DRFEENS, D MNEEE AR O 7V A —~ LIENRGE MR 2 (1
YL BHZE | M, M8 ) EOERNTER T MRS ZHV, &b BW TR
X, FFREEIS% UL LDy AT EZ R E LT, (F=26. 6, [df:25.833], p<0.0005)
ROC AT TI. tCho DEANE D 40% L4 EFHL TWAERFEEE 100% CTRGFE 89.4%
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THEMOEBE SR TEHEL TS, [53]
gk 252 JEHI. SVMRS

«'H-MRS %2 C. biopsy Zil[R T&% GBM DMk A3+ 522 HE LT,
CT, MRI, MRS 23 if 740, a2lricfIH Sz, 2002 42725 2007 FFEOH R E D89
JEFDOR%IE T18[E]D biopsy M ffTS417- (14GBM, 2Grade 11, 1 ML, 1 anaplastic
astrocytoma ), MRS IXZALHDWN 20D biopsy ZfillfR95 rlHEME D - T- L i i
LCW5, MRS QNI H B2 A7 L (INTERPRET DSS) Z W T %, [54]

‘MRS Z B LA MRS 2S (FEIE . MS, FERFEMIRIE . gliosis 72&) OEERNCFIHL .
ZOA AMEFHMNLz, S84EBIDI BIEAID 56 SEBIZL training-set LL T, 77 A5y
TOREMEZVED DD 28 JEHIX test—set LT tumor & pseudotumor DB ZFT o
72 o mins/NAA>0.9 (shortTE) Tid ., B | K £ % 088, 0.8 L7220
Cho/NAA>1.90 (long TE) T, BEEE, RFEFEIL 0.83, 0.88, mIns/NAA+Cho/NAA>
3.33 T, BEEE, FREFEN 0.83, 1.00 L7poTe, ZOIEHET test-set &AL
4. mlIns/NAA>0.9 (short TE) DK EE X 82%, Cho/NAA>1.90 (long TE)DREEIE 79% T
bolz, F7o. MR imaging OAHOFAMIZAIIZ , MRS O FEHELBINT HZL T,
test—set TlL. 12%D 73 BINGE D EFANHLIT-, MRSIZFEEMED brain mass D
RO EZ FH-SETEfEim-o s, [55]

5) Proton MRS & MRI B, MRI(Z DADFik) LD Lk

-BHZE N @ mass lesion (& MRS ZEBMLESEGOZWICX 58 %L 164
spectroscopic data set [ZDOUWTEMiL7z, HEEE R D I, proton-MRS %
MMZBHZET, 15.4% TIEZ, 6.2% Tidi2, 165 TEHLLELWTE TERM>T2L D
Ramid, [66] @ 176 2. SVMRS, TE=135

FRIFIRIE-SCH I DN EE DAL 20 SEMF D glioma (22U VT, Cho/Cr AN 1.5 LA k%
BT ARELNEBEOFEREEE 2 HE . CE-MR (TIBINT5ZE T, specificity (67%) A%
FEEHZEZL, sennsitivity 53 86%035 100%IZHIFHZENTET-, [18] 20 JEHI,
TR/TE=1500/270, 3D-CSI

MRS 'L, perfusion—weighted MRI {ZEt-X brain tumor O M EEFZ K D REMIZ DA
., [67] 55 B3 (glioma or metastasis) . SVMRS. TR/TE=2500/30

‘MRS B°—ZHfEEHIZ LD High grade glioma & low grade glioma B4 [X Bl A HE
dbolz, Cho/Cr i, ADC LAHBEAZR Dz, [68] 17M#% 2D CSI,
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TR/TE=1500/135

-ADC fEE MRS OB — 7 HFELL DO E 2L HUND &, BSO8R &M EEZ W I
T, HMOGAEIVL VA A THS, [69] 49 3 SMRS, TR/TE=1500/135

TEFRELE N Lac, Cre BN DB OWTHSILT-, 38 JEH|D high—grade
ghomas (17 grade IlI, 21 grade IV) (Z%}L. MRS imaging. dynamic DSC imaging % i
1T. FEWEHLH 13 only abnormal peak height (aPH). only abnormal recovery (aRec).
both abnormal peak height and recovery (aPH+aRec) (2431754177, grade IV gliomas

TIIEEP B R EI D 4T T Cho WA EIC EFHLTED, Cre DK TFE Lac @ _ERHIZ
aRec region TR H L7~ grade Il gliomas % aPH region C Cre O INE ], aRec
region CIX MMEA ALz, Cre DIK T & Lac D _EFIIIMAEFEEICIABERZ
ERHE T AT LRI AL, M B DD IR S AKEE R S TE O~ — 1 —
HADTEN JOFEME OBV OREIZEH ThHHEZ2HND,  [60]

- Glial cancer cell DRV EZFEAMT 572812, glioma I D IEF 122 DINEIRICE
DRRYAVE IPSANON i SERAr L A il “Cﬁ)ﬁ’\f_o 10 A® glial tumor &L 9 AD
healthy control (Zx%f L. TIWI, T2WI, diffusion-weighted echo—planar MR imaging 33 <
whole—brain NNAA(WBNAA) proton MRS Z i {77z, & D WBNAA {E | control
FEE L ~F EICEL, mean diffusivity MD)IXEh3>7-, H3E D WBNAA & MD (2158
W FEBE 23 A 540, control BEICIZERD B D o7z, TAUEIBGIRE&E DG,

WBNAA OAX 2B G- T 2 IE G ORI BEL TWHI LA RIBL T D, [61]

-MIEEE D grade /3 FAZIRERAVICITO DD MRl FHZFHM L7, 24 5EF] (10
low—grade gliomas, 8 glioblastomas, 4 metastases, 2 anaplastic gliomas) {ZXfL .
single-voxel magnetic resonance spectroscopy (MRS), & dynamic susceptibility
contrast (DSC) MRl #/ifTL7-, high—grade gliomas & metastases Cld Ch/Cr 35
HTHY, BEEICHEL TROAERAEND DI (92% sensitivity , 80%
specificity) , relative cerebral blood volume (rCBV)fI%H 72 AEER CTOE TR
SR 7273, DSC-MRI Tl concentration—time curves 25 LR K B FH O R fE )
PUfFES AL, ZAUTIESS TIWI TOREDE—EL | [IFOENMEAZTRR T 56D TH-
7= (92% sensitivity. 90% specificity) . [62]

*Glioma @ grading IZBILC MRS & T2DSC ORURZHwE L=, 23 #HdD glioma(Who
gradell, III, IV 13,5, 5%) CH#EL tumor blood volume & Cho & OHEEHE
(LCModel (2L55) LD COEALITHBE T 5 &2 WA L7 (r*=0.74, P<0.005) , FFIC
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Cho/Cr 1%, grade 11 & Il O CTOEERNZAZN T, Lac/Cr X grade 1l & IV DD
RN N2 e MR &=, [63]

-proton MRS, DTI indices, FA. mean diffusivity (MD) 72>AxEig: & FEHa M fiisE & oD §
BNCH FANEIDMFT LT, 40 ORI S 13 OZFERIMEEIZ %L T MRI 2617, 40
DHH 32 DIEIZESER] T Cytosolic amino acids (AAs)DSERD HAVTZ, FENIMEREEE 13 5F
DS E | Lac & Cho MEROT=NT=DIX 3 FEH, Lac DFAH 10 FEH|TEH -7, Proton
MRS 13 DWILD% DTI LR AG D8 ThHAT L7 07 25 B ORI A R bz,
[64]

-intracranial cystic mass lesion (Z&%F9%5 MRS XN DWI OF AM:Z7HG 35,
intracranial cystic mass lesion50 J5Ef (21 pyogenic abscesses, 23 tumor cysts, 3
epidermoid cysts, and 3 arachnoid cysts), Lactate & cytosolic amino acids %
abscess21 1 18 JEH| CHEFRIILT=, epidermoid cyst @ 3 JEH T Lactate D3AHEL,
arachnoid cyst &XBIFAHZEMNTET-, abscess & nonabscess cystic tumor O FIIZ
x5 58 HEZ . MRI O, MRS 23801, DWI 2381, MRS & DWI &80Tk L,
MRS & DWI OiBNEA A RLZ,  [65]

SNEBOTAMAIEIERFRZ (FCD, DNT, GG) ®#2HHZ, MRI, DWI(ADC f&) ., MRS
DRI G T, 200EFNCDNTRIITIoWT2H AMEAF <7, B, B8IO
FINHDRAIE T, sensitivity. specificity #7224, MRI+ADC+MRS @ 3
FHERHLUT-56 O 100%D sensitivity., specificity &72>77, Multimodal MRI and
MRS O/NREBT A AR Z DT RTRZ BT OBl E AR L7z, [66]

JEBELVIREOHEIT NGO INT-0N, fei2 TX7ph o 7= 12 JEBI D glioma (6: grade 11,
6:grade III) T, MRS ® Cho/Cr v 7'& FDG-PET TO-E &RE AL D%
WCRHIEL7=,  'H-MRS & FDG-PET @ glioma D H#ET 71 75%% & 83% DK Tdh-o7=,
High grade glioma ®#A1Z1%, FDG—PET % 100%, low—grade grade glioma (Z{%
80Dk AR AR LT, —ERILX75% TH-o7=, FDG-PET % high-grade T,
'H-MRS X low—grade THE DM FIZEF5 L., BEOEITOZWIL., W& A4S
OEAHZETH LT aEfEmL T\5,  [67]

6) Glioma LIS DIBEEZOEAL, BB E

-33 SEFI DRI DOUVNT, v TATTRIEL D BUN FREESE L NE5 Fr 58 L O EE R D72
IZ MRS Zf# FHL 72, NAA/Cho ratio <1 7> Lip/Cho ratio <3 Z[EE I D2 Kk
% Lip/Cho ratio >3 &H2OWNEIETORPE —2 DK N2 BN FREEFEE LT, (T
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% % pure tumor recurrence (11 cases), partial tumor recurrence (11 cases),
radiation—-induced tumor necrosis (10 cases), and radiation—induced necrosis of the
peritumoral brain (1 case)® 4 DI F 7=, TDOZWHI T EITo7= 7 FEF] CTILAARE
AN HEFRS AL, FRD EE IR 12— E L TRV, MRS 13U FREESE L IS P L D
BN RIIThLE MG T b, [68]

/N CNS JEFHC MRS Z W52 8128 T, AREHEBR O T %2 TRl 2280
TEADREILT=, 76 JEFIZ RS0, S AEFEREIIX 52 » A, Cho. lipids and/or
lactate, Cho/NAA B L OMEEOIEMEE X, FFFH . IEAEFE DM THEZEDALIL
7273, Cho + 0.1L @ Accuracy & specificity ZZ31E 21 80%., 86% Chxdh LV VEFET -
2o MRS [TAF R B LS TR OHERNICA LB 267, [69]

7) JEGIERE
- Intra-ventricular meningioma OJERIH &, MRS (2T, High Cho, low Cr, NAA, Ala
v—r%HEL TS, [70] 2 JEBIHAE . SVMRS, TE=136

«Gliomatosis cereberi (Z-DV YT, MRS Z V7=, stable case & progressive case @
VBRI MRS L TS, Cho/NAA LD KERENL CTO biopsy ZED T D,
[71] 63, SVMRS, CSI, TE=135

- Ttumefactive demyelinating lesion @ MRS pattern I, 5FED high grade brain
tumor EDERHNIEELETDLOfEGIERE  [72] 1 JEf], CSI. TE=144

«Gliomatosis cereberi {ZC, normal Cho L UL T% myo-Ins B —ZDOHEMNIZHH
THMEME I RTND, JEFIEAE,  [73] @ 1#]. SVMRS and CSI, TE=20.
135

Desmoplastic infantile gangliogliomas (DIG)? Case report, 1E & BRIZEE~, JEIEES
L TIX NAA/Cr 2ME T, Cho/Cr 2 EH-. mIn/Cr 13E£272L,  [74]

ST R A £~ 72 Low—grade astrocytoma @ 1 31, NAA & Cr 23K . Cho 28 F5-.
lipid peak D HFLAI A BV, GBM, AZ bbbt R7Z->7-,  [75]

- JFFEMED CNS lymphoma OJEFIFERTS, #%i# T slight decrease of NAA/Cr ratio and
an increased Cho/Cr ratio— (A7 2 AN ) a striking decrease NAA/Cr ratio with a

remarkable increase of the Cho/Cr ratio. A high resonance of free lipids and lactates
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was also visible.— (ZE4f7) the choline resonance has returned to normal, without

evidence of free lipids resonance. [76]

KA HAKRD Papillary tumor OIEF| R, Cho - NAA K T, Lac 8% F5H.. [77]

-subependymal giant cell astrocytoma DJERF|#EE. Cho/Cr mfE. NAA/Cr {XfE &
DR REE & [FlkR, FEEIPEEED BT, B s Ei oS o HIZiZ A o,
[78]

- Conventional MRI C glioblastoma multiforme &/EA04172 1 FEHIIZ-DV T, perfusion
MRI & proton MR spectroscopic imaging % fii 1T . perfusion MRI TI!X no
hyperperfusion, MRS Tl lactate ZBR< & TORHED DMK T LIEMESEEL Bbhs
FERA IR, fE R EL T necrotizing cerebritis 72577, [79]

B

MRS % MRUZIEBANT 235 1%, BRI 0N HLZ NS5, LT2Di> T,
S RREHE T~ o IR R OB HE L D RF 23, £ ORI R GO0 Z 7 452
ENZI2 D, ZOBLSDG, MRS ORI D7=b DEGE study X, MRS 5 Bk D72 Wk
FE | 2 R ERFHESNARETHY  MRIEIROBFEITB BINAIZRREE | #
BEOMINCER TO4LERHD

MRS DWW 11455 study 1%, MRI D H#E 34 THA73, MRT B 355
FEIZHAFEDOZWNI T RBHITHY . MRS 2 equivocal 72354 . 8 H AR REHE X, 1H
BT A BERTHEMICHD, ZOBER T, STHR [56]TiX, MRIIZMRS #1252
ETLIERZED 15.4% L 72 R IZIR R Tuhd,

HETRNCIERER D DEROHETDHE, Vo TN AP RENZENLEENLADIT
E9FTHRV,  Review [ZEEH SV study TH I NH A XDRF3 KELRLDOILT
<FRSHITUE,

MRS M7=E2 FRRERRZ A2 ZFELRWEA ThH, WL OO A REMEZ BRI TX,
ZHUTED biopsy REDMDIRELEETHZ LN TEDLLAEBHDH, MRl THH—O
=l VAT Rl A LI ENTH DI, MRS ZUONESDIRIGIEEE DL,
MRS ORZEHIMiifEE & DL EH0MT, BERETH S,

MRS study OEIZHN 5T, cost effectiveness 2R3 23 1% gﬁ&')gﬁ/bfcﬁ
MoTz, ZWRIELEDIE, EOMOIBINFIRRA., biopsy 72 E DIARNED%F LD G
HNDLLENRH D,

MRI LIA D55 Br %8 S MRI(MRS) B &5 O AR EY 5.2 52812705, T2&
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2 A F T —F T N EHOZDNA~ AT LA oté YL, ES O
grade | ZXDE BT IBDEVRRESNCTND, BRI, ZHL0ER LV E
RENTOHLATHEMEL B . MLRE A2 D LS DFEHEIZ L5 grade 73 ¥EE MRS D%f
AR Y =N Rt SRS N OIS e - A Y A Vo

2007 4 LA O 7 Tl Glioma @ grading (CEAL Tk, BEMEEE O /o b 05 1%
YW L DHRR R & D L DA 23D 72 7=, Glioma LASR 0D B O 151 15 R0 5
BT HH AMEOHEGHE ML TEY ., MNE~OE AL B>, X512, ER O
HERITEY, JEEO MRS 7 —2&28BEL LT VTV XLMERLTZ S A DI,
MRS O LY FEEE 72 ROF A LAMEZ 7R > THDERb NS ENRL U,

BRI TR O 1L, CSI<C short echo TOENT O T2H | perfusion <OHHHk A0

PECAL L T D monitor EL TOME N LRI TWDHIGEE D,

ZESER

MRS 2 R R &4 MRS O IIELZL VS, IRQIE, BAITIEICEIR ED b
DR, FEFIHRE AR L Tob D7l | BERINERIZ OV TULT LY I TRWVEON
2\, Ji@ééﬁ%ﬁ’]f£?af+@ﬁﬁi7bigﬁ<@%iﬂfﬁ% MRI & MRS O H:HE% V72
Tru—F ¥ —MIEOME [80]b A SN TRY, IEFICHRIES S % O E
D1 DEZEZBLND,

HAE
ARG BB - SRR
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g e YNGR 3T

gL o AR L HERE L L

1. NAA DRKD DL Cr DRKED H & E—7 PHELRWSE . Friay7k
RIBDREZ S5, (Grade A)

2. NAA DY — 7 BNE@mEZRTHERENREENTIEIND, (Grade A)

3. HWWAFMELZRWE —2 BFET DL ERRNREENR®E SN D, (Grade
B,C1)

4, JRREICHN L 7= X% — 2 Zord A & LT dysmyelination, demyelination, neuronal
degeneration, white matter rarefraction, hyperammonemia, mitochondrial disorder 73

&Y . proton MRS DEMAAAH T 5, (Grade B 72\ L C1)

AN (B - AEHRR) 12, R LTI A VY — A RERE, ~LvAt %y
V= RBERE, X ha vy RY T REER IR EN TN D, R Tl el
& LT MRS AT &/ NEARRR R R 2 73 FH L C AT, Kmic 381 2 A HPEIX MRS>MRI
(A 179 X o< EID H5), MRS=MRI (B 179 X 21D 5115), MRS<MRI (C 179
EO®OLNDTET ORI 720Y) D 3 EEREIZ THE LT,

A 72 0k E LT FRta SR L7s,

##&-1) Cecil KM, Kos RS. Magnetic resonance spectroscopy and metabolic imaging in white
matter diseases and pediatric disorders. Top Magn Reson Imaging 2006; 17: 275-293.

#8-2) Van der Voorn JP, Pouwels PJ, Hart AA, et al. Childhood white matter disorders:
quantitative MR imaging and spectroscopy. Radiology 2006; 241: 510-517.

YRR RV MRS BT A
1.HBEREEC—T7 BPFEELRVER 1), NAA ORE; 2), Cr DRE
2 — I BREELRTERBA 1), NAA OFF
BEHBELRVWE — BEETIHRER
JRRBICHI L7z MRS BT R,
AJRRBIZH] LTz F — v 2R A 1), dysmyelination; 2), demyelination; 3),

neuronal degeneration; 4), white matter rarefraction; 5), hyperammonemia; 6),
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mitochondrial disorders.

1. HBREE—7 BHEELRZVEKR

1-1), NAA DXk

* NAA B RKT D HBITHIRC 1 FIOARHE STV D[], NAA KKIETRTOM
BRI QRAE. A8, BER. N ISR L., toORBEIZER Th o7,
MRI CIIBELIRIE 2 58D 2 2%, IERF RN TH D, (AR A) JEBNE 3O BT,
HEEWNFFRTH D, REREORKIAHATH S, NAADXEL 72 ThH, HRYE
ROFEE T . neuronal marker & LT NAA OERICHEMMNAEL 5,

1-2), Cr D R%

+ Cr deficiency syndrome (213, Bi7E 3 FEAOIFRTINE STV 5, (1),Guanidinoacetate
methyltransferase (GAMT) deficiency, (2), creatine transporter (CRTR) deficiency, (3),
arginine:glycine amidinotransferase (AGAT) deficiency TH V. WL biFWiLA, FiE
fEELZ 2L 9 5, GAMT deficnency T, $EASMBIEIRZ 2L 5 5,

(1) GAMT deficiency.

*MRS | Cr (ZXRAELTHY, 3.7-3.9 ppm |Z guanidineacetate (GAA, precursor of Cr) @
B2 R 5[2,3], Cr LA OMEEIZE U T2 RLHIT 2003, Bl 2 7 5
R0 B SR BEILNE D TH D, MRl ITIEF]2,3]. 72\ LIEEERIC T2 515 5[4,5]
ET D, Cr OMFEHECERRIGE MRS TO Cr B — 7 tHEBLABIZZ S 115 [3,5],
(HHITE A)

(2) CRTR deficiency.

* MRS L Cr 3R LTEY, 3.7-3.9 ppm (2 GAA peak D HELZ58H 5[6], Cr Ligt
OREHE B U CTIEAMe 2 iRal T3, Flli 2 R 2R D B & 272 513720 &
9 Toh D, MRIIZIEF[T] 7o LRIIMESLKR, AiMAEE 7Y A — X [8] rEx 2T
%, Cr OFfiFEILE T, BRI, MRS EOUGEITRO V[T, (FAHHE A)

(3) AGAT deficiency.
*MRS ECr (ZXRELTHY ., MRI IZIEF[QTH D, Cr LS ORFWEIZE L TIX
W 722502y B A RO B LR B3R nWE 5 Th D, Cr O
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AT, BRPY, MRS EOWELZRD H[9], (B HME A)

1-3). NAA, Cr DIA DR
+ Cho, mins 72 E23HMIZ KB DR EITHRE N2, mins (X, &7 U E=7 MJE T
THEZKRKT DA, Glutamine/glutamate D iEfi, Cho 1K F &£V, 4-5) T35,

2. B REEHERTERER

1). NAA DEE

(1)Canavan disease.

- Canavan disease |% aspartoacylase /&ML FIZ LW NAA DXL LEfEad 29 %5, 1990
FEOWELLLKA L THH D, EEED NAA OERIEITIER 2D 2 (5OHPATH 5
[11,12], Cr, Cho IZ WM rarefraction % Bt L CIEAETH Y .mins 1XEfE & S 5[11,12],
REVEZ S L, MRI TIZRE FTHEN IR T2 M 52 23205, BRERRMEIX
v, (AR A)

(2)Salla disease

- Salla disease 1% 7 /{4 5 5 iE C. N-acethylneuraminic acid (NANA) 2N ZFEd 5,
NANA & NAA IE 1.5T MRS TIE KA T X 220 72 NAA OB (+34%) % 35 [13],
Cr Dl (+47%). Cho DIRAE (-35%) & G TROH LD, WHEOHREILZT < HT
N TH HD loss of axons and myelin sheath, astrogliosis DFL#E2 8 5, Cr EfEIE
astrogliosis %, Cho &I decreased membrane synthesis&turnover Dk & % 2 5 5,
MRI Tix, BEOIRF 2 mE{E 5 (dysmyelinating pattern) 58, Pelizaeus-Merzbacher
disease (PMD) & Tl 9" 5[13], EERAIIC & 38zl IR, KA. (KB9EZ £ PMD
EERVE IEINEZ, MRS FTRIZEBN TS NAA BEOKEF TR 25, PMD
TH NAA, Cr =i, ChofKERRD HiLd (i), (MM B)

SEEHFELRNWE—7 BDEETIRE
1)Sjogren-Larsson’s syndrome (SLS).

- SLS I fatty aldehyde dehydrogenase KIEIC L 2 AR A S HE T, 2o R FUlfEE,
FEhSE RN, SRMEmFRBE A 295, MRS TiX, 0.9,1.3ppm (22 >Dt—7~ (long
chain fatty alcohols) % 8 %[14, 15], 0.9 ppm @ E— 7 | T2 value 3% < | short TE T
DHBEE SN H[14], WETIE, WEAEZ 0L Lok, 7 4A—2 =%
Zideh %, MR, MM JE 2SI OISO EAMED T2 BE w2 2T 5. (A
HItE B)

2)Succunate dehydrogenase (SDH) deficiency.
« SHD KABJEIZ S F 2> R U 7HBUE (complex Il KABJE)DJRIK D —>ThHh 5, HED
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MRS T, HEEOE—7IZ04, 2.40 ppm (T succinate (27 /E) O —7 2705
[16], GM, BG (ZIE[F & — 7 1X58 D 720, MRI Tl (K== EPH (FFIZRTEE, 2 EEER)
IZHEITHED T2 @5 52580 5. U-fiber (X2 S 7evy, (HHME A)

3)Maple syrup urine disease (MSUD).
- MSUD (353857 X /e (NU >, mA v A YaA ) ORFBEFIET, &
BRMEZZEL 9 5, FIERARZ ) —= JORBHREO—>T, FHFAE, 7
HVEHE (BFRE) NVETH D, MRS TliE, 0.9-1.0 ppm (T branched chain amino acid,
keto acid & [k L 7= ' — 27 %38 5 [17]. NAA1EET Lac B'— 7 HEBL LB 5, 1R
(ZE Y MRS BT RLIZERALT 2, BrARENCIE, BEFE P ERIE 4 SOt UK %V&\
/NI T2, DWI EfE = (MSUD edema) éaﬂ“éo (A M B)

HAZ 7 b—AMAE (Galactocemia)

s HZ T F—RMIEFT TF 7 F—AGHBED D 3 SOBEERE (77 F¥F—E
K7 E) THEL S, Galactitol (Gal-0) DZFEIC L W AMIE., ANEZ 2L 9 %, MRS
Tl&, Gal-ol ZxWkL T 3.67,3.74 ppm& B— 7&,&&55[18] NAA/Cr, Cho/Cr |Z1E
#. mins/Cr [ XK N L TW5b, TRIRIC WE—Z7 XA T 5, MRI Tl U-fiber
oo RE T HEIC T2 mfnﬁ%zj—é (ﬁﬁﬁ M A)

5)Nonketotic hyperglycinemia (NKH).

*NKH X7V v U BAEER o B <, FrERMCERE, TANAEIEE)Z 2L ) 5,
MRS TiZ, 7'V v > OFFfE% KB LT 3.55 ppm I B — 27 2388 5, Short TE Tid,
mins L E/R DM, 7 U X T2 ENEWV 29 long TE T H 5173 5[19], NAA, Cr, Cho

IEFE#ME, FrARH o MRI X, valuolating myelinopathy 7% 2 L C B #5/L 5RALIC
i‘ﬁ*ﬁfﬁt REOIKT (DWI EES) 25, MEOOE L, KIKNZER, BE¥ LT b s
INTW5, (A C)

6)Ribose-5-phosphate isomerase (RPI) KIEAE

- RPI RABJiE I polyols (RETEF D—2>TH v | fEEREITHEOMREIR CIMAFE, H

PR ZEMR, SEMERRIL, TAA, REMRRES) 259 %5, MRS Ti&, polyols D

FE%Z K LC 3.6 ppm (D-arabitol), 3.8 ppm (ribitol) @ &' — 27 3388 5415, Short TE
TIEWF s B\ & @ duplet spectrum & L C, long TE Tl atabitol |Z R & O —2

& LTHIE SN D20, MRIE, BE FHBEEMOILFZR T2 S 5200 5 (IR

HMEES), (BHE A)

7)Sandhoff disease

- Sandhoff disease % hexosaminidasesAand B KL DT A YV VY —LFTHY ., IE
WREOHIBIT L, TAD A, RBIRD DRI 72 &% 595, Cherry red spot
DO HILSH, MRS TiX 2.07 ppm IZ N-acetylhexosamine O &' — 27 238 % [21],
NAA X T, mins X EH9 5, (AHME B)
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8)Phenylketonuria

- Phenylketonuria 1% phenylalanine % 73 f#4 % 7 = = /v 7 7 = L /KB LEESE DEEHIR
BIZEY, BNICEZEOT7 2=V T T = URNERET 2 RKMET X BRI E.
AR AR ) —=v TREICEY, DRETIEITIXTHABER LV Zicnhs.
TV A, BEOE, BHEZERK /2223250, BREEEICLY PRIZERGTH
5.

MRI Tix, T2 FRFRBICTRIMAEICOE AMELEG R REOR O EE 5 a0 5 2 &
ME, BEOPHNFENRK EZEZ B TS, MRS ﬂ:t phenylalanine &%
Z e L C 7.36 ppm (2 B — 7 238, R & AHB 95 [22), NAA, Cr, Cho, mins |3
5,

9)Fucosidosis

- o-L-fucosidase KIBIC L HHBBEMET A VYV — L TH D | FERIT, TV,
MBS, BT DRGERY:, ITHEZ E2 245, MRI Cl3AH e AEE 7R
IZIMA CTORBERDO TLEES T2ESEEL 9 D, MRS X 1HDOATH 523,3.8-3.9
ppm IZ ' — 7 ZRd D L I N TW5D [23], (AR B)

10)GABA transaminase K{BfE

- Glutamate 7>, GABA—succinic semialdehyde (SSA)—succinate (=7 fig) ~ & {X;

# S TCA cycle (2 A B fUEHHR I 1T GABA shunt & FEIE4L 5, GABA transaminase 1,

GABA % SSA ~#f T 2FETH VY . £ ORBUITKGHET I EZER . TANA, &

PERIE 2 2 L D %o MRI TIEEE FEE., WEIZHLBEEIR T - T2 &5 527D, MRS
TlX GABA O R EfEZ RO 5 [24], (BHME A)

11)Succinic semialdehyde dehydrogenase (SSADH) RIBJE

* SSADH % GABA shunt PN C SSA % succinate(=2 /7 RIS 2R CThH Y, =D
RABIIRE BN Z N, CTADAEREL 9 5, MRS TiE GABA SfEIZINZ .
gamma-hydroxybutyric acid (GHB) Z 8% % [25], (A fE B)

12). 3-hydroxy-3-mehtylglutaryl-CoA lyases (HMG-CoA) KiBiE

+ HMG-CoA X HMG-CoA % acethy-CoA (ZHs#fid~ B % T, % O KIBIEIL Reye JEfE
BEICRUTHRGEMET & F—o 20 REMEIMIE, (K5 & oMRIpE, IFRERERES . (T
NI ExRRT D, T2 Mg T, RER I EREOEZRE (M, U fiber 1XT{R7-
D) T2 2% MO EE FHEEARD Hitd, MRS Tik, NAA{K T, Cho, mins
DOEAEIZIN Z, 2.42ppm |2 E— 2 (3-hydroxyisovalerate and/or
3-hydroxy-3-methylglutarate) %388 % [26].

13). Adenylosuccinate lyase (ADSL) deficiency

- ADSL deficiency 1ZE 727"V AGHEFIECH D, FRAER TR AL ] 0 Boe:
JIROE 7> O 8RR FE S T . B BAJE & CIRJAV, MRI CIXHERFRE 28D 5, MRS
TI&. succinyladenosine (S-Ado) % B L T 8.3ppm I — 2 Z§R8 5 [27], Cr, mins
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DrfEz e TR L, (FAE A)

4JRREIZAI L7z MRS BT R,

4-1)dys- or hypomyelination

- e RMERIN VBB AR, BEFERER 2 o /"7 O BEIC L0 BB S v
RERTH D, 1> T, MRl TIXHAER L IZIER C % — &R d, MRS AT & LT,
Cre (p=0.03), mins (p<0.001) =1E[#2-2]. Cho {fE% 29 %,

- RFEHFEETH D Pelizaeus-Merzbacher disease (PMD) (2317 % MRS Fir 21345589
TH5H[28,29], < OMFRIERLE R EO NAA ITEELE =T, 7 4A— 2
Z KBk L C mins, Cr, glutamine (&2~ L, Cho IZIEFHZWULIET (S =V A5k -
R OIET) T2, FHME B) PMD £F7/L~D A (Msd ~ 7 A) ORFTIE, NAA,
NAAG, creatine, glutamine, glutamate @ &fffi, Cho DIXfE % 59 %, NAA % aspartoacylase (Z
&0 5 Bz S BB ASELE L7272 NAA BN S FIcER L. kB
NAAG MMz 2 LT 5 EHEl &S T 5 (301,

- £72. PLP BB TERE 27O /20 PMD BROEGKIER, MRI _E dysmyelination Z 4
3% 2 %D MRS Tld PMD [AlB%, NAA, Cr, mins &, Cho (Kl 258 5[31], &k
D NAAG BEMETH Y MRS Tt NAAG EfE % Kk LTV D AfEEME N RIB S5,

+ Hypomyelination with atrophy of the basal ganglia and cerebellum (H-ABC) TiX. NAA,
Cho (ZIEF#iPH, mins, CridiEfiE & SN 5[32], MRIIEFAE O JRHL 2 BEFETE AR 2212
A FFEAI IR IR NROZEAE A<, (FHTE C)

4-2)demyelination.
- BiEEE I IX, adrenoleukodystrophy (ADL), metachromatic leukodystrophy (MLD),
Alexander disease, Krabbe disease 72 K 3N & £115,

- MRS T, BE¥CHOTIE () %2 WL Cho EfE. 2 ¥kiY7: axonal and neuronal
degeneration % KBt L C NAA KT, 7 U A — 3 2 &k L C mins, glutamine>Cr @ &
EZEFRO 5, EF/NICE L TOHE TIX, Cho (p=0.02), mins (p<0.001) HMEALIZH
L SNDH[HR-2], BH¥EAREETA L S lipid&protein Z S it L T 0.9-1.3 ppm D JEU M E —
7 X, Macrophage DHEINAZ XML T Lac ZiBHHZ bbb, ZNHD/REZ— 0,
SYEDIIEVELE (ADEM, MS, fidiE) TH 2T 5720, SRHIERHICNETH 5,

*ALD (&, 72V CoA v T Z — BRI L D MEHIENIIEOSERHEE TH 5,
MRI Ti%, BRIEEAE, BRE, SMUBIRIRIZ T2 @5 5280090, MRS T,
NAA, Glutamate (neuron marker) DA, Cr {KfE (= /L ¥ — R OREE), Cho, mins,
Glutamine (glial marker), lipid+Lac @ &% 78 5[33], (FHME C)

- Krabbe disease (% p-galactosidase ?KHEIZ L V| cerebroside 73 A I EFE T 5, MRI
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TR RIB/MMBEE, $EREE O T2 S5 53R TH S, MRS Tid, NAA KfE, mins,
Cr (astrogliosis), Cho (active demyelination) mifE 76, WM>GM TZAL2NRYM34], (F
Mt C)

- Alexander disease (%, EBEA 292 H'EMNIETH Y . glial fibrillary acidic protein
(GFAP) B A EIC L W BIET S, MRI TlE, BIEEEEMOAE T2 &iE5 (Uflber
rate) R E T %, MRS TiE, NAA {KfE, mins, Lac Sifii 438, Cho I3IEH
W LUEE, CridEF 72 0n LEE & 5 STV 5 [35], (AHME ©)

4-3)Neuronal degeneration.

- Neuronal degeneration "CiZ 1 ARSI ZME, TR L, ZHUSEV IR, #f
HNEMNT 5, > TNAADKTIZRECTLY EWATHS, MRI TEHENAH L&
RBHIND, NAA DK TIFREO LD,

- (REFLHETH 5 Neuronal ceroid lipofuscinosis (CLN) 1%, # AL M@EiniBTh
D RS, CTAMAPME), iB1T% 29 %, Infantile form (CLN1) C® MRS fif fLi%
NAA, Cr & F, mins BfET& 5, Energy metabolism KT (Cr), 7 U A —3 A (mlns)
ERMLTWD EE 2 HILH[36], MM ELAAAE (frontal cortex) @ MRS T3z T,
GABA, Glutamate M1 T (neuronal loss D) H38H BN 5, (FHM C)

4-4)White matter rarefraction.

- White matter rarefraction, cystic degeneration % #5## & 3~ 5 % FIZ 1%, vanishing white
matter disease (VWM), sulfite oxidase deficiency/molybdenum cofactor deficiency 23 % 11 &
ns,

- REFEBTH L VWM 1L elF2B B FEFIZ XY FIE L. oligodengrocyte, astrocyte
AR S, ORI IREF S D, AN FEPE R A TAR (S HET T 5 28 G,
AMEITENEHICHETT LEEICEDS Z L b H D, MRITIFEHITH Y, BEIX CSF
ERIBEDEBEEZ 2T 5, MRS Tid, HE TREMWE IR~ ITIK T LIHKT 5, CSF
ZIZIFE E D & Lac, glucose 23R8 9 5[37]. (FHME B)

4-5)hyperammonemia.

- hyperammonemia (& 7 > & =7 fE, &7 & =7 HINIE) L, JRFET A 7V EEE
TROBND, N TIX astrocyte TOH, T E=T + 7 NVE I VBSTNVLEZI D
FOGEIT LT =T 2fR#ET 5D, D72 astrocyte OFatEZEA LT, @7 >
F=THEMAE SN2 D MRIFTRIE, AP R ERR, B iTaE o T2 &iE
FE 2T 5D, MRS Ti, GIx (glu+gin) D EfE. mins, Cho DIREZFRD 5, ZiuH D
fbid, WHIOET LA L, ITEAE CIEF k3 5[38]. (A A)

4-5)mitochondrial disorders.
- Mitochondria (%= /L ¥ —pE4: (TCAcycle) (Z#sb A HIN/NRE TH D . Z DR
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WX AEMEE O TTHE, Lac OFM 2 5] X 23, EFRAER A5 MELAS (mitochondrial
myopathy, encephalopathy, lactic acidosism and stroke-like episodes), MERRF (myoclonus
epilepsy with ragged red fibers), Kearns-Shy JEf&#, Leigh IME72 N2 S, &4 2 b
2 KU 7 DNA OBRFENHRESNTND, MRIFTRITEBR Z SRR 508, FEE
1R E N9V, MRS Tidk, neuronal dysfunction and loss % B L C NAA, Glutamate
OAKAE, Cr D{XfE (Energy metabolism MK T) Z/1% T, Lac, Alamine O & B1%2
SH5[39], CSF T 4.0mmol/l BL £ Lac 23 F(E$ 5 & MRS T Lac 58 Hbivd &
INDHR, sk 2V, (B B)

Leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation
(LBSL) I mitochondrial aspartyl-tRNA synthetase % == — K-9-% DARS2 i& {52 X
DIIET D, FTARBEITIEO ML, /M, BRIERZZE L. MRI RN - /NMMEE
PEIRBE, 2REK. LM, /NI Ze RSN 22R R 0 2 23 5, MRS Tld, NAA DX
i, mins, Cho @ &EMEIZANZ Lac D EfEDMFE S i 5H[40], (A HYE B)

5% DIENDER

5-1). #&ERMERE{LAE (tuberous sclerosis complex, TSC) 137 Y (o (A M 18 f oD % K2 78
JEERECH Y . MRI CITRVEREH, LA THRES, Efﬂiﬁ@%fﬁiﬂ@ﬁi PN IEREY 5 TRIN S
MR E mh zsb biLd, RERMEID MRS Tix NAA {KfE, Cho, GABA @fENBILZE X 4L
% [41]. % C)

5-2). 18q- JEMEREIX I = U UM S N 57 (MBP gene) % & TefEiss KE T
LT, FOJEIX hypomyelination & SV T&E 72, Lo Uil OFPREp B AR
TEZ VA= 2 2RDLHDOD, fEFHLITIER & ST, MRS T% Cho, mins,
Cr @M (NAATTIER L~UL) [42]1& &Fu, Cho AMEAE %779 hypomyelination & (%
o TWnD, (HHME B)

5-3). Wernicke IMJEIZ B4 X 2 BL RZIZEHMIETH U . MRI CTHIK, H MK IE & FH O
WSRO BISH, MRS Tl Lac OEfEAZ7RD 5 (NAA, Cr, Cho [ZIEF) [43], B1 A%
#il% 3% T & % pyruvate dehydrogenase complex, a-ketoglutarate dehydrogenase 75 141K T2 X 5
Lansd, (HHAE B)

5-4). _FHMENNIE (AESD, acute encephalopathy with biphasic seizures and late reduced
diffusion) |3 kA DERRFE & BIMEDO BT R A2 RHEE L, A 7z ISR
REINDHRMRIEDOTH TR DV T X A7 (29%) TH D, MRI TITHEH 3 LA
B AEICHEEIE T (BTA, bright tree appearance) % %3 %., MRS Tix NAA KT,
Glx (Glu+GIn)EfEx 2 L [44] L BEEHMENFEE L THRESNTWD, (FHME B)

EESER
INRARRR I B RIS ZEVE - REE I SIS 720 . ENRERIIND Lo T
WETIERW, T, NEHRERICBITA 72 b MR A7 F)L A3 —
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(MRS) O#EIE, A I T D LRV LAERCH R MR B D X 9 72 KBS O s
THEETH D, FEFRITIER WV LIZD BB OREFHE (ZEeTF AL~ ) (T
[R5,

ZOWEETIT, L—F D MRI BREIZ MRS 2B L7254, MRI AT RICAHN
T HDARRERNSHHESNDEER L Z O MRS AT RIZOWCELHET %, MRS>MRI (A
1795 X9 5N 5), MRS=MRI (B 179 £ 5 #1d H415), MRS<MRI (C 179 &
IEND HIDTENT ORIA 72 N) D 3B T LT,

HLYE
A — . MHET NEFEAT

SCHRY A B (a, *PEL b, BEGRAE, fESth, ¢, single or multi voxel, d, #Rf&51F:. e, fi#

HrTiE)

1. Martin E, et al. Absence of N-acetylaspartate in human brain: impact on neurospectroscopy.
Ann Neurol 2001; 49: 518-521.
a), 3Y, boy, b), 2T; c), SV; d) PRESS, 6000/30; €), LCModel.

2. Sijens PE, et al. H chemical shift imaging of the brain in guanidine methyltransferase
deficiency, a creatine deficiency syndrome; guanitinoacetate accumulation in the gray

matter. Eur Radiol 2005; 15: 1923-1926.
a). 3Y GAMT def.; b). 1.5T, Siemens; c), MV; d). 1500/135; e), unknown.

3. Ensenauer R, et al. Guanidinoacetate methyltransferase deficiency: differences of creatine

uptake in human brain and muscle. Mol Genet Metab 2004; 82: 208-213.

a), 7Y GAMT def; b), 1.5T, Bruker; c), SV (GM); d), PRESS 3000/30/96; e). LCModel.
4. LeuzziV, et al. Brain creatine depletion: Guanidinoacetate methyltransferase deficiency
(improving with creatine supplementation). Neurology 2000; 55; 1407-14009.
a). 4Y GAMT def.; b), unknown; c), SV (GM, WM); d), STEAM 2000/30/13.7/256
(TR/ITE/TM/NEX); €). unknown.
5. Ganesan V, et al. Guanidinoacetate methyltransferase deficiency: new clinical features.
Pediatr Neurol 1997; 17: 155-157.
a), 5Y GAMT def.; b), unknown; c), SV (BG); d), long echo; e). unknown

6. Sijens PE, et al. H MR spectroscopy of the brain Cr transporter defect. Mol Genet Metab

2005; 86: 421-422.
a), 8Y CRTR def.; b). unknown; c), MV; d), 1500/135; e), GAA/Cr ratio

7. deGrauw TJ, et al. The clinical syndrome of creatine transporter deficiency. Mol Cell

Biochem 2003; 244: 45-48.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

a). 7Y CRTR def.; b). 1.5T; ¢) SV (FWM); d). PRESS 2000/35; €), unknown.

Mancini GMS, et al. Two novel mutations in SLC6A8 cause creatine transporter defect and
distinctive X-linked mental retardation in two unrelated Dutch families. Am J Med Genet
2005; 132: 288-295

MRI Ft .D 7,

Battini R, et al. Creatine depletion in a new case with AGAT deficiency: clinical and genetic

study in a large pedigree. Mol Genet Metab 2002; 77: 326-331

a). 5Y AGAT def.; b). 1.5T, GE; ¢), SV (WM, GM, Cerebellum); d). STEAM, short echo; e),
unknown.

Grodd W, et al. In vivo assessment of N-acethylaspartate in brain in spongy degeneration
(Canavan disease) by proton spectroscopy. Lancet 1990;336 (8712): 437-438.

a). 7M, Canavan disease; b), 1.5T, Siemens; c¢), SV, (occipital); d), PRESS 1500/135, 270;
e), unknown.

Gripp KW, et al. Imaging studies in a unique familial dysmyelinating disorder. AJNR 1988;
19: 1368-1372.

a), 8M, Canavan; b), unknown; c), SV (BG, WM); d), STEAM, 1600/20/30 (TR/TE/TM); e),
unknown.

Van der Knaap MS, Volk J. Magnetic resonance of myelin and myelin disorders.2005; 874.
a). A boy with Canavan at 4M and 1Y; b), 1.5T; c). SV (WM); d), STEAM 6000/20; e),
unknown.

Vorho TV, et al. A new metabolite contributing to N-acethyl signal in H MRS of the brain in
Salla disease. Neurology 1999;52:1668-1672.

a), 8 patients with Salla disease; b), 1.5 T, Siemens; c), SV (LPWM&LBG); d), 6000/135,
270/50; ). 7K Z MR AE A L C T2 #iiE L CE &,

Mano T, et al. Proton MR spectroscopy of Sjogren-Larsson syndrome. Clinical and
MRI/MRS findings in FALDH-deficient patients. AJINR 1999;20:1671-1673.

a), 2 patients with SLS (5, 6Y); b). 1.5T; c), SV (WM, GM, BG); d). STEAM 2000/18, 140,
270/128; e). Cr ratio

Van Domburg PHMF,et al. Sjogren-Larsson syndrome. Clinical and MRI/MRS findings in
FALDH-deficient patients. Neurology 1999; 52: 1345-1352.

a). 6 patients with SLS (7-15Y); b). 1.5T, Siemens; ¢), SV or MV; d). 2500/30, 4000/135 for
SV, 2000/135 for MV; e), unknown.

Brockmann K, et al. Succunate in dystrophic white matter: a proton magnetic resonance
spectroscopy finding characteristic for complex Il deficiency. Ann Neurol 2002; 52: 38-46.
a), 3 patients with SDH def.; b). 2.0 T, Siemens; ¢).SV (WM, GM, BG); d), STEAM
6000/20/10/64; €), unknown.

Jan W, et al. MR diffusion and MR spectroscopy of maple syrup urine disease during acute
metabolic decompensation. Neuroradiology 2003; 45: 393-399.

a), 4 patients with MSUD; b), 1.5T, Siemens; ¢), SV (BG, Th) or MV; d), PRESS 1600/135
or 270, 2D PRESS CSiI; e), Cr ratio.

Otaduy MCG, et al. Proton MR spectroscopy and imaging of a galactosemic patient before
and after dietary treatment. AJINR 2006; 27: 204-207.

a). A 6M boy with Galactocemia; b), unknown; c), SV (WM); d), STEAM 1500/30; e), Cr
ratio.
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19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Huisman TAGM, et al. Proton magnetic resonance spectroscopy of the brain of a neonate
with nonketotic hyperglycinemia: in vivo-in vitro (ex vivo) correlation. Eur Radiol 2002;
12: 858-861.

a), a newborn with NKH; b), 2T, Bruker; ¢), SV (WM); d), PRESS 2000/32, 136;¢€), 7 7
v h ATERE,

Huck JHJ, et al. Ribose-5-phosphate isomerase deficiency: new inborn error in the pentose
phosphate pathway associated with a slowly progressive leukoencephalopathy. Am J Hum
Med 2004; 74: 745-751.

a), a boy with RPI deficiency; b), unknown; ¢), SV (WM); d), STEAM 6000/20, PRESS
3000/135; e), unknown

Wilken B, Dechent P, Hanefeld F, et al. Proton MRS of a child with Sandhoff disease
reveals elevated brain hexosamine. Eur J Pediatr Neurol 2008; 12: 56-60.

a), 13-months girl with Sandhoff disease; b), 2T, Siemens; ¢), SV (WM, GM, Thalamus); d),
STEAM 6000/20, 64; e), LCModel

Leuzzi V, Tosetti M, Montanaro D, et al. The pathogenesis of the white matter abnormalities
in phenylketonuria. A multimodal 3.0 tesla MRI and magnetic resonance spectroscopy (*H
MRS) study. J Inherit Metab Dis 2007; 30: 209-216.

a), 31 patients with phenylketonuria; b), 3.0T, GE; ¢), SV (WM); d), PRESS 2000/35/128;
e), SAGE/IDL software

Oner AY, Cansu A, Akpek S, et al. Fucosidosis: MRI and MRS findings. Pediatr Radiol
2007; 37: 1050-1052.

a), 6-year-old girl; b), 1.5T, GE; c), MV; d), 2920/35, 135/2; e), Cr ratio

Tsuji M, et al. A new case of GABA transaminase deficiency facilitated by proton MR
spectroscopy. J Inherit Metab Dis 2010; 33: 85-90.

a). 8-month-old female; b), 1.5T Siemens; ¢) SV (WM, BG); d), PRESS 5000/30/6; ¢),
LCModel

Ethofer T, Seeger U, Klose U, et al. Proton MR spectroscopy in succinic semialdehyde
dehydrogenase deficiency. Neurology 2004; 62: 1016-1018.

a), 20 year-old patient with SSADH def.; b), 3.0T, 1.5T Siemens; ¢), SV (GM, WM); d),
PRESS 2000/30/128; €), LCModel (GHB @ basis set 2z LCModel {Z A1 TV %)
Yalcinkaya C, Dincer A, Gunduz E, et al. MRI and MRS in HMG-CoA lyase deficiency.
Pediatr Neurol 1999; 20: 375-380.

a), 3 children with HMG-CoA def.; b), 1.5T, GE; c), SV (parietal WM); d), PRESS
1500/270/128, STEAM 2000/30/192; ), Cr ratio.

Henneke M, et al. In vivo proton MR spectroscopy findings specific for adenylosuccinate
lyase deficiency. NMR Biomed 2010; 23: 441-445.

a), 3 chindren; b), 3T Siemens, 1.5T, Siemens; ¢), SV (WM, BG); d), PRESS 6000/30,
2000/136, STEAM 6000/20/10 or 30; e), LCModel.

Henefeld FA, et al. Quantitative proton MRS of Pelizaeus-Merzbacher disease. Evidence of
dys- and hypomyelination. Neurology 2005; 65: 701-706

a), 5 PMD; b), 2.0T, Siemens; c), SV (WM, GM, BG); d), STEAM 6000/20/10/64; e),
LCModel

Takanashi J, et al. Brain N acetyaspartate is elevated in Pelizaeus-Merzbacher disease.
Neurology 2002; 58: 237-241.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

a), 5 PMD with PLP1 duplication; b) 1.5T, GE; c), SV (WM); d) PRESS 5000/30/64; e),
LCModel

Takanashi J, et al. N-acetylaspartate in model mouse of Pelizaeus-Merzbacher disease. J Magn

Reson Imaging 2012; 35; 418-425.

Wofl NI, et al. Severe hypomyelination associated with increased levels of
N-acetyaspartylglutamate in CSF. Neurology 2004; 62: 1503-1508.

a), 2 girls resembling PMD with normal PLP gene; b). unknown; c), SV (WM, GM); d),
STEAM 6000/20/10/64; ), LCModel

Van der Knaap MS, et al. New syndrome characterized by hypomyelination with atrophy of
the basal ganglia and cerebellum. AJNR 2002; 23: 1466-1474.

a), 7 patients; b), 1.5T; ¢), SV (PWM, BG, P-cor, Vermis); d).STEAM 6000/20/10/64; e),
LCModel

0Oz G, et al. Assessment of adrenoleukodystrophy lesions by high field MRS in non-sedated
pediatric patients. Neurology 2005; 64: 434-441.

a), 17 ALD boys; b), 4T, Oxford Magent; ¢), SV (F&O WM, splenium); d), STEAM
5000/4.5/42; €). LCModel.

Brockmann K, et al. Proton MRS profile of cerebral metabolic abnormalities in Krabbe
disease. Neurology 2003; 60: 819-825.

a), 4 infantile, 2 juvemile, 1 adult Krabbe; b), 2.0T, Siemens; ¢), SV (WM, GM); d),
STEAM 6000/20/10/64; €). LCModel.

Brockmann K, et al. Cerebral proton magnetic resonance spectroscopy in infantile
Alexander disease. J Neurol 2003; 250: 300-306.

a), 4 Alexander with GFAP mutation; b), 2T, Siemens; c), SV (WM,GM,BG, cerebellum);
d), STEAM 6000/20/10/64; ), LCModel

Sitter B, et al. High-resolution magic angle spinning and 1H magnetic resonanace
spectroscopy reveal significantly altered neuronal metabolite profiles in CLN1 but not in
CLN3. J Neurosci Res 2004; 77: 762-7609.

a), 3 CLN1,; b), 1.5T, Siemens; c), SV (Thalamus); d), STEAM 3000/20, 270/30; €), SPW
software.

Van der Knaap MS, et al. A new leukoencephalopathy with vanishing white matter.
Neurology 1997; 48: 845-855.

a), 5 VWM; b), 1.5T, Siemens; ¢), SV (GM, WM); d), PRESS 2500/135, 270/128, STEAM
2500/20/128; €), Cr ratio.

Takanashi J, et al. Distinctly abnormal brain metabolism in late-onset ornithine
transcarbamylase deficiency. Neurology 2002; 59: 210-214.

a), 5 ornithine transcarbamylase deficiency; b), 1.5T, GE; c), SV (WM); d), PRESS
5000/30/64; ), LCModel.

Moller HE, et al. Magnetic resonance spectroscopy in patients with MELAS. J Neurol Sci
2005; 229-230: 131-139.

a). 6 MELAS; b), 1.5T, Siemens; ¢), SV (affected GM); d), STEAM 3000/20/128; ¢),
LCModel.

Van der Knaap, MS, et al. A new encephalopathy with brainstema and spinal cord
involvement and high lactate. Ann Neurol 2003; 53: 252-258.

a), 8 patients; b), 1.5T, Siemens; c¢), SV (GM, WM); d), STEAM 6000/20, PRESS
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41,

42.

43.

44.

3000/135; e), LCModel.

Mori K, et al. Decreased benzodiazepine receptor and increased GABA level in cortical
tubers in tuberous sclerosis complex. Brain Dev 2012; 34: 478-486.

a), 4 patients; b), 3T, GE; c¢), SV (cortical tuber); d), STEAM 5000/15, MEGA PRESS
(GABA); ), LCModel.

Tada H, et al. MR spectroscopy in 18g- syndrome suggesting other than hypomyelination. Brain
Dev in press.

a), 5-year-old boy; b), 1.5T, Siemens; ¢), SV (WM); d), PRESS 5000/30; €), LCModel.
Lance H, et al. MR spectroscopy in pediatrics Wernicke encephalopathy. Neurology 2013; 80:
969.

a), 7-year-old girl; b), unknown; c), unknown; d), TE=144; e), subjective.

Takanashi J, et al. Excitotoxicity in acute encephalopathy with biphasic seizures and late
reduced diffusion. Report of 3 cases. AJINR Am J Neuroraiol 2009; 30: 132-135.

a), 3 Japanese infants; b), 1.5T, Siemens; ¢), SV (WM); d), PRESS 5000/30; ), LCModel.
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Ak Y ARE N OHELE L ~L

1. T A ~—k CIEBATHMIBEEE 2 5 ik © NAAGlu KT, MI EAZ7RD 5,
(GradeB)

2. MCI TIHABEET NAA K TFAH Y, MI ERIFZ LW &35 5, (GradeCl)

3. vascular dementia TiZ NAA X, Cho EEBNAWSAHATROLNDLZ ENH D,
(GradeC1)

4. Parkinson i TIZEE T NAA K TRRBDHNDHZ LB H D, (GradeCl)
Huntington % CTiZ NAA K F. Glx L&, Lac b&H-. Cri& F23A 553, variation
H Vv, (GradeC1)

6. ALS TIHEEIEFO NAA KT, ERETO NAA KT & Glx EHEZRBDDLZ LR H 5,
(GradeC1)

TR R & B atim SO
1) Alzheimer ¥ & & OMEREE 46 75 3C

2) Parkinson % 11 i
3) Huntington 5% 10 Fm 3L
4) Multiple system atrophy 5

5) Amyotrophic lateral sclerosis 16 i 3L
i 88 i 3L

1. Alzheimer J& & Z DL OFBENE
Alzheimer 75 |ZB9 % proton MRS §@i3L D 5 b, A EIA ORI N AIEETH > 7= DX 25
MXTHY ., 25 I BIT HANE LI LT,

1-1) 35 K ONRIE 7 1o bT 5 1 O Fi A
HEE OREREIC L DEWIE 1T 195 L. 2T & ST EAT N 1 i@ LT > Tho7,

HIE > — 2 = ATl single voxel % 19 i . Multi-voxel CSI % 3| TH 5,

HIESMTIE TR 25 1200~3000ms, TE 7% 35ms LA T 723 12 i 3C. 30ms., 50ms,90ms,270ms
25 1Em3Cd >, 90ms LA B2 85w TH 5,

c WY 7 R LCERELNH o772 DiE, LCModel( 3 7 30). MRUI( 1 5% 30).
SAGE(2 ##30). WIN-NMR(2 i 30) Th - 7=, dHEIZ AWt 3T A —% — %, TEfHE 4
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. 1559 15 6], Asymmetry ratio 2 i, =D 1] TH 5,
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HTH
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EEAL & U ClE, EEE M OS5 3 §a 0. {HIEE 6 ik
AL, AHREIZE 8 Fm L. HREIRT 1 X Th - 7=,

1-2)Alzheimer J%Z 38317 % proton MRS O FEAf
- proton MRS VA & L72EIE 24 LD 9 B 21 L. ARV E L7-iET 2
S, A7 MVOEIZHT B E 1ML ThoT,

- proton MRS OffhL & LTIk NAA OKTH 50 ix NAA/Cr DI TR D B,
mIns(myo-inositol) D _E5F-& %\ id MI/Cr,MI/NAA @ _EH-H358® 5315, Cho/Cr FhiT 21l
L2 WDRED EH 258D 5

c BAENED LD EMNLE L CIE, MR M OMEE R, BRAI% s, (ISEIER 50, SHTEIE
Th 5, ARIEFEEHIREIO mIns/Cr B 2845 U725 300 15X H 5 [18], F7- 2007 HLL
M Tl ERm A x4 & Li-manin L Tn s, [19~22]

*Donepezil & 5\ iZ Memantine O 5-h FAIZ DUV T KR A 77— VI Z T proton MRS
ZHAT LT2FmsCA & U | proton MRS 1352V R DE =4 —ICFIHTE L Z LRI T
VW5 [23,24],

1-3)RFEATIR ST K D RFATh
a)Shonk 7 3¢ [1]

- CSF #HEERIE LA 5 2, MIEAITERIERE, AD Tl NAAK T & MI
S ZFRD . INEPERENE TIiE NAA KT & MI IEH CTh 5, MI/Cr iz L 0 EE 82%, FF
HIE 64% TH V. negative predictive rate 1% 80% ThH 5, AD & IEHFFH OHERIITL MI/NAA
HelZ &0 JRREE 83%. HFEREE 98% T -7,

b)Dixon i 3L[6]

- CSF #l1EE fiE(TE=90ms) & FV T U HIEFALITIES T AD & IEH#H & DX NAA
KRk ViT2 5, 72, MRIIZX D volumetry &bl U, ZEHERRELL EIZ NAA OIKTF
DBRDOHID,

c)Herminghaus i 3C[8]
* TE=20ms, LCModel %, BIEEALIL 5 BT TH 5, AD & vascular dementia (VD)

EHIZ NAA/Cr JbDIK T & MI/Cr bk EFH 2RO 573, AD TITABHEEATEEE D /XY — T
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bV, VD TR RE MEMIZERO BD, £72 VD TiX Cho/Cr thd EFBEHTH
Do MR E LTIHMERIZANY MVOEMET T 57205 i HER L TV D 5% BT T
W5,

d)Chantal 7@ 3C[11], Ackl #@32[13]

-TE=15ms T MRUI % {# 1, AD,MCI(mild cognitive impairment) 2 (" normality ? i,
| 7E & AL X medial temporal lobe(MTL),parietotemporal cortex(PTC), prefrontal
cortex(PFC) T %, Lt. MTL T NAA/H20,Cho/H20 /& F 73 AD,MCI & 2388 H 5 23,
AD T/Z Rt. PTC T MI/H20 A EH-L T\ 5,

e)Fayed 7 3C[14]
+ 11 961> MCI OfEIFRIFRFS 21TV REAHRIA] & BREASERCE D NAA/Cr tiz L v MCI
BEBAEICRATT 2 KB & @i (R 82%,78%,FF B % 72%,69%) IZA[HETH -7,
AD & MCI X5, MRS CTHEETH 5,

f)Bartha i3 [15]

- Donepezil {62 K D ZAGIZHONWT AT HEICTHREELZE L CTRHME L7z, 4 » A OIE%
12X W NAA, Cho, NAA/Cr, Cho/Cr T mIns/Cr DI FNEE S v/, NAA XX NAA/Cr
OIR T I3RS DO E A~ ENZ LW &1, Cho XU mIns/Cr DX FIXIHH IR % K
g% AIREMEDS B 5

g )= Dt DFA
- Falini 5% whole brain NAA |2 X 5% 17> T Y [16], Hancu &% average TE
method |Z & % PRESS-J |2 X A&l 247> TWAI[17],

- Henigsberg © 1%, Donepezil $5-fi & % 5-% T proton MRS Z {7 L, J6#A 2T
NAA/Cr @ L5, mIns/Cr DK T ZF88, ERARATH & /R L CTu72[28], Modrego o1,
Memantine & %\ X Donepezil O 5-#12%F L T proton MRS ZJiifT L. NAA/Cr k73
Alzheimer’s disease assessment scale cognitive part(ADAS-cog) X fHEH4 2 = & & " L
TWns[24],

 Fayed 5%, WHIHERREI EB1ZOW T proton MRS % Jiif7 L. AD JEF] T NAA Ol 7 v
2 2 UR(GIu) DR F 278 7=

2. Parkinson J&® proton MRS IZ & 25
- FEEZCTORFEILZ L, Lucetti 512 X 2 EE AN EE TD NAA/Cr LD T O 2
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H 0 [26]. Hu &% CSI #:IZ L v temporoparietal cortex T NAA/Cr LEDIK T 238D T
5[27], F'E D NAA O T3 R & BE®D 5708 9 NIRRFTh 5, il TIXIEB) RN
' D NAA/Cr, Cho/Cr 1ZIK T L TWH 23, R— 33 AR L 0 GEENEFNEZ'E D Cho/Cr
D EF LU, 1BHE BN & D ATREMES RIR S U CH 0 [29], E RN HEIERZ D DBS 12 &
> THE D NAA/Cho, NAA/Cr @ EH- 23 ST 5301, HHrikE% RO Glu
KT ERBDHLHRED D 5[31], 2012 4FIZ Emir 523 TTesla O MR ZEiE & F T, IMEEC
» GABA O L5 &8 LT 5[32],

3. Huntington J8® proton MRS (= & B85t

JREEICE O AN =g B DN, NAAKT, Glx E&H-. Lac EH-. CriK FoGEMN
» %, Cr{& FiX presymptomatic patient TR 51D Z ENRLV, EBALEERT NAA KT,
Glx ER o, Cr %512 X5 Glx,Glu DI FowmEL H 5,

« Ff CIEIHIE T NAA/Cr 1K F % 35). BIEEEED Cho DK F[36] A4 4 2 i g8
SILDM, —FH TR O RYIMRE OB HEEIIE L 20 ET8E S H 5371,

- 2011 4E1Z van den Bogaard 7% TTesla ® MR & % AT, EBAREEOH# D NAA K&
O Glu DI T A2#HE LT 5(38],

4. ALS @ proton MRS iZ X 585t

« Motor cortesx(precentral gyrus) T NAA DK FH 5 iE NAA/Cr DIE F&5RD 5, JER
DFRME O NAA K FA3E B, FEREORIE Tk NAA/Cr DK F D 1Eh Glx/Cr Fbd EH-%
RO TZREN B D, FEFRERE O {5 5O OYER % D MRI AT AL O (43%)2%f L,
MRS Ot (cutoff 2.5, T9%) A3 @\, Fill TIXBEITRHME L7z MRS ORIEIZ LV LD
BRUMHIOD 2272 & T 53V Ml B NAA/(Cr+Cho) DK T 23RS Hav, HEIZITR O o 72 [41],
F 7= EEYEF 7B Tl NAA/Cr LMK Fd1EH Glx/Cr & F,Cho/Cr -3 8 5 % [42],
ALS €5 /L C& % Transgenic mouse(G93A-SOD1) DT 1 Glutamine & GABA DK
TR BTV H([43], 2012 4212 Foerster © 1% ALS JEFI OEB)EF O E T H GABA O
IR F 27D TV D [44],

5. Zi1LE TD proton MRS #RatDRIE R

cHE SRR SCORIESME T short TE & long TE ENEEL TEY . HIESI HZH
FILTHERR D Z LR, Gl H1E B IE B HLOIENE EIES° asymmetry rate & H H T
HHONRHY . AW Y 7 b bika TH D,

- L7>L. short TE T/% 30ms 2 7Y, long TE TiX 135ms FEEDMIEN L L | 12 S58E



T oA Z A, LCModel 12 & 5 EEMEOMBE & EEA ST,

- proton MRS OFHii CRIE & 7225 D3, FEFIREE] O L partial volume ZhFIZ L 57
— X DOREHS THY , WETIIZ L > TEAXT PVOBIZEBNTHERAEL D Z L
WD, AkgET Ui Tld, HIESRMALHESAL, Mt 7k 22— L 7= 2 sk O ifa
ZHEITFRD DLy,

- F£72. MRI & RIS ORI E 28 O - 2Wis Rt 72 < . Mo Eig 2kt
VT 4 LB L TR EZRF L-HREIXIEE A ERD BT, evidence L~ULA3E
WEHlilZZ LWZ ERHETH 5,

6. Proton MRS %)ﬂb‘fcﬁﬁﬁeg”%‘%\@E“ﬁk‘%ﬁ@ﬁf’ﬂ‘fﬂ:ohf (ZESER)
EEMREL LY b ERMOIZ O BRENEWE I B 528, EREMITITRKENS A >
Tk, % f:YEJIEE/b\?E% & iffbé LD E R ZE(EETE IR & O TRETT S
ZenEEELEDPND, SBIZTE OEIL, short TE & long TE OFFEIZIE U T, 74
L7 WREIIZEDETIT O RENR B D, BIEEAL O E DR E OB WP X EEE T
b0, WEHALIC i@zmﬁhw@ﬁ%mm%ﬁﬂiﬁé CICHLHETOILENRD D,
4% proton MRS OFKRAHMEZB 50T 5720121F, WO 729 O cutoff i % 5 iE
L. MRI A DO ZW Tk & DRERFFE KON Predict value %O L2 R~ T MENH D,
ZWREA _EIZoW T ROC T IC L D MGEHAIESIT OMERH D L EZBD,

EEE
JEUFRHESD AR B AE
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VIR EDRT A= DOFHMIbIThI, SOOI A AW CRHMET A Xkt H 5.2
NOEDOHIZOWTEMERDO D » M4 7EITEA TH DN, FEHOMED 3sd Zi#lz H1E
ETDHMENL .

- BATICCIINES & & B ISR IRIE RS E 2 A0 2 BEN R < 72 5. IERAEETIZIAERE
ROy ISR T BB LA - A S ER E A RN B 2 L3 TE D MRS TIEMRASY
METHNIT T =B —7 D@D, #iHE - N2 WHEIR7 = Ui E— 27 HMES =
U= B8E< x b, KBTS DA 2BIEG TRIEL TV D Z ERE <, BITHE
® CCIC EJERAEREID CC/C 1A — =T v TRKE VN, ZO X I ITBITHRE CIEh v M A
TEAZRE LS50, 1.5 T HERE TO MRS 1T X 2 B4THE0E OB O8iE TlE, BITEICE
Tz 1 DORIBELTY D UBE— 7 PHERLa ) v E—7 OAFRETE 2541,
DEENRFRNE X TV B [5].

c. MRS |2 & 2 RilSZ I HRE O et

* MRS TREMEZITo T2 La A X T TV ADOTFIETE L, RISLIBIGEE 5
7'm b MRS OfEEZWHEL HE LIcim X b ol6l. kb &, RiZIYE & e L
TofEIR T & O ZAT > 725 0T, B 68 %, FFHE 85 % Tho7-. Zivb & BEFin
66 LA b, JREEREME AR T ) o2 a T (GS) AT Bk, RS 5 mm &
25, mlumi-d5HA%m Y AL L, prostate specific antigen (PSA)E72% 10
ng/mL AKiili, FIIATEIAERPEEOGE IR A7 L L THRE L. Z20RRER, KU 2
7 BETIXETE 58 %, FFEFE 91 %, U A7 BRI 74 %, FFEFE 718 % & DFERNED
iz, B A MRREORG S METZN, BINZIEEIZOWT, KU 27 BHEDBFIZ rule in 7
AN & LT D ATREME D R STz,

- MRS IZ L 2RI IREHRHEEICE L T, 2 o0& faxkRFIEN BRI N TV DS,
American College of Radiology Imaging Network (ACRIN) =& T, 2004 F5>5 2005
FEITIER 238 Gk S 7= 2l sk Al e X A28 L, fadsos O J/7ERZ MBI L ¢, MRIIZ MRS
BT HEHREBF LTS [7]. 110 FEGIDFENT S U-FER. SO REZEICE LT
I%, MRIIZ MRS %ZiBI03 24lifE % AL 7e o 70, BT, OxgEEE, 1KY 27,
BT D /N SWEBIZ 2 <, P PSA fE B AR, @787 B4 A X758 0.84 cc & RE W,
OfigxH D> MRS DB D7, #BRDOZEH Y, OIEHID selection bias, 72 EDRAI/REH
7z.

9 —DlF, 2004 E05 2006 H2T TI—w v 3B FULNIHESOKE O H N x
7= [H B % fiii 3% 3£ R #F 8 [ International Multi-Centre Assessment of Prostate MR
Spectroscopy (IMAPS) trial) T 5 [8]. FHELFLHNHERR S V7RSI AR 99 JiE 5l & % 52
&L, BRGSO CC/IC Tk 0.28, BIMEBITETIL 0.36 Th-o7z. ZHITXL,
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IR AE U 78R 5 o CCIC SE¥IENE 0.91, HIE 0.68 Th - 7=, ¥ & BIEZLDOHER]
DOZWHEZ ROC fi#T TR 5 &, Wk Tix AUC 728 0.88, B1TikTIL 0.76 ThH-7=.
ZHICE Y, Fu b MRS ICITAMNZIRIZ g & BRI A8 28003 H 5 2 LR
Eniz e fEwmST e T D, ZH BT, ik ACRIN Ot & #7210, MRI 12 MRS
ZBEMT2ERICOVTRE LTV D bIF Tldleu.

d. AISZARERR & MRS

BB TR L > TRIBESNTHID TiE L 2B S 5. B AERITRERICI T
TWALHODH 7Y U TEERIZZENIZEE L2V, MRS THLLUDENED LU E
IAERDTEE, ZHAY 12 BETAEROBEMESR L MRS TR OV OS2 ik L
7l A, 4% L 56% T - 72[9]. AMANC MRS 21TV, FE OB AN &\ Ok 2048 L 7=
FECHAEREIT) ZEIXARTHDZ L0 D. £, AREITHIVUZERIC L 2 HLO
WENINZ LD, MRI OEE S BAFIZ /5.

e. AEIAERFENE T PSA AR L5779 2 5 5 O A MR A

- BTEAE R CHEMRZE SFE S £ £12, PSA B EREAIC & D IERITIE, FEAMRT
{2 MRI 5 X " MRS (2 & 23l 217 5 FAMERENZ L2, 2L O TGS TV 5.
—f#il& LT, MRS O2Wre 23t L-iscic LT, HAMETNC MRUMRS i # % % &4
% LRED JHIEZ TR IREREE 73~100 %/ R 44~96 %fE L5, £OH T, MRI %
MRS T&H LWVEE A 1D > TEM L72BiR) HIXFEERIC 57 % TEARE S TR,
SRR & ol U TR R RICE N AR STV d [10].

f. hoBtgik L O - #HAGOEIZ L DK (multiparametric MRI) (25T

T2 5835 & MRS, ¥ A 7 X v 7 ERIEC X 2RI s HEEDO ik % L7330 ClE, ROC
fighro> AUC TH 5 & T2 it 0.68, MRS 0.80, %1 73 v 7 i&#1£0.91 L7420, T2 i#
FABIZIERT MRS 0% A 2 v 7 ERBITENENHEBICZEEER WV E s STy
% 11 72720, ZOfLTOXE A F I v 7 IERIEIT 2T 1B E W 5 REF 3 fREE O & ik
BHETHY, 2 X—= A MENBRENTWSD, 72, 1 D2DOKR 7 BLO T0%LL LD
RREZ JEEE S L L TV D581, IEBEHG TR os ADCfiE MRS OF —42 %&b
HCRHlT % & IERZER M EL, FRICHERENMET LT ombdo12l. 2oL 5Tkl
TIE MRS D> —F R L OBZWREX ik 57217 T/ <, multiparametric MRI &
L CRAMIZ2AGE OWE 23 2 €& 7=, #x21F Radiology 5D & % i 3L ClE, MR 2
P IE T2 FRANER Y 70%, T2 585 & MRS Z Gt 5 & 81%, T2 sfaitg & LB %
ERLAEDED L 85%, T2 MR & X4 7 v 7 EEEEMAGDLED & 83% L 3T
W5, T2 HREREG T/F O L2 TERBIGHRICE O OBRRIG R 2 MHA5hE 2 2 & T, Wikllids
FOBITRICRBT 2HGENS 35 (18], £72, AJR 30 H 55X T, L ET T2
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TRARR, BEREA RILT D MRS LRI, ¥ A 2 v 7 &I, ERE PSA R
PSA OLba Mz 5 Z & THRHEENFEIZ EF T2 L LTWb[14]. iz b FREE2 7 ST 25
HDHN, RGIEFIOIMEESCBWHERE/ N lEAE DD Eidte T L.

1-2) Rl SE MRS OO T 1~

a.GS 2o\ T

‘MRS TH 672 C C/C EMEED AT N — 2 % B3 5K 7 'L O (EBAR)

1%, AR OB PN E 2R3 GS L oMBEARRED bz(15]. T72bh, RN
(RS D BENEFE 2 T3 2 FIBEME S VI &7z, 2ok b Rk MENEE < han T
W5, 3THE % M- Kobus b ORI T, 8 & BT W # & 12, CCIC HDH W
a7 VTF U R o TR AR, P, ®EMEICS T 2 RN R S L
7z[16l. fhDFHICTH, MRS % AV TIRENEE o> o & HrETRL FE O BEVEFE o9 A i3 %
DIZENLD E STV A[17].

* MRIL/ MRS (2L TH/OENDHNTA—=F L&, RN OGEONDH/NT A —% (GS, EHR
i, PSAfH), 5 XLOMHHRE N OGO mOERICEAET 50 F~— 7 — (Ki- 67 1
S~ — 71—, phospho-Akt: HiFET AN b — 3o A, A& REICR 59 % ~— %5 —, androgen
receptor) & DHEMEA R 7= 2 A, 3504 F~—nF—iX MRI/MRS 7—% S fHEANH -
7. RS, ERAR#E GS X, MRIUMRS 7 —% Li@WMHBA /RS u72. MRS b &1 T
FEAME, AISZAE O R E TR 2288 L TR TE 5008 Lz [18].

b. Insignificant cancer

C HNZBE OGS, KE SN E JREFPRVEMEE K<, TRICEE L 22 Ve % BRIRAY
B FR DD 72O “insignificant cancer” & FEA TV 5. ZDEFR%, BINIRICIRFE L, 5
KFE2Y 0.5cc LA T, WEFRNCR LR 2 A L o & L7255, insignificant
cancer & significant cancer & % L3 7 HBRIZ, MRS OF — ¥ NENTH D L&A ST
W% (AUC0.91) [19] . 7=, BIOFRLTIE, MRI THEDOKE S, MRS THROFTR,
ERLIERTZ B EAZFIH L, significant cancer 72 9 NI 2458 E LTV D
[20].

c. HGPIN 2>\ T

- BIEIRAE & S5 High-grade prostatic intraepithelial neoplasia (HGPIN)(Z-2WC,
£ 6 2 VLLEDORZE DKM %EZ MRS THIZR L= & 2 4, il Es - HGPIN - i 0 F-¥) CC/C
1%0.34, 0.50, 0.78 D% = L, HGPIN [ZEFHEH L WO b & 9 LHRIRE Th 5 = &L 23bin
~72[21]. 7272 L, HIGPIN DOIE & A SRS EOHFL, F-REIL/NENLORE
VWO T, MRS T HIGPIN % KeFli9~2 Z & i3 & b b . HGPIN (22U Tt sk >
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5 OWETIL, 30 KA (1 6mm LI E, V¥ 12mm)ic S\ C, ERENC 1.5T HEIC & v %
B A L ERF A LVOMBEDET, 3D-CSI &t L7ziE 5 T, HGPIN £BiZ T2
IR OESN TR LRI & E CC/IC DfEIZL Y, HGPIN OFHEfHT N IHE L Sz
[22] . &7z, BHERIEL HGPIN &2 TIE, 22U > OREEY % & &1IEF
filid2 Z &2k 7 —T43 N ARE T~ 7= [23].

d. Frk 7o B IRIES; O MRS

C BISZIRE DRFER 72 2 A 778 LT, BINIIRASHIE Y 0 5. FEIRA D ERTH Y, 0K
WA UT5E0E, T2 i@dit CHlgdd 5 & BB ER LB & KBRS0 WEETEET 5.
e B9 5 MRS #5131 7asC LvR s, 3 JEFIH 1 JER CHEME Y — () v
E—JHE, 72 UBE— 7/ T) #2 L, o 2 FUTEM X — 2 L3 E 2 Ao T [24].

1-3) BISZMEEIRROE=2Y 7

- RV AR RRIE IR K 0 IIIEE LIRME B2 BT 5720, IRIFREERE &
fat B R D ZEAE 2 XA 57212 MRS IZFIHTE 5. MRS TH/LE RIS KT 2 KOG
BRI LTolE T, BVE TRRIC E VEE IR ORBED O 5 B 7 = U EED RO
BB LTnE, RNTaY o7 LT F UL & STV DI25]. Z 07 dIaHH
WG BREE TOMIMIZ L > T, CCICHBEA LX) ICRADENG D, ALvEL
R AT D &, MO ZEMNEIT L, MRS TREFEY 2 | E T X 72V ik EE (total
metabolic atrophy) & 725, 7 ZUEMFIEAEHEELIEZRZBANT2Y UOEWE—
IPEET D L EIE, AR D . 3T HEEZ MW METiE, BB % 6 » H ik
RTal re—r PIEFLT DEGNE, FEE 1 4o PSA {725 0.5ng/ml LLFIZ72 5 &
HERIATRE & STV [26]. TRIRICKTT 2 RIBMEA TRIT 2 O T, 1R IRRE%E DO & D
BT MRS RETIUE L VWt WIS bEEN T 5.

1-4) RISZIRE O BF 2K

- RSB I2IE, T2 S8ERE CIORIEOE 53K T L, 7%177 - RIS &6 IC K5 1E
fifiZ XBI LT 2250, ZDX 957K T CCIC > 0.5 ZFRINEL T2 L, RENER
2T MRI & MRS (38 VEE CTHIELZZHTTE 5 R#EAIEM 456%, MRI 68%, MRS
71%) [27].

2. PIBY—7 R - PIRESM - FEER E
2-1) AR TIE—REIORIE CEE O D A7 M EFD 2 ERARER~ L F R 'L
ENARTHS.

2-2) fEH & BV R —4 A% Point-RESolved Spectroscopy (PRESS) 5% %2 L
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72 PRESS-CSIENIAS FHWHILTE Y, &iIT1X2D LY 4 3D TITHhu b HiENL . 1.5T
JEE 1% TR 1000-1500 msec, TE 130-145 msec DSAETHIE SN 5. 3T EEICET 57
B3t 7 5.

2-3) F—HBABL, V=T AT =L a VITHIBO Y 7 N RS BAERS, A7 T4 T
DAL 2—F—|ZRVIAALTIHITT 20005 5. EARMIZIZU TOHEA 25T,
Apodization (1-Hz Gaussian function)

Time domain-FFT

Phase correction

Baseline correction

Curve fitting

2-4) EHFHMEE LCiE, 2y, ZJLTFro—7 RESDHETEX 202D, Z O
OE—7 FTEEZHMEL THFE L, ZJZUBOY—7 ThEZ 2R & LTARED
(CCIC) ZHWABEMNE. B OEEIZ 0.

2-5) AT MIVEHFIEICSWTIE CCIC DAETZ T TRMId 5 DTk, A7 kLD
quality ZINBR L7253l A7 ABIMEINTE Y, E2%, BRimEEMO x HH &0
(28, 29]. 414, HEHERRHEGIEE L CHOWOR D FREMER®H 5. £7-, 1.5THEIC L VKA
15 = A v TS T, [—ERI O 3 D-CSI f% R 2 @Ry (3% — 2 /088) 1ZFHl L7235
BL, ERMFHMEORREZET 2 &, K 2 7 BOMRIITE =N, AN E
FEE ORHMEN AIEETH 5 Z L Abin-T72 [30].

2-5) BCKDm3ITE & A ENZEIRER A V2R LIAETH L. R A V&
AWt b, BEEOBWNIFEETH L0, A7 MLOEIXMEFT5([81]. 72721,
BED 3T & TITEAMIZEWVEFHEET NG ON DT, 8T #EiETHREaA LE N
TR b SN D K )T TE e [32, 33]. KE LV LR TZOMFATRS, I —
0 NI RER U PR (ESUR) 23ERK L 72 Prostate MR guideline Ti%, A7V —=>
7 ThIUL, BERaANOMHzED T D [34]. 72721, 3T HETH - THRRER = A
NEROCHIE MEFHES LA 250 T, B 2 X k- BGOEHR E2BE L &
R34 5[35].

2-6) STHEICBIT HMETS, KARL DG —7 AT PRESSIETHD. LvL, &
BEALICE S I BIIC LD 7 2 VAT AR — 7 2R LaHMEE LI <72 5.
I A2 RS DT, = a—kEfH] - v R & OBED D OMRFRe, J BREEET D
MLEV /LA ZEINZ o3 —r o AT ENBLRIN TN S[36,37]. —TJ7, [F UEALDO A~
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N VRIS TR (BT 200 E ) D ERFI L@ b & 5. [A—ER ORIz DN
T 1.5TMRS & 3TMRS # 92 &, [ UM BIEFE2H T 51T 72012 CCIC
X 3T DIEH 230.39, 1.5T TIX0.11 £ 725 72[38]. T /b bIA UHALO AT fLTH 3T
DIFH> N 1LET L0 bEMERE R EHEIN TS, 3TOY—5 AL MLEV X
VAN AST2-PRESS T, 7 = VDO IERNEE SN2 ENFBRL WL AEELH .
MLEV 7SV AOHFRIZ 06T, J BERHEAE T D7 = U BRICOWT, $ie 2 W58 O
MRS % et B BRI3EET 5.

2-7) FHHMICET2HEL RSN TnD. 15T #EE CTREG = A L& HV, 3D-CSI LT
AR 2 B RE L, A7 B OREERZEZ 15T, 2 OEBNEOFGIEELY 5.2 1%
EDE D DRE LIZAER, ORI & [F CEHETIT o CTH R AE LR WEREDOBIMEN H
D 2 &R S 7z [39).

3. ZWIRFASLHISHITRRRIZ DOV T

c BNV IRO BYERZE TH - CHMBREMIEL, 7 = UBANEAT D L 5 20EkE, & 213
WIE, BORIE, 7o E TR D UBRBSIEA, 2V B B EE L, & TR o<
5.

C BN RERTEAGICHE L TV DO T, EBNO AT AN  JIEFICAT ARBET 554, B
SEIRARR S O MIEAFINLIRNIZ IS < FFET D RFICIE, A7 bADBHILLBZERREL 725
Z &b H D 0LANI RS RTINS ZEM L7256 b L MiEZ 0TV E ol b & 5 [41].

4. BIEELEETREHEH (ZESER)

WIFERISIAREE 12k L CTlL, MRS % TX 572 ERANIHEI T 5 H B LW, EMR%ZIC MRS
BEZT 2560 8 B EMRE H T 7= R RV A2l EfTRIZ TRl Z 53 5772 8 E
W Az PEBRT 5 T R%E L, BEORmWART MAORIEE BT, ¥ v ZICHIHT 2 R
EHONLOIRDTEE, 1.5T OHE/KOEEIEA 10Hz ML FIZRUTREFRETH 5.
MRS BIEIENL TW R WREE X, 77 > B ARIESSR T v 7« 7 1I7E CRIE TIEZ 20
LTRL. BREBEIADIRWEGEIE, ATEETHIVUIRER 24 V2 HWIZRIEN DR 5 55 &
V. BRI A TSR, FEHESLERREWEZDTHS. BRERO NI VDRV Y 3 =
VIR L, BSTOICRIN R A ESED L) I1cT 5.

MRS HEROZE0 EFRD X 9128 - 7RiEThH L,

1) MRI CEFEFEZRE LIZL &

2) BUEIEM CHEMF RS LT, PSAEREHFEL T LA LTS L&

3) PSA BARIRIESC, VT IEIR, TG H ORGER 2

72 EOMRPLTIE, R, EBEEOHEE, BEEOZL, IREIHER 12 MRS A%
DOTHATT 5 & K. KRz, AHE B D OX, EEUIETNE, 2HE, 72 OH TRIE
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