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MRI (Z k % B BhREMEpE R A 1 0 ER OB 5T
—— SRBRERHSAE & R R O IS I > T —

U S

BE WHERR LOEHERICRT S b= — B HOREAE (R]) OBLE BRI T vy P L
7z, Wbws MRI BTV 77 2k 0T, BRABEEHERTO b v —F —ORELLERIL, 4
HHEE D A BTN 2 3 A 2. b L —H — & L CEBE o Gd-DTPA (diethylene triamin pentaacetic acid)
M, KEOH#HIKRE Y 0.05 mmol/kg #5.4%, R1 HHEMR) EOLEZRE L. KBEFVELT
W, KRICE Y EEFITH, REME S F, BRI 3 F, v A77F 2mgke #5264, SHiCk
B & U THUR#R (Co-60) 15 Gy % 4% R ~BK % 1 FfEm L 7.

SRER(ABERE 5 2 —# L LT GFR (glomerular filtration ratio) i %, JREEHRE 5 2 —# L L TR
fill, WfROR & R ARIE O SN R BR LA ETEMZ 1T - 72,

MRI iz X 2 BEERAEIC L Y, BREOAE TH 5 L EMAE L SIAREY ML TIRX 5 Z L 23WHE

TH DLW RRIES .

L ZC&®IC

JRADEBREHIE D ST 2 — & & BERMICRIE S
DH L, REROMESENTEC L ) KRR A
MENTWD D, HEARCHENC X 2 RINO 729
I, BRI TR O ORIESKE L £ 5179,

L2L MRICE Y b v—y —# 5% 0 BT
25 Rl EOE(L % REFHIC BBF+ 5 MRI
V757 44— TREOLENREND T, 48
BEERERELE~ O % %, GFR {E0HEMN
BOBRERREERT>TERSD. 2 Z T4EE,
MRI GV 2 75 Lic X > TERED B 5T,
BB ToOERAOPEICRIEZ LML TitB T X
5T LEHWT, 26 0EICH T B RFTL /
75 LERT A LT XY HEIRAGHEE

* BURRRE SR A IR R T 258
At 6I4E10 1 H
BACRZA 61412 A 9 H
BIREERAE © FHEFHUI 49-1 (B 260)
TR HRIE S4B IR 4 PR R RF 2230
U I SN

FA—2 OHEBEEERL, BEBME - HIERRE
DI 2 R, & IR o S EEHE
SDWTLEERICE Y 20BEMEERFI Lo
TZZIiCHET 5.
II. &&®LAHE

MRI (3% =8 %I fH Mark-J (0.1 Tesla, 7w kv~
DS E S 4.5 MHz) 2 v, S0 2 RFVERE
skkFI W T & 72 T1 (300, 1,000) #5ic & v, T1 &
DKM FEZ LT 1/T1 (REREfER, LAk R1) o
P& A 1T > T R EAER LERA L7257, =
A MTEE 24 cm OFEHH a4 vEH W,
EEBIC A% VERBO+ 2K BV, ER
EF AL LTCIEEFITH, ol Lk
D IRERER 8, EEARMZE 3B & (B LD, &
HIZY R F L 2 mglkg #E 2 il X OAR
LA~ Co-60 y %1 15 Gy 1 [AIFR& 1 Fl 2 ERL L,
S HIBHRBICOWTIE, B S B e IE
BHOTHEEHIC>WT, BEEKL 4 HEoO 2 [
REEITO L & bic, BMHET - THEEAZ
Bk L7z, Gd-DTPA 3 %ic s L= HEEicit -
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TR LT bok, EHAIL LTERL,

#5803 0.05 mmol/kg & L729.

RI1 fEORIE 3 AR & #i-# 5 o HIRR
TREEFIIZ9000 £ £ TITV, Hifg E TE KA
X OB R % ROI (region of interest) JLEEIC

D, TV 75 NEERLED.

FEHONFT v, 775X GFR iz EH L,

GFR fH L BHEIBO NPTV 2 75 L X 0 RAE
ST A —wxBEH L2, 22T GFR [HOEH
HET CICBERL2TH DO T, WA ik S
7 A— s HHEER 5.

RIMEREENS A — 2B

BB L Y I8 S h e rER R OB, BEE
%3 U THEI L 8 X 0 Rt S h s Rl o R
BLnWETHZEIEY, (AD) KPR T 5.

S;Gdeh:ﬁvaKh—SLth%VXmL.JAU
AL [T [

BREME R REE KR
D opEE  BHES  Todi NoRK
o sy o
Z Z T G (% GFR { (m//min), Xct X ticH
3L o EREHIBEEE (mmol/ml), v i3 R O
Wi (ml/min), Xmt (3 t BFIC 3545 5 JREAT IR
mk%mﬁﬁnmwwm X 3 BRI 72 0 o
Wik (mmol/min) 2 L T V3R A# (ml)
DFERF A =5 &,
ETADXKERERT L (A2) e kb, 1
L Xct=Xcoe~ ;c, Xmt=Xmo e_,:n L35,

GXcorc(l —e” ;c) :vaorm<l ~e'f:n>
~Xt+VXmo e ym . .(A2)

Z Z T Xco, Xmo i # L ZFH Xct, Xmt o 0 i
DfE, rc, rn FREREKM T H 5 Wi IRHE R O
R O BLORER T, Zh Z A
BEEE ORIV 2 75 L0 X Y R B E
¥ (min) IZ%HS T X %89,

X S ARBRENILIE D 5 W IZRBENIR O
B & MR MR o FIERK 8 (m/-mmol~!.
sec) #HWS L, (A2) Rz (A) RicEEEX
LB TES

24 % 3 5 (1987)

G (Rco—Ro) 7c<1 —e” th>
=v(Rmo— Rm)rm(l—e ,m> Xt
+V(Rmo—Rm)e',:n ..................... (A3)

Z Z T Rco, Rmo i3 # h EFH JEES, $HEH O
RTv 7 775 & X 0K 7= 0 o EfE (sec™?), R,
m 3% N E R AR O BOEES, BEEO
R1 T % (secd).

(AN KB F RGBT v, X, VDK T A —
7 ThY, (A RFZhoREEICHEH TS 300
B Lhd0T, Bt ZEEO3INIC]SZ L
ik, 395005 A —AfHERET DI LNAT
X5, 25Ut ISP ESWESKEWE, »
ZVIHET LB E BHICHD ERAENRE D
DT, SENE 54y, 104y, 2053 LTRE&#T-
7.

¥ 72 B Of 3 BRIk, 3,000(m/-mmol~!-
secTl) & L7oAs, fffike LT, (A)RKickw
T Rc, Rm #H T2 LN TEDH, ORI
1% 7,500 (m/-mmol-l.sec™!) & F 727,

Table 1

B (m//mmol/sec)

7,500 3,000 Significant
GFR vs. U Flow 0.8283 0.8071 .
GFR vs. R. Diff. —0.4686 —0.2400 *
U. Flow vs. R. Diff. —0.8639 —0.6952 ¥
R. Diff. vs. Vol. -0.6187 —0.4170

Correlatlon coefficient values between each para-
meter of the renal function, ** and * indicate over
999% and 95%; probability of positive or negative
correlation coefficient values. 8 is the experimental
proportional constant of the R1 value and the
tracer concentration in the tissue. The original
renal R1 value subtructed B value is 3,000 (m//
mmol/sec), and nonsubtructed value is 7,500 (m//
mmol/sec). The calculated each data is not so much
difference between under both 8 values. Here U.
Flow is the urine flow parameter, R. Diff. is the
reverse diffusion parameter, Vol. is the tubular
volume parameter,
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Table 2
No. GFR U. Flow R. Diff. Volume
(m//min) (m//min) (#mol/min) (ul)

Total 31 1.59+2.19 1.28+2.19 6.83+36.5 —0.92+9.73
0.744-2.92 0.0740.59 0.54410.2

Control 17 2.37+0.70** 2.34+1.30** —2.17433.1 1.124+12.9
1.87+1.14 ~0.0240.69 —0.08+0.01

Disease 14 0.69+4-0.87** 0.104-2.38** 18.6+38.6 0.65+-28.6
model 0.73+43.75 0.1940.38 2.26+9.87
Occlusion 8 0.3140.85** 0.45-42.84* 19.9446.9 -0.754+2.44
model 0.08+-0.99 0.154-0.37 —0.22+40.88

Each parameter values of upper lines indicates the valljé under 8=17,500 (m//mmol/sec), lower lines indicate
values under 8=3,000 (m//mmol/sec), here GFR values are same values under both 8 values. Tendencies
of these values are not so much difference but we use routinely 8=7,500 (m//mmol/sec).

1 :
o
4--
o
<
£ o
3 24 o
- o
a
3
o
w
o -
-24
+ + + + + —>>
-1 0 1 2 3
GFR P. (ml/min)
Fig. 1 The regression line of the GFR parameter and the urine flow parameter (Y=

—0.25+0.91X). Dotted lines (

m. & 2

HH L7 GFR & 2 ofth 3 o JRAEHEE
5 A — 5 HAEOHBERK L FEML Table 1 i,
EHfE % Table 2 IZ;R L7z,

Table 1 ©ix GFR f& & RiFfE D [ ic 0.8 % &
Z 5 HBREAE LR, BOIEOHBERHY, R
Tl L W PEEEIC I —0.69 A5 —0.86 DERAVNE

) indicate over 959, probability.

O Hh, F7- GFR A L ¥ fEdE o R
Tt —0.24 205 —0.46 OB 5 2 AR
B A, FatICEEESRER SR, L
U PLEE & th o535 2 — & ORI HE A
B ohinh oz,

Table 2 (3% /%7 2 — % O FREZ R LI LD
THBHH, R, PIHE L UOFEOK T 2 —
FEOENE O LBz f=17,500 ToOfEX, TFE
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Flow P.(ml/min)
)

o

24 % 3 75 (1987)

-1

0
Rev.Diff. P. (/Amol/min)

Fig. 2 The regression line of the reverse diffusion parameter and the flow parameter

(Y=1.29-1.60X). Dotted lines (

21t f=3,000 DfE %R L7z,

%HIE 13 GFR i 2.3740.70 (m//min), JR#
ff 1.874+1.14 (ml/min), % §it % —0.02+0.69
(umol/min), K —~0.084+0.01 (/) (W Fh b
B=3,000 nff) TH v, REMEET VDDV
BEREBETFTAVESEOE L i+ 5 &, GFR 1d,
RFMEICB VTR L b 5% UTOfERETH
BENHERTE .

Figure 1 {3 GFR fi & JRIFEE O BIFEMRE R L
en, MWIEOHBE R b h, EFENE Y=
—0.254+0.91X T -»7-. Fig. 2 (T WEHE & R
FHEORIRESRE R L, ZhTREWADH
B bh, ERRIE Y=1.29-1.60X T & -
7.

Figure 3 i3 GFR fli & Rl 7 v 243 TH
D, AA’HBRENLIEEE T AVEELTLED
IRBAEHBIIET Y B E, 275 F o &H5plC
BETYVRMEAN TR L., F B %
BT, RBETFAVHIBBETCHATERZENL DS
AAEIK & 5% L7z, [FfkiC Fig. 4 13 GFR {f & ¥k

) indicate over 95 % probability.

Wil 7 v 245 K%, Fig. 5 ZWLHIHE & R
o 7 v 24853 &R L. & 52 Figs.3~5 7
7 7 kicBwT, £i% B~ 15 Gy BiHlic
2DWT, FERHEIZR () L LT, BHHIED
R & TR o B E% (U, ) & 4 A% (u,
4) oFfbERLc. Tibb, BEFENT
133 > GFR f 3.12 m//min 2% L < REE
% T BE S h e BT, FERS o TR Tl
NFH 2.74 ml/min, 2.79 m//min L3ENBL o7z
2, 4 ATk zhZFh 1.51 ml/min, 3.30 m//min
LRI ToOBESH L rE ol

MRS 4 H BICHERR U 7 RS R & F s
HofH#k% Fig. 6 a, b IR L7, £ELE
WLV, BB sh BB TRY < L3
WNiZ =4 ¥ v TIRICYE S h 2 B BV
HB» b h, REREOEBHIMENICIZZE < Off
HROFRHRH B b,

Iv. & =
Tc-99m-DTPA H:fikfEs; & B rERZ EFRER

Presented by Medical*Online



MRI iz X % & EhRERAE R A 0 SEBRAVRR 3

267

o o
4l
at c
O
£
S /
=2+ 0 seeeesss 00
£ P
a
; .........."...6.’.' OOO
o [¢]
£ oy gj
0 ..
...... &
_.2.. ............... . ,
4 + + ¢ —>
0 2 4 6

GFR P. (ml/min)

Fig. 3 The cross add up graph between the urine flow parameter (Flow P.) and the
GFR parameter, black points enclosed by dotted line indicate disease models (8
is the renal artery stenosis mode, \@_is the cisplatina injected model) except radia-
tion model, open points enclosed by line indicated normal cases. The daily change
of kidney function parameters after irradiation immediately and 4 days later were
protted on the figure 3 to 5. Here c is the non irradiated left kidney, u is the
irradiated upper part of the right kidney, 1 is the non irradiated lower part of the
right kidney, 4 is the date of after irradiation.

Dk L—H#—% LT Hauser & Atkins!0.1D ¢,z
o THBEEATLUE, 2o GFR HELLTO
PEMtENRE ORI EFIAH L TL /775 M E{ERL,
GFR fE R CEY@lmRERE) &7 2 —4
FEHT 3 Ltk ) A EBERERL LTEX
BrEELHEtEEoORIICHA S, oMK
ARG hTWa. LaL, HEBOM
R 2MINDOHIEZR LA DL DHETITHLE
DBdHY, L bENERICE T 5 LM EENE
W T, SPECT i X % Mg BhiEfsERE I L B
SIRAA B B9,

7 Z TRERBESAMTIERIC X Y HERIN %
EH#CITbhTE 2 T FBR%, MRI zfwnwT
LERMA (Gd) i X % AT BEMRET M
Rz, Thbdb, THETIKIT-oTEREER
RElin 7= MRI 2 X 5 REHORFY 2 7
5 L#E Fvwic GFR RIEEICN X TREH o Fft
V)T LR RbERBTEIT O LITE Y, R
HIEBEE N5 2 — & L UTIRIE, WIEHER L OR
HERHEOEK N7 A — 2 DEHEZERLERIC
ragEBETAMCE VRS RITo 2.

Z 2T, Tc-99m-DTPA L Gd-DTPA 0 3EM#)
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Fig. 4 The cross add up graph between the reverse diffusion parameter and the GFR

parameter.

HEIZ > W TiE, Fh#Fi Hauser 510 LFH 5
N5 —# L Weinmann ©12 05— % 75 ¥ % kg
T35z Lick), BERUEKICE Y HEtah D
bDEEZTRL, %7 MRIIC X % HEEHHER
EREOS AT, EENERIG LICTRE LM
BB, 5V FE &I OMERIE 5 HELBR R IR
DXL 2RI FIRIER,SASICTE, Jf
BREOBITICTCh TS LEEX X ).

2T, $£3k Tc-99m-DTPA # iV Tfibh T
= RMERTFZ, VWb 5 E@EiBEEREo X
S REEHERICH~S L, EEEMHELRICE T
BIRMEREEN XV BICHIETE 5 L v ) HI
BOWTAREOFFEG RSN RETHS 5.

T2 12 USRERIA L 38 & OVRABAE PRI 0 Feek i *f
LT, RIERFD S AR LE RVWOT, BELA
L3[R EESR TR Y, SBORFEEL x
59,

FRMERRERD L, RMERHE 74—~

IZOWTEAREER L -EREFT L CIE, EHL
R ONMECHED TR > 7205, R & W
DT A —=HIZONTIE, BEIRIRIEDHIE OB
I GFR fHIC X 2 RERIEHBEAE & & LIS ZoCh) o B
NTE, GFRIELIRFE T A — 4 BLURF L
WL 5 A — 5 ORI E RV AIBIRIR 2338 6
, BRMIRIEOHEICHENBETTHI EEX
Hhlz.

TR BV TR, BRICEIT 5 Gd-DTPA
OEALEBEERL TW3 23, 2 OAKRPNEE & B
L (R1) L OISICHW % BFIER* ko 5 Bic
IERER o Rl fEx EEAI 5% O R1E»S
BIEDLENH D, 2oHBGIHAEKE
3,000 (m//mmol/sec), HIEMZz D% FHT 2
(T3 7,500 (m//mmol/sec) & W¥h 1 FEER
IR, ZRZFRICOWTRI 21T - R,
Table 2 IZRFT & S ICHEDHMIZHOWVWT, £<
BVWEIR LA (275 L GFR fiIconw T3, K
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Fig. 5 The cross add up graph between the urine flow parameter and the reverse diffu-

sion parameter.

FIEEIL B L 7)), fiEEIC X Y R
Ricitz B2 €205, BBIEFFICEITS
GFR fi (%) 1 ml/kg/min, 7272 L F &M= 0)D i1
kT — % (2.2-4.2 ml/kg/min, 727 LAXY v
7V T7 T AE)ND LHEELTHIELEVWETH
= [

%7z, Figs.3~5 OFNRF A —5I261F 5 IEH
BELBRBEORIE 2 R D LIRERHEE, wbww3
PAgEMEREEE S LTk, GFREDETE LD
ICHRHICHEER TR ST A — 2 OIET 258 < 4
LTW3 2, Ui 7 2 —2oFbizrhiz
KENLOTEHAEVWDIRH LT, EnEEEE
FAEETIZ GFR fEX b & L B RFR & O
RS — a2 O HAEHAAED i, TR
EFITICERSI THD L EX. KBV RATFTF
5 (2 mg/kg) © 2 iz v Fh bIEFIERTR T

Y, RELEBILVWEEZLRT.

¥ e EHRE RIS Wi, FEREHIE ol
CHART, BHES# CIBHEFCTEA TV
2 CHBLEE) Tb, FERTWID -5y
FHETHEE) THLHESATA—2 L, RRET
LEMBR LBV FRICLT S KEAEbiE
o, 4 B THRAR LBHOBLB K E
, WFRORFT A= L L ELIRE/LTWS
DILH LT, AETHREBCREFGHELL-TH
D, RFTEEECELLELIELONDZ LADb
holz.

E BRI X 3 4 AR OMBFEHEE, K
v L BENESO T A Y VISR ek B — kW
BOMI L, AEREEHME N~ 7R MLER O i
BRON, BEBRBHICE 2ZESICE b I
otk 9 o if & RERABEIBEERELEL R LTV &
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24 % 3 5 (1987)

a

b

Fig. 6 Histological images of the irradiated right kidney at 4 days later after the irradia-

tion (15 Gy at once),

a. the image of the irradiated upper part

b. the image of the non irradiated lower part

The glomerular degeneration found in the image a, they are many red blood cells’
infiltration in the glomerular capillary and the eosinophilic extraction in the

Bowman’s capsule.

Fzbh, GFR HOKT X RfED T A —4
BALICHIE LR Th D L EX b,
PEDz dn, MRL L/ 754 Clix, B
BB RERTMi O 72 i, JEBRED ST A — %
L LTo GFR DO » 75 & FBIEMO T v 2 7
I LEFIHLCRMERE 7 2—%, Thbb
IRFESCWL A7 A — 2 2 HHT 52 Lick»-T,
ZhETRBELLZFEFRV /5 4 ¢ GFR flic
Mz T, XYKRTOFIE S 7R DR 7] HE
LY, MRI v/ 75 A0 &5 JRWARINF
RO WREMELRRD bhi.

V. ¥ @

MRI (2 X % Gd-DTPA % Fiv: 7 BB & B0/
WoORFY ) 75 5% BWT, GFREO &KL
FIRAERAE N7 2 — & & U CIRH, Wil X
VRMERHOK 7 2 — 2 ORHEEERL,
N B L ORPTEBEREL HET 5 ETHEYT
HB LR ENT.

BRI IRFE B X O WLk S5 2 —# 1%, MRI v
7 75 5k )Rz GFR i L AR ikt 3

Zlicky, PARMEREE L IEBRREE ONIE O )
% XBT X B AR i, IFiREEE T v
ELTHER L7 A% Efi~o 15 Gy 1 [a] Co-
60 7 BBH T F IO WTIE, Z O ELE
TR T Japr B RE O JE Vv & LTI % 2
LATEETHY, MRI L/ 75 a8k v Bk
B b bARERIABRE S5 2 — % &L L T o GFR
i & RAMAERERE <5 A — 4 L LT ORI L O
A7 A — 2 B BRURER, *onHRHEIC
X0 BEERREDIRIER X Y ZRTICIE A/ S
AIREMEASER D BT,

BEE BEKABChiY, A% RS, TR
X F Lo TRAFMFHREFHE - ik AERIC
O UET. EoAE I B LR ZHRE, JHH)
THE % L 7o HUNRRIE AR A B E T BRR T I - SBF 2
WE, IWRIET, @RERSTEMEE, SiE REER
75 b ICERRIFZEI 0 et 5, & B IC/RERIARFAPT R
BT ETEE £ U, [RIAEBRBIATZCE « KEH
%R, Gd-DTPA #E#L TH X £ L 72 ALY
e SEW R TARIIEE, BUHER RG>V T I

Presented by Medical*Online



MRI |z L % B EhEEMAER 2 1k O RV A 27

HIH X £ U - RIYERFZEES - SFE REEHEE RSt
Wi LET.

(72 BABFZE D — IR STHR AR 61 455 BHF R e R4
Bh & CRENIFZE <AY) BEE 5 61770813, B XU EAY
D AFTEBDIR & (4 7KBE) 130-3660304 DiRBh% 524 72)
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Summary

Experimental Renal Kinetic Function Analysis Using Gd-DTPA Enhanced MRI
—The Separation Analysis of Glomerular and Tubular Functions—

Hiroo IKEHIRA

Division of Clinical Research, National Institute of Radiological Sciences, Chiba, Japan

The transitions of relaxation rate (R1=1/T1) on
successive renal MRI (magnetic resonance imag-
ing) can afford an information concerning renal
function when excretory contrast media are used.
Time-relaxation rate curves also make the MRI
renography.

A new calculation method for the GFR (glo-
merular filtration ratio) values from the MRI
renography has been previously reported by our
group. In this study, we experimentally applied
the calculation method to MRI renography of
rabbits for separating measurements of glomerular
and tubular functions.

Gd-DTPA (Gd-diethylene triamin pentaacetic
acid) was prepared by our group. This compound
was used as an excretory contrast media of MRI
for measuring renal function, 0.05 mmol/kg of the
compound was i.v. injected to each rabbit in ex-
periments. Thirty-one rabbits’ kidneys were
grouped into 5 groupes: 17 controles, 8 with a
ureter occlusion, 3 with a stenosis of renal artery,
2 with renal disorder by means of cisplatina injec-
tion and 1 with local irradiation of kidney.

The longitudinal relaxation rate values were
continuously measured on several portions of bi-
lateral kidneys during 60 minutes after the injec-
tion of the Gd-DTPA, using T1 (Tr=1,000 msec,
Td=300 msec) pulse sequences. Regional reno-
graphies were successfully obtained on the cortex
and medulla. Not only the GFR values but also
the following 3 parameters; the tubular volume
parameter, the urine flow parameter and the reverse
diffusion parameter were calculated by new meth-
ods of analysis on regional renographies.

The animal studies disclosed positive correlation
between the GFR parameter and the urine flow
parameter, and also negative correlation between
the GFR parameter and the reverse diffusion para-
meter. These results suggested that the differentia-
tion between each stage of renal kinetic dysfunction
could be achieved by this method of analysis on
MRI regional renography.

Key words: Gadolinium DTPA, MRI, Renal
function, Renal tubular function, Renal glomeru-
lar function.
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