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Accuracy and Clinical Utility of
Quantitative Proton Magnetic Resonance
Spectroscopy (MRS)on Phantom and
Chronic Cerebral Ischemia

Masafumi Harada'’, Hirokazu Miyoshi®,
Hideki Ootsuka'’, Yoshiaki Taoka'’,
Miki Tanouchi' and Hiromu Nishitani"

We quantified the concentration of metabolites observed
| by proton MRS using the tissue water signal as an internal
standard. A phantom containing known concentrations of
NAA (10mM) and Cr(5mM)was used for the study of meth-
odological accuracy. Clinical utility was evaluated by the
measurement of patients with severe stenosis or obstruction
of the unilateral internal carotid artery. The concentration
of tissue water was compensated using a proton-density
weighted image measured with a water bag attached to the
head.

The calculated concentrations of NAA and Cr in the phan-
tom were 9.2 mM (SD: 1.2)and 5.6 mM (SD: 0.7), respec-
tively. On the ischemic side of the brain, the concentrations
of NAA and Cr were lower than on the opposite side, but
| the concentration of choline (Cho) was almost the same on
| the two sides. The NAA/Cr ratio showed no statistically sig-
nificant differences between the two sides, because the con-
centration of Cr was shown to be decreased in the ischemic
area. We consider that quantitative evaluation of proton MRS
might reveal changes in single metabolites clearly, thereby
facilitating understanding of the results of proton MRS.
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Fig.1

cerebral ischemia.
(A)TR = 1500ms, TE = 270ms (B)TR = 2500ms, TE = 270ms
(C)TR = 3000ms, TE = 270ms (D)TR = 1500ms, TE = 135ms
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Proton MR spectra under different measurement conditions on a patient with chronic
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Fig.2 Curve fitting for calculation of relaxation times
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L, EFE20emDIFOFLIIIT LB L HIiEAN i 72 L 7z water bagZ B ONINICEH L T &, TR =
L7z, WERTICAKEE LS P T A2 HWT, pHA69IZ% 5 5000ms, TE = 10ms, flip angle = 60°, Matrix = 256 x 128
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\|g 3 Proton -density weighted image with water bag for compensahon of the water concentration in the brain A B
(TR = 5000m=. TE = 10ms, Flip angle = 60°, Matrix size = 256 x 128)
(B)MR angiogram on left cervix. The obstructlon or severe stenosis was suspected on left internal carotid artery. I
(C)Digital subtraction carotid angiogram shows complete obstruction of left internal carotid artery. T
(D)Localization for 'H-MRS: Voxel size was 8ml(2 x 2 x 2cm?) and bilateral portions of basal ganglia were mea-
sured under the same condition.
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Fig.4 Proton MRS of phantom containing NAA and Cr

72 AIWOESBELALUTO L ) IZR 7 Lok
FERE L7 $HRMOMMIIIZEASEHTES LEE
L, 4ENIHIEIZIT-> T,
TW (Mol) = 55.6 x (A/W)
TW . I BV IR 7 L OF ki

TR B DKIRED BN E R TS5 1-DICIEHKRT » 7
17 5 % (GE#R20-225%, F39245%) 12>V THlIsE L 72, Wl
A G FRERE A &, MOHEEBIEEE Tl
SNBAHIGEHSE, MAZE, LS, THIAZE, #EEBIU
MED KL TH 5.
G. BEMMEERIZH T3 TEE(LO®KRET

SHRO I VWERBEERTEZ L, MEHMOMR
angiography T Fy {ll DA SEBHAR 2> KB AR A7 (M1 AR {])
DEEFREDPRELER SN, BREHICTINGIZ90%
D EDBREDRO NI BEI8BE R L Lz, 'H-MRS{Hll
ERIZIE, REFATLLCLORBERI VA ERERLT
W SEBHEIIZATV, FERIZIEE A SEWHEMTH D, T2
SRR, protonZHEEIRFNEIS T b A X LHZERILRRD T,

Table Concentration of tissue water in different portions of

FELMERERO 2. Elnida6-68i (TH59.61%) TH
4. WEgHimiE, REgE PO LT, TEA20)
MEFF R % & & 2 VER 2B IR L, B & ONIE M
FIZBWTHHM R METT -7, 70 b o SBEmEgc
L HKRDBEOHIE L M ORI TELENIIT-
72. FigIREBIC BT 5 70 b o HERFE (Fig.3-A), &
#IMRA (Fig.3-B), FeABBllkE ¥ (Fig.3-C) 3 X UF'H-MRS
DA BEJENEEAL B b I (Fig.3-D) 27”77, MRA, FE#Ei
BNRERZ S TP SBIIR O FAZEHTTED 5 N5 A%, FHEMRI
T EAERFEERIRHCE R D -7, 'H-MRSO#HETIZ
\&, E55EEEH (NAA/Cho, NAA/Cr, Cho/Crlt) & fifskio
FHEZ X D S NANAA, Cr, Cho®E it & Fi v 72,

B R

1. 77> b LBISEES

Fig.4{Zphantom® A7 Vo> | Bil% 754, TUEIL, 7k
3500 + 160ms (<) + #E#EfR2E, LLFRBE, NAA1500 +
240ms, Crl1400 £ 90msT&H - 7z, T2l L4600 + 90ms,
NAAS20 £ 82ms, Cr4l0+95msTdH o72, NAA & Crois
iE, KE55.6M& LT, NAA9.2 £ 1.2mM, Cr5.6+0.7mM
THh-o7z. NAAIL, 10mM,Crid, smMICTHELL THY i
IR EATE S 7z,

2. RADEL B15FF TCOKIEE

TablelZ7R9 K 9 (2T & D P39l TII38M A H42M &
EAFRO O, I EFITEHEE TR  HEETERETH - 72
7, BERETAL LI IIEPDIEL2 &AL NI,

3. 1SR MMERRIC S T BEREEMEORE
A)BEADANRY PNVTORFFHREL L EEEE OHM
(Fig.5)

NAA/Cholt & NAADERAE & 1L LAY R\ IE O AEE
O BN, NAA/CholtATE v E ENAAMEE b EEMIZH -
72 (Fig.5-A). L& L, NAA/Cholt#%1.3-1.5 DR D EHT
13, NAAREDS-14mMOIEHYRSH D, NAAOHERILFAS
AENBIEHD H -7,

NAA/Crit ENAADERETIZEWHEEZO S NE b0
®, NAA/Cholb & V) H X620 & K& v (Fig.5-B).

Cho/Crlt & ChoDE Al & DRFIZITHEIZ e <DL NA
- 7z (Fig.5-C).

b) BRILEY & il & o 1L (Fig.6)

= E IR (Fig.6-A) TIINAA/CrIE TIXIT & A EHEG 2D
7, NAA/Cholt THFMIZEMM T T L, Cho/CritT
BT LR A EICH DY, HEFENREEEIIZES
Zaro7z(P>0.05).

E®=E (Fig.6-B) TIAZADIELDENALNLE D DODE
M TONAADK T A58 <, Crb MMM TIRTLTEY,
HEATFMIC L BAEE(P<0.05) A FEH SN 7z, Chold il T
EHR L, B B2ELITRO Lo 7.

the brain

Portion mean (mol) SD
Frontallobe 38.5 2.3
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Basalganglia 40.6 1.8
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Cerebellum 42.2 0.99
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