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In vivo 128 1F % 3'P-MRS D #IE 13 FERBER
ThhH, REHBRELEEDROBZE AN
TETW2, FAEKRNEROD 2R/ 7-#
B (volume of interest; VOI) 75 DAY
NUVIEREED H % 5 & T 2 IR A = b
ORA2E—L(VSS ) bIEINTETW Y,
4 HEFE X 1 32 P-MRS OHIE BT YR DR
RS MRI/S #£EICEM I Twb VSS
% [ISIS #:2 FROGS 9] D1ERE, FriE % FHM
THICYRD, 7 7V P AEBRTRF EZF a1

VDRSS DM (90°, 180° )V A Db
RURA T4 ARG BT 2 BN %
1Tote. &, EEANIBORK, AT S ISIS
%, FROGS &% B\ - 80 IR L ISR
(free induction decay method ; L T FID
%) TOD MP-MRS DAY M8y — 2D
THEWRGT LD THE T 3,

RISk
1. (EFIRES

FAW 7 2B 13 B TR 1.5 Tesla OREIK A
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Siemens) T#H %, *'P-MRS #l5EE 3 A WiZ, %
ZEFAOREHIANVEAV (EEScm D
surface coil). R L7 7> MAET7 7 VL

X1 HEH77 bMA
A»o F ) YBER pH, BE, REHN

i)
Phantom| Size(mm) [Volume(ml){Conc.{mol)| pH
A 40X40X40 64 14.6 1.4
B 40X40X65 100 1.46 1.4
C 40X40X65 100 1.46 7.4
D 20X80X130 200 1.46 7.4
E 65X105X165 1200 14.6 1.4
F 17.5X5 1300 0.02 7.4
Sel.180 * pulse Non sel.90" pulse
X Y z
500psec
excitation M—(ﬂ}—ﬂ—‘
5120 psec 512 msec
ISIS detection ‘\/\/\/\/\/
GX GY Gz
selection [\ [\ /\
gradient
1.8mT/m

Sel.180" Sel.90" pulse Non sel.90° pulse

500usec
excitation
512 msec
. 2560 usec 2560 Husec M
detection
FROGS
selection f_\ m
gradient
n=5
dephasing /_\ /_\
gradient
Non sel.90° pulse
I‘| 500psec
excitation
FID 512 msec
detection \/\/\N\}—
FID H Free Induction Decay
FROGS H Fast Rotating Gradient Spectroscopy

I1sis H Image-Selected In vivo Spectroscopy

1 SWVAY—F VAT —T )
HE&H 5 ISIS, FROGS, FID &

R VEBIEW (phosphoric  acid) 9F &
98 (H,PO,) ®HALTHW: (FE1).

2. XR

B4 D 3P-MRS Dxf8R1%, F#H 19 5%~35 D
BEETEE 44, 14, FROXNRIEIE
B2l M2 MOBEERML4ATH S,

3. Ak

1) WVAY—7 R

fF L7z ISIS, FROGS, FID #£D SV A & —
TUYAT=T7NER1LIZRLT.

2) 77> LEER

UP-MRS A NVDO L) VEET7 7> Mok
EE,'HOESTHESY —ERAELH 20 Hz £
TiTo 7, Al—Y AFMHTTH aA Mz T
H @ MRI 2L 72, D&, ISIS #%, FROGS
& U FID 12 TRl RF 2SOV ASRE O R %
Tol:#, X574 AFRS 07 4 —)v, HEERE
ROFHECELTO7 7> b 2 EBEB Ik
o7z, FEERF 1 [, delay time 500 usec, FID
BLHIEER 512 msec TR SN FIDES X7 —
D TR, HOHERR CESHRE R FTHIL /2.

3) In vivo 3*P-MRS B, FFigio s+l

'H T shimming %77 - /2%, 3P-MRS F 2
A NVEEELIZEZF body coil T'H-MRI ##
&L, *P-MRS ##lE 3% VOI ZHE L /.
ISIS £ Tlx VOI O34 X% 40X 40X 40 mm (64
ml) &L, BREFOEZ L, I NVERE»S
20~60 mm T, ZRJtd localized 3'P-MRS #
HIZE L7z, FROGS Tl a4 VEREL S 20~30
mm DFEKIC saturation pulse Z 2> 7z, #8D
B UEKER 2 ) CREE RIS 256 [@, delay time
500 usec, FID &Rl 512 msec TH & 17z
FID §512#9 3 Hz QBB EDR/RD T 4 v
F =itk 77—V IEHLTAXRY bV
2§71, AT PVIIIERIERA 77 4 3
Bor o TERO R 21T 188, (fEO

ZANEAH 1989411H30H

BIREERSE  (T632) HREREREM=EM200 KEL2 IHEKFHEREMR > - 55—k
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SLICE : X
2000
>
£ Slice width50 mm
g 1500 ..o’oooo'.c’ 40 Phantom
(I.) °
31000 | S ° @70 a0,
2 e FRE
3 o Delay :
N 500 _.ﬁo.“o 20 Dwell :
p A VE
TR
0 . :
0 100 200 300
TRA(V)
SLICE : Y
- 2000 2e°° oo°°°°0¢.
£ ° Slice width:50mm
-~ o 40mm
0"-’ EEEB maae
-~ o [} LE L]
E 1000 F °EIfz‘l.ni EEgB :omm
[=]
Zz " 0000°°20mm
_ B Cesce®
® oe®
B
0 L
0 100 200

TRA(V)

ISIS #: 180 E/ SV A D& TRA

3 EHEIZ A 7 A AFEIRE 20~50 mm T
TRA %Zi~7z, #12 TRA fH, #iti213JEsE
R ENSVADHEPTTESNIESH

X 2

Y FEEIEY 7 b REWR Y — 2 OERE SR
L7z9,

I S

1. 77> bAICBITS RF 2SVARE LES
5 DEE R
B4 212 ISIS BT B A 54 AEIRDED RF
SV AGRE (transmitter amplitude : BAF
TRA) £ EREE L /5N EEEEDRMR
ZaRUT ISISEETHW S A 7 4 ZEF/ LR
@ TRA 1Z, 18 20 mm %> 5 50 mm % TIZBL T
1 100 V ICRE T USRGE & bz & 3-b i
X FID 322 BT 2 FEEIR RE SVARE L 7 7

188

MEASURE CONDITION

: ¢ 170mm x 50mm(1100ml)
Phosphate(PH=7.4 ,20mM)

TRA : 10 -- 190V

TRA : (Nonsel) 20v
125usec REC :119.9dB

: 4096 PR :0
: 3000msec AC :1

1 25.75MHz
500usec

SLICE : Z

2000 o
o, 000,00 o
°
.° Slice widtt50mm

°
40mm

1000 °@Buuﬂ o 8 o n.n
a
H-l"""".-'-aomm

l,o.oo"""
20mm

S.I (Nonsel-Sel ) mV

8
©
0 .
0 100

TRA(V)

B L A4 FIRRF SVA DT 8I10IEE
R0 B VA DT TEHESNIESEED
Ex7ay kL,

200

Y M AA, DOBESBEEOBEFRERL ., X 3-
a 121&, FROGS I8 1J % saturation pulse @
TRAEZ7 7 N AEDEESBBEDELZ, K3
1213 saturation pulse D/¥V — %% 2 iR 7
7Y MAA, DhroBon2EEREDELE
Zay bl

2. ISISHED AT 4 AEROEMER

ISIS 12 TiiE 50 mm T 180° pulse % MBE ¥
298 % 5 mm HfRICT S L, BINEE» 5B
SNZESHERFNIILL, X, Y, Z0 3t
WHBRIF R A 5 4 ZABRO 707 4 — L
"#oniz(M4-a). VOl OinTIEEABDEED
BENEZSBRI S NIz, VOl O (R4 A5k
ROIE —40 mm) CTIRERERIES,NED i
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(a) FROGS 180 Pulse Optimum TRA

5000

4000

3000

2000 [

S.I (Nonsel-Sel) mV

1000

0

3omm

0

-50mm

K3 (a): FROGS #®D RF 7$)v A i TRA (7
7Y ML 1D)

7 7Y VAEDIANIEREZ, AT74 AR
20 mm |Z saturation pulse #& T, %D RF
N7 — %R Z, saturation $EIEADEETH
B (FEBIR 90 2SIV A D A EMNITTIELNT:
{55 #E & slice saturation pulse % )
TR ICIEEIN 90 /LR £ IFTE S NTE
SHEDE) OZEE 7y b LTk,
(b) . FID 3D FEER RF 7SV AEE L (F5

BMUBETHY, HRILEOEBEE XL THKS
BDEFSHEE SNz, RITEFEY 7 b LHEE
BIROBEREZFANB 20, 22007 7> M A (B
LC) BREGY Y Y — o CrIGE ¥ —»
5 ZEAHENC —40 mm OIE I E X, EIRIE 40
mm CERFLOMER 5 mm HEICTS Lk
BEE, 200FBR o744 —1hEsn (K
4-b), ZOHLMEIR 7 7> b A CDFHTHS
Yy =77 AN 5mm BEY 7 b Lk,

Presaturation Area

(b) Nonsel. RF Pulse Oputimum TRA
3000

pH=1.4
20004 Phantom A :VOI

1000 Phantom D

pH=7.4

0 T T T T
0 20 40 60 80 100
Nonsel 890 TRA(V)

(c) FROGS Optimum TRA
2000

A :voi

pH=1.4

D : Saturation Area
pH=7.4

0 20 40 60 80 100 120
Saturation pulse TRA (V)

1000

0

-40 -20 0 +20 +40

R
JEBEIR RF pulse ® TRA 2 & 2 72354 D
phantom A, D D{EHEE%E2 7w b L.
(c) : FROGS # @ 180 & /%)L A £ TRA

(77> bAL2D)
ZrvhaDEAANLDTS LI, FOLE
W7 7Y NAAREBE, 77V NADEE
IZ Saturation pulse #® T, £® RF /Y7
— 2RO T 7 N AA, DS
D FID §5#EOELE 7oy » L.

BECoftHy 7 M 3ppm H Y, BHERE
X7 7Y b ABICEDETHEL R, 77
N 4 C TIXEIRGEE S Z 8 2 ~ 4 F A A~
Y7 ML TEHESNT:.

3. 77V NAICED 3AEDEEEEDL

B

A NVDEWEZT7 7 NAD, FORIZT 7
FAAREBEE, 3AHEOETHERLRL .
ISIS T, ADHLERS 5 & 30X 30 X 30 mm
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(a) SLICE : X

20000 MEASURE CONDITION
>
E R Phantom : 40 x 40 x 40mm (64ml)
E R a Phosphate(PH=1.4 ,14.6M)
(2] ]
= 10000 - o FRE :25.75MHz TRA : (Sel) 100V
@ o L] Delay : 500usec TRA : (Nonsel) 20V
2 g Dwell : 125usec REC : 80.2dB
Z L5055 B o VE : 4096 PR :0
b \ o i TR :3000msec  AC :1

0+ Slice Selective Center:+-80mm

-100 0 100
Distance from Phantom center(mm)

(b) SLICE : Y

8000 N
E E
- 6000 5
w, @
T 4000 3
0 c
5 2
b4 .. a =
z Basn

e Py ) =
@ w

—0\ 00 0 100

Distance from Phantom center(mm)

[ 4-a ISIS HED R T 4 AEFEE (1)
Ty b AARESE Y —ICE X, 3
(a:X,b:Y,c:Z)TAZA AlE50 mm

(e) SLICE : Z
8000

&
6000 - y

4000 o

a
°

Aty B

2000 [ 135 g ®

OAJ—‘—tL\E D

-100 0 100

Distance from Phantom center(mm)

CEEL, AT AERONMNEREZT,
BRINEE»SE 6N FID F55HE %70
v b L7z,

(7)) 77 baers—nh@

(7).
5000 T 5! 1) - 400

(4) ESBEFBAOMLE

Selection
width=40mm

4000: PH=7.4 | ; PH=1.4
| R 300 | ||| ,
3000 -
] - 200
2000 7 +40 0 -40
1000 [ 190 ]
[ | | Y
0+—— T ' 0 pw B | C
-100 -50 0 50 100
SELECTION CENTER(mm) é 80mm
H z
| pH Chemical _shift Surface Coll

B | 1.4 -4Hz -0.16ppm
C | 7.4 73Hz 2.83ppm

4-b ISISED R T 4 A FEREE (2)
4X4X4ecm D7 7> b ABEHSGE S —
12,7 7 N ACEREGE Y — X ZEh
HENE —40 mm B L, FEHFE 40 mm L [E
EL, ZEIEDATA ABERUEBLEZ,

BFEE2»SD FID F5@EL27ay bL
7. BRI 7 7o b Ak I —DRE,
M EERENRAK L7 BIRGIE 5T
L.
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(a) FID

..J'

700. — !
>m.—4& ;
“ |
\m.—{ !
£%7 i
& 0.~ ‘,

.

m—] i

Bl T T T T T T T T T 1

. 0. -100.
Frequency / Hz

400.

200. 0. -100.  -300.
Frequency / Hz
5 3FETOFEZERED LK
(IFFEEIGE, 0N ISIS HETADA(VOI=
3X3X3;27ml) 2FERLBE, (I

(27 ml) #3ER L, FROGS £ T3 D DB 2A
IZ saturation pulse ZMREFL 7z, BI5ICRL:
X 912, FID EIZEER FROGS %, ISIS# & b
WDHFRDEENEETE 2., FROGSETIE
saturation pulse % D D#EBICIRET L7z Z £ T,
DICBEE L7 ADFEED & DEFIRELK 23 %
ETFL.

4 . In vivo *'P-MRS

HEE DK 515 5 7z FID, FROGS, ISIS
2 & 3 1P-MRS 2 6 1R L7z, Wi o #l
EHECROTH 720 »REWEDOE—7
ERH L, ISIS % TiE 40 X 40X 40 mm (64 ml)

— 40mm
0
1 - -40mm
Surface Coil
1 1 1
-60mm 0 +60mm

A: Phosphate pH=1.4(14.6M)
D: Phosphate pH=7.4(1.46M)

Frequency / Hz

FROGS I TD OB OES & gkl & ¢ 7z
BEDESRE I 7.

D VOl 25 S/N DEWANRT M RE SN,
B4 1 P-MRS Tld 5 & DR H O HIERBR»
5, HE—7 OHEBOFIME L ZHERZE 2R
72(E 7). FID I~ FROGS & T3 &4
IESHREMET U EL LT AT s
¥ —>Tdh-lz, ISIS #%Tid FID, FROGS #
DIFE/ 8 — Iz, B-ATP OESRE DK
THENED SNz, ©—2 ) THTIE, PCr/
Pi D4hE 3 Ak cHELIL 7.

& 8 1z H & DRFiED #P-MRS 2R L7z, S/
N DRWA~RZ bHE S, FROGS & T
MERREIB D E5 2 80F1 L 725, FID EICHAYE
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4o d(@) FID  pgy

Z 60, PDE

~_ 50,
- 50. N v-ate
i 40. P

p o -ATP
£3.9  pue B -ATP

o 20.-

10, j

70, (b) FROGS
Z 60.
«_50.-

— 40,

©

= 30.4

o

SED.HJJ\/\/\) ﬁ-ATP
10. =
0.3 T T T T T T

70.-(€) ISIS per

2 60.- M6 fEE AN P-MRS
~ 507 (a) : FIDEE 2 & 1) F AR (250
=40 (b) : FROGSHE (2 & D 2 4 VR » 5
c,30.- ! 20mm ) $E 1§ |2 Saturation pulse %
527 B-ATP P OREY b OtES
10.+ i %5l
o AN T IV e Y WWWA () IsISHEIR £ D HAMRUCTR L 72 s
45, 5. 0. -10. -20. VOI=(4xdxdem,64ml)ip & DIES &
Chemical shift / ppm ).
6 {EE AR P-MRS BD OS5 DES
(a) : FID #42 & 0 FEZRA9 2 EHE () 'ISIS#EW £ D '"H-MRI IZ7R L 72 4 X
(b) : FROGSEIZ L D a4 VvEREH» S 20 4X4 cm OWFEE L & DES 25
mm DFEEIC saturation pulse 25T,
(a) : Peak Area(M,SD)
FID FROGS ISIS
(b) : Peak Area Ratio
)
. mi 7
PHOSPHATE &
METABOLITES g
g <
o 1 PME
< 2 Pl 3§
X 3 PDE o
w o 4 Pcr
o 5 Y-ATP
6 a-ATP
7 B-ATP
Q
7 {#EE AR P-MRS € — 7 HE (b) . FID, FROGS, ISIS#EDE—27 ) 7
(a) 1 FID, FROGS, ISIS#0 ¥ —2 =) 7 HEOFHE (n=5)

DFfE L AREERE (n=5)
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-~ 25 M MR E& (SIEMENS H15-2T)IZ51F % 3'P-MRS ORI — MR 5 & OSEEBINE O ERE RS —

e PDE ...

Pillper
PME

/

(a)
FID

T-ATP

a-ATP

SRQIFID

5 8 8

Signal / mV
8

FROGS

8

s

b

8 8

(c)
IsIs

Signal / mV
B8 3

e &

] S R IR B ISR RS RS |

T 1
8. 40. 8,

8 AR * P-MRS
(a) D FID ¥£1C & 1 FEBRAYIZ 51
() DFROGSEIZ & D 2 4 VEE A » 20

mm DOFEIIT saturation pulse #HT,

(a) : Peak Area(M,SD)
FID FROGS IS1S
120
80 o B H
<
w
o
< 4 4 i
X
<
w
o 40
0 r] [I

1234567 1234567

9 EH BRI *P-MRS £ — 7 i
(a) I FID, FROGS, ISIS#ETOE—2 1))
7 DFEIE L AEHERE (n=4)

HH#LESE Vol

0. -5, -8
Chemical shift / ppm

PHOSPHATE
METABOLITES

1

2
3
4
5
6
7

10 No. 3

HH OEE M, S DES
(c) DISISIEIZ & D "H-MRIWZ R L 72 4 X
4X4 cm DFEE D S DS % 28],

B

(b) :

Peak Area Ratio

Peak Area Ratio

PME
Pl
PDE
Per
T-ATP
a-ATP
p-ATP

(b) - FID, FROGS, ISIS#ETHOE—27 1)
T HEDFIE (n=4)
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/—b

SHEMET L, B2 PCr DEEIZER L 72,
9 IEEE 4 LDRYE — 7 HEDFHE L 1Z
WREERVPE—2 ) THERLE, =2 T
) 7 T FID & & fEEGERE £ oM T, PCr/
PDE, PCr/Pi, PCr/PME D& AE { £z
572, PCr/B-ATP 12 3 FiEMTE% D, PME/
B-ATP 1 ISIS HE TR b & { oz, UL ISIS
® T3 B-ATP OEFEEMEL &2 ADOHER
EBbhiz,

z %

JR7E 3" P-MRS & % 0 RS E R O A8 12 B
LTk, VYB7 7> baEROVEERTIE
FROGS, ISIS i & $ 12 Bff 75 localization 23
WT&ETz.,

BEATOR, FOREERGRTIE, Mcsw
TIEART by —> Eo it 3 FEERTHE
PL T W72, 2 S ARIEEER D 2 A VREIT
HABERODESENDRVWATHAI LBbhi:,
—HIFTCIE, JEBIRETIIAE LETROBRBENR
DEBICKRESFEINIFER R, EIE
REDOFERBBLEAEE Bbill,

i, BF 0 FFE ' P-MRS #HIE T 255, 5
DOIRES TIRO B HER T & 72, FROGS I8
W, a4 WVIZEY VOI A DEEDES131F
IZ5AICRETE /23, saturation pulse DR
BT VOl NOFERDE5EE 217 23 %12E o
AT 5 EDHERTE /2, ISISEICB W TR,
B, FFD V) > @ chemical shift 23 EWT28, K&
DY —7 OFEFREENPEL >TL A, PME & 3
-ATP Ti3#J 20 ppm @ chemical shift 2% D,

1 AHETHERE17mm OBEBEROTh L %
3, KEaAANVEERT2HE IO T ITHELE
BEOZELRY, E—7HOESBEDE L%
S>Thobhsd, SEO ISIS HEOEIE R E T,
¥ 5T B-ATP OE5EEMMEL 2D, PME/
B-ATP OE—7 TV 7 khs FROGS EIC NS
{7257z 0i%, INERBLIERTHA S L&
Boniz, ISIS #THE7 3 P-MRS D A7 b
oSy — v QEERIGEICEL TiE, % OFERO
FTEESLETHL ERbL. DA
FROGS #i%, ISIS kDfIRESIC KL T, 3
WITH 72 fBIBERE X R » s, BIERER & 54
, A NDOERICENTLEEZER2E T
ZEBEEOHITEICIE, BRAEAETHL EED
iz, (4, KwmXOEFE, HBl4EAARSE
MBEFEREITHRWTIHRE LT2,)
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Basic Studies for Evaluation of Efficacy of
31P Magnetic Resonance Spectroscopy in
Whole Body MR System (Siemens H15-2T)

Kazuo IWAYA,! MiCHIMASA MATSUQO!
SHIGEO NISHIKI,! Yoko MATSUSHITA?
YUKINARI OKAYAMA,? AKI0 TSUJI* KATSUNORI TADA?

'Department of MR center, Tenri Hospital
*Department of Clinical Pathology, Tenri Hospital
8 Department of Radiology, Tenri Hospital
Mishima-cho, 200, Tenri-si, Nara-ken 632

We evaluated the efficacy of the volume selective spectroscopy (VSS) techniques
(FROGS, ISIS) for measurement phosphorus-31 magnetic resonance spectroscopy (3'P-
MRS) using Siemens Magnetom H15-2T (1.5 tesla). We compared with relative peak area
of 3P-MRS between using the FID technique, which is non-selective method and the
FROGS, ISIS techniques in the human brain and liver.

Materials were both a phantom containing phosphoric acid and the brain and liver in
nine healthy volunteers. The spectroscopy coil was a surface coil (8 cm diameter) for
studies. Volume of interest (VOI) dimensions were 4 X4 X4 cm, yielding a volume of 64
cm?®, the edge of the VOI was 2.0 cm from the plane of the surface coil in the ISIS
techniques.

VSS techniques provided good localization in the phantom studies because of few
contamination of signals from regions outside the VOI. The peak of phosphorus
metabolites were obtained with good signal to noise ratio (S/N) and good resolution in the
human brain and liver. The peak area ratios (Pcr/PDE, Pcr/PME, Pcr/Pi) were similar
in the three methods in the brain, on the other hand some decrease in the FROGS and the
ISIS in the liver. The peak area ratios (Pcr/8-ATP, PME/B-ATP) were different in the
three methods in the brain and liver and PME/S-ATP was highest in the ISIS technique.

We conclude that the VSS techniques were useful in the liver than in the brain, In the
FID method Pcr peak area was inaccuracy owing to contamination of signal of muscles
from right upper quadrant near the coil. However the S-ATP peak area considerably
lower in the ISIS technique than the FROGS technique. Some decrease in the intensity of
the S-ATP peak is expected due to shift of the ISIS VOI of the S-ATP away from the
surface coil for this resonance. So more carefulness is needed with regard to clinical
applications.
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