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BRHELES B 5 € =W B RAERAT

— 277 A, BRERE X UEBRRH

Bk

Mmook

BE HREEFREIBROFENRE BEBRLFERIGGHETE 2 5ETH 5. BHEEICELT
12, TTICHAZEREVSRESNTVA, FRLBRMB L TRRICE 2 HEE, FAEHIEEICK
ECITA IS, RIVEIHES LUBBAKOBVWAHETH 5, FEFSZIEHTH ), BHEREE
ELTELTLABLAFETIE R, —F, RAEHIRIFHESHETOORERT L FkICEREL
FHETE, HERBEELLTELTWS. LA L, ZOZTHHENEVOIHEEE ShTwb, Kig
T I T TICEHE SN T2 ERIERAEFE QSIS L TRBEH L 7.

1. U0 &I

D T 7 B BRI, AR TR S EY
EBE ARG EIRE LTHENCHET 22 &L T
B, IO LD REEAOBEEIKE LMY 5 720
2, ThE T4 RREESRE IR TE . R
B L UM O A LERRE IR S MET, BRE
DLMICHE—IBIRENLBERRETH S, —
Ji, BHREELEE, 8ERWEE (US) »5
WIX CT A ¥ v ¥ 2 EOBEHEZHT b BB O
WIRRZEDTELVEELREETH .

T PEBE3E dh % Vo 72 BB AL R R O 45
12, EEZMEO—D L L TEROEES R
&, ARIREREEFE (GFR) & 5 VIIRME S W RE %
EOMRE L7 B EE R Y FRFICFHECE 2 5T

% 6 1] AOCNMB 3 & U'% 36 Bl H A EFE AR R
BFHEONE R E L TREZBE R BBV
L7z
* Jb il KR IR R 2 sl
ZH 84 12H 11 H
SURIEE RS  ALRAIERIAL 15& 7 TH (8 060)
b ilg il KF R FE R S
o M ok

(BE: 34: 53-58, 1997)

H5. 152, BEFHREICHEIND DIXEEEE
DERMBITTHS. USHDHLWVIECT AF ¥y v
DAL > THEROLEZ M OMEE LE L {17
E L7278, BRED & ERRHEII R & L THEE
Thb. Lo T, KX Tld, ThITHis
ENTW D BHEEDH £ 2 BEESF M E B RRFMhE:
DOIFBICBI L TR L 7.

2. BREEZOAE

IhE THE S Twv 2 B E B
X, REL oI nE, —D2i3RILd 5 v
BRRELEET D HETH ), ho—2i 3445t
FHlEETdH 5 (Table 1).

2.1, HHEAEREERTME —FRIEAED

M CFFAE T ARk 4 A EEY) 2 R IR &
L CHElE T 2 BORROMEEIL ) 7T Y A TE
BHah, 7)759 A3 TFRoRXTROLNS.

Cx (m//min)=Vx -+ Ux/Px
Cx:WEXDY )T F A (ml/min)
Vx | —ERE BN DJRE (ml/min)
Ux | —ERF RPN HEMRE S 72 JR IR EE (mg/ml)
Px . M+ DA (mg/ml)
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MAEMICE T 5B EW A T, BELT
DWEICEN )T T AMEIR LS. B
RETLH2) 777 AGARRE,SEBINS A
X)) ¥ dHAHWIE*Te-DTPA # W CEIE Eh 5
HERRIEAE (GFR) &, EAIRME & hHE S 1
585 T 3 ) EREE (PAH) A\ IdgHEI — F
FEHE R EE (OIH) % AV T8 5 A AR B M iT
& (ERPF) TH 5. ®"Tc-MAG3 & OIH R AL
RAED»SRPICHRE SN B 720, 202 T
SV AZERPF2&T I &Ck 5. LaL, —MH
PEERTOBEBREEDI 60% Fitk LKW &2 52,
HOGMPERE L ) 2R VEVEL 22, 207
&, ERPF (2%:b 5 JRAEFRZHE (tubular extrac-

Table 1 Classification of techniques for quantification
of renal function

Blood and/or Urine Sampling Methods
1. Steady state—constant infusion
2. Single injection
a. multiple blood sampling
1) 2-compartment model
2) single compartment model
3) Stewart-Hamilton principle
b. single blood sampling
External Counting Methods
1. Transit time
2. Renal uptake (per injected dose)
Combined Sampling and Counting Methods
1. 1- or 2-compartment model

Log

-1 _b.
Y=A4¢"" +Be”"
A
Y = Ae

Y =Be"

Plasma
Conc.

717

tion rate: TER)? L WIS TRINIEHED H
5.
BHEAEIRIB )T 5V A0 E—DBE R %
T, RET7—YOREE R LB, BRED
“gold standard” & %2 5. LA L, FHIIEMT
boHOMETEME LIFEUS, BRNICH
WHNLERITE LD TLR W,

2.2. 2-compartment /&9

ZOHEOERHB I, MBEHICRS St
OIH & 5\ 3 “"Tc-DTPA (IR TIRIMER &
MEND2ODT L IS— b XY MIFAL, ZD
MR (LB & DRSO BMEF§ 5 & F
5z THA (Fig. 1). HimMERICEAL T34
BE$ %A%, IMHLHREE AR & € T VIRIT DA R 5
2 RIEHHBMOBBOELS RE SN, FTienRid
RATAHIETMEZ )T TV ADVEHREIND.

Cx=ID-a-b/(A-b+B:a)

COHFEIRIR L FREAE L KL T,
RIMPZFDVVEE SNDETELFHMICHET
b5, PWHEIRMEEIAKFL, &6 mlD
RIMALEE ENTWS, FROOEEMIE ¥ Tc-
DTPA T3 K 34 B5f, —%, MBUREEDIKT
AR A7 OIH R P"Tc-MAG3 Tl 1-2 B[ A3
PEEENTWEY, ZOHEGH L VSR
WOV ENLHEOMBY ) 7T v Ak EiH

Blood £> Extravascular

X1=V1C1 - X2=V1C1

k3
* k2=(Ab+Ba)/(A+B)
cl k3=ab/k2

k1=(a+b)-(k2+k3)

Vi=Dose/(A+B)
V2=V1ik1/k2
Vdss=V1+V2=V1(1+k1/k2)
CLtot=k3V1

N\

~—_

ViTir

V2T Time (min)

Fig. 1 Two exponential curve fitting of blood time-activity curve in 2-compartment model.
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Table 2 Algorithm for calculation of plasma clearance by single blood sample technique

. Sampling .

Reporter Radioagents P Algorithm
Fawdry et al” #mTc-DTPA 180 GFR=31.94(V180+16.92)*—161.7
Constable et al'” ICr-EDTA 180 GFR=24.5(V180—6.2)*°—67
Ham et al'® #mTc-DTPA 120 GFR=2.602V120—0.273---(*)
Tauxe et al¥ BI-OIH 44 ERPF=1126.20[1 — ¢ ~008%V44-750)]
Russell et al'? #mTc-MAG3 e ERPF=632[1 —¢ ~00138(v44-633)
Bubeck et al'? #mTc-MAG3 20-50 TER= —517e~0011t+295¢~ 001! |n (Vi)
Piepsz et al'¥ #mTc-MAG3 35 ERPF=665.89/V35—1.89 ---(*¥)

Vn=(ID/Ct/1L)(/L), (*): for children

mU/min/ 450
1.73cm? Y=50.06+ 0.723X e
400 n=48;1=0-971 A
Sx,y=21.12=10.8%-
= -
300 oo
T
® °
E 250 i‘/’/
R L

Y=25.11109+1.007X-0.000596 X ?
n=48, R=0.974

Sxjy=18.57=9/5%

0 100 200

300 400 500 600
ERPF ml/min

Fig. 2 Correlation between effective renal plasma flow (ERPF) estimated by Russell’s
algorithm and tubular extraction rate (TER) estimated by Bubeck’s algorithm in single

blood sample method.

THHEE LTEHRLTVAY, RMEIKAS W
O EBOBRKREISH SN L IdFHREA
ERBICHTH 5.

23, —[EFERME

Tauxe 57 (X OIH @ 1 [EEFH, —ERFHIC
$RIM L 7 MAEIREE & B HEAE (ERPF) & ORIC—K
FEBEABGK Al —e ] I D LD Z & & RRERAYIC
RwZ L7, 20, *"Tc-DTPA*'®, SICr-
EDTA, ®"Tc-MAG321» O &K THRE & 1,
BUE $ CIC—EHRIMIC X 2 BHieE B0 g &
LT 5 (Table 2).
COHEIRME L L CRRERER &L T
5 ETROLMMET, MR EZERAKEL EY. L
L, EOT7NVT) XLxFWTHFEUHEIEH S

NHEDIT TR LEVEICHEET A2 LEVH L. bh
H L *Tc-MAG3 O EMN % — BIRILE TdH
% Russell? & Bubeck® D FiETHE &5 ERPF
WZOWTHRET L7z, Z08E, MEEIEZHLOTR
12 A % 7R A%, Russell =TIX ERPE A (&
S 7z (Fig. 2).

3. fRSAEHRLE

FREEFREOR O REN LFHEEL ) 7
T LK I NLEHNEHETHSH. LI/ T T
LEEUCEEE T AEHIERE L T O — B L
TARATIC, EEBEET IO SEEErba Y
Ca— BB LTWAED, L) FIakkk
AT HEEENT A—FIIEERE AT P &I
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Table 3 Regression equation between renal uptake (%ID) and clearance parameters

Reporters Radioagents Salpplmg Algorithms
time
Schlegel et al'” BI-OIH 1-2 min ERPF=(Cr.1 XY?/ID X 100
Gates et al®” #mTc-DTPA 2-3 min GFR=9.81272 X %ID—6.82519
Authors? “mTc-DTPA 2-3 min GFR=13.15X %ID"7%7
Authors #mTc-MAG3 1.5-2.5 min ERPFb=12.218 X %IDb—67.337
(adult) ERPFs=11.621 X %IDs—21.579
(children)® 1-2 min ERPFb=20.373 X %IDb—98.509

ERPFs=19.917 X %IDs —43.799

Y: renal depth, ERPFb: both kidney, ERPFs: single kidney, ID: injected dose

HWLIZZDODNRTGA—=F BT ENTELS,
3.1, EARRTe

L) 75 LDMRIINT X =% & LTREF»S
BRI T Y MOET S T TORFR (Tmax) & KD
v Y M ARERT B E TORM (T),) AR D AS R
Twb. —J, deconvolution (EEFES) HTHET
XERO BB MER S, Bl I YE
BT E R L 2 EEE O™V /8T
A=FLINTVE, — K, BREDKTIC
v B E R IER T 5.

COFEDOFI I, TR ICE ORI
B LHEBOKRE SOEEEZZITII{ W LT
HhH. LL, WIFhOKM/ Y7 A—% %, GFR
&% \VILERPF IZXET AL L TRD S Z L i
TELZVONPHETH 5.

32. H 2 MEEKE L BEED
9mTc-DTPA & %\ id #"Tc-MAG3 D E i~
AR PRI BRI T 5. Lo €, &
5% — 2N OB EBRE (BEo s 7~ b
¥ eth5E) IBREL L ST 2 =% &
LTRIRATAZEDTEL, ZOEIEE (%ID) 13
DFoXTcHIsnS.

% 1D = (Cr/e %+ Cl/e~4")/ID X 100 (%)

Cr BIUClIEABDO—ERBNDONY 7 75
7Y NERELIEKRDY Y MET, e MBI
e M T ZENFNDOFMOGFE ST 5 AR
PHHIEHT®H 5. ASHEIURE T, *Tc @ 140
KeV DR (K) DX 0.15 T 5 HS, FEBIC

eSteady-state Infusion
o Multiple Blood Sampling
Accgracy e Single Blood Sampling
Reproducibility o External Counting

o Laboratory Tests

Applicability & Practicability

Fig. 3 Relationship between accuracy and practicability
in quantitative methods on renal function.

30125 0.15 FTOHBATHEHIA TS, ID
BZERP T L2k 58T, EHSRO5H
EREBROFBEDOEDI SHBE SN D, BERCK
DEH L ¥Tc-DTPA B &£ UF ¥"Tc-MAG3 & b %
5#%1 99535 TOMD 1 587~ b
BOHWOLNTWAS, BEIUGE (%ID) 2*5 GFR
#HVILERPF #H T 21013 S S IR E 7
NoDEHENT A —5 LOEIFDILET,
Table 3 12 2 F THE ST BREFM % \F
AAE L7,
FREEEOFHFHIE DR ELEL LV,
BREVSEDOTHETH L. 2)RERT LFEIFFIC
EREEOTOSTIRECH B . 3) FEIRAE & B
REXFRFICERECE 2. —F, FHARRZEARIME
WCHELTREVWIEXRREEENRTVES,

- )

BRALEEF 231 ) 5 & &R BT EICBE L
THH L 72, BEREDEE L TOEEMNEREET
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ik SRR <, BECHOERN L HEI K
bHRIND, L L, SRELEOWKE L LA
HDHVITHENE IR OBEFRICH D (Fig.
3). BRFR T, BRALZERZMRL T, REHE
RElX—EHRIME, 5 ERERE AN T A iRl &
Zzbhbh, L2L, TORETRVEWVITRW
EwvoZckE D idh v, KPR L, FRED
AL, TORRIE LRE 2 &R
THIETHA).
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Summary

Quantitative Analysis in Nuclear Nephrourology:
Clearance, Uptake and Transit Time

Kazuo IToH

Department of Nuclear Medicine, Hokkaido University School of Medicine

Radionuclide renal study is only a method that can
provide anatomical as well as functional information
on the kidney. There have been many reports on
quantification of the renal function using radionu-
clides. They are summarized to two groups: blood
and/or urine sampling method and external counting
method. The former is accurate and reproducible in
quantification of the renal function, but is rarely appli-
cable in a routine practice due to technical complexity.

On the contrary, the external counting method by
means of a gamma camera and dedicated computer
system is simple and practical in a routine use, but is
less in reliability of quantitated renal function than
sampling method. In this paper, technical and diagnos-
tic characteristics of the quantitative methods on renal
function using the radionuclide are reviewed.

Key words: Renal function, Radionuclide, Clear-
ance, Uptake, Transit time.
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