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For the fundamental interpretation of NMR-CT images, we measured the proton

relaxation times of tumor tissues ¢z wvitro by an ordinary NMR spectrometer and
compared these data with images of NMR-CT.

Measurements of proton relaxation times in vitro were made in various types of
brain tumors immediately after the surgical operation by using a JEOL PFT-100 NMR
spectrometer (2.4 Tesla). 71 was measured by the inversion recovery method with 13
times repetition of aquisition of FID signals at various intervals between 180°-90° pulse
(). T» was measured by the Meiboom-Gill pulse sequences, acquiring 80 spin echo
singnals for 800 msec.

NMR-CT images of spin density and inversion recovery (IR) were obtained by a
spin warp method with a prototype NMR-CT (Shimadzu Co., Japan), which was
operated at 0.15 Tesla with a resistive magnet. Several IR images were obtained in
the same slice by changing the t value. 7' relaxation decay curve was drawn by
plotting the signal intensity of tumor tissue versus ¢ value. From this relaxation curve,
in vivo T value (T4*) was calculated by the zero-crossing method.

Relaxation times in wvitro, both 71 and T%, prolonged in most cases of brain tumors.
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It was difficult to make the histological diagnosis only by relaxation times in wvitro
because these values overlapped among various histological types. Brain tumors with
longer relaxation times in vitro showed the gradual slope of T relaxation decay curve
as the 7 value increased in the IR images of NMR-CT, resulting in the minimum
signal intensity at longer . Tumors with shorter relaxation times iz wvitro showed the
steep slope of relaxation decay curve, resulting in the minimum signal intensity at
shorter = value. In vivo relaxation time, 74%, is well correlated with iz wvitro
relaxation time of tumor tissues. These results proved that IR images of NMR-CT
represent the changes of 7% values of the tissues well. It is important to compared

proton relaxation times iz vitro with the in vivo data of NMR-CT for the fundamental

interpretation of NMR-CT images.
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NMR-CT DERIGHEM EE b, HExDRED
ZHcAVWO A X DI TE . L LEI
ERZWE &\ 5 IBD B0 D T, B hiE
POMHTPEGEDBFILEE L FENS . LD
b, L L HFEEERHIET 51 &M D imaging
DFHBER, SAARFULED L5 Ted DR
LWL TIL V. ZoEHBAELT, X
CT %A ERcH, NMR %D b DO
(& T RRESGE) ~O#ADER 2% <,
EWBrE D ieh ooz &%, NMR-CT DB%
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CT B0 @D icd 0 AWML IT> & &L
to. SENIMEEREO BB I OWT, in vitro
DREFMRHEAZREL, BbhicfERs NMR-CT
B E DX EH T, BN O 7o DO FEREN R
a5 &Lk,

2 7

1 in vitro [C&1T 2 HIEZ O 'H fEF0EEEAIE

Fic THREE L c £Eo MERARE BEb I
NMR & (4 10mm) AN THEE L, pulse
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Tesla) &€ *H ZFEHE (T, T.) RIE L.
T (% 180°—7-90° %)V AZ X % inversion recov-
ery {EIC CHIZE L7z, © % 10msec 235 2000 msec
¥ CHEACE L, 16 BEDOHRL T 13 A0 FID
BEWME (M) #*BRL, & B (Mo—M.)/
2Mo % 7 v v b L, TORIFERDOAELD Th
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&5 —REFERCER S, £OFRNE T
fBx HH L., LaLl, EEAME T —®kER
B8 Lt d O 5 %< (nonexponential
decay), T2\l Ld 2D X VA EEL
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1 In vitro proton relaxation times in brain tumors®.
Many cases of brain tumors demonstrated two components of 7%, of which the
slow component is shown as open circle in the figure.

7. AZEEIX 0.15Tesla OFBERAE AL,

spin warp I THIBGAB 5%, ERHT
256X 256 T, multislice ¥ X 5 spin density &
O, 180°-7-90° -3/ A2 X % inversion recovery
(IR) B&E1. IRBIX, EE RLELHET
& % slice T, 7 % 100~600msec D Hic b« 254t
IRTC, S5~6EEBEEEL. 90° SAANLEKRD
180° ~sn- A % T k@ (8 D& LESR) 13 1000
msec & Lic. [EEHHDOHEFZY 9~16 Y, *
DFEZAM LESREL Lic. coXsicl
TROIEFOFEEREZR c BT TRy LT
T, MR 2187, AL, FEFOMEIL 2 KT
7 =) =EREOREMETEL N B D, T i
AR A ERL T B RECIX, T OMEDIE AR
IhPREL, 0 T) EMEE»S T) [ExE
BT 57y, FBEMEN0LRBEAD ¢k
MBHZ LWL ->THRETH A, FEmEL LT
LRTWAZDOFERETLT, NMR-CT b &

bR D Ty MR D T EEEE L. B 2 NMR-CT images in a case of hemangioma
LaLl, EBIIT AL ADE R LR O ERE N adjacent to the fourth ventricle.
AoTLBDT, EDOETIEE 725 NMR-CT a)-c) Inversion recovery images

. « . " a) t=150 msec b) =300 msec
MmbhRDI: Tk T EEBR L. o T % c) t=450msec

FTRRCRIE Lic in vitro ® T H & T L d) Spin density image
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LU RIEEDOREN S DA%, astrocyto-
ma, meningioma TIXZDREMNFESLH LS DA

B 3 NMR-CT images in a case of dermoid in
the clival region.

a)-c) Inversion recovery images
a) t=200msec b) t=350msec
¢) =450 msec

d)  Spin density image

2o,

2 NMR-CT & in vitro T & DHER

LEET L 3 6o NMR-CT %X 2,3,41C
s L7c. 2 ® hemangioma D | Tl¥, in vitro
T Ty 1% 127 msec L iBUmICE D <, NMR-CT O
IR £ Tl¥ t=100msec THFE5ME, =150
msec TH/ND FEHHE, r=300msec, =450
msec & t BRLTHRLKE - TEFREIZRL Tt
> T oz, X3 d dermoid DFITIE, in vitro
BIZET 2151msec L IFFICR Th [EZ R LI
7%, NMR-CT Ti¥ ¢ % 200msec, 300msec &
R BB > TEBSBETEIRES Lo T\
7z. X4 D cerebellar astrocytoma O fI T,
in vitro Thi ¥ 1292msec & i 2 FEFID % 7~

4 NMR-CT images in a case of malignant
cerebellar astrocytoma.

a)-c) Inversion recovery images
a) t=100msec b) ©=2300msec
¢) t=500msec

d) Spin deneity image
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5 Plotting of NMR signal intensity versus
interpulse interval (¢) in three cases of brain

tumors.
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B 6 Plotting of in wvitro Ti versus in vivo Tv*.

NMR FE

7 NMR-CT images in a case of convexity
meningioma.

a)-c) Inversion recovery images
a) b)
c)

) Spin density image
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Vol. 4 No.1 (1984) 61



R % T L T L D D R RO T DO A DTN LR OO R O RO DO R T TR T

Ry, FEH LD in vitro SEFIREE & ©
KENDLEMFT IS ETHAAMTRIEEA
Yot TOEMIE, NMR-CT Tix% < D
BE BB Y155 HELHEORMMF D 1o,
T fBRGH EHCR Y BT LA RETHS
L, RO in vitro DEE & NMR-CT & Tii#
WP Rz 5O CHEDHKIAERETHD Z L2
ol Bhbhs. 4E, 4217 NMR-
CT @ IR @b Th iR Z koD, T 2H
H3 5, #R—RIe NMR THWHb T
W HEBIREL, EfT - L LToOMBRIEL
TW5b, FEE EEO TV EXin vitro ® T
fEE BB RD b i, 2D X 51T in vitro
DF—2TIRBOFINBRTELLEWD Z &
1L, PEERE 4« DR TR T\ e in vitro &
AR EREN AR T — 2 L LThENRDL T L
with, BEERERTHS.

T fEFI AR, EEUSCTL EEOKEE L

BB OREEENRT I b BB oM b IGH X
no0 IR BEFE 2 H L THRICILD. LaL,
¥ D RO T IR BEED e T RIEFH
HEFT LD, WREOHNIVLETHS. XD
e T NRDEND Z ENEE L. TOR
Bz, FH LTS5 NMR-CT %E& TRAIA R
> T EN EDBRENDHON LD ->TE
ME,EEN0 L BRIRD « DEBRD A 2~3 K
WHZER I, KRWAST T Bkdbh b
ThbHH. FLERC O TEMEERESH 58
EFRTEE, ThiEHHED 2 Ehfis
PRETE, ERECHERREGSMAI N
BEGaELZ ENTES,

Rxix, &b Ty EFMEOEALED S
e, EBRY, MALHEO T Hifhci
B IL N TE HIERAEA TR 2N
7z. X 7 1% convexity meningioma DT, £ ®D
T Sl a8 em L. BLMCHE, K

2000 T T T T T T T
» T
= -
= -7 -~
2 1000 e A
>..
o
<
o
=
i
< 0
w
>
= .
> A CEREBRUM (WHITE MATTER) 389
o ‘000[‘ 4 CEREBRUM (GRAY MATTER) 483 |
X o TUMOR (MENINGIOMA) 541
o ® EDEMATOUS BRAIN 750

O VENTRICLE
| I | | L L L I
2000 100 200 300 400 500 600 700 800

62

INTERPULSE INTERVAL (7) msec

B 8 Plotting of NMR signal intensity versus interpulse interval (z) in a case
demonstrated at Fig. 7.
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B 9 NMR-CT images in a case of posterior

fossa ependymoma.

a)-c) Inversion recovery images
a) t=200msec b)) ¢=450msec
¢) t=600msec

d) Spin density image
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B 10 Plotting of NMR signal intensity versus interpulse interval (r) in a case of

posterior fossa meningioma demonstrated at Fig. 9.
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