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Magnetic resonance imaging (MRI) was performed 24 times on 18 patients with

intracranial tumors, before and after intravenous administration of gadolinium-DTPA
(Gd-DTPA) with the dose of 0.1 mmolkg.

Rl value (T1:300/1000, matrix ; 128 x 128) was measured in sequence after
administration of Gd-DTPA, whose enhancement efficacy and blood flow parameters
were examined by Two-exponential model. One astrocytoma grade Il patient, two
pituitary adenoma patients and one cavernous hemangioma patient were examined by
this model before and after radiotherapy. Each tumor had its own special pattern of
Two-exponential curve before radiotherapy. Each pattern of these three tumors moved
down in parallel after radiotherapy. The differences of Two-exponential curve among
these three brain tumors before or after radiotherapy were considered to indicate the
changes of the capillary walls in the irradiated tumor tissues.

After administration of Gd-DTPA, increased signal intensity from the tumors was
observed in all patients.

There were no side effects of Gd-DTPA in all the patients that were injected with
Gd-DTPA intravenously.
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RO BEHRIGEIC BT 5 MRI OEENZ, X 17
CT tRU &S cEDRESHINT 25 5L %
D 3 RTTHIZHTRED FrIE % 2 2 L 7 ARG R
HEADFESRENEZ NS, LA IHE
@ proton relaxation ZHE & 3% MRI IZE\»
T, BB AEESE OHFIRLTL S5
Tk, 22T X # CT @ contrast medium
DO X EFFORFED IR S LTk,

GADTPA R EHMOHZTHETRTH 3
Gadolinium @ ¥ v — b ﬂ:A%f, HBHEOD 2
EEH L LTS T 3(1), AFIDO MRI O
avhI A l\%?ﬁxﬂ%kﬁ?’%ﬁﬁ kRS S
nTw5(2),

4 1x Gd-DTPA % MEE D MRI # H‘ﬁkl_
FAL, GAdDTPA 5% ® RIfE (fEFEM=R
/T 1) =REFNCEIEL, ZhickD HE%_%H%&
b o MR A F % Two-exponential model i T
FTE L, MERIEEREOBER % Two-ex-
ponential curve M/ $% — > DELEIZ & D #REF L
72. X GA-DTPA i & % fEE D contrast enhan-
cement AR DOMES 2175 & £1Z, BUAERDIEE
o, MRI IZ & D BF 22 LEE 2 E5 L
7D THE THET 5.

BEBI & T5i%]

18 D B g 12, DX 24 [E D Gd-DTPA
12 &% MRI DIRERTT-o72, 18D 5 Bk
astrocytoma grade II 11, 14 #, pituitary
adenoma 5 #fl, rec. ependymoma 1 %, menin-
gioma 1 fl, rec.L-thalamus tumor 1 #l,
craniopharyngioma 1 fl, pontine glioma 1

#l, oligodendroglioma 1 #l, Cushing syn-
drome 1 fil, cavernous hemangioma 1% T#®

FIREESE Vol. 7 No. 2 (1987) 33

Gd-DTPA #5% 0 MRI IZ £ 2 [EBOMBEATF O & 2> b 7 A HIERHR

% (Tablel). Z® 9 b astrocytoma grade III
@ 3@ (GERI2, 4, 5), pituitary adenoma O
2 %1 GiEF18, 9), cavernous hemangioma 1
Bl GERFI 18) 1%, MURFRIGERFAARTD 5 V36
PR T2 RI(1/T 15 3001000, matrix ; 128
X 128) % REFAICEIE L, EENOmRREF
ZRE LT, 2> b T A BEEIROHIE X
RI & LD GAd-DTPA %5/t & B 5& I &
b enhance SN ERTOLE TITo 72,

MRI DGz EbE MK-J, 0.1 T %,
B BEES D MRI #1213 head coil 2 A7z, &
EHEIERORBES & CHEHRIGEREO RIE
D FEIZ XY transaxial, coronal, sagittal %
zhENEGTT 7,

Gd-DTPA iZy ==V v r7thick v FE5 sz
0.5 mmol/L IBEOFERAWE A\ iz, BEAD
MRI Z##%, 0.1mmol/kg ® Gd-DTPA %
FHEeRE D 19 20 ml OEETIEAL, EAE
B SEBEDRSIZ > E D LI slice 2T,
RIfE® & U RI B2 FRICHEER L. 755
N7zEE LY GA-DTPA @ 2> b7 A EE5ER)
B 2¥7E L, Two-exponential model % > T
MEEA O IMIREAEF AT L 7.

[Two-exponential model 2 \>T]

Mg & EEHEMBOM T Two compartment
model Zf#H T 1IE, Two-exponential model
BHERTE LD TRABLUTO LS 2 HEx2R
WCEBMED S Y — > DERE{To 2,

Gd-DTPA % 0.1 mmol/kg #i¥#, RI{EZ%
BREICEIE L, T & Two-exponential
curve REHWTHRE ST A -y —%2FHEL, E
BAOMFERERFOELEMRET L7,
Rt=PlXexp (-t/P2) —P 3Xexp (-t/P 4)
Pl: EE»oOEXKID 7 )7 7> AHED

0 KoM (E (sec™)
P2 . [ELEKEE (min)



paterte | Diagoss | O rtmrecnent eaey | S T cumene]| FAIOR0 s
1. NH m 28| astrocytoma II ++ (=) (=) 3.7
2. KK m 47 | astrocytoma III (1) +++ (=) before RT
Y ) (1) ++ (=) after RT
3. TK m 36| astrocytoma III +++ (=) () 0.5
4. US m 54 | astrocytoma III ++ (=) before RT
5. TK f 43| astrocytoma III ++ (—) before RT
6. MK f 48| pituitary adenoma ++ (=) (=) 0.1
7. KK f 25| pituitary adenoma ++ (=) (=) 4.3
8. CM f 62| pituitary adenoma (1) +++ (=) before RT
) ) (11) +++ (=) after RT
9. TS f 42| pituitary adenoma (1) +++ (=) before RT
) ) (1) ++ (=) after RT
10. K I m 57 | pituitary adenoma +++ (=) (=) 5.8
11. HK m 40 | craniopharyngioma +++ (=) (—) 4.0
12. KS f 57| rec. ependymoma +++ (—=) (+) 15.0
13. SY m 17 | recL-thalamus tumor (1) +++ (=) (+) 3.9
) ) (1) +++ (=) (+) before RT
Y ) (1m) +++ (=) (+) after RT
14. MH f 50 | pontine glioma ++ (=) (=) 4.2
15. HN f 34| oligodendroglioma ++ (=) (=) 0.3
16. MY f 50 | falx meningioma ++ (—) (£) 0.11
17. T O f 41| Cushing syndrome ++ (=) (=) 7.6
18. TK f 41| cavernous hemangioma (1) +++ (=) before RT
N N (11) +++ (=) after RT
Enhancement efficacy ; fair(+), good(+ +) and excellent(+ + ) after intravenous administration
of Gd-DTPA (0.1mmol/kg)
Table 1 © Patients characteristics, contrast enhancement efficacy of Gd-DTPA in T1 weighted
MR imaging and its side effect.
P33 EE~OEEXIDOID AAHED 0 Foh ﬁﬁ%ﬁ@mft%i\_%bf’%@f“%é
FE (sec?) FIERHR 5 HO MO RIED BN
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Gd-DTPA #5%® MRIIZ & 2 EEO MHAFOBE & 2>+ 7 2 MEEZIER

Patient Diagnosis Radiotherapy (TDF) P1 P2 P3 P4
0* (I) 2.36 685 0.543 5.38

2. KK. 47 M | astrocytoma grade Il 9 (1) 2.99 348 1.39 6.74
4. US. 54 M | astrocytoma grade Il 0* (I) 3.00 348 0.282 5.94
5. TXK. 43 F | astrocytoma grade III 0* (I) 2.06 579 0.203 4.96
o 0* (I) 3.92 126 1.72 0.463

8. CM. 62 F | pituitary adenoma 92 (1) 4.34 73.9 2.07 1.98
o 0* (I) 3.58 117 1.26 0.393

9. TS 42 F | pituitary adenoma 91 (II) 3.72 80.8 1.60 0.399
. 0* (I) 3.10 1100 0.724 12.1

18. T.K. 41 F | cavernous hemangioma 26 (II) 10.7 38.6 8.81 27.7

0* : before radiotherapy

Table 2 . Parameters of blood flow of brain tumor
DTPA administration.

RI B & OB ALERFI DZEAL & BRED
FEEEsRTeEZoN 3, BLSEIIRE
BHEORFIELDAEREL DT, BT
FEEAEMO RIEZ D b D2 AL 72,

L IATEHEERLTWAEEHFIE GAd-DTPA
THY, REZAIIBEEFICB WAL #ERS
T3 *m Te.DTPA L RIEOEREL T L, Il
H27 )72 AEE &0 HRS EEEIR 20 4
LF W, 7 DTPA BESTTHEDTESIC
MERER L2 THELT 2 (MFRAMBEFT I3 EE L
Ev) OTHBADERAREDEIZ, &S5
ERFFCEEVMFRERTEEbIC2 )7
TYAEND, £ZBH, MBI
MEBLTIEHAE—NIZLD, £7207 3
YA Y ERRCMFE LB AE—RIc k3,

FITRAIORIC DOV TITE 1 EAHEG &
DI7VT I VARRT DT, F2HEHNMA &
D DK, EBRIIIEBAOWMD AHEZRT b
DTH5,

by Two-exponential model after Gd-

(&R ]

@ Two-exponential model I & % [EE DI

RF D test

EEREFVAEROTEHELER 2, 4, 5,
8 9, 8DP 1, P2, P3, PA4{BIZ# 1
Zh Table2 DWW THZ, INHD/NF A—%
—OfEI, BUARIZO P 1, P 3 [EAER 2, 8,
9, 18 THEMROMER 2R L 72, T75b b BIEERD
P1, P 3 EIEBUGHTO Z 1 & 1 b L CBEnO &R
WZh o7z,

Table 2 DfEHI 2, 4, 5, 8, 9, 18D (1),
(I) 22 nBEHiRE RGO PE (1)
CWREKTIEO PE (1) 2K, ZHoMEH
(FEB 2, 8, 9, 18) D Two-exponential curve
EFEBHAICERT 2 & Fig 1, Fig 2, Fig
SO THY, WEEOMEE (1) 2 REEH]
DR (1) LT, 2L L T TFTANFET
BB T 2MERICH 2 T £ HI5H B, astrocytoma
grade MIDFER 2 Ti, BUERTO (1) kL T
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(1) K is il
2.757
X
2.06 () fa %
1.374
6884 astrocytoma grade III
0 T T T T 1
0 5 10 20 25 30

TIME

Fig. 1 Two-exponential curves of astrocytoma
grade IIl patient (case 2) before (1) and
after (II) radiotherapy. Ordinate; lon-

gitudinal relaxation rate (%), Abscissa;
time after administration of Gd-DTPA

(minutes).

ARSI & 22 D FAAEEIL T\ 2 (Fig 1),
pituitary adenoma ® JE %l 8, 9 T iz,
astrocytoma fFEFNZ EE 2 £ ¥THED GAd-DTPA
DIECRENRIBTH 25, Hussk (1) 137
EPIHIFH OB LRI T A BET 2 (Fig
2). cavernous hemangioma D¥E] 18 T,

HIARIZ 2ERICFETH 2 53, BOEBO MR IZFE
RICTANEEHT 2 (Fig 3).

BIERTD astrocytoman grade III (FEf 2,
4, 5), pituitary adenoma GEFI8, 9),
cavernous hemangioma (i %1 18) @ Two-
exponential curve * LB T 3 &, REER D /<

36 H#4EESE Vol. 7 No. 2 (1987)



Gd-DTPA #5%0 MRI 2 & 2 BEOMKRFOMRE £ 2> b 5 2 b HEESHE

before injection

20 min.

10 min.
A
4.021
X
3.014 (1) ¥k i
2.014
(1) % & #%
(Case 8)
1.004
pituitary adenoma
() T T T T T 1
0 10 20 30 40 50 60
TIME

Fig. 2 . Two-exponential curves

1

1

before injection

10 min. 20

min.
.62+
.214
(1) i ¥ Al
i \\
a5 =Y () B i
pituitary adenoma
T T T 1

0 5 10 15 20 25 30
TIME

of pituitary adenoma patients (case8, case9) before

(I)and after (II)radiotherapy. MRI shows the serial one after Gd-DTPA administra-
tion of the case 8 before (A) and after (B) radiotherapy. Ordinate ; longitudinal relax-
ation rate(%), Abscissa ; time after administration of Gd-DTPA (minutes).

F—Y Il HDRBENENT LD, 2,

astrocytoma grade IlliZ Gd-DTPA @ EE K
IEELSE <, O HEMEE & 32 >, pituitary
adenoma (&, FEBEAHLHGRE 3 <, 4D Hbg

BNZ T eI S N2 & & 53930 3 . caver-
nous hemangioma Tit Gd-DTPA D JEE A
B 30 oMz ERED51F 5 (Fig 4).

@ MRI_ET® GA-DTPA ® 3> b 5 & | Hgas
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A before injection

.

C before injection

2.957
x (1) e i& Al

pay

(1) ik &

L7384 cavernous hemangioma

0 5 10 15 20 25 30
TIME

B 20 min.

D 20 min.

Fig. 3 | Two-exponential curves of cavernous
hemangioma patient (case 18) before (I)
and after (II) radiotherapy. (A) (B); MRI
before radiotherapy, before (A) and after
(B) Gd-DTPA administration. (C) (D) ;
MRI after radiotherapy, before (C) and
after (D) Gd-DTPA administration. Or-
dinate: :longitudinal relaxation rate (%),
Abscissa : time after administration of
Gd-DTPA (minutes) .
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2.84-/”—\
X
2.134
1.42
L7114 astrocytoma grade III
0 T T T T T — 1
0 5 10 15 20 25 30
TIME
3.834
X
2.874
1.914
9574 pituitary adenoma
() T T T T T 1
0 5 10 15 20 25 30
TIME
2.954
>< /_//_/
2.214
1.474
L7384 cavernous hemangioma
() T T T T T 1
0 5 10 15 20 25 30
TIME

Fig. 4 . Patterns of two-exponential curves before
radiotherapy of the Gd-DTPA administra-
tion.

FHERIZDWNWT

GAd-DTPA IC X 2[EHED 2 > 7 A b HE50%)
RiZ18BIePhich ), EEAL LTXHECT I
B2 3 —FENILET 2 b 0 L Bz (Table

Gd-DTPA #5% 0 MRI 2 & 2 [EBOMARFOMRE & 3> b 5 2 #Eimzhe

1).

Z I TIRBSEER RS, R
b GAd-DTPA &R MRI 2 & ) RS HEEZ
Wi, BFEME2ZT7: 252 R
(EFI12)  K.S57F % L-lateral

ventricle ependymoma

LEEE R IBAI404E 9 A 2 HIoF M. REA
6FIH22HIVFEEL B 11 HzTV=7v
7 X #1ZC TDF 82 OEHREE 213 7-. I8
5% 15 £ 1% neurological free TH A4
EEEE AT, M 6149 HHE, 2104
AT, BOBEREE, HEERLHE LR
L7c, BHHED D D ILBERMEREHEEE, © 25
V> MRI Zif7T L7z, GAd-DTPA 12 & 0 B3
Fig.5-A @41 < IEHIZ cystic IZ enchance & 1
FFE SR, BER1 61 45 11 B 20 HicEF 22
TEBOBEREECH SN, iRIEaR
FThs,

(fE] 13) S.V.17 F H L-thalamus tumor

LEEED OB 58 £ 2 H 9 AL h[EE 3
A2 BETY)=7v 2 X #12C TDF 89 DR
MRIGHE &3 0 72, BAT: R-hemiparesis %% L
TEFL, SEMIRRER BB 7. BB 61
FLAEIVIBL 54, BEREESHEL,
Gd-DTPA iZ & % enhanced MRI % #5171 7-.
Fig.5-B DI [EPZEED 213> % 1 enhan-
ce SNTIEFHHEH S ntz, BB 61 4 11 H5
HEFM220, KEZH I pilocytic
astrocytoma Th - 7. WAEFRE T CH 3,

K2H0a<,Gd-DTPA @ 0.1 mmol/kg %
BET 2212k, EERETRES & 0z
oo &n LXRlEN, BEOBE, HE
BEPHBITE R L3157, XZDZ &t
A5 D TR ARG TR DB D BB ST BT D 2% 1o 5
Thoiz.

@RIEMICOWT
BIER & LTIE, 3—NHIOMEEE, B,
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before injection

20 min.

10 min.

10 min. 20 min.

Fig. 5 Contrast enhancement efficacy: Serial MRI after Gd-DTPA administration.

A ; case 12 (rec. ependymoma), B ; case 13 (rec. L-thalamus tumor).

Lo BU&K, »Ew», Yay7Edkhl, K-
FAFAEZBEL RO TEFINT 2 ALER
ERE e ol

x4

Gd-DTPA IF Gd,0, £ DTPA L h&# xR,
{KJEEE T Y proton relaxation time % FGf# S €,
LZelOBHEEITH L LEbN T 5.

Gd-DTPA 2EBN BRI DA Z NS
AH=ZRALE, XECT O3 —FEIOZNIH
ELTWwWa EEZHBNTWS, Thbb, EE
NoOEMEBEDZ L2 L » BBB (blood brain
barrier) 2HE X, GA-DTPA #SIESHCH
TEBNICRDAENE LEZ 6N, ZDZ
L HE Y 2 Fronts O #RE(3)®, MO

= b=V ERNBEERNICES T 2 L HR 2
BBB DB AET 2 Lo HEW) R e S HEE
SEWLTHA,

oz 1ZBiEE O MRI #RI&OE GAd-DTPA %
BE5LT, a7 A MEEMRERD T2
B, RERFADICHEIE U7z RIMER A THRETL 72
Two-exponential curve ® P (%, % 18 EH!
ORI IF—EDMERS Ondihol, I
EGID i &, EEOHBFNLER L
32, BURRT, BURBROERHANELZ Z L
REMBFEREEZEZ 5Nz, L s ICEEATERD
P (&% BEFIE LB T 5 & (GERFI2, 8, 9,
18), BUAHTO P 1, P 3fEICEL L THURR D P 1,
P3nZFNEFNHEIML T3, P2EIIIEREIC
B L, PAEIRBIARICHEIIL Twa, 2ns
ZHRARD /XY — 3, BUERIC—EDEE 23

40 H#EERE Vol. 7 No. 2 (1987)



22rE—T3, TRbbEEED Two-
exponential curve SHEHRIEEREIC T B
BT 20 —EDY—ERLTWS, fl
%2 1% astrocytoma grade III & pituitary
adenoma @ 2 JE# & cavernous hemangioma

RHET 2L, REROEBLMERE L DE:
ALTWw2E5ICRZ5, LeUVERS PR
DTHERIE Z LIZE 2, SRECEMNZ
BABR TR THTETDH 2.

(&5

Gd-DTPA % #% 5 %ZERFHNC RIME (T 1: 300
/1000, matrix : 128x128) % #l % L, Two-
exponential model IZfE > T/¥F X —% — 2GS
L 7z. astrocytoma grade I, pituitary
adenoma, cavernous hemangioma D% &M
ORI D /8 — > B X CHREHRIEERTR O FEF]
BO/NY — ICHERD BB ERD T,

MRI D3> b Z A bEEEINR % HIRF L T Gd-

Gd-DTPA #5# 0 MRI I & 2 EEBOMBEEFOMRET & 2> b T X BEEIR

DTPA % 18 BIDRIEBE BE &S5 Uiz, AFID
ar b7 A MNERSRIEGFT, BICEIEE %
ROT» T,
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