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Usefulness of Cho/Cr Ratio in Proton MR
Spectroscopy for Differentiating Residual/
Recurrent Glioma from Non-neoplastic Lesions

Kumiko Ando", Reiichi Ishikura", Yuki Nagami',
Tsutomu Morikawa?, Yoshihiro Takada®,
Jota Ikeda?, Norio Nakao?,

Tsuyoshi Matsumoto®, and Norio Arita*

Purpose: We evaluated the clinical usefulness of the Cho/
Cr ratio of protont MR spectroscopy (‘H-MRS)to differen-
tiate residual/recurrent glioma from non-neoplastic lesions.
Patients and methods: 20 cases of glioma were involved in
this study (astrocytoma grade [-1I: 7, oligodendroglioma: 1,
astrocytoma grade III: 2, glioblastoma: 10). Seven of the
patients underwent surgical resection only, 4 underwent
surgical resection and radiotherapy (40-60 Gy), and 9 un-
derwent surgical resection and radiotherapy with concurrent
chemotherapy (14-60 Gy). 1H-MRS was performed ona 1.5
Tesla clinical MR unit using a 3D-chemical shift imaging
sequence (1500 msec/270 msec/1 (TR/TE/excitations), and
the Cho/Cr ratio was calculated in the voxel where neoplastic
lesion was most suspected on MRI. The presence of
lactate+lipid peak was also evaluated. All spectra were ob-
tained after the contrast enhanced study.

Results: Cho/Cr ratios were significantly higher in cases of
residual/recurrent tumors (mean+SD=1.70+0.96) than in
non-neoplastic lesions (mean£SD=1.04+1.16) (Mann-
Whitney U-test p=0.047). If a Cho/Cr ratio of more than 1.5
was used as a marker of tumor presence, its sensitivity was
64 %, specificity 83%, and accuracy 70%. One false-posi-
tive case that of radiation necrosis whose spectrum showed
ahigh Cho/Cr ratio with markedly elevated lactate+lipid peak.
Conclusion: The Cho/Cr ratio of "H-MRS provides additional
information to MRI in differentiating residual/recurrent glio-
mas from non-neoplastic lesions.
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HAEBIEG iomal 2 FAE MR E BN IESE D 5 B Ik b SHEEDS
BWEBTH LY, BREMICEETT202HMET L7720
FOREEFHMALMRICTHRIBT 20 LIXFLITHE TS
B2 FRICHEERIT M SN R TSGR, LRk
X BZELHIND Y, MR, BROHEISER T 55
CREAA

MR spectroscopy (MRS) X ERARMRIZEE |2 TIHEEEARY 124
HRPIOHE 2R B I N TELFETH L. F i
{& 418 T (Eneuronal marker T % N-acetylaspartate (NAA)
& A % OE§ % choline containing compounds (Cho) &
Fitt T & Aproton MRS ('"H-MRS) 7% { b hTw b,
— A VAP ENENE LS O T IR RIS T H-MRS D Cho
DEFENAADKTHR LN, BNFOIFERIELREE T
NAAIXET 325 Chod ERIE AV &5, ChoDZAL
HHEE & JEEEMREOENICEHTH A Z L ER, &
PRI CHIE ST 529, EHRHl TR BV THER
#9258 L 72 % & % Creatine + Phosphocreatine (Cr) & @b
Cho/Crltn’% CHVWOLNTE Y, MEBEDERREICS
WTIINESS & BUFHRIEAE & O % MIChoE— 27 O L
F., Cho/Crlt® FHHHE S Tnh 712,

Al v ISR IBIE DT R IERR A, BROAED
HEZ BT 5 H-MRS DERR A9 A4 % Cho/Crit 2 H L
MRt L7z,

il

HEBLVFHE

MBITFANC THEZ IS Shiznb, BBEgED
AR IESRRAE, FSELSEED L TMRIB L UMH-MRSASHEAT
S 17zglioma 204EH] (astrocytoma grade I--11 7 #1, oligo-
dendroglioma 1 l, anaplastic astrocytoma 2 4, glioblas-
toma 10) (BYE11BI, Ztk 9 Bl, 4G 5~78i, P46
). MRREFICBVWTMRREICH LTS ¥ 7+ — 4 F3
ey IPELRTWS,

Z 09 B 13PN AT BRI (5 BB RIBST (2Gy/
day)) &it14Gy ~60Gyd¥Thh, 9 B 9 PUTITHHIERE
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122 R IBNE DT K % 12 384T B "H-MRS D47 F 14

EFBHCbERE (A 7 -7 20 50436, fEik=
LA F 7 ACNU 120mgBiEDH 1§, ¥ A7 5 F »450mg +
ACNU 100mg®iE: 1 ], ACNU100~300mgBiE+ 1 > ¥ —
7 =0 ViERRER G- 3 B, SRR IR % e Lok
RALFHRELBI(A 7+ A7 73IF8g, Y/ UT7+A77
1 F2,640mg, KX 7 )AF 18, YATTF  80mg,
A FLFE—| 24mg, T FKRYF1,020mg)H4THNT
Wa, BEBRIEED? OMR A $ TOMIMIIKR TREEZ~2 4
6 HATH-7:.

ZDHBFM (7 B1), F 7238 (1300) 12 & Y iE5
DIEAE, BROFEITHEEINTVES, BB CHET
LA RONEXEL AV, Thbb, “EEHy”
&, FWETRICTHL 2L REEED S VBB BIE I [
T KME DR 254, T3 FWMTRICTHL 2R
MEHA53 1) REEBIE I THRICZE(L % Ak VASEINGED
TN TV wWiE, F3REERNIEE % 59 MRI
REBTHIRMEMEATEIOE L. 72, gk
LPIEFMATRIC et & Sh, »OMRLEEE* 55
IR (T25R T B R E5 518 F 72 13GA AT & 5 Wik 2
% R5HE) 251 FEL EOBEMBICBWTHALZVL O
&L

EFHBELTREERS 5717 561 (B2 6, &
T3 B, Ei24~30m%) Z HW 72, EFIE L L AL TO
'H-MRSD 7 — # L ZATV, EAREEREEFhFh
DCho/CribFHE L7z,

{8 %18 13 Siemenstt B Magnetom Vision (1.5T), 24 )V
BEEMAZ 7 FoF v a4 VgV, 7, spinechoiE:
T15RERE % (540msec/15msec/2, TR/TE/ME %) & Utast
spin echo = T2 5 FH {45 H71% (3000msec/96msec/2, TR/TE/
TR0 %% L, Gd-DTPA 0.1mmol/kg % #HERICT14
1% (540msec/15msec/2, TR/TE/MHELEI%) ORIiE & &
:Uc‘ﬁrrfﬁ (F 7213 IRIME) % #8, ZDH%IH-MRS %47 -

. TERCRNEAAD & H-MRS 7 — ¥ & ¥ TOREIZ1055
Eﬁ'ﬁ‘c‘r‘) 5,

'H-MRSD 7" — # WEHET —FEICEBDOE S v s 57—
% IUSR %47 2 % chemical shift imaging#: (CSIEE) % AV 7=,
7= & IS iEspin echoi®i1500/270/1 (TR/TE/A & [A1%%)
T, KEFIZEEEGEI VIV R (90°Chess/$IL A + 90° -
180° — 180°spin echo ¥ — % 2L A, Chess/ %)V A l£Gaussian
PNVAE W) DMz L W IHIL7:. ¥ I 7IZABT
To7z. #fRHEBIE22 x 22cm, 25 4 AE 2¢m, T2
— FE316 X 16 THRARM %2 K 7 L £ Xi3§91.4 x 1.4 x
20cmTH 5. 7— & UERER L 6 730 TH o7, 7—
5 AT IEMRIZE & |2 158 D 'H-MRS 7 — % @47V 7 b
(Luise) Z H\v>y, MAHMIE, "—254 v ORBEIZH ﬁ:ﬁ‘@
ﬁo 7=

‘Bohiz7—5 30, TORABEIEEES, GdEFAIC L
% i%?ﬁ’ft%vzc EDFEF RO EHOFEIR D EDIS
DR £V %#ED, NAA(2.01ppm), Cho(3.21ppm),
Cr(3.03ppm) D ¥ — 7 HifE % #5E. 55 N72{lA> & Cho/Cr

38

wefie, BE, BREEEOFELLBRT L. 71—
7 4 v ME'H-MRS7— % f##7>/ 7 b (Luise) 12 T BB T
o7z, BB, HHEDRCho¥—=240%L, -7 T4 vk
DIFEDAR > £ 2 576 TldCho/Crit % 0 & L7,

BEEBEE, EHED Y HEOCho/Crit DIl Iz 57 %
"FonZedo7zZ L5, Mann-Whitney DU-test % Fi\»,
fERFE <5%E b THEED ) LHELT:.

72, 1.2—1.5ppm% .l & T BIEDIEVE — 7 %%50.8—
LOppm DN — 7 &40 THIET 54, lactate + lipid
DE—ZLHEL, FOE -2 DFEEIZOVWTOHRIL
7297, long TETidlipid ¥ — 7 IT2EH D 7= HE L T
B EEXHN/DY, TE =270msecDEfFTlE, lactate ¥ —
7 Dlipid€— 27 37T E Lz, HRIIHE LD
;f:r;}. n, 1

%I, MRIOHEESZHIC X 2H5%E, EOREH»SEN

72'H-MRSIZ & % ¥5¢ & BRI 2 [ES %7/ AR OEEL I
m%“i L7,

R

1. BBEERERVUBROEE

BFM, FREHEIC L) ERRE, BRORSA
72RER (IS 2 1) BE) 1214451 (astrocytorna grade I—1I 4 4,
anaplastic astrocytoma 2 #, glioblastoma 8 1) (FE-F47 4
B, FBBEI0B) THo7:. FBEORSNE D o 7= fEH
(HE#5 7% L#¥) 1% 6 Bl (astrocytoma grade [—11 3 #ll, oligo-
dendroglioma 1 5, glioblastoma 2 #1) (FEF=4#7 3 4, #%8
BRE361)THY, M3 Bl(oligodendroglioma 1 4, astro-
cytoma grade I—1II 1 i, glioblastoma 1 ) 13 FHFIZ L b
Mg radiation necrosis & BT S T WA, T ERST
ZZNEN, 50Gy, 50Gy, 60Gy Tglioblastoma®—H|Tit
ACNU 130mg DB EMGEH S h Tz, Bt o
MRIZ TOMMIZZENZEN, 15E1HH, 44ET7HH, 94
ATHoi.

2. Cho/Crlt

fEH5a 0B, MEH% LEEL X CIERMBBOCho/Crit %
Fig. 1 IZ7R7.

Cho/Crlbix[ER; % ) #T1.86 = 1.22 (mean + SD), fE%
D7 LEETL04 + LI6(EEXMIELOL £ 0.26) TH Y, 5%
LT Ol s ) i L E@s 2 LB L oMIchEE%
72 (Mann-Whitney 8 %E p = 0.047) (Fig. 2).

fE#dH ) D % grade A B L, low grade glioma
(astrocytoma grade I—1II, oligodendroglioma) ?Cho/Cr it
121.36 + 0.50, high grade glioma (anaplastic astrocytoma,
glioblastoma) (32.07 + 1.39 £ high grade glioma T & \ M [f]
Vo725, WEDEIZAEEIIE S Nz D - 72 (Mann-
Whitney %€ p = 0.37).

72, FEED BB TSR T b fER &
TNk o IFEF TCho/Crib % kit % &, B FTH

HAE SR B4 #5375



LHAFEF

7R (n=8) Tid, Cho/Critid2.20 + 1.53 (mean * SD)
(high grade (n =7)2.279 + 1.63, low grade(n=1)1.64),

MEFAFT O N 2 PZRERITIZ1.42 £ 0.44 (high grade (n =

3)1.57 £ 0.31, low grade(n=3)1.27 + 0.52) TH o 7=,
BEOFEIZLLIEEZZIEON L -7, (Mann-
Whitney %€ p = 0.70).

B & 2% Cho ¥ — 27 AR & §°Cho/Crit % 0 L EE L 72
bDIX2HIT, WIS EE R LEEOREHIEIE DJES T

Holz. N6 26T, 16(Fig. 3) TNAADE — 7 33

HYPIBE S W/AbiE, Cho, Cr, lactate + lipidv\ $h
DOE—=7 b AHNAhoT,

Z D2 B EERATI8BI (HES S D 1461, fEH% L 4 4) %
gL L TCho/Crib #HET 5 &, IEHH 1 FEDCho/Crit
131.86 £ 1.22, JEHLR LIEETIX1.56 £ 1.098 %Y, “EED
MICHEREIRON R o 2 EDH ) BETE VR % 32
® 7z (Mann-Whitneyi& %€ p = 0.24).

J&55 7 LEETCho/Crit At 1.5Lh 1 CTdh - 72 DI 5425
% 3k L 7zcligodendroglioma (Fig. 4) D 1 I A TH > 7.
% Z TCho/Crlk 1.50% BifE & L THEHOAFEZ HES 5

JRE64%, FFIEFES3%, IEZHET0% T -7 (Tablel).

3. MRIFFR & D LE#: (Table 2, 3)

MRIZ BT H5%4F, BHRERDH ) OFEHEL LT, MEH»H

GAiERZANZ THEBHESRAIEA D - 72 FEF I3 HETRAD R % 521 T
AN H B L, ATRIHEZDRD 2 2o THER TIdT258
R CHER A 580 BESELAONS Z L2 AWTEITT
bE, MRIDKEIZ86%, F5RECT%, EZEI0%TH
D, H-MRSIZIATEE, R E5 - 72 (Table 2).

Z 2T, MRIL'H-MRSD#5R % 4H+, MRIE Cho/Crlt
ELOTEED ) LTS h b 0EEEH Y LT5 L,
FEEEIZ100%, $52E67%, 1E550% &%, MREA
L7205, 1BEHEIE H-MRS DA & ) 110 L7z (Table 3).

FRE 1643 H25 H

i 8 % 123

4, Lactate + lipid&5— 7 DF#

lactate + lipid ¥ — 7 i3 8 BlICRA 67z, 20 bIEED
0 #12 7 B (astrocytoma grade I—II 1 fil, anaplastic astro-
cytoma 1 #l, glioblastoma 5 1) T& V), glioblastoma® 1
BlE B < 6 P HUETHEE (14— 60Gy) Z BH S h T iz,
J&5 % 1) BEDlactate + lipidid/h& {, Cr¥— 2 DE S %8
ZHSDIEEhro7. —F, HE#E%R L Tlactate + lipid ¥ —
7 R ST 1 BUIHRETHRERS R | 4F 1 ) HHRICHEE % 3k
L 7zoligodendroglioma (Fig. 4) T& ), K % lactate + lipid
E—-2BR 5N, »DOCho/Critd EH 24k Tk,

5. fEBI

CEBI17> 5 #E5 I8, glioblastomab&AFMESSH V) (Fig. 2).
FERTBARE (SN — (R R & 520 ) B NEE % 5, JRH

IZT25 AR B R E FIRATEA o Tz, FHTCIE, H5R%)

REZT T BRSO HHH. HEEEZIETNIZ Tglioblas-

5.5 1
4.5
3.5

25 -

Normal Tumor (+)  Tumor (=)

Fig. 1 Cho/Cr ratio.

Fig. 2
A: T2-weighted image.
B: Spectrum of '"H-MRS.
MRI and "H-MRS of a 5-year-old boy with glio-
blastoma after surgical intervention and
radiatiotherapy of 50 Gy with concurrent che-
motherapy. T2-weighted image shows an area
of hyperintensity in the left frontal lobe. The
™ lesion is not enhanced by contrast medium (not
f shown). The spectrum of the area (white box
on T2-weighted image)shows elevated cho-
line with diminished NAA, which is suggestive
of residual/recurrent tumor. Residual/recurrent
tumor was proved clinically.

39



124 PHEEIRIE DA E 12 B4 5 ' H-MRS D4 FiI 1

Fig. 3

A: T2-weighted image.

B: Spectrum of 'H-MRS.

MRI and 'H-MRS of a 52-year-old man with ra-
diation necrosis after surgical operation and ra-
diotherapy of 50 Gy for grade: |l astrocytoma. T2-
weighted image shows an area of hyperintensity
in the left temporal lobe. The lesion is enhanced
by contrast medium (not shown). Spectrum of the
area(white box on T2-weighted image)shows no
apparent peaks except for a small peak at 2.0 ppm,
suggesting an NAA peak. Radiation necrosis was
proved pathologically.

Fig. 4

A: T2-weighted image.

B: Post-contrast T1-weighted image.
C: Spectrum of 'H-MRS.

MRI and 'H-MRS of a 63-year-old woman with radiation necrosis after surgical operation and radiotherapy of 50 Gy for oligo-
dendroglioma. T2-weighted image shows an area of hyperintensity in the left frontal lobe. The lesion was enhanced by con-
trast medium. Spectrum of the area(white box on T2-weighted image)shows elevated choline with diminished NAA. High
lactate+lipid peak is also observed in 1.2-1.5 ppm and 0.8-1.0 ppm. Radiation necrosis was proved pathologically.

Table 1 Cho/Cr ratio versus clinical diagnosis of residual/re- Table 2 MRI diagnosis versus clinical diagnosis of residual/
current tumor recurrent tumor
Tumor (+) Tumor (=) Tumor (+) Tumor (=)
Cho/Cr>1.5 9 1 10 MRI tumor (+) 12 2 14
Cho/Crz1.5 5 5 10 MRI tumor (-) 2 4 6
14 6 20 14 6 20

Table 3 MRI plus MRS diagnosis versus clinical diagnosis of
residual/recurrent tumor

Tumor (+) Tumor (-) !
|

MRI+S tumor (+) 14 2 16
MRI+S tumor (-) 0 4 4 |
14 6 20 |

40 HARERAEE Hi64% 8535
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tomaTH o 72, MET2HMA M EIE 5 %R L7-551250Gy
DGRBS B X R EAL S REDSTTb Iz, EHOH-
MRSIZTChoE— 7 D LH ENAAY — 7 DET %20 %
7%, lactate + lipid® ¥ — 7 3 RBHBETH 5. ZDHET2iEH
EgEETIMAL, BRIZ1E6MARIETLL.
CHEBI 20 485551, astrocytoma grade IS EEFE radia-
tion necrosis (Fig. 3).

T BISHSE OT258 5 W% 8515 5 T — L Wl S 2 20
5 HEIE 0 LR % AT, SRS IC 1 dastrocytoma grade
IITH o e, BRAME I L CRETHIBHS0GY RS 2 4
6 1 B R FEERICHEEN R & 20T B IEREATHB L, £kl
KM@ % 5872, 'H-MRSIZTCho, Cr, lactate + lipid® ¥
—ZIEHLHTLRL, DIFPIINAALEDRBEEY -2 %
2.0ppm|ZH B DA TH -7z, necrotic tissue W EEHILIDT,
MIFEGI T B 1 WA S Bz 2oFardfrbi, o
HIETH 7.
CREA) 3> 635% 21, oligodendroglioma U #13#5E (Fig. 4).

AR CT2MRA S E 5 2R L, T —2RMRhR
5T B IER 7 %, FiTIC THlEkIZoligodendroglioma T
BHotz, FRAFNES I3 L CRGHRIRGTS0Gy g 1 £ 1 7
A CREEBICHAR R 2 ZT A EEAHE, REITHWRL
7z. 'H-MRSIZTCho ¥ — 27 @ & & i\ lactate + lipid ¥ —
7 &R0, BEEHEVGETETFRMDITbNIh,
WL TH o 7.

£ =

ARIOMFHZBT, Cho/CribidbfE - BEMEE» 1 B
Tk LEEICHAFEIL LR LTz (Mann-Whitney € p =
0.047). Cho/Crtt>1.5% b > Tl b L {5 &, %
fE64%, FFFRPEES3%, IERBHT0% LIFREIIRE D o724,
MR o7, LA LMRIOFT R IZCho/Crito¥)5E % i
ZAHIEIZE-T, BEEIX100%, $FRE6T%, EZT0%
&, MRIOEKEE L IEZHEE EIF5 2 LATET. 'H-MRSD
Cho/Cr b I3 HHERBIE DG HZ DA, BRIEROAHED
FEIMRICMZ AHHRE G52 50D LTHEHEE LS.

Cho/Crlt D E& % W CEEOF B4 HE T 284, 14
IZBRBREFIAMRIZITIC R TS\, ZOBEBRE LT,
NEBF R DR & A B OMFFEDERD 2 255 L T b
tEbhS,

EEMOERTIE, £, gliomalRfF, FERIZEEMEC
RETBDBIICALNE I DB W LTS,
C O IEL I IEH OMER, WEREHFRET S/
0, EAEREIRICZL Y Cho/Crlb D LAN YA 7 S 5T
REMEATDH 513, 1),

72, BEPIOCholdMIfLIETRREDIEIE TH S MIB-1 label-
ing index (MIB-1L1) & DA HRE SN TED, —fEillow
grade glioma T <, high grade glioma T\ 219 16 4-[n]
DIEFTTH, low grade gliomaffDCho/Crt1.36 + 0.5012,
high grade glioma#f > Cho/Crtt2.07 + 1.39 & §) % {E\ )

FHE 1643 A 25 H

* 872, Low grade gliomaTd, Cho/Crittd A THRAF -
BREHS W EEHETLIOIMBLEELH 5 L#
Z5h.

MEHEICBI ZMBEE L LTE, SRINRIERIEAD %
{, HEHHBEMn=14) &% LEE(n = 6) DEFEIZEDD
5k, FIAEGOBRICHEHIEE, LFEREMTbN:
FEF L ATDN TR VWEFIANRIE L TWw5a Z L, B
FHE, G HMRI, 'H-MRSF TOMHEL ST EETHA
HETFeNS,

TEHRGERIC I, BEFRIZESSOCho, Cr, NAADYE
TH5HIEFHENTWAEY 012 SRIOKRETTY, Kt
WEBEA Tbh TV Flcid, D ) BECBNTLH4
AR TCho/CritAMETF L Tz wheMAH 5. bt
2L BEITDWTIEHE DA WD, Cho, NAAKT 7%
EORENTFHRINET ., KBETOFHBITBNT, K
B OFEIZ L ACho/CribDZE T A LN L7205, Th
XSG T b B DT & A EHhigh grade glioma
ThoDIZX L, BURBGEITbI b - 2ofld
Mlow grade gliomaTd - 7= 2 & b IH L TW B [ FEMEDS
5. MWBEAROREFITIX, FEHROEED & Tspectrum®
Al 2 47 5 5D Y, SREATER EORIIZHEZ T
DIHEY b EFOIEHLLELEDbNRS,

Gd¥ L — PANZAMOTIE, T2ME%EHET 5 720'H-
MRSD T — 7 I HE % 5%, ChoDE— 7 [ZHBERETH
HAONEZLPFHFHEINTVEY, 1o THAERIZITER
HHR SR O 7 — F WENL T LS, SEbhbhasHv
T T TE—WE O 7 & BAHIZ 6 77308000, Bk
DF—5 2 WHTE2DEERAPETH 72 Lh b, EFRIE
BOFEONDATA A RFEL T T — 5 IUeETH 4
BEsd o7z SEIOKREFTI, £PIGAEEHIKS %1058
BARB LB T — S ELTnwh Z Eh, w8 %
WEEZ TS,

Cho/Crlt THImE L 7=, TUAHHREEE (R #E50Gy Ba S
%141 4 H)D 1 ffldfalse positive® 7k L7z (Fig. 4). 4
MO G, IS 2 6O FSHHIES S (BUHS0Gy BR 4T

130mgBhiE + 4 ¥ ¥ — 7 2 0 VFEIRES) K17 9 A A)
PEEFNTWAED, ZD2HITiECho, CrE-—-2Z iR 6N
Lidroiz.

TCSTHREEIE I, MRIC T LIS LIS - ARl & o
BB L 2 5B THSH. BEHREBEFENTH - 1235
&, EEA G EHN—4IZCho, NAA, Crid#h
A OFEBTERIZIET T 4. £ o TH#ZEDOCho/Crit®
LEE—RRICEROFEETRET L L ENTWED12, L
L, severe e AIHMEIEIZ BT, Cho® ERFRAZ L
DR SN TEY, demyelination & FUEHE Dastrocyte i Fl
LB ENFFERE LTEZLNLT WA 1119,

ZOLEHLBITOENEL LTI mREEI X Slipid
E— 7 OFEEL EREFZEFSNTW D 9 0 S EOHET
i2, long TEICEHIIL TH Dlipid € — 2 ILFTEL TV &
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126 AR RRIE DWW H I E 2 BT B H-MRS DA Fitk:

# 2 bNTzA, lactate + lipid ¥ — 7 BB SN 7 fllzo
WTAhBE, JlifED B (6 #l) Dlactate + lipid € — 7 id v
FTHGEDo72DITH L, BEHHIEIED 1 B Dlactate + lipid
Y= 7 3EFWICE D o 7. FWRlactate + lipid ¥ — 27 Z 4§
9 Cho/Crtt ® A S 2 R+ 2T R & L THE
LEZS.

A E AV 7zmulti-voxel DCSIE L, TEASE 7= ®lipid %
BOTTEQEWRBEWEIZHELTLE ) LI RAIED
B, —BEIZESHDvoxelh b F— 7 2B oh, F0E
%, BELOE B CHEit) 2 (& Ovoxel ZEINTE B L)
FpiAH 5 20, SEOMEF ORI BB & AR
RET L5 EDEGOREDHE, T — 7 MO HER
MNeRET HGE% EXBRICER 2 FETH LEZ

,‘56}‘ 7, 13), 14)

B &

HREIBNE T IR 5RAT, BRIERL D 200172 Bz
~RCho/Cribt DA E L LA A LA, MRICATINT 2 1FH
EGRAHLOELTHEHEERZ D, 72721, Cho/Critod 1
A& L bITE O lactate + lipid ¥ — 7 2RO 754, itk
B E QUHICBLEND S,

REICDEF L 5H61 [A] H AR EARUFHH RN TR RAIC
THELL.

# &

'H-MRSOBME AT ) 12h2h, HICEELIEREBELE
WizZE F L7, KRR ARt v & — s ofm ik
IR BB LT,

X ®
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