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NMR-CT, cerebrospinal fluid, relaxation time

S N T E E L RN

The in vivo relaxation times for human cerebrospinal fluid (CSF) were examined.
The measurements were performed using NMR-CT for volume selective spectroscopy at
very low magnetic field at 0.14 Tesla. Subtracted signals of saturation recovery (SR) with
Carr-Purcell-Maiboom-Gill (CPMG) sequence from inversion recovery (IR) with CPMG
sequence were collected. In this case, inversion time were extremely long. This pulse
sequence was named SR-IR « CPMG method.

SR-IR « CPMG method was tested using the phantom with one vial filled with 0.9%
saline solution sorrounded by 19 vials of 5 mM solution of CuSO,. T, and T, relaxation
times for 0.9% saline solution were easily calculated witout the effect of 5 mM solution
of CuSO,. T, and T}, values of normal human CSF for seven normal volunteers were 3255
+280 msec and 1878153 msec, respectiverly. This method may be useful for characteriz-

ing normal variant and abnormal developmental CSF collections.
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180PULSE
SLICE SELECTION :
oP
PULSE 90PULSE
“&/ -’ H ﬂ '_l ﬂ oo0o000 H l’
Td 4 ocooo 31 32
) CPMG PULSE SEQUENCE [ Tw
Mo ECHO
1 2 3 4 oooo 31 32
1 4 //L”"
b
V
V]
-M.F
1 SR-IR - CPMG pulse sequence

The selective excitation of a slice is achieved by a combination of linear B,

gradients and frequency-selective rf pulses.

rf pulse sandwich is created exclusively in the plane of interest.

By the 45°selective -90° -45°selective

To compensate

for pulse imperfections, the experiment is repeated with the phase of the first 90°
broad band pulse (selection pulse) inverted. Observation pulse is followed by a

Carr-Purcell-Meiboom-Gill (CPMG) echo train,

and obtained signals are sub-

tracted. Fundamentaly, subtracted signals of saturation recovery (SR) from inversion
recovery (IR) are collected. Signal intensity (SI) of this sequence is
ST cc exp(~Td/ Ty) * exp(-nTe/Ty) * [(1—exp(-Tw/T}))

oc exp(-7d/ T,) * SI (CPMG)
n : echo number

SI (CPMG)

: signal intensity of the CPMG sequence.

The thickness of selected slice is about 15 mm.

I 2 Lok

IS4 B v I A oD AR A 23 e IO L 7 ¥R
KThHBHE LD, FOWRY EWINCEHTET 2
T LT AT R mr%@%% < FERED IR

=z £ 19864E 5 H12H

AT 1986456 A26H

PURIEE R (T980) &R 4-1
BAL R BB B B 72 7T UM AR R 0
FEERF
JIN="8" N
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CLETHD, oY ELFBRE LTNMR-
CT & X5 EAKRMoOME LA THS.

B7E ¥ cic NMR i 7 Fi 7 I Rl o % A
B BT 2 MG 20 B BHY. ZOfE
FRFRE R LR I\ S b B (T, Te)T
DEBI X 5 EY LclE? Tz ofELEE
P /RIF TR D, Brant® B3, BMEHKD X 51
T, (2R 0 B\ b 0 0 FRIIC v 8 O B gk
IR THD, B Tr v AGCTIESRE &
I EqNBERETHHEHRELTCS, L
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Td(W) Time

Bl 2 Echo signals of the SR-IR « CPMG pulse sequence

With extremery long 74d, the signal intensity (SI) of the 1st echo is expressed by

SI cc exp(—Td/T)) x exp(—Te/Ts)

And T, values can be calculated by using the intensity ratio of each 1st echo

signal. T, calculation is performed using the CPMG sequence.

MRS 1 B A 155 D505 % B L, KA SE
Atz Ly, T SRR o WE v JER
OIEFRERNCHE LIc &b TT — &+ v 7 ) v 75
KECHD, »o ERESL ER IS, £ T
bhbiuk, NMR @G X552 BRAL

NMR-CT & & 7% 38 7 o [ if 5 & | Cig%(0.14
Tesla) DA 227 b mx—&LLTHY, XHLICH
LA -5 00 2 R 1% A C I B YR o 1% Fn g el R E
HRHETDT, FOFRER IOHRYBRET 2.

2 ik - R

HAL K HER R Je AT > NMR-CT %4& (75
oA H —#E8LBNT 1000 J B, #EER,
EIREE 0. 14 Tesla) & v te, -3 A RF1X SR~
IR « CPMG gL FRLTWB DO FAV, K1

R X o A S E A SR) & KR
mEE AR) 0EFEBEZBD LD TH 5. K
Tir = 2 —FEn CPMG e X 50T 1 EOH
FETHEED I\ Ty [ExRDbh, SHICATA
SRR B 90° - L A F TOREE (T 241k
xgprolicky T, iy B PETE 07
(K 2).
KEDEEBEIRAD LI > 5 D T, T
EABEOECL O BHAEFIERVEDOND
HBEES LY RIBEETS.
SI.ocexp (=Td/T))
Ty Ty fEFNEEE
Td: A 54 ABRREN D 90° L AFET
D Ry
Fichh, RETHYL Td % Pd T A D IHE
;O%%ﬁﬁ%ﬁi@,%ﬁﬁﬁ@ﬁb%%ﬁ%
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BRI OEEDIZ LA\ HKEHE» bOFE
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KETEFR O b 0 & R b O2MRTET 5 b
HEW S O DRETER O BIEN ATRETH 5 0 E D
T, UFDO7 5 v b2 REBETHRE Lic, (BRI
DEVWH O E LT 5 mM ORI, R\ b D&
LT aE K (T, A/ T 2) 2 A v
o, EB L7 » v b AT,

AAERE0mM (N4 T 1AE)

B : 5 mM FHEASAK 1,140 m/ (19 &) oAl

A 60 ml H B o b D
C : 5 mM FREEEAWE 1, 140 ml o ¥ic A= & 60 ml
B TCH D,
UEn3EETHS., CO3SHEED 7 » v b A
DT

1) :@Eo» NMR @ (CPMG @« Tr=3
sec, Te=12msec, =z —$32) ks T, FHHE
B bR Ty fHRIE

2) : SR-IR « CPMG #hh bkedte Ty« Ty {H
e
iTotc, Ty s EB G TILEIFAC Mt Lic 50
v e D RIEDFHEY T, fHE Lz, SR-
IR « CPMG i3, T, 38w 7d 1, 500 msec
& 3,500 msec FREMEHL 30 [, Tp Fh&Ewix 7d
1,500 msec FEEEI¥ 60 BICRIE L, ¥, B
BRI T 9 BIRD A 7 A4 ARV A F TOW
M Tw iz 108 & L,

S HIERERE LT TOEREY To7, 5
S LTRRIRABEDO RS vT 4 7T AR
Wi,

(FRIREER 1) 1 Aot NMR-CT #%&
MR Rk & ¥ ANBET A EE Lic,
W< NMR @z B LT fAiiMEo2 A 7
4 AT SR-IR « CPMG Bic X h F5% ERL
7. Td % 100 msec 7 B 8,000 msec F TR 41T
e, 14 MWL, Tw iz 108, BHE
[@1% 20 [B]TTT - 7o

(HRIRSEBR 2) 2B o4 X LT Aiko #
5 4 2 H< SR-IR « CPMG #:T 8% L
#=. Td ¥ 3,500 msec & 5,500 msec, Tw ¥ 10
B, BEEH 20 [ETT -,

(EHRERS) 1 ADHBEOTH NMR (g
DiEfer SR-IR « CPMG #:(Td 3, 500 msec, Tw
10sec, Te 12msec, FFEEIF 2 B, =2 —# 32)
TIT- 7z,

7 v b AEBOFERYEL T,

5mM FiERRE D T, {EiX#) 130 msec, T {E
1% 120 msec ¢ SR-IR . CPMG 3 (7Td 100~
500 msec, Tw 10 %, FHEEIH S [E) TREI
7.

SR-IR « CPMG iz &5 Ty Ty, fHED 7 5
v ha A, B, CRBWTRESELWERX § 5
TLMTER, B, CO7,vIakhBEbhk
BRIXART L BERT SN i Brotke, T)
fETIXA, B, C\wIhofEd HECHHFMIC
BEER L. Lrl, Ty B BELTL 7
7V P ABOEPADHEL Y /NI I D HAD B
h, FHEH#H L SR-IR . CPMG kL 41
0.1% DREMRERTHEEREND -7,

FRIRERR 1 O#ERE M 3 1wrd., BEHOR 54
ATENTXTOMEM B HFIE LTo NMR (5
S0 T EfligErR L5, ZoilifRix SALS
(statistical analysis with least-squares fitting)® |z
IO LIckER, =20 BB RS
HEHEI NI, T bk T (BRI 306 msec, #9
511 msec ¥ X O'#J 3, 500 msec DKL 1T L b HER
Ih, FORAHIES7:105:30 LEIhL

MRIRER 2 TRo bt T) - T fEIX, Th?
NUTO®EY TH -7,

T, : 3, 233+ 280 msec
Ty : 1,878+153 msec
CPiofE = BEEEfFzE)
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A 4 POz 313 2 B4 BN % TR 72

% 1 T, and T, relaxation times for 0.9 % saline solution

Phanton

SR-IR - CPMG(T,) SR-IR .CPMG(T,) NMR imaging (T3)
(msec)

(msec) (msec)

A 2,580.0+124.4(n=9) 1,942.2+33.8(n=8) 2,027.5+32.7 (n=6)
B 2,647.84177.2(n=6) 1,776.6£57.9(n=6) 1,707.5+76.4 (n=6)
C 2,495.2+132.2(n =6) 1,901.8+98.2(n=6) 2,278.7+245.6(n =6)

values are mean +standerd deviation

n : number of experiments

Mo KSEER 3 T bivic NMR
IntEbhi: T SHEBEGY X 41T
R~ L7z,

4 % %

75 v b AEEBTIXB, CDO7 5
Vb AR B AR L TRERRE O 1
Bokir, EFADMEHR L ME
BOGRKLEI W 1:19ThHA Z &
LIREI N Fi, SR-IR .
CPMG B X B:HETIX, A DHE
o T, B 2,850 msec, 5mM
BrERgRw > T, {EAY 130 msec T
HoteDT, B+CD7 5 v bAad
LBELNE—FHDO =2 —-DESH
B SD 3,

SI=SI(NaCl) +SI(CuSO,)cc exp
(—Td/2,580) +exp (—=Td/130) &
FREh, SINaCl)/[SI(NaCl) +
SI(CuSOy ] DfEix Td 25 1,300
msec L H BT L L0 b, 13T
TR D BB O FEN IR It 5.
Lo C, Ty B w Td 1,500
msec ¥ X O 3,500 msec, Tp FHHEIT
Td 1,500 msec % F\u 7c,

75 v b AEBO ER) B, SR-
IR - CPMG Tl Td % &< &5
Z & & b ST o 48\ TRER HRIK

S..

N
1 Td=0.1s Td=1s
= T1:207ms 3 Tr:452ms
\ \ AR %
Td=4s =68
= T2:1783ms 2 Tu757ms
(4)

1 LI

0.5 1 2 3 4 5 6 7 8
Td(sec)

B 3 Echo signals from human brain obtained by SR-IR .
CPMG method

Semilog plot of signal intensity of 1st echo versus 7d. Points
represent experimental values. Obtained data are analyzed by
SALS (statistical analysis with least-squares fitting). And accord-
ing to AIC (Akaike’s information criterion), the multiexponential
decay functions that best fit the data consist of the sum of three
exponential functions. The fitted equation is:SI=87.1 exp
(—3.29 Td)+105.5 exp(—1.96 Td)+30.1 exp(—0. 282 7d)
T, calculations are done by least-squares fits. (upper right)
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4 T, imaging obtained using SR-IR - CPMG
method (7d=3,500 msec, Te=12 msec, 32
echo, Tw=10 sec)
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TR D VS & BV O 2o K & <
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msec TH D, I HE ST 5 BEITAER
DOFEFERL 2 SMAER TOCIKAE LY OES
ThHETFHEhD, MaxR5E, MEETIX
Ak URBEETES P BRI TE T, HERE
B/ AXVvILTHBE I L bnd, ZDOTZLE
IO ARETIE, BUBAOIINEERR LU0 LT0H
ARG EAERE LT EWwWr b, &
BI-FES K E B B KD MO ZHITESL ) TARET
I NEL DT, BROBDIL, Wb a [l
Exhic | MEHE IV OEZFLLTIVWTHA
510,12).

S LM O EL, JhEL FE L osgiic
X % bulk flow 0 #84 Fie I hallis bigy,
EH O REE Tk MR EEE X 20ml/
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e BIIS 2w Bhhs, Du Boulay 519
DETIE, EWATE T, - T, HICHEY 5 2
513 E D ik FFE Lis\ & Sh, Hopkins H*
DL bulk flow 11 0.35 m//min TH b,
FOEEY BLUADO T — i Lnfs bisuv& L
T 5,

oEX b, NMR-CT #2727 btmx—&LL
CH\,, SR-IR - CPMG ¥ X b Td % 3,000
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ThsHIEhbholk,

T, MERFER2 i1z Td % 3,500 msec &
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THY, BHOHERCELTERANTHS., A5
AARESTAHZ LI LD & B PIE R 8 HE
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TEIR Lo g o T, fE% 3, 80022120 msec,
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2B,

KEETIE, A5 ANCRERABA-TLE S &
T OREFIRER N2 78 ) BV o T, MEHKDOES
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HBHLEOBREPRHY, TOFREERELDT
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LTz bhAD TRt iFE LT 5,

5 ¥ & ®

NMR-CT #%@&% WmEO HEREG s [ U s
(0.14 Tesla) DA 27 b r A —& L LTHW, -
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B D T, - Ty fERIRR% 285 IE T & 7,
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