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Quantification of Brain Metabolites
by 'H Spectroscopy Using Cyclohexane
as an External Reference

Hisatoshi Maeda'’, Ichirou Taki', Yoko Ando"
and Shlgeru Matsushima®

We tested the reliability of quantifying brain metabolite
concentrations by MR spectroscopy. We employed a PRESS
sequence and used a cyclohexane sample as an external stan-
dard.

The signal intensity ratios of water and cyclohexane were
measured by changing the geometrical arrangement of the
cyclohexane sample and water phantom with various load-
ing factors of the coil. Choline (Cho) concentrations were

calculated from the signal intensity ratios of Cho and water |

and compared with actual Cho concentrations (1.0 to 2.6
mmol/L). The brain metabolites Cho, creatine/phosphocre-
atine (Cr/PCr) and N-acetylaspartate (NAA) were evalu-
ated in five normal volunteers and six patients with meta-
static brain cancer before (0 Gy), after 20 Gy and after 40
Gy of whole brain radiotherapy.

Variation in the ratio of spectrum intensity between wa-
ter and cyclohexane was less than 1.5% for various geometri-
cal arrangements and loading factors. The error in quanti-
fication of Cho concentrations in the phantom study was 0.05
+0.10 mmol/L. The concentrations measured in the volun-
teers were: Cho 1.6 = 0.4 mmol/L, Cr/PCr 6.4 £ 1.1 mmol/
L and NAA 8.2 £ 0.1 mmol/L. There was no significant dif-
ference (p > 0.05) in these concentrations between the con-
trol group and the patients before, during, or after radiotherapy.
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'HA-XZ b O A2 E— (magnetic resonance spectroscopy ;
MRS) DGRIEH A HEIZ 2 D, IAD 2 1) ~ (choline ;
Cho), 7 VL7 F 7 L7 F 1) i (creatine/phos-
phocreatine ; Cr/PCr), N-7 -t F )7 Z /37 F ¥ i (N-
acetylaspartate, NAA)DIENIZ, 344 /¥ b= (myo-
inositol), 7 K (glucose), FLIEE (lactate) 22 & DIE DT
PRTHLT, NS, MR 12y
fCHt B, %/\H?ﬁ\'l'/*lf:’:" 14-16) 7 E D FE RIS R 95 J"T‘F
Br, BRZEE- 10 ORI I B FEATRK & W,

PR L L TESEBEL T RV A JEY- . 8. 40
75‘:' I TH D05, F5IREIIARFRER T1, T20OEETH

, WERRIS &Y Fo7 B #k1  LIER (TR) R°x- 2 — K5 (TE)

}'H‘v B, MRk ToO T -y HEHIE S Tl 2w,

_W{K,r;-a.%%ﬁ*) 7- O\ HEHEAZ T % O TR IR IE %
THGEDNSH B, NHEEL WL HETIE, BRNOKST
20):22) ?"ii‘[‘tﬁlﬂm BB IZCr/PCr) DR —ETH b &
B L THEmOERILELT ).

e A o S e ey, K, TR T AT
J » (tetramethylsilane, TMS) i8R D EAGEHL, TMSDFE
BREPRAVLND, O EWRHRE LT TR P>

(acetone), % 1174 b4 (chloroform), i 7 O ~F
(cyclohexane)%h%% Z &5 (Table 1). MM EAK,

Cho, Cr/PCr, NAA SN TWAZ &, HiE& 7B AN
7 ML EHTII LV L, IBIIFS9 5 BAL RS
DAFFTEBENFRENZ L, PORETIYIRADES
THoHIENET L, Thihbhbhiiyzondit
AEMERILHEE B & L CRY, [T RETH LN E D
WET L7,

FRERIEE A i L7235 S, 34 VETT (loading factor) 722
27120, SEREREES S SVDMEEEAD LI NES
BREEAEALT B, F TR L 2 uaF Ly OESEEL
a4 VERE, SMERILHEY T E R EZ THEL,
SMEBIEHEE B L L TOBEMEIC W TR L2, RIZBE
HigE O ) KB E T 7 v P AEBRT TV,
v ARG, oL 2y iR, fRaEOIFEEOFE
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Table 1 Chemical substances for an external reference

chemical molecular specific number relative boiling toxicity
shift (5) weight gravity of H number of H point
Water 4.7 18 1 2 1.00 100 e
TMS and its 0.00 88~220 0.5~1.0 9~12 0.3~-0.9 26 -
derivatives
Cyclohexane 1.43 84 0.78 12 1.00 81 +
Toluen 2.02 92 0.87 3 0.26 110 ++
Acetone 2.1 58 0.79 6 0.74 57 +
Benzene 2.13 78 0.88 6 0.61 80 +
Chloroform 7.33 119 1.49 1 0.1 61 ++

TMS: Tetramethylsilane. § is given in unit of PPM.

Number of H: Number of H atoms per molecule that contributes to the H spectrum.

Relative number of H: Number of hydrogen atoms per unit volume normalized to that of water.

Boiling point is given in unit of degrees centigrade.

Toxicity : —indicates that the substance is safe, + indicates irritable, + indicates toxic and ++ indicates highly toxic.

TANRYZ PVOBFIRENHIREEFIE L, EEBoikps &
L.

YW E B & U PR o B R O i (0Gy)
20Gy, 40Gyi%T{4I2DWT, Cho, Cr/PCr, NAADLE,
T2REHIFEEEDin vivollE 4T - 7: D THET 5

Tk t:‘n‘&

¥ 7 TuAFH 2 (Cyclohexane, fh’@fﬁj 99% LLE, Kilfbs
T3, KB THE SemE S 12emDHHE T I A F v 7 7588
Zili7z LANBIERES > 7 b Lz, Y7 aAFH o 3Eia
THWAROWE T, L% 7 MES = 1.43 PPM, 7K & D3t
FIEEDZELLSTD Y AT L TlEF210HzTH B, HiETem
1 S 14cmD500mI D T AR Y, TUHERHEER %
HifE9 2 HIYTHEM % $92~3mmol M2 7=b D% 3 AH
BLK77 > Mak L7, 31 (Choline, 50%Ki%iE, +
NIATAT, 5 EBEFEKTHIRL, TURHIEER %45 <
5 HI TS 22 ~3mmol 27z, 2O E7TILHY
PR o THILEMOLBAEST 5 DT, KEERER0.1~
0.4mIMNZ THLEW Zi5H L, 4 FEEDIEE (1.0, 1.6, 2.1, 2.6
mmol/L) &b 23 77 Ma%, K77 A kFEBD
W AEERERWTERL7:.
Invivolll sE DTG EH 5 AN (5B 3 A2 A, FH2e
+ 1i%, range 25-~28i%), $ERIEINIELE O EE6 A (HiATAS
B, FLAA 1B, B4 A2 A, FH60+ 115, range 52~
79i%) Th % . [ERHELRIZ1.5 TIBZEMRI/S ¥ A 7 4 (Signa
V4.8, GE Medical Systems, Milwaukee, Wisconsin), /73— F
74 ZE~y K34V (Quad Head Coil, GE Medical Systems,
Milwaukee, Wisconsin) Td 4,
K, voanx4nF—4INE

125 3EDKT 72 Fazk~y FI A4V 30cm)
2, LB~y R4 Loz S57emBlAZ < 5 £ 9
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(2, BoffMh & PATICRRE L7, Y r7undFH o470
T, K772 FLSMUINIA Y Faf oL 2> b DI
P (B2 emDBRAMRIND & )12, W& FATICR
BLZ, IANVAWEEZLHMT, & X18cm, HE
24cm, WEE18cmDIELLHDFIE 123 F Wi iE b= v
ZrIVIKIEHELOD A > 721 — % (Head SNR Phantom, GE, Milwau-
kee, Wisconsin) & fl\ 27z, O — ¥ il & Bofid & “EATIC 3%
L, MfEPEC 1 EX I 2 oKk 77 ha ks ran
FH L TN E Bl L OFATICRE L, EERIZH &4
irlHurﬂ,m7;/bA®ﬁm,b;Um7?yb
LEvrundtrORBEELSET, U—-yxHni:
%%&mwﬁw% T2 O AMOIRET, #h2h4
T OEE 8 AT - 72,

23 x 23 x 23mm’ D% (voxel of interest, VOI AT
OWMFEEHNTKZ7 7> PaDHFLIZED, PRESS
(PROBE.P) iEEBIE— NI2C, WMk, Bkl hfe
(transmission gain, TG), {5 (receiver gain, RG)%
HEL, ¥ 37, KOV (CHESS pulse) Dfii{k2
AT o f2 R, AKIIHI SV A EM L TF— IR T 7.
INT A=F1, T T) ¥ TR =2500 Hz, > 7Y~
THRA Y F =2048 & L7z, WONIKD AT B L %6000/70,
135, 270/4 (TR/TE/excitations) ? 3 T4 L 7=, o Xz
VOI% ¥ 7 OAFH 2 PN Odui I BE L, Bk
B, TG, RGEZEZATRKESDAF 6x6x6mm*IZEH |,
Y7 UNFH DAY P ILE6000/70, 135, 270/4D 3 BT
AL 7.

VLTl bAF—2INE

1Ers 3O 77> b ok, Puidlids~y Fa
A NV DOHLED 5 TemPAAIZ K 5 & 9 2By & 4TI 548
L7z, GAVEMEER L0 0— Y284 H
VRWEEIZOWT, 1 HIZ LA, #hFER 2 BT o%EE
®{T-7z.

HAER &L E564% 85
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Fig.1 T1-weighted axial localizer image. One voxel
of interest (VOI) on the centrum semiovale with a

size of 23 x 23 x 23 mm® and another VOI of 6 x 6
» 6 mm? on the cyclohexane sample on the right side
of the examinee were selected.

23 x 23 x23mm*DVOIx I » 7 7 ¥ P ADHLIZ E
), PRESS #:HBhE— FIZTh.OEER, TG, RG, K
il 7S 2 & FRE L7, 3 2 A7 FILE6000/70, 135,
270/320 3 | T, D EIHLEEE, TG, RGEZEZ TR
fill 7OV A EHL LT, KOART FILE6000/70, 135, 270/40
3 ETPEL.

In vivo F— 2 &
v7DA$&”%y7W%mﬁﬁ®hMﬁBhfﬂﬁm
Wl & FATIC AR B L HIZRRE L, y2undy o7
wwﬁﬁxmtiéwtbAub:4w®1vxy%&%
fil 4 BI5A121F, T4 LIV A Y MEETOREORE-—
HEEELT, YT UNETL AL FNEDBIZYL Y VB
Wi, WEOHOMERENGTE ) ZBR D 2eml EIZA 5 L9
L7z, £7-05, MEME»ro08EIlLs7—F77
7 M A7, VOIRREIIMLTIEET2A5 4 2%
ZIZLT, VOIDMIRREIZ D B 5 L 9 IZBEH A 5 5Smm &
HEEEBNT, FMEISRAHLTHEHER OIS,
WX HIZ, 23 %23 % 23mmPOVOlZ 4 DFPIF LG B
% L7z (Fig.1). PRESS EHBIE— FIZT, WU B,
TG, RG, Al Vv A% §%5E L7121, 6000/70, 135, 270/
32D TT—ZNWHEEIT- 7. D E AR SV 2 240 1
T, WRDOKD L 7 F ) 6000770, 135, 270, 500/4, 6000/
1000/6, 6000/1500/87> 6 HTF—ZIUs L7 ®i%IZVOl
R 7UAFHLH TN ORLICBEIL, dulEEE,
TG, RGEZEX A LR, KREEDAE 6x6x 6mm3|l
EHRLEDEL, Y 7aaFr0A27 FILE6000/70, 135,
270/40 3 HTPUE L7z, 1 S 7- D #9455 TR T L.

BRI E S B CIIIER LA S T — S IR T 5 72
DI, AHIAEICERD S 2580 ErFET 2561
FEBHTEZECVOI 2 #%5E L7z, HllE I BERANOKFEL 1T,
MR & [ HIAT - 72, e mREto 2 206 5 BEEH
WCHIEZ T 27275, BEICL-TREZFOMICEE 2 L7
D, iFE= L 27007 ) F— L2 L2505
o7z, WEHRIBEHIE S [, 1 [2GyT, BEEHT(0Gy),

FEH 847 H25H

fiL 2 % 581

S (20Gy), BESHHE (40Gy) @F]F 3 [mHAIsE & 17> 72,
Ty hLT— 24018

AT PNTF—F % T —2 AT —1 3 (Sun 3/260, Sun
Microsystems Inc., Raleigh, North Carolina) (2f8 L, 4096
A4 ¥ METO 0 i Alzero-filling), 2HzDIEEPAE DN T &
4 (apodization), 7 — ) Z%Hf (fast Fourier transform) %
L7212, WHIRTIMAIANRY MV OEAETHIZ RS X
ZEZ S ETOROUIMEDLEEITo72. K, Y Z7OA
FHANIOWTENY 775 2 FORIEIER S R h o7z
A5, AV LIIOVNTIIRMELENEEE L | ROEMHTE
L, AXZ bADBEHIGTINY 25T 2 FililE 4 -
72 AT PAEEHRE & LCTARY b VO (area under
the peak)  F\vy, SHNZIZ A 7 Z e, o— 1 2l
M, oo 3 ooRLAEEFRH Lz, A7 Al
M, a2y I X 55N IZSA/GE (GE, Mil-
waukee, Wisconsin) D 71177 L2 L 5 HEE N %, &5
TRHEALEREZTTACHOTAN LA LA, ARS
B L @O FEIE (FWHM, full width at half maximum) (X & —
JEDIR2OE SIZBITA AR MLOIED &R 7z,
In vivor — R L2

KBLU Y Z7andHrDART MLVF— K, 7
7 ¥ N LEBRO T — & WH L [T 7

Cho, Cr/PCr, NAAD A X7 b IiL, zero-filling,
apodization, 7—1) I E LoDb, 0Kk, BLT1 XK
DA HEEDISPAE IZTHREAN 0 1B BB ET
BEHELE FRFROE— 7120 LA A #RT
ATV, 0.95% 2T, bEDANRZ MVENFIEHE LT
%, 2584 ¥ P DFENLERITON-RAT L 22ROz X
—ATA L ELEDARZ ML EDFI T LIZED, Ny
v 7Ty FIEREHEL 72 A5 PV (Fig2) 187, A~_Z
b ASH IR IR A A LT, Ay ARl L
OREET, RN BRZEOERICOWTIE, EHETE
iz, WHSETEEARY PLoRa#EEE=57 L) A
s ) %
StEUE

m,v?Dm#%y®77ybA£@ﬁﬁ%ht%ﬁ%
NDARY FIVOREFEE & W B2 L 718, w8k
Z G T23 % 23 % 23mm* D VOIF D6000/70, 135, 2700
3 B DFFIREOTE = 012 81F 57§l (Uno) &, ¥
7 HANFH} 6% 6% 6mm* DVOLD: b OAF 5 EEDTE=012
BT BIMEE (Ueyrohexane) 3Rz, TN LD, AL 7o
FHOEFRELE KX

RHE\O{cy':Iohcmnc = UH:ZO,‘fUcycl.nhcxanc """ { 1 )

FHWTEIE L, ZOEOFEExin vivo®EREHEIZHW
TR
a7 7y PAERIZOWTIE, AT FLOESTE
FE 20 B L, 6000770, 135, 2700 3 SO 7 -4 5 5TE
=0IAME Sz 3) BB HEE (Uck) & AUE 5 38 (Un2o)
Lo, kA2 a) ViEERETE LS.
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| "Wmﬂ”ﬂ\ Fig.2 Baseline correction of the spec-
————————% | trum. Spectrum A is obtained after zero-

filling, apodization, Fourier transform and
phase adjustment. Three peaks, each
corresponding to the Cho, Cr/PCr and NAA

curves (A1), These Gaussian curves (A1)
were multiplied by 0.95, and were sub-

\ peaks, were approximated by Gaussian

tracted from the spectrum A, yielding the
background (A2). After 25 points aver-
aging, the filtered background B was ob-
tained from the background A2. The base-

wais evaluated by Gaussian curve approxi-
mation (D) or by integration (E).

Fig.3 Data processing of the in vivo spectrum intensities. A hypotheti-
cal signal intensity from pure water was extrapolated to TE = 0 using
the signal intensity of the external reference (cyclohexane). a is equal
to Unezo in Eq.(2) in the text. The water signal detected from a localized
volume in the hurnan brain consists of the signals from the brain tissue
water and cerebrospinal fluid (CSF). The double-exponential decay of
the water signal (cross) was measured by varying the echo time. The
signal intensities for brain tissue water and CSF were extracted with a
standard least-square fitting procedure. The single-exponential decay
of the signal of the brain metabolite was also measured by varying the
echo time. a, b, ¢, and d indicate the values of extrapolated signal in-
tensity to TE = 0 of the pure water, brain tissue water, CSF, and brain

12 > b ZE#iE (atrophy index)® LIFIEN TV 5. (a-c)id23

e
A Al A2
! \ﬁ
B D
Cc E (
| line-corrected spectrum (C) was obtained
\h after subtracting the spectrum B from A.
Nl Ay i The signal intensity (area under the peak)
Frocessing of the spectral intensity
g [®®--®-..pure water
E. L
2 ¢ ;\(
@
= T —
£ —— . CSF
® e T
S brain tissue water
B
= d
M}‘“‘H brain retabolites
0 500 1000 1500
TE (msec) : .
metabolite, respectively.
2 Ucho
Ccno=55.6 —— —— mol/L,
o g 9 Un2o f

55.61XILPDKOFEIVEET, 20913kt a) >0 | 5T
DAFNEOIIBARY P VIZHSTHEAERTHEOKT
H5.

Invivoll B IZBWTIE, 7 0AFH26x6x6mm’D
VOIA & DIEFHREDTE = 012 B4 BAMEE (Ueyctonexane) % 3K
B, FHROFETEIAN S 7 a~xH L ESHELDOFE
WiE% VT, 23 %23 x23mm*DOVOILIZHHYS§ 5 KDEF
SR (a, Fig.3) %

Unz2o = R u20feyetonecane X Ucyclohexane * + =+ = (2)

g %fgi L7, ]i H2O/cyclohexane Iiﬁ(l ) '('1[% 5 ﬂf:}’k?’f Ay
ANFH EFHELOTIETH 5.
MK DAE S IREE % 2 DOIRBME OIS, #h
FNDRST OTE=0Z/F S 75500 % BN &4 7K
(b, brain tissue water), HiFHi (c, CSF) D55 L L7z
(Fig. 3)®). al323 x 23 x 23mm* DK (pure water) (=424
TAHEFHREIZEL L, c/aldVOIDRIE S M- E iz Bl
A BN RE S 72 1) ORRERER D 5D 28 ET, 100c/alds—

44

X 23 x 23mm* DVOINIZFFIET 5 IO 2 K TE &
R I EDOTE = 01281 BI85 5 (Suo) TH A, 100b/
(a-c) I ZMHHAA D KD EHEEZ/S—L P TELAZDDT
H5h,

Cho, Cr/PCr, NAADJEEEIITE = 0IZAME L 7ok & DES
5 FE (Scno, Scper, Snan) B LT O TH 2 Hh A20.22)

Ccho=55.6 —3— %ﬁ? mol/L, e e e (3),
S r/FCr

Comer=55.6 - ST 1oL, « -« -+« + (4),
3 Shw

Cua=556 2= A poll, - - - .- (5),
3 Suw

20313 K F- R OKEFET-H & Cr/PCrB X UNAASTT-H D R
FNEEDIMGART PVIZHS T HRERFEDOLTHS.
THEZEROBEE D SRS/, 77— & WUPE & 5HELE
B R IE— N7 D205 Tdh = 7z,
#ratineg
77 v M AERIZBI AT Y AMBERE, o—L
ML, MO L A EOMETN R ZORE, BL D

HAERSRE H56% #H8%
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Fig.4 Choline spectrum in phantom study and metabolite spectrum in in vivo study. A is the spactrum of choline in a 1.0 mmol/L choline solution.
B is the in vivo "H spectrum from a 25 year-old female volunteer. These spectra were obtained with acquisition parameter 5000/135.

8 ANZBUT B 7 AMOEIE:, Mo X A lokkEt
19 72 2 OFRIE 21X ¢ #R9E (paired t test, double sided) %, Hit
B ¥ 6  h O AU W iR O ZALIC o v TR G B
(repeated measures: ANOVA, one way analysis of variance)
&, EEADB & OFEY 5122V T Wilcoxon DNERE
e & 7z,

L] L
7Ty MAERTIE, KkErzaoaFxH oAy b
DFWHMIZZNEH 4.9 + 1.1 Hz (range 2.7~6.5 Hz), 8.7

+2.2 Hz (range 5.7~12.5 Hz) Th o7, KDART FILT
A7 22 50, »ranidFh oA~ P LT
Za—L > Y HisE UL S DTNk EDd T K, Ty
IANFH LDV TUMETHEE L (S/N) SREF TNy 7 75
> PSR o 7,

Kits 7 undH o OEFRERERDD 77 > FAE
BRiZBWT, Ny Fafvofudlinsks v > kAo
LFETOHEEL, 5.0+2.4cm (range 3.1~-8.4cm) Th-7-.
EQASANN = I O Y2 A SR w BANE S SR B & 1))
HulE TORiEEIL9.7 £ 3.2 em (range 3.6~12.3 cm) Th -
72, InvivolllSER D & 7 O ANFH L4 2 7L OHuEANy K
IA N OHLEIA510.8 £ 1.5 cm (range 8.6 ~12.5 cm) T
Hoto,

O—50FHE, K77 babkyrungogr T
DORLEBIRIZ D DD 59K (1) & 0 FE L 72Rizokyconexanc D
HN2UE—E T, Ao AMHEMEE, o—L 2y figEs
B, MMETENENS88£0.9, 60.0+ 1.2, 64.5+0.9(n
=8)Th o7z, Ay AMBLILIGEE O— L > flifgsa s &
DR EEI 2V OD, b2 faEn
BICIZEEZ(p <0.005)HH o7z, ThEDEE VT,
YoanFt OTHEIZZNZFI 1.9 sec, 2.2 sec, 2.9 sec
LEHE SN

Y77y PAERIIBIIAIYODANRZ ML kin
vivoll V2BV 2B D ARSIV EFigdlZiRkL
7z, InvivolZBlF ACho, Cr/PCr, NAA, KBLUI 71
ANFH DAY FIVOFWHMIZFNLERN, 4.8 +0.5Hz

FH8ETH25H

(range 4.0~5.6 Hz), 5.1 £0.7 (range 4.2~6.6), 4.7 +0.8
(range 3.6 ~6.2), 4.8+ 0.9 (range 3.4~6.4), 13.1 + 1.8
(range 10.7~15.9) Th - 7. Fig.SIZHA DK, Cho, Cr/
PCr, NAADESIREDTEIZ X 5 E{bDCEHER L 72,
LRERIC X B 20) AL, MRSIZ X AHIEREE DR
HEFig. 61"y, EHUI B (y = x) TH D, —3lM
OO, A7 AMBUERE, T— L 2y iR
i, O TENEN 0.29 4 0.14 mmol/L, 0.35 + 0.28
mmol/L, 0.05£0.10 mmol/L &, FE/rEnHhn2: 12~
£ 0 —FHEMIE D - 72 (P < 0.005).

7y A BRI &SR 7 A DCho, Cr/
PCr, NAAIREE, T2AEFIREM, WiAKSEHR, /-t
b ZEHEROMRSIZ & Din vivolllFE#5 5 % Table 212k L 7=,
77 v PLAFEBREFEMZ, Cho, Cr/PCr, NAAEE 2D
T, 7 AEWESMGEL D O RELEEL S 2 518
Ao 7ehs, KRGEHRITMINSREERLE. Ay
A WAL & RS & ORI A BEIZA SN
oz,

Fig.7\24lixleg4) 6 19 0Gy, 20Gy, 40GylZ#1t5Cho,
Cr/PCr, NAADRIEZALDin vivoilllER R 2 L7z, Hogt
MBS O ZAL, FAAXIEE B & OMEER b RIS
133D E ML H o7z (p > 0.05).

Fig. 812 #NZNORIWOT2HEEZ R L 72. NAADT21EIZ
DWW 0Gy, 20Gy DEASIER A L ORIZA EZ (P < 0.05)
RO LNIZS DD, ZDROTLEIZ DV TIdHETEERS
%A, BEIEE L ORI LIRS SNk
Doz,

% *

MRSIZ &L B EIL T 1T ) Byfy, HMKHREEZ M5 2 & ATE
T L, AEREHES V5 TN ok As el & <
b 5202 LolofFHE NOFIEIC BT b RN D
KA EHBIIFGHETOL £3% L WEH—ETHY, T
HEFLLTHWAILNTELLEEZLNE, Lo LE
DBHLNLNORETIINE, MEHEIZ L 5 SRiEgE,
7)) e n — VG E TR EIZ85% 0 550% ¥ TE
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— Changes in signal intensity of water Changes in signal intensity
of the brain metabolites o Cho
L m Cr/PCr
Ej i Y brain tissue water % N B NAA
# 2 e B2
= 3 <3~ g
5 + £ = T
o) 3 =15 ‘-
Br—Xx CSF 5 TR
s -~ / o TR
£ \e\ 2 M\‘ﬁ%
\ ‘—h‘“—“—"“m___ £ L L
0 500 1000 1500 0 100 200 300
TE (msec) TE (msec)
(A) (B)
Fig. 5 Changes of the signal intensities of water and brain metabolites for different TE. Fig.A shows the double-exponential decay of the

water (+); the brain tissue water and the CSF. Fig.B shows the single-exponential decay of the brain metabolites; Cho, Cr/PCr and NAA.

The data was obtained in the same subject as in Fig.4B.

- Measured concentration vs. actual concentration

S o

E

E 30+ ]

= /

2 0

m -

E 2.0 /E,/E/

e 8 « Gaussian

S 10k /g/ o Lorentzian

g P o Integration

]

@ 0.0 . 4 .

% 0.0 1.0 2.0 3.0
Actual concentration of Choline (mmol/L)

Fig.6

Correlation between the actual concentrations and the concen-

trations measured by using MRS in the choline phantom studies. Spec-
trum intensities (area under the peak) of Cho were evaluated with Gaussian
curve fitting, Lorentzian curve fitting and integration methods. Devia-
tions from the identity line y = x were 0.29 £ 0.14 mmol/L, 0.35 £ 0.28
mmol/L and 0.05 + 0.10 mmol/L for the Gaussian curve fitting, Lorentzian
curve fitling and integration method, respectively. The integration method
yielded values closer to the identity line than the Gaussian, or Lorentzian
curve fitting method (p < 0.005). Other two methods overestimated the
concentration.

Table 2 Concentration of the brain metabolites and the T2 values in the normal volunteers (n=5) .

Concentration (mmol/L)

Cho Cr/PCr NAA Cho Cr/PCr
Gauss curve fitting 1.7 741 9.0 343 210

05 13 05 166 29
Integration method 1.6 64 82 320 201

04 1.1 041 137 22

T2 (msec)

NAA

401

12

392

12

Tissue CSF Water Atrophy
Water ‘ Content  Index
84 685 58% 2%
1 80 3% 1%
84 666 61% 2%
2 96 3% 1%

Lower columns are the values of the standard deviation.
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Fig.7 Brain metabolite concentrations before, middle-of, and after
whole brain radiotherapy. The horizontal line is the radiation dose.
The concentrations were measured at 0Gy, 20Gy, and 40Gy. The
right-hand side shows the values obtained from 5 normal volun-
teers. There were no significant (p > 0.05) changes in concen-
tration during radiotherapy, and no significant differences between
the patients and normal volunteers.
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Fig.8 T2 relaxation times before, middle-of and after whole brain
radiotherapy. The horizontal line is the radiation dose. The T2
values were measured at 0Gy, 20Gy and 40Gy. There were no
significant changes in T2 during radiotherapy. Significant differ-

ences in T2-NAA (p < 0.05) were observed between the normal
volunteers and the patients at 0Gy and 20Gy doses.
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