IRFHERILNS spectroscopy ('H MRS) @ routine {6 & .
Z D E S

EEEE,  SHISE,
mE  #®,

bR RS R
*EZERGRE SRR

Loz

FRRMER K OKkFoBmK LB
spectroscopy (‘H MRS) »EERTIGH I3
oWk oT, $TCI, BESEE L, HoR
HEIEFRWCHET 25 L WRER L VWO K
EORE, —AT, BAZH/FONSRERD,
—hHTR, FTHEWIHiZZTTERLI
Bbns., @RAREE (MRI) 25, Znige
JEER LIS b od, MRS IZRLSN:
HRRIZ B 2R ETH 5. MRS 85% b
Z K —ERDRE & NI HERR I B 1T 2 Rk A &
LTERT %2, L AWEOFERIC—FH%E
T5h, H5VIFHIT, %< ORERICILD
PREGTE %2 363 2 1%, SHROFEAMIRES I b
KET HRET, B IiZE 22w, Lal,
BB IZ 81 5 ' H MRS OB & IR & % SFiff
THIELREETHL, KT, Hx o
EHDO—RBEZ BV TIT> TV 5 routine kD72
DOELZDLTREZDERB X OZFOMES %
FEHTHTZN,

FEELUNER
1. A

/AR
e, RE s

AN AT,

P AV AMBRT 4Ty Y

fEF U - 45% 13, Siemens #:#, Magnetom
SP (15T) THh%. MRS 322 EMN R
MTH> TRV EVIRLDHHIZLD,
BIEIZERPTS 2 bbb, AED, B,
HhkEEICE L TiE, MRIHY OMRER AR
ToTw2, BIfE, [EAR3 4, RARM 440
TRBBERT> TS, Zhick D, s
BEDEIEDOD2BEIZBOTHERD 5L
O TAIRFCHREDAREL Ko7z, D,
FiklE, BUEL T manualfba iz, BIEDS
{Dstep i, —EDOEOOSNIFIETHY, T
& % 721, program % macroftL (D%,
procedure £ L CHATLES), {H2 DEFT
22 7 L 570 parameter O AFRETHH
BERANTEESWCIRL:, 25§32 81
&V, RREIEIC & 2R ORE PRE D LR
>SN, »D, REHYF L I2REZERED
oD EBBIMIZond &2, B4
Wik, UMFOTRE{To 7,
1) E&RRE

BRINAT O |RI1Z, MRS 27305 0o
Ml B L2V, b Wik Ele, #EEPWD
T, WEOEGSMKE L MRS 2B{EIfT5 2D
ERRREEAGHEEBEFCHRCL I L1025 &
EZ, fToTwhkw, EEICE, EHRZH L

F —r7— F magnetic resonance spectroscopy, ‘H MRS, lactate, N-acetyl-aspartate, STEAM
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MRS D7z & OALE RO I KR L B T,583
EGOBE (124) & T.58 5 HE & O m R E
(24 30%) OE&R%EITS. Ihb procedure
LU, 159D T S5 L5l &z,
EREEE: Y, T CIREEMIA S » o T
eI, TIEREROATHAIRIEbDH
5.

BEL L EER DB X IEEL OB B TR ITNIE R
5z, Bk, T.rRiRE G e TR
DR D 2 D DE{R% T, graphic T
track-ball %z A>T 3 RITHIIC IERE W B AR
EBRELTVS,

2) MRS

Localized *H MRS ®F# & L Tl stimulat-
ed echo acquisition mode (STEAM) % >
TWLwaY, & parameter 13, HS5WAHAED
EWHEETH 573, Fx FHED R LUEH TR=

1.4 NAA

os/ Cho
PCr
0.4 /(Zr

Signal

20 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift / ppm

a

1500ms = 2 —Kfif] TE=270ms D & % routine
@ parameter & L TWw3%, Z#L% routine & L
TR AR X WS, %< DK T — 5 3%
RINTWE ZERKEEOMFINEZ TH S
ZEFIFIEZLERDLNEDDY, T—FKRA b
#ix 1024, sweep width 1% 2000herz & L7z, B8
DFEER O & &3 30X30X30mmée L T35,
20X 20X 20 mm?3 /NS Zx B LR  REfE &2 21
T shimming % 1TV INEEHCE B2 ITARET
H5, Lrl, Fig. LIamLz& 512 30X 30X 30
mm® & [7 CERRNZIMEERK T, F5HET

(S/N L) i3z 0 ETL, EBROBRRKREITIX
LESWRY, ERAPEFEZRW, £5LT
B L X2, T —REAEMmLT, X
DEWESEFLLIICLTWS, LeL, &
DFIW T a2 — TR DESIHI A +51
%5721, J modulation (spin-spin coupling

1.44
1.2
1.0

0.84

0.64 NAA

PCr/Cr
Cho

Signal
o
IS

4.0 3.5 3.0 2.5 2,0 4.5 4.0 0.5 0.0
Chemical shift / ppm

b

Fig.1. a : Spectrum of the normal parietal lobe. Volume of the interest is 30X30X30mm® b :

Volume of interest is 20X 20 X 20mm?®.
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'"H MRS o routine 1t & % D& S

KL BEH) DIeHIESOEMMNET S L
Bhb, iz, LLHONTWEIETH B,
O LIEw T a—CIRWKESNEL NS
DT, shimming £ DE WEA O shimming
HECHLEMTH 5.

MRS OECEL T, &bEMMCaiick
5D, FERL EBOBSE—LD 720 D%
Fi% (shimming) TH 3, —fRAYIZIL, Frahm
5 DFIEICRE, FTHEHIBESEDOKES %2 HW»
T 4 {& @ shimming (global shimming) %
fToTHh o, #INL %20 EESE O shimming

(localized shimming) #1795 &£ & TW 3,
LW, Fx HEED shimming 275 Tjzas,
FRFE1Z localized shimming D& %2 1T-> T3,
ZDldiz, BMLEBCEbE TV D2hD
shimming O] 72 5544 (shim table) * % %
Lo TRELTBEZ IS localized shimming
OWERERBGT 2. BRMICIEREZLEh
DOHIEHEE, MIBHEE, HUEIE, FHEZE, B X O0/h
g, & U R4 E8 & 5H 10 0 Bz 2 &b %
shim table ICE XAATH S, %72, computer
12X % HEIRY% shim (autoshim) b AT
25, S OEBEINL shim 23 EFIC7% 2 Al6E
Wb 5,

KEBHNHID 7z % D chemical shift selective
pulse (CHESS pulse) @i FE 7% E b proce-
durefbanTw3, %8B, CHESS pulse i,
gaussian A & L, #T shimming 3~ B 73 i
I HETE L7z water suppression 23K S 3
& 9 1 bandwidth 13 100 herz & U 7z, % 7z,
100 herz THAiF, EERO MRS HIE CEEZ
peak 12X 28T e I\,

Z 5 LT, shimming O&F#{L & AIEI DIz
@ pulse BEDRENKET LIz o, MERE %
500 [B] (77— BfRREfRI 12543) L7 —%
WEZTR 5. fEW (eddy current) i3,
STEAM ¥ TIIEWCREIC 2 20, +ocFis
SNV AT LTRBEITNEE—I D) b
b 7KIZATV > choline 72 ¥ O R EHER ICEIL T
L FE TRV, —I6, eddy current ZFHIET

% program b T3, ERRIZIZIZEAL
AL T,
3) 7— ¥

BoNHEEOFE 2 £ 5 0BT 2 0
BEILTid, BEMERyREHE 2w Bbns, &4
1&, zero filling #—E177% - 7295 2 TR EGE
BT 1 herz ICHHY4 3 2 f5HBIS D window %
3 T» 5, Fourier %1775, BREIZ cubic
spline BE#% % F \» T baseline correction % T
BoTWn3,
2. xR

WL BRBICBWTHMRS EHTH2
U, BROIEBHSWEIPITHIEEETH
D, L2 BIFoED LI#HLE S > TWipn,
SHOMIEE RN T 2 EhR L ED T, LWENIC
UTOEBEEXMREL TS,
1) PhEss
2) REIM MR e
3) EMERE
4) FiR 7% & OFM
BEICEEL T, BE™N 1B oM Ic+5
HIETE 5 LML BEHTHD,
1) TRz BEREERE, FoiMEEE,
2) WRfEEDEWESE, &L, REOHEIL
Exown, 2L, BHTFOERENE EiX, Bk
sedation THOXIETE 5, Bz, NRIZARS
BELRERT, JkBE (KEEE) 2o
HEREELE L TITZ 20 E 5 RBEtL 7,

& R

1) RREfFE L I

FEOFHEEFLIZ191F4H1HED
191 7HA3 B To 4 AT RbNT:
MRS ORMERIET T, D 4 F AR
LT 126 B, BEH 65 LOWENMT b
. DB, BRENI XL OLEH5T-DIF
SETHo7. 2055 3 EBHRERF THE
DEBIBL < %2 D shimming 2 ARAJEEE 72 D
HFIbL7ebDThD, 2 [EIIEE Nk &
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shimming Z&DOFRENE L SRERRTE LI
DTH5, 27T, KT IZIKTH- 7.
MRS OEEIZICBI L TRARDHRLRHEETD
FeFRoM e LHAMER Z L IXE 2RV, —ikig,
HMAEREERE L Y TR 70~80% L bEbNT
233 (personal communication) ZHARTE
WERIHER EE 25, bbb DA, RENEL, B
BMEEN L BWEBICIERIRE REE
BT I3 NE2BI%->TDIETHSE, Abt
BEII 554, HREBEIZI0ZTH- . KA
RNCAT 5 &, BAIEELY 12 4, RE PRI R
ER AL, BEHEEN 2L, TOMIIELT
boiz. 7B, KESCREORE 2ITE o7
D5 (4%) ThHotz. BASLID sedation
DB S T DI 22, 19%THD, D% <
IRMEEEDRAMHEE TH > 2.

2) HRAERER

AR I3 COEFITIERICHE L 72b 1
Tl w, 10FEMICBWTHIEL 72, 20k

NAA

PCr/Cr
Cho
Ino

Signal

~2

2.0 3.5 3.0 2.5 2,0 4.5 1.0 0.5 0.0
Chemical shift / ppm

a

£, 1) BHEHESIZh0 - ZERS 1545, 2)
BRI DR E & A ST parameter DEREIC
o 7eHEEDY 4 43 30 ¥, 3) shimming 12>
o FeHEREAY 5 43 156 %, 4) CHESS pulse @
BREWChD- 25 168, 5) 7—FH
Brhrro RN 125308 ThY, £k
LT40D2EL 72, & 512, EEEO through-
put TIXEEOAMEBERD % EOREE b 02 b1
T, 3514~ 550MMLEERY, KR,
#7 45 53 £ ) B 1 R EThH - T, B
513 through-put R T 35 90 Th o7z, & EB,
HIE L7zDIE, B 84 [8], MREFHANAS 42 [A]
Thol,

3) mEDE

BN & 91w, £ficisv>T shimming
DIREE R K DIE S DOFER TFHE L 72b 0 Tl
Bwl, EEORETICHEYT 2 2 L IFBEI
Lo TEMARREM &2 D BRI 2V, ERII,
KOEEOESERZDOE—7 DR ANITE

i NAA
Cho
T PCr
o /Cr
® | Ino

~14

-2

4.0 3.5 3.0 2.5 2.0 1.5 4.0 0.5 0.0
Chemical shift / ppm

b

Fig.2. a: Spectrum of the normal parietal lobe. The echo time is 34ms. b : Spectrum of the same

part as Fig.2.a. The echo time is 270ms.
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'H MRS O routine 1t & % O EE~S

BehBE2n D, 7272, volunteer IZB W T
shimming O KFH % EBE O BEICE L 72 Frf

(543 15%) WTiTh-/ce 22, HIEEIZE
WT 5 herz I8 Th-o7z (n=5), Zhik, »
bW Frahm 5 global shimming 217> 7%
G B LU TR ASEDLY, Signal/Noise

(S/N) HOFHf 1L, #iEs DR EMEPHRIE 2
ANVDOEEWE (24 VORFHPESORE, »
203 QHE) & SIXBREPREIBMTIIKRE L
ZLEwEEZS5NSDT, noise ZIXIF—E
CARE L TR L Tz,

B onizspectra 2 /% &, T a—KFf 270
ms T &, cholines (Cho), phosphocreatine/
creatine (PCr/Cr), N-acetyl-aspartate

(NAA) O3 2DE—IWEIBEEINS, =
a2 —WE% 3dms 12T % &, TiEMOFEN
L, F=135E<%D, S/NIFELLHET S,
Inositol (chemical shift=3.55 ppm) 7% &K\

Za-KETIIEELTLE S EEbERTE
52055 (Fig2)., L»L, —#icid, eddy
current DIRADHEZ 720, FERiOE—27h0k &
CHIERT 27002, T E# L < — i ikE
&L TIZHED %,

4) BIEERALB L OE B O A

[Fl— volunteer THIZE L 7 # L F NEELE,

HUEREE, MIEHZE, /MK, BXERO spectra 25T
U723, BHIERZE, AEHZE, HRUAIEE, [AEAZETII,
S/N ZIFIF—ZFLTw3, Lhrl, BEREZE, /N
4 TIERE S/N %25, 5%, Frahm &8
T TR LI & /M, BERET T3 NAA %«
EDEEZDHOMBEL, HIEIZZFNIZTTY
LW, S/N OETIZZNLE L 2HIRN
B39, ZOEAEIZHAS L TIXEWLD, R
&I B & N7 BMEES S0 /MK 13 magnetic suscep-
tibility D& %3217 3 <, shimming 23 RiF
WROBNWIEDPROREREREEZ ohb,

0.4

Cho
NAA

0.2

Signal

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift / ppm

Fig.3. Left : Intraventricular craniopharyngioma. Volume of the interest is shown as a square in T,
weighted image. Right : Spectrum of this tumor. In this case shimming was very difficult and the
signal-to-noise ratio of the obtained spectrum was poor.
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Lac
2.0
1.5
B, Cho
2 PCr/Cr
NAA
0.5
0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift / ppm

Cho
os) PCr/Cr Lac
NAA

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift / ppm

Fig.4. a: T, weighted image and spectrum of the cerebral infarction 11 hours after the onset. b :
Proton density weighted image and spectrum of the recurrent glioma.



'H MRS O routine 1t & % ORFFEA

1.2 Cho

0 PCr/Cr
NAA

Signal

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift / ppm

Fig.5. T, weighted image and spectrum of a patient of the degenerative white matter disease

(cause unknown).

FERAITIE, ThEhOERTERESERD,
— RGBT BT ERD S s o T, 1272, B
MmEKMEEEOAML TR, —RCERES
BHY, MRS IEHD TR EEDEROE K
TT 2B, Fz, NAAREIEETRE
WE— 7 ERTESH, MEZETIHETL, %
EeoSHEhNs 2%, &k LTS/NIHMETT 3.
51z, BUHHOMEETIE, MRIE (CT T
BB TRV I EHE W) LIFLIE, HmE
FEZE R RT Z D38, 2D, shimming 1
RETHHZENEL, Boh5 spectra d S/
N wBLTIEEID SIWTE 22 ThiE R 5k,
7z, MEBTIHE IR O VoY
T3V b D1, magnetic susceptibility g%
T, shimming 238 L WiEEHMH% L, S/N »—
iz (Figd), Fie, BEHREIELEEDbNS
FEFITIE, EEICEDLNBEENLTETL,
2FRIC—R S/NIXMET T 525, Zhid, L3
REHREICIC R R R EE 2 Tw5, L
L, E#F% shimming 2T b 123582 13

BEPMIEZ ICB W TH S/N OF V> spectra 23
HRENTEs A Z b %\ (Figd .a,b).
KHRETIE, $TRRESNATVLE LI IKIE
D NAA 2 EDFEMETT 5. Figh iy, —
BlTdH 55, NAA/Cho (EFEH) 1X, EEOD
HETIEEAL DT —¥ Tix2.10+0.18 TH 353,
ZOBITIZ 0.86 LB S RAERHHE TR S
57,

= S

'H MRS &, #HEEROIERES, BREDOE
DERET, P O MRS L ERTHS»IZENR
T390 250z, BKREIM, WMER, ZFEMERE
{LEE% ¥ OEMRBICB W THBERZ 2R T
ZEDBHISE N T WAL 33 Z DZEhIX
BT LU SRBIBEENTIZ R L, LBOEMER
£, WMEE, MEZOoVWTFhIZBVLTHRS
5L, MR O tissue characterization %
MRS D85 =278 5 LW RABRRINL
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Twwd, ULrl, BEEESHcE> 21
WAL TREIMTIZR WD, ERICERE
WIFRDSEIRE SN TED, KEOH L WEE %z
BES 2123 2 AR DY B 5 D119,

7272, HmEDE L, RHEBELDOTIERL,
BHEHZLOZIFEAETHS, 2L, 'H
MRS 23007 63U b —MA R L LA
LERLTWRNI ENRORSBERLEEZ S
N5, 'HMRS ('PMRS 3 5HT) BE&RL
BOHEHBIBUTOLIRDBHLEEZ 6N
3.

1) 'H MRS 2751213, 1.0 T OFIhFloReE
by, —MRENTIZ15 T L EORSRERS
T 2R ILIREERE N,

2) D, FOEETH MRS 2175 7210 NE
7% sequence NHE S, »D, %O sequence
B2 OBETEET 2 Z L.

202 DDOEHITVHIE hard-ware fIOEHT
»HY, FED 15T LULED MRI O iRk 2%
Z5ERUTREZHEERTRERZWE S ICE
bivd, Lizdi-> T, EBICIE, RO 2DOMNE
BRZEEERTHL EEZONS.

3) BRAMBSHEIL S LTV,

4) ZEL CERKENTT = 2853 50
DIFEL W,

ERMEOHIICBEL TIE, SBOMICE 2
EIAVBKRED, 172, MROBRLTERLLS
2, RBMMERIE RS2 © TS HBOER DR
eI L > TIHBEASIICORNE L5 T
BELRBERNPEONE LT TE 5,
%7z, BRSO R EE L TR ST - HREE
OERNZHIC L > THERTHLAREMED H 5.
¥ 7z, MRS L MEREEOHER b B2 T
IERRIC R - e 3 0%, 'H MRS 3B 7%
BT 5.

L %, BHAE'HMRS OE R ZHELTWS
ROKRELERBFSEOHRE TR UL S ICE
BRI 2FEOMETHE LI IBbLS,
“FENTREOWE 2V WCHEAIRE” BHE
L, fOEGRE L ELFERRE & Rk MT
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KTh, £2TH, #TH, BELT 7T—%
BENDE ZENEETH S,

BR OFEIFINCHT L WFESE DA Eh
Teb T TRV, MEFEORUE L 7 manual
1k & shim table OIEREDPHRER2LE L TITS R
B> Tws EBbisd, $iZ shim table
DYERIC IFRFR L AR R BT 228, IMED S
TH5, LTLb global shimming I3AE % <,
N CTHRERMIIEECERE NS,

SHBROBEITZ ., B, L0/ %BE0E
o RIFREBSREEL TR vk wnd o
3, —BEREDETHELEIATHS, H
D 1.5 T OREFEE T, K% S/N o
EEIREETHS, L, —EONFEHETIZ
2.0 T DEHEE R AT X VBN S/N e
ERLTW5, iz, SEIOBL DHELED
% OfER% Tt STEAM #E0MTh T 275,
HERAUICIL, spin echo &% Fvy7- PRESS #0
HMEEREIIET I ThY, BEPFENE
FB,

3512, FENRFHEOEZEOFMIXEESDER
FHEWC &> TETH S, X OFEIZBIT 2
FEFIRER O control OFIE L IEH BT OHNE I
& B REFIFHE OZE b ¥ OB T — 5 DB
272K, iy MRS 12Bb 20588 R 0HE
Thab.

MRS 1, ZhE TOGHBIRFETIE>N
%90 o Te RN BT b 2 A RIER & FHREERIC S
LHEME—DFETH S, Lrl, ERNLE
Flwvd mTid, BifE, RELREICERL T
WEEELE 3R/, XhBEWERMEDHE
MRV H W % chemical shift imaging 7% ¥ 58
M OMESLOBEES IIE S £ TH RV, —
L Ve8I Bv—F bk 2 DE R
DA & BHERDIEENSBROFED—> T
H5,

F & &

1) #BEFOR/UE L 72 manual b & shimming @



'H MRS o routine 1t & # DRFEE S

TRz Y, 'HMRS ILERE OEGERED SO

T 50 AHIETKT 3 5.

2) HEHRE L LT, BOEERIZ 30X30X
30 mm?®, TR=1500ms, TE=270 ms % £ 14
THY, 20x20X 20 mm>DESLEEL D E AR
RThs.

3) HIESRM, HERE (AERHELED )
DOFEFbic kD, —MFEFEOIERRE L LT
H'H MRS +42HEETH 5 Z LRI Tz,

X Bk
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Proton Magnetic Resonance Spectroscopy as a Routine
Examination and Its Limitation

Kiyohiro HOUKIN', = Kyousuke KAMADA!, Hazime MATSUURA?,
Mitsuyuki Kotwa®,  Takeshi KASHIWABA®,  Hiroyasu KAMIYAMA?,
Hiroshi ABE!

'Department of Neurosurgery, Hokkaido University
N-15, W-7, Sapporo 060
zSiemens-Asahi Medical Technologies Lid.
3Kashiwaba Neurosurgical Hospital

Proton magnetic resonance spectroscopy (‘H MRS) is expected to open the way to non-
invasive measurement of cerebral metabolism. However, in spite of its sophisticated technique,
'H MRS has not spread out very much and its clinical application is limited in several academic
research sites. The authors introduce some improvement for the generalization of this potentail-
ly powerfull technique.

Localized 'H MRS was performed using stimualed echo acquisition mode (STEAM) and
water supression was done by chemical shift selective (CHESS) pulse. Volume of interest (VOI)
of 30x30x30mm?® was accurately selected on a graphic display. For the shortening of the
examination time the following 2 improvements were done. Namely the procedure was program-
med as much as possible and, for the shortening of the shimming time, in advance some good
shimming conditions for every part of the brain (cerebellum et al.) were stored (shim table).

In recent 4 months 126 times (65 patients) of examinations were performed and failed cases
were only 5 cases (4 %). The mean through-put time was 45 minutes including imaging time for
T, weighted transverse images and T, weighted coronal images. 10 patients were out-patients
and 5 patients were emergency cases.

Conclusively '"H MRS can be utilized as a routine examination even for out-patients. But an
aquistion of the spectra from a smaller volume such as 20X 20X 20mm? is not practical since
signal-to-noise ratio is not enough with 1.5 T machine.
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