(R &)

MR Na B[{% |2 & % B D fast B L O
slow component O 5¢ &= F fi# AT

S B Ik @ A* Biet & B s

BE NaBeRkpfamzie o T ffidhie, KV E=r 70 a - RKe v L.
0.05% (8.6 mEq) 7 & 1% (171 mEq) ¥ T, 6 fio )& Na phantom % f\» T Na Wi &g L,
Na @#1%—(5 S e i a (R Lic, Na J0% & 5 59 o i I & 5 bt kg 15~50
mEq DT 6 ffi> Na phantom % {FiK, 3 ADQEH A7 v 7 1+ 7 OO HHICEE L, RIS S
L O KRGS ICRL D Na 315 o5 i T & it e 1% (p<0.01) 12T, HRUTHERE T & KR
o MTf Na $ Lo slow component i 47 703 B & hu e, & o Ialfiss (BishE) <z, fast
component O % L\ [-5A¢ 52 507, Na o fast component Fi3, M IRGES B U dFEEIC Y - T

FleH EEZ LI, T OWDOE BN O BRER I A 180 TRE LTHITH S L EA bR

1447

s

L FL&®IC

7u b PSAe RO MR @i B9 % B
FEELETL Y, EANATIEfTHb it T4, Na
{512 BE L Ci 1980 4RI L v B < o #iik
D3 LY, oMl FHMC Wi,
BRCIEARIEERD LTI W W, £72 NMR 2 H
V7o Na 1 o 5 B3 B 280 i o i H R
D #HWTITbh TS0, AMETORE I
V. SalbivbAvid Na @ifgs Hv 7z b bk
» Na o fast 35 & O\ slow component o & & 1) f#
Pr# 37 7-. Na o slow component (3 7KK %> &
i) U0 Al & 71k 3 7=, slow component o 434fi &
FTWifg 5%, @A O MRL o To s@#gL b
OfEREHOEWEEZ LI, L ZHh fast

* B M R
* W WA A
446 H 19 H
RAREH 449 1 14 1
SRR © 0 sl K RERT 7-5-2 (S 650)
TR A M B BS F
ok E R

(KBt 29 1447-1454, 1992)

component D&, HIKLOIRIEDH 5 v i FREHIC X
STREL EEZLR, 2O 0 ERN
SRR O BRER 7t R A 5 5 BB L CHAIT
bHLEZONIZOTHETS.

1. A/ *

Na #if% (= (2 Philips #:  # 45 & % MR 2% &
SIS/HP % L7z, BIZERHEUTO LY T
H5b.

AT A4 RE I 1~2cm
Hetg S v 2 %%
1. TR/TD, 190 ms/1.9 ms
2. TR/TE, 190 ms/20 ms
A A=Y= kY v 7 2 64x64
et 5 3D-projection #:
PR 199238

AE 1 AERAN Na @I ERSIGEEZ A
2k, T2EOREHEHICE Y 220 FKMICHT BT
LARA[REL 5. Thbb, Toflids Sms LLTD
fast component & 15~40ms ¢ slow component

T 5", fast component (%, AEAKNKNT 1%
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DJEP D Na iAo ey g ¥ax 2 %5 2 &
ickh, Tefliz @fistsedicAELsE0b
NTEYD, WS & Koo lRicky, 2
SORBOEEIENT S, Z OHGE MK,
EERNRDFOETLE L TERERER, Y
E= A7 a— ) (PVA) % H v CEIC i
R AT,

AR B IE (PSS) 35 L O PVA o phantom
(Fig. 1a) # AT 0 4&MTIER L, Na Hifgz ik
L7z. (PVA ¥y ; & 500 xm)

. Final
H:O NaCl PVA V(‘:Ilﬂ:'ir:e conc. of
sodium
PSS
phantom 280 m/ 3.0g 280m/  0.9Y%
PVA

phantom 200m/ 3.0g 180g 280m/ 0.9%

PSS£ Fﬁysioloéical SalineVWater, conc: concentra-
tion, PVA: Polyvinylalcohol

BITE 2 Na §HE—(F5 00 HE AR O (R

Na # L Na itk Lo (E5 588 o Bk #H~
% 71=%, 0.05(8.6 mEq), 0.1, 0.2, 0.3, 0.5, 1.09%
(171 mEq) » NaCl /¥ #& phantom #% Fig.2a »
X O ICEE% Na mifgz figL, NaRE—EY
SREEREHE MR & FERR L 7.

RE 3 BFEEH O Na @B o filE

EHAK T > 7 7 OO Na liffs gk,
KEGEE T o555 & JilE L, e 2 o g
BERVTEB L 20O Na RiEEE RO . 5
b kLRE > Na BEEZ § L ic, 15, 20, 30, 40,
50mEq » Na phantom #{EkL, K75+ 7
OO FBICEE L, Na ks iR 2. BB
JEPo> Na phantom X Y Na R —{5 578 R4
BBRZ B L, Zhh o IEH GRS Na @i %
BHU 72, £ - idiEE (BEE) BEC-o>w T
Na i ff% L, [F#ko kT Na R R
L 7€

[Na REERB{LFHZE L UVERE]

TR/TD, 190/1.9 ms o &t (LA F FID HEif%) &
Ki4y o fast component 2T TaH Y, fast 33
X O slow component Ol DEF % FL. —7,

29 % 12 5 (1992)

TR/TE, 190/20 ms o iff (LAF SE @if§) 3, K
4y @ fast component D KHETH VD, 12T slow
component DA HERS. L7ch - T, £3 7T
2B X OMIE 3 o Na JREE—(F5 i BE T dh s &
FIF L, FID [Eithis X 00 SE Wity o fiklapio
Na % 5ko, #iiE»HEED Na L j| <
Z Lk > Tk X # o fast component 233K
n5. Shlbivbhiz, ZHfH% fast component
YLk, %7, SEWH{&»S HEOHN/- Na %
slow component * L 7.

bivbho$E iz, Background o {E5 i
N, AIARICEH>THRAEDLID, RizoTerT
1 2B TEFREOEE A & T 5 72 o 1,
Hilal & 2 W72 BAF o H Y Tk L 7.

(To—1g)/Is
Lo et R B O (5 5 L

Is: Background o {55

. # 8

A 1 AR S X 8 PYA phantom
o Na Wit % Fig. 1b, c i, #Hh Fh DEFE
# Table | (275%+. FID &j{% (Fig. 1b) {1 fast
component %% I EIH KT 5 i (G506 KD,
fast 35 X (8 slow component O ljF # 5ie. A F
AR X O PVA phantom o {E558)% 11,
FR #1087+ 0.05(F 4 BEfE (R 7)), 0.86-+0.05
L E D EIHAONL W, )5, SE #jf (Fig. lc)
13RS5y fast component 3 = % T, (24
slow component O 4678 %, Z O Witk o4
B REAIE phantom o (558 0.87+0.03
L, FID flifg & 13 L A EBLD A LRV OICSH
L, PVA phantom » 7% 0.024+0.02 L3 L W\
"BhHZ LI,

BlE 2 Fig.2a o X 9 (2 i X 7= Na phantom
o Na jlifg% Fig.2b (2R3, bivbhodE T
13, Na Biffiz—BEOHHRT 16 274 2D30[HET
& %5, phantom MBI TVWDH I 25 A =
SV, FEEBEXRERHL, HohicfEz b
LICHERR L7 Na g —fE 5 M dh R &
Fig. 3 107’7, Na @ LESMEOMICE, W
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(@) (b) ()
Fig. 1 (a) Physiological saline solution (PSS) in the right bottle and polyvinylalcohol
(PVA) containing 0.9 volume %, of sodium in the left bottle. (b) Na image [TR/
TD, 110 ms/1.9 ms (FID image)]: Both PSS and PVA showed almost the same
signal intensity. (c) MR Na image [TR/TE, 110ms/20 ms (SE image)]: The signal
intensity of PSS could not be detected.

0.05%

(a) (b)

Fig. 2 (a) The phantomes with the concentrations of 0.05, 0.1, 0.2, 0.3, 0.5, 1.09, were
arranged as described above. (b) Na image of the phantoms.

SIS 4 P
Table 1 The effect of the macromolecule on T2 value PIpAtR2 R0 & e
B: | =i N A i N5
TR 110 ms/FID 1.9ms TR 110 ms/TE 20 ms ME 3 EWKT 7 4 TREO Na Wi,
; X 5 X X 5 KA RE Tk (4 1) o 55 HEE %+ MEHE,
Signal intensity Signal intensity . . .
e — Fig. 3 ofE#dh#Ez TR L+ Na B
PSS 0.87+0.05 (S.D.) 0.8740.03 (S.D.) - . 7
PVA 0.86:0.05 0.0240.02 Refe. FID Eiffic 351 5 BREO Na B £)
Table shows the signal intensity of PSS (0.9% NaCly 38 MEq, SE [if&iZ&1F 5 Na i34 18 mEq,
and PVA (0.9% NaCl) phantomes in Na image of Thol-. ZOfi%E { LIz 15,20, 30, 40, SO mEq

Fig. Ib, c. The signal intensities of PSS and PVA in » Na phantom # 2 2y L., A5 5
FID image showed little difference and PSS in SE P B AR L, !

image showed almost same signal intensity, whereas 7 OO JAPHIC AL B etk L 7 Na @i f & Fig.
the signal from PVA in SE image extinguished 4a, b |23, bhvbio Na ] head coil (3, |
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T 2 oo saddle coil R85 720, Aok
B3, oo iEdi 2 o phantom % R
T Na B — (G5 TREE AR A MER L7, Ak
ICLTIANDKRT 7 4 7 OFEHO Na itk i
f% L, {ER L 7c Na i E—(F5 iR R a2
Fig. 5 iRk d. i b ECHFEERETE IV

0.9¢
0.8

Q@
()]

o
£

Signal intensity

o
(M)

0 9 50 100 150 170

Sodium concentration [mEq]

Fig. 3 The standard curve for sodium concentration—
signal intensity obtained from the phantom
image (Fig. 2b). Each plot shows the mean of
the signal intensities obtained from 3 areas
which were measured on 3 different slices of
the phantom image (Fig. 2b). The vertical bars
indicate the S.E. of the mean.

(a)

29 % 12 5 (1992)

KIMILIERE (2 Zh 18 2Pt Fig. 6) » Na j2js
B L7z (Table 2). FID Wifgic 51 % Na i
BE& ik Na g2 B, SEWi{&IC 45 5 Na i %
slow component, = ® 2 > # % fast component
ELTRLTWS. REERAT L KRS
fast component ® i, t BRE 5% (p<0.05) |
THEBEZIRDON I 2 - 7208, # Na gL
slow component |2 L Tix 1% (p<0.01) i TH
FICENE S & A, Fig. 7T XBES (BHIE)

Table 2 Sodium concentrations in the normal brain
tissue and the brain tumor

Total Slow Fast
sodium component component
Occipital lobe 35.6+0.6 14.5+0.7 21.14+1.3
Basal ganglia 29.34+0.4 7.6+0.2 21.740.6
Tumor
(Meningioma) 56 20 36
(mEq)

Each data in the normal brain tissue shows the mean
of the results and S.E.M. obtained from 6 areas in the
sodium images of 3 volunteer’s heads. Two tailed
t-test shows significant differences (p<-0.01) between
occipital lobe and basal ganglia in total sodium
(fast +slow component) and slow component. It is
noted that the sodium concentrations in the brain
tumor, especially fast component, are remarkably
higher than those in the normal brain tissue.

(b)

Fig. 4 A example of Na image of the human brain. 10 sodium phantomes with the
concentrations of 15, 20, 30, 40, 50 mEq were arranged around the head.
(a) TR/TD, 110 ms/1.9 ms. (b) TR/TE, 110 ms/20 ms.
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1

Signal intensity
o o o
S

=4
—_
T

1 1 I J

0 10 20 30 40 50 60
Sodium concentration [mEq]

Fig. 5 The standard curve for sodium concentration—
signal intensity of the phantoms in FID (@)
and SE (O) images (Fig. 4a, b). Each plot
shows the mean of the signal intensities ob-
tained from 3-6 phantoms except those
placed at the both sides because the sensitivity
of the images is not high at the both sides. The
vertical bars indicate the S.E. of the mean.

© O

Fig. 6 Signal intensities were obtained at the areas
described above. (IB: Background)

(a)

()

Fig. 7 MRI T2 weighted image and Na image of the brain tumor (Meningioma) in the
frontal lobe. (a) TR/TE, 2000 ms/90 ms. (b) TR/TD, 110 ms/1.9 ms. (¢c) TR/TE,
110 ms/20 ms. The signal intensity of the tumor in FID image (a) is higher than
normal parenchyma, however the tumor and normal parenchyma is SE image (b)

shows almost isointensity.

BEO Na itk Td 5. @H © MRI T2 Mk
() TR 2 &, EHEHIEFMEER L R
DEERERLTVWEICTER V. £ Z5MRFID
ity (H) TR 2 &, EHETERMEERL

DELVWEEFCHBEATWI2OREBDHNS.

SE % (£) TMFZITEEER T, EERD

fast component DN & % b h 1=, BB
Na % IE L7 & = 5, # Na i 56 mEq, fast
component (I 36 mEq, slow component (3 20 mEq
Tdh Y, ¥ Na, & < iz fast component D L \»
B2 F e 6 iz (Table 2).
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Iv. % =

MR Na @ik BF7e, BN, IRERD, B0, fin
HMTITbhTWS 2, BKEAICHIR LA ETTDR
Tuwiv. AENTIE, Na o 7w b
JRFo 1/5000 Lapre <, BRERTE 7w b o
BEHNTHEIC KEAEND Y, F£724%IC Na
BROFRHE N TRER TVWAEWEZD TH S, 4F
b b BEEREA, HE o MRI T T, T2l
FG L L ICNEBEL Y BEORBST LRI mn
2 b 6, Na o FID Eifgic TSI EE
BicfitshTwsoicERL, 2oFERB LW
Na Eifh H > Na O EEDERILIC S v TR
L 7E

AR Na i3 Te fEFBFEOEWICE Y 2 20
T e, —f%ic fast component & slow compo-
nent LIFiFh T 5. RIEHEIR. S 0 Na 055
X, +X7T slow component T % 7%, Joseph ©,?
i, Thic7 e —2AFX LVEDOKRNSFEMr s L,
To fHEEM L 2 BMEEZ RT X O s LG L
TWwWs., ZoHRE, NaJffromkieE— 22 b
WK < TS Y, L CFET DIREN T O
2 EHEERT Z LICE Y BeL, T4
FIREM SR T 572 L BEZ LTS 61112,
Z®» NMR # B v 7o LB EE R 25 Na Witk T 4 FER
CBlEgsh s e R oic, REERIC PVA
MAREMA, FREOREFRIKE L bIic Na #Effk
% L 7= (Fig. 1). = 0#55E FID Hifg <3 m#
FIRE [ U508 ¢ il & ey, SE fifgT
1T PVA ¥y K% M%7z phantom D{E5313F5E
I E L. “hid PYA gk iz sz Lic
£V, ZoEEh o Na 1o Te fE%EH L 72
o EEZONL. KRB XU Joseph &0
HEPOAKNTL FEOJRET, H5ED Na o
TefHREMH L TV D bDLEZ LN, EENT
PVA MyRICHY T2 KoaFEeLTix, BH, M
B oEREPEZOR, FIZ AL THBRNICHEE
+ % 7= %, fast component %, (% & A ¥ HIAN Na
PHDEFLEZONS. Ra b 3MKBA Na o
609, 7 fast component Th 5 L#HLE LTV,

29 % 12 % (1992)

%z Tz o fast component (J4{ANT XD X
IBRMTET DO EERL THL. AAN
T fast component 25 E5¥ 4 % 5K %, HilcHifa
N Na 23880145 Z & Tz, 7ok 23 MR
O EEMETCHEC L 0 AR ANFREIR S 72 o B A,
#h# (Na 150mEq) 23 #ifsy (Na 15mEQ) i {iEA
T2 T, MaN Na REG B354 00,
IO Na FRDPTFORELEDLEVZT LWy,
F: (2 slow component DI L 72 %', fast com-
ponent HIMIOJA L L Tix, KHF o s 5
7% Na 038N+ 5 Z EBRETRDOE H LT &
BEZLNS. | SFMEA JER) K170
T, AU INERIC X 2 BIREE L & 5 Vi3 AR
R, 7Aoo 2 —IREICX 5~ Y
By K, 7iv FEORF LV - LONEL
Lo, EIABMICIERZIC AL FEEL,
Bilck > T Ca BEFLRTVWAD, Zhnd
Na o T i< 288 % 5. 2 fast component £
DOJRRIC 75 % [ fEMED S % . & 72 patch clump %
Bl 7z AR EBR 110 o, LRI & ARG
Moo B iz MR Na channel oME % (2 L o,
e DBENBHLNT Z LMD, BIEHE (EE
HBTRIERBES THDHD) T, HRARICHIR
WK, MBRNA A oBRRRED Z L4145
EZz20601 51, A7 fast component 2L,
DI E LT, MREE TS, o
BRORHEIC L Y, b5 RO MILEE BT S
L, 1o 1 >o#ifao fast component & i1 [ U T
bEREDEFRAEAT 5. M, EE THRE
BED W LFEEREAEMT 5. Lok 57k fast
component DE{k%  Na|\gETL H 2, &0OICE
Bib+ 2 2 £ TENE, Na i sk Bopf
RiCHHShsaEEHEE R CHD LEX LR S.
Wi < &4 Na HEiffaS invivo (257 5 Hix O
oz Yy —=v 7L LCHERBEREE X5 2
LN THDEEZATVS.

AE, RN A2 1CH->T, KDz
LrEEIcvwihiz. $habb, AERIGMER
TREEBREFOBREVNRRCH D20, TX
%12 ER T, 30> fast component D%

Presented by Medical*Online



MR Na mi{§c X 2 sk o fast 1s X of slow component o5 B fig bt 1453

fbxk+ oo whHEIrEE L. R
FHWL Z Licky, —HEOBEE (#204) TIK
B h S IEFHMERIC D 2 2 K VWEBROE#R»E S
N5, I6ICHA DOEEE O Na phantom {, [A]E (<
#itg T &, phantom & kA% % v i _F < Hodk
+T5ZLNTES.

BED Na koK HE LTE, DMEEOHES
nhFHhs. TOREE LT, AENTE Na
BFMR 7w hrd 1/5000 L)z b & 5 D5,
FRALLEIZ e b icHERTA— K TORED
KEBNLEBLULR DT N, LinL, F0MH
g S, Na iz 5%+ REes ks
NHEBTHD LELHLNS.

V. & &8

I. NafRic Ky FEMas & &0 Ta Ffizh
R, PVA HyKzE R v ik L 7.

2. Na BB L (55 RE o Mic i IRk 2 7
ol

3.OEWAT L7 7 O HRBERELE T & KN
RO T, t B 1% (p<0.01) 2T, # Na
B X O slow component (ZH MDD AL,

4, JNRESE (BERSRE) i3, fast component @
HLubkRAnLn 2ok,

5. Na o fast component &3, HIfaDIREEH
LZVHEHIcE o TRAL EEZ LR, O
O 5 F A BRATT (3 i HLRE o BRERD 7o 1l & 15 2 T B
LLCHEThR LEZ LN,
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Summary

Quantitative Analysis of Sodium Fast and Slow Component
in In Vivo Human Brain Tissue Using MR Na Image

Hirokazu HirAI*, Katsuhito YAMAsSAKI*, Hitoshi KIDENA**
and Michio KoNo*

* Department of Radiology, Kobe University School of Medicine
** Department of Central Laboratory, Kobe University Hospital

In vivo sodium concentrations in the normal
brain tissue and a tumorous tissue were analyzed
using MR Na image. The nuclear magnetic reso-
nance enabled us to devide the signal from sodium
in the living tissue into 2 parts based on the
differences of T2 value. Those are fast component
having the T2 value of less than 5 msec and slow
component of 15-40 msec. We investigated the
effect of macromolecules on T2 value of sodium
image using polyvinylalcohol (PVA) powder. MR
Na image was taken with the parameters of TR/
TD, 110 ms/1.9 ms (FID image) and TR/TE,
110 ms/20 ms (SE image). Saline solution showed
high intensity on both FID image and SE image.
Saline solution added PVA (PVA phantom) also
showed high intensity on FID image, whereas the
signal intensity of PVA phantom in SE image
extinguished. To know the relation between the
signal intensity and sodium concentration, sodium
concentration—signal intensity curve was ob-
tained using phantoms with various sodium con-
centrations (0.05-1.0%;). This curve showed a

direct proportion between sodium concentration
and signal intensity on Na image. We measured
further the sodium concentrations of the human
brain tissue. Sodium phantoms were arranged
around the heads and the MR Na images of the
normal brains from 3 volunteers and a patient with
a brain tumor (meningioma) were taken. The
sodium concentrations of occipital lobe, basal
ganglia and the tumorous tissue were calculated
using the sodium concentration—signal intensity
curve obtained from the phantoms arranged
around the heads. Two tailed t-test shows signifi-
cant differences (p<0.01) in total sodium and
slow component between occipital lobe and basal
ganglia. Further more high concentration of fast
component in tumorous tissue was observed. As
fast component reflects the intracellular condition,
present experiments suggest that measurement of
fast component may be useful for obtaining the
functional information of the brain tissue.

Key words: MRI, Na image, in vivo.
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