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RI BhAE 1% % F WV 7o B AE B AR RE AR D #7 L Vi A
——Rutland LB ~DORF 3 HEEOEA—

fAE RR* PR BET

7 NI -

em R fEEE R

B 9mTc-DTPA & fW 7= BIEMEIHRIC X > TR S5 A JIBE % Rutland o5& v TAET %
ZRick Y, BESLOHEEAEE S E TORENE LN, ZhEbhbiud R (Uptake coefficient:
U.C.) L4507 ZoffuiBHezx5 L L84, GFR LHE H5. SEBHEZICHT 5 FEEMER
e E A, B, BISEICHET 537 2 -2 L LT, Zhz W5 Z EARFEMENCD & BE
Biiotz. N5 A — 2l OFEREEEED B00IC, BHTOAMEFICK T 5 BEENRICATIITE
WA LE, BohiathsEs AR HERC KB L, Rutland oJ:a AW COEEZ T 7. REDHE
X% U.C.ix, CCr k13 r=0.75(p<0.01), Tauxe » D HEEIC & YR 5tz ERPF &% r=0.67 (p<0.01)
DIEHM%, sCr &3 r=0.646 (p<0.01) O * B> 7.

L FL®IC

bhvbhiz, LAETH 6B BAE% O FIEZNE I E
¥ 3% Duplex Doppler #:ic L W sk b h 5 %
index %, %7- Tauxe 6D HH:IC & 2 H%HE Ml
#ifk ERPFD 2 W T &7, L2 LBHEEORE
R, ZORUOHEIER L TE Rz L, MR
RO BN VAR IC L 2 F— 2 ORIIE & &
T HELBMLczw, BETEHRO
ERPF <% Doppler :ichiz, fhoBSBEDIEE
LB LI TER.

ESTRI br—H%FAVEEE L5757+
i3, 2B, JFREEEL L XY, HEN
BXOBEMEBRBRABCEOR R EDORER

* Rl E |
x> [ BUHBRFHE 1
ZfSHE2A4H
Bzl SE4A2H
BIRIFERE - R RARETERESG (B 259-11)
HHER BRI A B 1
oM R

(#z P2t 30: 717-726, 1993)

FERD 5. L CICEFEOEGMITREOHESR S,
bhvbh Ik A O ERERTERE 4L T
{Nn 5. flzi¥ deconvolution analysis #:iz & -
THON L BEER L BB OMELZ R IRE L L
THWWbH, Fx OREEHITER EVRRES
hTns?2®, o GEEEEFHERBRIC BV,

Heit 23 £ 2 £ < o s ERE % (Initial Height:
ILH) ( Rutland LB ELN S L D & 1l &
Ebh, bhvbhid z b EH G (Uptake
coefficient: U.C.) 433728, z» U.C. %, b
L—H & T T F Ly MY T I AERR
(*mTc-DTPA) & L7ciif, BEHRICT S L
AEEEIER (GFR) LB D2 L BEINT
BV, BHRERE0—LEVIZLEEZLN
5. —HEEELIET 3 HAICE, ATEE~
OV AHRE EIHRET 2 0HPEELHMETSHS.
4@, #%#% 1%, Rutland u#% vz UC. &
H Iz [RF50#r (factor analysis: Factor A) # i H
L, BBHEsRaBEhoERNE POz 0B
o>V TR L7zo THET 5.
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Rutland LB O E+ Fig. 1 12571, MEENE
K% s o B HOHGEf#R (time activity curve:
TAC)R(t) L+5 L, FWAT 2 MHHEHRE (D) A
FTRTHSRICER L 725 A, RO T 1) oFis L
Y, RO=It)dt L7 3%. LiL, £OHA
R iz, 1) w5 b anBlaTHEMELELLD L,
b oHIATEBE I PNy s rF T RER
Sstboofikry, DXOETRENDS., K
Wz I TBRT 5L Q X2Foh, y=ax+bo
—KBEDOF L1 5.y filic RO/, x filiz 1)
dt/I(t)y # 7w v b L, HEHDOBE a k0D
L UC.=LH. B bh 5.

L. {WREHLVHE

WG I T 1989 4E 11 206 199245 4 H %
TIAT » 2 EBHEIESI D 5 &, HIEAICRA A
R T B, FEAE M 4 it LASRI DR,
BLOEBH K+ — 4Bl L 4 [BORE L HET
LRt & nx 7z,

[EESEE I, B% GCA602A, 5 — # JLFdEfE
H Y GMSSS0U # Fl v 7z, 9*mTc-DTPA 600
MBq # L, ZOEEKL Y 108 L ORERHT
A A= F— 2 #2050 MMES 5. E~ bV v
5 213 6464 (5.5 mme/Pixel) L L 7=.

U.C. BT 513, HRIEE~0 ATIBE%K
I(t), HA1B8%% R() 28> > 5 7 7 7 1+ » TAC
ToskondhiEa s v, UWHEOFELKE
Fig. 2 (o7, 4@, UTIch~23 >0
hHETANAERE RS, choxHNTEDS
- UC. & leliRat L 72,

kT, OFIIC AR BRET D25,
BRI B REBRCHEET 500 2 70
FoORML Y, BEHKERE AAICRE L. H
HIBOV ) 7 ufiEY, Ry s r5u

KB es iy ROI 2 3E Lic. Ki#Rz: =
nZh ROI WHRBIER, Ny /590 FRE
#L, 3HARL—Y 7%, Rutland QL% 1T
LH. ko 7.

30 % 7 5 (1993)

RFoHrE, +Y 2 FVlifgicZm 7 « vy
) >~ (Butterworth filter order 10, cut off 0.3
cycles/pixel) fLEE % fifs L, &% h.0ac 2.7 % o fii
REfTol. KIS, RFMTHOTZIER D OB H
BOBREEB L0, oL, FEEo ROI
I, RNk, AT ok & ER
oy L HERERK S 2 B MM 5. BERERK A (TR 25 1
CIEEBEER TWE 0T, ZhEFRDOIFIERS O
HHBNO =2 v h v v MCBEER D 2 #T S
T lickn, AHBo TAC L Zis 2 i 6
bhs. LT, fERERE, 2 a—vY v 7 #%ic
UC. &R 5.

V. # 8

Figure 3a ICB@E v > F 7 5 7 1« 2 %5IC,
ODEREAS, v S aliREHA L L,
Rutland o fEkEiIc X » THEH L7z U.C. 2537,
Fig. 3b ICBBHEE & et ic KEINRGEIE: A S, v
7 75 nligiz /& L, Rutland o sk &
>THH L7 UC. #7573, Fig 3d 2B 8E O &
DRTHTHDOHER > & BAER Y & 7+, KT
1 3 BB IC 81 % 455 (Uptake) opksy, KT
2 DB T o PRt o RSy, RT3 A7) (i
F—) ORFERLTWS EEXLND. W
DV 7T Ah#g (Fig.3c) ik, 2ok Hic3»
DR EEN TS EEZHR, ZOFEE A
WA S Es Z Lick b, BHRoRD
TAC £ v UC. k0% = L5 T %% (Fig 3d).
Table 1 1, BHEMFLELVThONO B
fleL7zmbnd bk, UC. 2k 5 4Hie &
¥ AGEFICHOVWTRFFLEZLDOTH 5. #EHTH
FEH Ll E RS, @SRRI A R L <
W5,

Figure 4 (3 KM L KT oriEic L v 5
bhi UC ofls, BBHE#%OBLRICL
> TRDIZbDTHS. UC. & CCr L oM
082 LI LRIFTH -1z,

EREBHEOZRIICB VT, sCr KR
B RLTWS 2oiz, CCr 3 Bz 54
5. L1eho TCCriZ¥ U b IEME B R ERMARE
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input function

1Ct)

|

R(t)=a-f{I(t)dt+bel(t) «--(1)

“
o«
——

------------ R(t) _ _ JiI(t)dt
a TR TR
i y=a'X+b

a : uptake coefficient (U.C.)

Fig. 1 The principle of Rutland method.

— Original Rutland's Method — — Factor analysis Method —

Background area of ROI
: Heart (Abdominal
Aorta) Kidney

Space filtering

Time activity Curve

Magnification : 2.7times

Smooth the curve

I I

Revisal of ROI Size

Acquisition of ROl of
renal area

Rutland's method

I |

Exclusion of background

factor analysis

Establish U.C.

Computer analysis of Rl
counting with time activity
curve Acquisition of
input,/output function

Fig. 2 Flow chart of data analysis.

BERBMLTWS tREXLRAEWYD, KT
BHE% O LKA LA ARTH O IES 2 BRAF L 2 H
FoiriE U.C. ofi L CCr & %l L 7= (Fig. 5).
r=0.75 (p<0.01) DAHEALRE L, HFHIHEIC
X pkwoh s UC iz CCr Mk KRERAREAE
EPRBLZB L EXONRT. sCr Lix, r=0.646

(p<0.01) AR H v, WFHMFED U.C. &
2008 LLTFic/ % & sCr LR Liaw 3 fHmIic
% - 7= (Fig. 6). ERPF 3, r=0.67 (p<0.01) ®
HHBEAER® bl (Fig. 7). fEkEo UC. fEE
CCr offliciz r=024 THEI B h Lok
(Fig. 8).
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ram

__Renog

Fig. 3a Original Rutland’s method. Heart area is calculated as input function and

renogram curve output function.

ERPF = 341.
sCr = 1.
CCr = 51.

coefficient
0.076

a=0076 b=0947 rate = 92.56

92-07-02

Fig. 3b Original Rutland’s method. Abdominal aorta is calculated as input function and
renogram curve of grafted kidney output function.

10sec / Pt 40Pt
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Renogram Curve
s

2—\,\‘2‘
.\..-—:,_\\
\,/\’2 \;\.2\/\

Fig. 3¢ Renogram curve of grafted kidney.

NAME : Test Factor Analysis
No. :0123456789
# OF DIXELS :32
# OF FRAMES : 60
g FACTOR 1
0.030

o apa B 18:6%
e ©° FRAMES
§ FACTOR3
0030

coefficient
0.224

0
92-07-02 20sec/pt  20pt

Fig. 3d Input and output function by applying factor analysis to renal dynamic images.
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Table 1 Partial renal function of donors evaluated with original Rutland’s
method and factor analysis

case left kidney right kidney
1 |Original Rutland’'s method 0.060 0.054
Factor analysis method 0.161 0.344
2 |Original Rutland’'s method 0.081 0.141
Factor analysis method 0.329 0.162
3 |Original Rutland's method 0.083 0.065
Factor analysis method 0.473 0.272
4 |Original Rutland's method 0.055 0.047
Factor analysis method 0.308 0.267

CCr

r=0.82

r=0.61

UC. by Factor. A

U.C. by Factor. A

donated kidney

n =45 Patient =11

r=0.69

U.C. by Factor. A

r=-—10.62

U.C. by Factor. A

Fig. 4 Relationship between U.C. (factor analysis) and respective indices of renal

function (changing rate).

BB, #9152 TERMEEERIED 72w I
TRENTICHEA L 72 - 1 BEO L ERREIREO &
% Fig. 9 1</R¥. B, Btk BEE, M,
EBEn S, f8kE 0 UC, HF oo UC,
CCr, ERPF, sCr #;R L TW5%. CCr & HF4H#HT
% UC 2, BEALRULEEZ LTV
WwHhs. Fig 10 (2 BRI & FIE
LIGRE AT - I iEfI 2 n 3. BEiEf RIS IC X %
EHREDIET L 27 v A Foor 2RI X 0 B

FEDEIE L 7l REh T W5,
V. £ =

Bl RERAEBAE 2 IEREICIE S 5 121243,
AXY 297 TR (ACr) 2JES 5 LEPH
5. LLERCICr 2JllE+TsZ Lici3 s e
FHEEERH Y, BETE CCr it k- TRAZ
hTw3s. CCr 1z sCr ickEfsh, BEHEDK
T LTWRIEFR, BHREOHER WM IER D
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CCr
(ml/min)
100

90
80
70

v=104.7x +22.2

40 r=075(p <0.01)
30 4 n=39
20" oo
10 &
0 T T L T T T T T T L
[ 0.2 0.4 0.6 0.8 1
U.C.(Factor.A)

Fig. 5 Relationship between U.C. (factor analysis)

and;CCr.
sCr
mg.dl)
10
de
J 007
8 y =10+~
r=0646 (p<001)
& n=39

0 T T T T T T T T T 1
0 0.2 0.4 0.6 08 1
U.C.(Factor A)

Fig. 6 Relationship between U.C. (factor analysis)
and sCr.

ERPE
(ml min)

500

400 -

300

y=623.1x + 104.4
r=067
n=39 (p<0.01)

T T T T T T T T T T 1
(] 0.2 0.4 0.6 0.8 1
U.C.(Factor A
Fig. 7 Relationship between U.C. (factor analysis)
and ERPF.

IEHE 7 BRI BERESTMM O TR L 1372 D IS VR
2d 50, MoFEICH L THE X Y —&AICER
RICIEHERTWB Ry, BAREREMET MO %
FrF—RELTRW. SERRZEFMTE
Z B\ 7z Rutland fLBHC & v #6072 UC. i3,

CCr

(ml/min)
100 4
90 +
80 +
70
60

50

21 8,

30 o’ .

20 % o°

10-{e®®

0 T T T T T

0 0.2 0.4

T
0.6 U.C.

Fig. 8 Relationship between U.C. (original Rutland’s
method) and CCr.

01 |-
f/\“u-c-

0.1
U.C.(Factor. A)

PYX I e - S
(ml,/min) cCr

1288 F pg T
(ml,/min) QP\B\O——’—_D\GERPF

56 F
(mg./dl) %\D\?_—__O_/as&
11 1 l i |

1017 38 72 165 230
45y/0 F days

Fig. 9 Changes of renal graft function in a HD-
reinduced case.

AR after steroid pulse therapy

0.1}

0.5

45.0 |
(ml/min) D/o\c,.’———-'“cc'

261.6
(ml/min) D\O\/q ERPF

22 F D_/\
(mg /dl) sCr
J

38y/oF days

Fig. 10 Changes of renal graft function in an acute
rejection case.

CCr LEEOMHBARL, BAREKEHEREDTRE &
LTHWS Z EMWA[ELEZ bR, £72CCrd
R Y EREICHEIET 2 11324005 TFT 5 LEH
by, AbizE+2. —F, B#EL L F757
1 FARBBE T RIEICIT Y S EBR[EETH Y, &
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Gates® LI OFRKEHD T, v/ VI L0 6KD
=% o gIIREERIZ X - T GFR ##E L, CCr
LXK —ELIZEH,EL Ty 5. Nilsen 510 (3
HRBREYO L ) 75 Ao a)fidh GFR L k< —
+2 EHEL, Shore oD (ZHMIIHERER L Y 1
NEDOERRP T EREL WD, L/ 7T A
HhAR > BEREA (AN, B2 ELE DI D)
O = DA, GFR ML T3 EExH
N 5. Rutland LB CHAT LN 5 BRI, L
775 LR OBEER L 15 5. BEE %O M
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W, BRI O ERBITORRE L VIS VL
Eibhb.

9mTc-DTPA TixE~DFHA L 7= MLikD S 4>
o1 AERE IR 20T, B IFHIAZE?2
I /S v, 9mTe-DTPA L/ 45 A $s
i 5 FIIRECRRIE O R A2 WD L B %
80~160 £, Gates® (3 2~3 4y, HifM® 13 1.5~
254 L LT3,

ek, BHEROHRTH BB L 2B
Mmoo, AJNEOER, BEHRBIARENR, KBk
SEICERESNTERL. UL, RFHHE
M4 Z Lok W AS EMA DR IR 15
b, ZoFRIFICHTIEOARABEEKOS
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HEF o riE B ERE 0 (b & Sion 3 E#m L
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Summary

Evaluation of Renal Graft Function with Radionuclide Dynamic Images
—Application of Modified Rutland’s Analytical Method—

Takatoshi KAKUTA*, Seigo HIRAGA*, Miho HipA*, Takeshi SATOH*
and Yutaka Suzuki**

* Department of Transplantation I, ** Department of Radiology,
Tokai University School of Medicine, Kanagawa

An uptake coefficient (UC) is estimated with
applying the method proposed by Rutland to the
renal dynamic images with 99mTc-diethyltriamine
pentaacetate (DTPA). UC estimated with this
method is proportional to glomerular filtration
rate in the original Rutland’s method the cardiac
and renal time-activity curves (TAC) were used for
input and output functions, respectively.

In this paper, our method of estimating an input
and output function by applying factor analysis
method to renal dynamic images and it’s clinical
application are presented. In 11 patients, UCs

estimated by this modified method revealed good
correlations between the UCs and CCr (r=0.75),
between UCs and effective renal plasma flow (r=
0.67), and inverse correlations between UCs and
serum creatinine values (r=0.65).

The results showed that UC in this method can
be a useful parameter for grafted renal function.
This method is simple in technique and applicable
for the evaluation of split renal function in renal
transplant donors.

Key words: Grafted kidney, Glomerular filtra-
tion rate, Factor analysis, Rutland method.
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