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WHOFM LY —NR—EEREL L &>
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BARNV—=Z —PEIREVERD) —ETH
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tion 35 Z &id7nr o7z, KIEBENERA KRS
ICEDEALT BRREM DS 5 EIC DWW TiE,
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ExRFAATNB.

Fig. 1ITR ¥ & 5 ICE—FE A S A3mH v
ADHFEIZ LD REHD AT B b & oKD AN
7 MVERET L. EMEOEEICEST AT
0 VEFROEWC LD, flz21E nacetylas-
partate (NAA), total creatine (Cr), choline 4;
HWE (Cho) XA NTNUTOXTEETE
5.

NAA : Cnaa=(2/3) x (CH20)

X (Snaa/SHz20)
Cr: CCr=(2/3) x (CHz20) x (SCr/SHz0)
Cho : CCho=(2/9) x (CH:z0)

x (SCho/SHz0)

C: &G H 5 VITKEE

S ZBREWD 5\ T KOESRE

HEEBOKEE (CH0) i3, Fig.2 Dk
21T water bag & RFFICIREGE SN/ /O F Vs
EFRBEGROESHRE X D EH L.

H20
metabolites
10 0 -10 3% 20 10
Hz ppm
(a) (b)

Fig. 1. Water peak without CHESS pulse for
suppression and metabolites’ peaks with water
suppression by proton MRS in the same cere-
bral portion.

(a) Water peak for the internal reference

(b) Metabolites peaks including NAA, Cr, Cho
and myo-inositol by short TE (18 ms) se-
quence

Tissue Water (Mol)
=55.6X{(T-N)/(W-N)}

Mean Water Concentration(Lenticula)
=36.8 Mol(SD 3.6)

Fig. 2. Water concentration of the location measured by proton MRS
was compensated using a proton-density weighted MRI (TR=10s,
TE=17ms) calibrated by the external water reference. W means a
water bag for the reference and T means parenchymal tissue measured

by proton MRS.

1998412 A 14 ASHE

PIRIFERSE  T770-8503 fHETHANT 3-18-15 B KFESMBSHRE EEkS
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Gray Matter (0.64ml)

/ ‘
White Matter ( 4 '
NAA Cr Cho
Gray 12.9(0.6)| 8.7(0.9)]| 1.7(0.4)
White |11.9(0.5)[6.1(0.7)| 2.4(0.7)
] , LT Unit:mM(SD)

4.0 3.0 2.0 10"

Fig. 3. The difference of proton MRS between the gray matter and white matter measured

with the 5 inch diameter surface coil.

COFHEOFE & LTS CRE DN —IC
FEEINZWI LS, BRI VERNT
LEGICERLATRETH S L\ D HNET L
h5. Fig. 30 ko> icEmaf v Avs 23l
SEFEIR OIS FRE TS D, KBEDOAICRFL
TEBYIBETAZENTESL. FERI(NVE
FIAL, MEEOREE X EHOAEONREY
BEAEEL/FEEL Fig. 31t D/, Cr
FIREETE L Cho ZEETEWA, NAAR
AHEOBENBE LD EBF0 5. BE
MRS ORIFEHPICITAE L IKAE &AM RS
LTWBEEBRLE W, Cr, Cho TZDOEED
HHETELLDT L, INHEFRICLEES
WERLAE - KABOREGHICHEZZT L
TV ERAEBEINS. NAA BEIC X5
MO OS2, WETALPK & S OEWIC
FAREEOERRNILTHLIENTELEEZ
S, PRI BT 5 proton MRS O E &
{EOFED—D L& 2 bz,

Table 1 ICA—#HE 5 LI oW TOBIME
o LR E R, 12 AORREE W
2 EOBPE TIE, FHTH10~15%BREDOM

Table 1. Reproducibility of Proton MRS

1st meas. 2nd meas. CR  ICC(Ri)
NAA | 12.3(0.3) 12.1(1.1) 1.50 0.78
Cr 9.2(1.2) 8.6(1.2) 1.73 0.71
Cho 2.2(0.4) 2.3(0.8) 0.99 0.83

mM (SD)
CR : coefficient of repeatability (2SD of the mean
difference of repeated measurement) ICC : intra-
class correlation coefficient (Ri=between subject
variance/within+between subject variance)

ERALN LD, HBIRE (ICC) TO0.7LE
ORI N TR Y, BROCIFFETES
#EICHH LEZ DN,

RSEETE(CH T D EMEFRH ORRE

PEEENE, AR » 0D BT RARE
DOERICI TR b [ & 73 5 O BRI RIS
B3 AMBIZ>WTTHAS. MRSICEAES
13, BRE SNBSS BN O P&
ZTTkD, INE@IE L/ TR=0, TE=

69



AmESE H19%2 5 (1999)
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ERRHEOFE T R/PRIZL S A HELEED
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FETHI LR EE L. COZERZTh
FNEMEREESE (Method 1) & iEFEE
F/E Method 2) E{RICHMT, A—D7 7
VA EABICOWT BRI R D KRB RE
E LBV et L7c (Table 2). EREE
FNEIC X AEIESMD, BIERRE S EEOR
AAEEEBELC7 7/ FATIETR=10s, TE=
18 ms %, ATiZ TR=7s, TE=18ms % {#
Lic. &FHBIC L ARBRETFHEL 77
Vb A TR RIE B 23 5 0 T AT g

FER/NETREIC - 720, 60 288/
RERAIEE TR E <, MFEIC L A EEMBEICHK
FHEENARERFED ONEL -2 (P>0.1).
70, T EREFHEIIC L AT, EWTE
HEUEROT—ARA /M X BB b TT-
7=. Fig. 4 O X S5 ITHARBEY O E BT
single exponential function TiTZ Bz h—7
74 v FAESNT, double exponential func-
tion TRIFE7 4 v FRBLNLD. Thid,
HOERNOR S & R WERRORS 735 5 &
DEMEINLH, BWTE CTHBESTOES
BR—=ZAF 4 VD TRY, B ARHE
SOENEIIMETE V. L L, WiThiZ
# 1V TE 280756 CIdBRRHOEH
DRI B FREES D 5. BIERR OB A
KEVHERKREE E LT, B8k NE
HOLICHEZ ATV, LB U TR %2
BETAHZ LI LTWA.

Table 2. Comparison of Concentration Measured by Two Different Methods CV Means Coefficient of Variance

(a) Phantom study

(%)

Method 1 (Rlaxation Measurement) Method 2 (Long TR, Short TE)
Concentration Concentration
Th value Tz value
mean (mM) CV(%) mean (mM) CV(%)
NAA 2400(280) 1100(160) 9.6 12.5 9.2 6.5
Cr 2800(320) 820(120) 8.8 4.5 8.2 9.7
Cho 2500(160) 960(170) 10.5 9.5 9.6 7.3
Water 3100(140) 1200(150) — — — —

Unit : ms (SD)
(b) Human study

Method 1 (Rlaxation Measurement) Method 2 (Long TR, Short TE)
Concentration Concentration
T1 value T2 value
mean (mM) CV(%) mean (mM) CV (%)
NAA 1200(310) 320(160) 11.8 16.1 135 5.1
Cr 1100(270) 260(120) 8.4 10.7 8.7 4.6
Cho 970(320) 370(190) 2.4 16.7 2.3 13.1
Water 1400(190) 90( 18) — — — —

Unit : ms (SD)
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(a) Single exponential curve

180 °

50 100 150 200 250

TE(ms)

T2 =274ms

(b) Double exponential curve

T T T T T
50 100 150 200 250

TE(ms)
short T2(T2S) =16.2ms

long T2(T2L) = 375ms
Nos/NoL. = 1.3

Fig. 4. T2 measurement using the single exponential curve fit (a) and the double exponential
curve fit (b) for 7 data points of different TEs.
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FEFMOBREREVERBDbNZLD L, &
EKBIC & i T% - 7= proton MRS IZ & % L&
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1) EBEMEMICKSTAREWEELOFER

#®

Intensity ratio

Ischemic Side
[ Opposite Side

1.5

Intensity Ratios

0.5

NAA/Cho NAA/Cr  Cho/Cr

Concentration(mM)
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P
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L

1N
n
s

— Al D B IR > A K BB IR £ BRI
90% LA DB B % R D /1B MM E M OE
BT, £ OREEHRELL LKA PIIRELE L
U CEEAL L7 R REEIC D\ CHiE e
L7- (Fig.5). NAA/Cr, NAA/Cho #1Z & ift
B TRREMTH A, TOETPI L NAA/
Cr TiZP>0.05 TH O AEZEIRDOENZIZ D
7. —F, NAA B XU Cr EEETIIWT

Concentration
Ischemic Side
[ oOpposite Side

107

Cho

NAA Cr
(n=15: Error bars show standard error.)

Fig. 5. The utility of quantitation of proton MRS for chronic ischemic
cerebral disease. The NAA concentration showed remarkable difference
between the ischemic side and the opposite side compared with data by

intensity ratio.
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b RINEICH &2 ICEE P <0.01) TH Y,
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KEIRER LB LABREPHAINSEET,
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L, FRHEEFEMICEARGIBR ORI 2
WERALNDZ Epg@ESh, 370V UT
RPN GREESERET S EPERINTY
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WHEE L7c. ZOREER, Bkl L UVNEIEIC
NAA DETFABMERR CROLN (Fig. 6:
P<0.05), ®iZ, BREREDLED/INHFETR
LEDRBHkAE DO NAA ORI Fig. 7D X 5
{Z Sperman DO JESAHBIREL (/ /X5 A+

autism

normal

Concentration{mM)

cerebellum

amygdaloid

Location

Fig. 6. The NAA concentration of autistic
patients was decreased in the amygdaloid body
and cerebellum compared with that of the age-
matched normal controls.
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Sperman rank correlation coefficient p =0.63: P value=0.03

Fig. 7. The decrease of NAA concentration on
autistic patients showed linear correlation be-
tween the cerebellum and the amygdaloid body
(r=0.707).
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Fig. 8. The Te-weighted images and proton MRS of Leigh’s encephalopathy before and after
DCA therapy. The high intensity by Te-weighted image and increased lactate by proton MRS
were shown before therapy and gradual normalization was shown by both MRI and MRS.
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Quantitative 'H MR Spectroscopy of the Brain

Masafumi HARADA, Hideki OTsuka, Miki TANOUCHI,
Sonoka Hisaoka, Toshiko OKADA, Hiromu NISHITANI

Department of Radiology, School of Medicine, University of Tokushima
3-18-15, Kuramoto-Cho, Tokushima 770-8503

The quality of commercial MRI instruments is recently improved prominently and the several new
rapid measurements including EPI and HASTE are available for clinical usage. The advance of in-
strumental quality contributes to the measurement of MRS and its reproducibility and reliability are
recently improved.

In this review article, we introduced how to quantify metabolites’ concentration by proton MRS in
our facility. We adopted the internal reference method by an unsuppressed tissue water signal, and
confirmed the reproducibility of quantified results. The concentrations of metabolites are different
depending on the mixture of gray matter and white matter, but NAA has the least difference depend-
ing on a measurement location in the major metabolites. It is considered that homogenous concentra-
tion of NAA would be one of advantages for quantitation of metabolites’ concentration in the brain.

We showed usefulness of quantified proton MRS for chronic ischemic disease and autistic
patients. The signal intensity ratio did not clarify metabolic difference between the suffered brain
and normal portion. We considered that quantified result of proton MRS would bring us new insight
for biochemical background of disease in addition to the information of signal ratios.

Proton MRS still has several problems on its measurement and post processing, but the
reproducibility and accuracy of MRS data are exactly improved. It is considered that quantified pro-
ton MRS will offer new information about metabolic changes of disease which is useful for clinical di-
agnosis and patient management. We hope increase of facilities where clinical MRS is conducted,
and it will bring us confirmation of clinical usefulness of MRS study.
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