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Unilateral Effective Renal Plasma Flow
Measurement using One-compartment Analysis of
PmTe-MAGs and Gamma-camera Renography

Noboru Oriuchi”, Mari Tokunaga', Hideki Suzuki",
Tomio Inoue”, Yoshihiro Ohnishi?,
Tomohiro Inoue” and Keigo Endo"”

The aim of this study was to establish a simple and
accurate procedure to calculate the unilateral effective renal
plasma flow (ERPF) using *"Tc-MAGs gamma-camera
renographyl. Eleven patients with urological disorders were
studied with *™Tc-MAG: to calculate the renal uptake ratio

(RUR), which was defined as the ratio of absorption-
corrected renal counts within 1-2 min after intravenous
injection to injection radioactivity measured with a gamma-
camera. We assumed that ®"Tc-MAG: was distributed in the
circulation, moved from the circulation to the kidneys, and
was excreted solely from the kidneys. We thus adopted an
one-compartment model to calculate *Tc-MAGs clearance
(CLwmas) using RUR. Sequential p-aminohippurate (PAH)

clearance study was performed as a gold standard in all the
patients to compare CLmac and PAH clearance. Obtained
CLmac correlated well with PAH clearance, and this one-
compartment model seemed appropriate for describing
CLwac. Unilateral ERPF was accurately measured within
two minutes after the intravenous injection of *"Tc-MAGs: in
conjunction with the renal imaging study. This procedure is
simple and reliable, and requires no blood or urine sampling.
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®mTc-mercaptoacetyltriglycine (*"Tc-MAG: ) &, EEL '(
ARSI ENE D, FOI)T IV ARE
T35 L2 X D ARYE M AT (Effective Renal Plasma
Flow ; ERPF) DllEEDSHEL EZ HNTWAHYS, fEsk, %
BEEERF 1 & AERPFOHlIEX, YI-0IHE W TiTbh
TELOS, LAaLPNE, BRI X AHR L BRI E VA
MOl DI 5 EICHEXH D, Ly #MOTFIF—
DEWZDA A=V ZITdE S v, £2PL0IHIZA A
=TV ZIGE L TWAY, &EiER &h o T LAY
DFHBEHTH 5. ®Tc-MAG:E, PHEZEAGEE T
PHOIHIZPD N BLEHES A —J V FEREEZ O
5.

bivbiud, “"Tc-MAG: % i\ CERPF % IEFEIZ SR 5 fili
B hEeER L. ORI = AZ V757
1 DF—7 96 ROLEAEOENEY, “"Tc-MAG:DHE
MEREZ 1 — 28— P A Y FPEFVTEBLAHED 7Y
77 v ABEERICS TR TEABDENEFNOERPFZ K
HELDTHAH. NFT7 3/ EBREE(PAH) 7 )T T v A
eFIZHifT L CERPFO I — IV F Y AZ ¥ —F& L, M
HOMBERERFTAIEICEY, KEIZ L B9 Tc-
MAG: 7 V) 7 F >~ A7 & OERPFREH O RN % BT L7z,
AR, $FRALE A, @O Te-MAG: Y » F
¥5 74 %479 T L2 L WERPFHIASTEETH 4.

it E

H, REFEBEZETHEE1HI(BEL06], i1 6, 20
B~T5HE) RatR L Lz, REONRIE, BHRERAEEX 4
B, A 7a—EEEF 2 618 X OBRREEE, ®SIEE
TE, BMEEmmMIEE, AREEE, kI —<mRE
MEENRENFN 1 BlOFEIIBITH S, MiEZ LT F=2
15 125F341.19mg/d1(0.5~2.4) (QE#1#E ; H1%1.3mg/dl LT,
2L 0mg/dl DUF) Th o7z, BB IREOHB & HEIC
DWTEHBEITV, HHICLAAEEETREZITo 7.
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1. ®"Te-MAGsH -~ YA ASL/F5T7 ¢

D05 AN A HBRE 1 KI300ml £ IEI S 2, R
P L 7ok, BESLTHREERo. P Te-MAGs{ESt
W(HAR XV 74 Yy 2 A%k, WET)266~570MBq (g
EF370MBq) % N EEIR & W R — 5 24%5- L, »Ho2 LOEL
DOFMICFRE L7zA < A F (SIEMENSHHL ZLC-7500)
rH, H5ERPOHEGHIFTETEIB /71 -4,
34762050 F TR0,/ 7L —LAT64x64< b1 v 7 X
DOEET— 7 ZNHE L7z, 3 X —FIHET F L F— iR
EE R, [T 3OV F— #140keV + 15% 12EBE L7-.
BoNEBET, MEAFBL U Ny 770 FEL
TBOBOOEOTHMINIZEELER RO ZFREL, Sy 7
Ty FRIERDOLV ) 75 0% £/, BERLH
M 57012, HSRIRICV) Y I0 1 5N hohy
YhEFHATTHUELE. BE5HBEOL Y VDA
7 ¥ M EZEN L FEIERETHIE L2 b D2 HIERS
=& L7
2. 1—2a2/8— M A Y FEFILEBVES"Te-MAG:MIE
V7722

HARAICIZ S SN2 Te-MAGsid, #5782 5LAHOR
HICERPANOBITIE RV EIRET B L, DM O*Te-
MAG: DIENEIEEIX 1 — 2 78— b A ¥ FEFIL RT3
ZEATES(Fig.l). TDLE, ¥Tc-MAG:DEREIZEI L
TUT D& BIHEHH Y L.

LU —k % B(t),
dt

R(t)+B(t)=D

ZZT, DIFRSE, B() BXURWIZZFNZFNER ¢ 12
BT AIMAE X UFIZBIT 29 Te-MAG: I, kXM 5
BENOBITHEEERTH L. Thrffl L,

R(t)=D-B(t)=Dx(1-e™)

L b, BE n~n (B ICEME L9 T-MAG: D
&, MAZEFTHILITLD

2 12
[ Rtydr - Dx [[a=e*yar
(] l

LERIhLH, COXEERTH L,

7]
Yis. cochn b RO s AR 0~
D
2B HEDEPETH S D5 I L% Renal Uptake Ratio
(RUR) £ EWnifaz 2 & , ROHEINS,

RUR=(t —t)+(e™ —e™)/k

ZORIT R IZOVTRL Z LI TERWVD, 1, 0 #FNEF
N1, 255032, 3 L35LE k ERURDBERIL, Fig2o
DL 1Zh b, Lizdio TR k=A% (eB*FUR_1) (A,
B EH) THMUT B T LHTE,

n=1, h=20% %, k=0.48026 x (¢!35315<RUR_1)

n=2, h=3D& &, k=0.29544 x (¢!32081<RUR _1)
PHESI, nknFEETIUE, RURDS kEZRkpbsZE
MWTED,

—fgiZ2 ) T T ¥ A (CL) IS ERE e 5k & A% (Vd)
EDF(CL=kxVd) L LTETIENTE S, DB
ZOEFITIHERIMAER & £ 2 SN2 7209 Tc-MAG: D
M4E 7 ) 75 ¥ A (CLvac) 1

CLmac = k x TEIRMAER - - - - (2)
THERLND, L7hS> TIRIRIMIESR L k 74> 5 CLyvac% 3K
HEZEDNTES.

(A) B(t) ]—-k—“ R(1) ]

B(t) ] ——k—P‘ R(t)

(B)

S —

Et) }

SE—

Fig.1 1-compartment model (A)and 2-compartment model (B)of *™Tc-MAGs kinetics. B (t), R(t)and E (t)represent the amount of ®mTc-
MAG3 at time t in the circulation, kidney and extravascular spaces, respectively. Constant k represents the transport rate constant of

99mTc-MAG: from the circulation to the kidneys.
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Fig.2 Relationship between Fate Constant (k)and Renal Uptake
Ratio(RUR)atti=1,t2=2; (—) and ti=2,te=3; (-----).

3. BENERUR) DEEH
(1) TeDIFREBBHERBDOEH

9T DRI IEFRE () 1E, XOXHICLTHEL
7z, BIRROMEORIIKE ANT, #0LI2370MBq
DnTew ANz ) VBV KOES % 05 510cm
FCTlem T2 LS, THENOEEOA T M EH =
HAZCHELR. Bohi=hor bEKE AR5 7
LElEehizhy b1 E LIRS Y 2 b &‘?ﬁ&
HL, TNEREEIBA x e+ (d . KDFES (cm), A .
FOICHTIRDT u em™) R W L7
)BORIICELDEL T FOEEHIE

Ny 27T v FRIEROV 2 75 A b5 1 ~ 247
CBIFREADEORES Y v bERD, ZNICHIRISHH
EAH p 2RV TEOES I 2 HEHIEL A - HER
Hr v b ERDTORDOHEH L.

RG)  RU
WEBEHY Y b= ;_FEL)W + e_pf;l)%

2T, R(PH)BIUR(NBFNEFNAEREDS L UERFIC
BIFAEMA Y, D(r)BXUD()RFNFNEEB
LUEEORES T, CTOH{E ETHER S HE L/2EERE
T COREHE  REEEOFE(cm) & L, Bo5h7:
FIIEE A o v b LEERSED S, 5% 1 ~ 251081
HRURZH I L7z,

WIEEH Y~ b (/min)
fHEF%5-& (/min)

4. RURDBD®E"Tc-MAG: 7 U TS > ZANEH
H(3) TELNIRUREHWT, EIRLA K ERURDH
B)DOBWEEREICBT S kEREE L. ERIIER

RUR=

= (3]

FH7E9H25H

A e 759

NS DAY D S HEE L7z,

TEBRINAER (1 )=(ax H*+ bx W+ ¢) x (1=Ht) x 100
ZIT, HIFEm), WidAEKke), Hild~N<FZ 1) » b
fiti, £/, BEOHE, a=0.1682, b=0.05048, ¢ =
0.4444, HOB4E, a=0.2502, b=0.06253, c=-0.6620
Thb.

kB & OEERMmMAEE & BV CEER () » 5 CLlvack K
&b 7"

5. INT T3 JBFREEC & 2ERPFOBIE

PAH L X AERPFDHIGE (ZFlanigan & D Jik & —Eck 2 L
TT-o721, $bbHiEE 1 kg2472 ) 0.08mlD10% DPAH
B (8mg) &7 v 3y MTHIRNIS- L, €01k 3 mY/
FOBRBETUT O &) IZHR L 72PAHTETE % FHe =i L
7z, AEPRAEES00mIIC AT B R HE kg 472 ) D10%PAH
BHE, M2 V7 F AEA1.2me/dIR T DH;£0.3ml,
1.2mg/d1LL F1.8mg/dIKifD#540.17ml, 1.8mg/d1L o

£0.12ml & L7z,

PAHG W O Ak G RM60 It IR S8, &
DEEALy T+ v FEREBSE. FOI5SH5HK L2557
BRICRMLEFT, ZhoOMIEPPAHIRE OFHEZP &
L7z, 400 ICEeIcHR & &, Aby Ty v F
LEE S, ZORMEREDS, BEEREY (ml/min) %
B L, JRPPAHIREL (U)) Z#lI5E L7z, PAH#ZS-ATIZERIX
L7z B L MiEh OPAHRERE & & Ehlo, Pok LTLL
TOXPSPAHZ VT I Y AThbbAY Uy F—F&hb
ERPFean % 5.1 L 72,

W, -Uy)xV

ERPF(ml/min
( in) = PP,

6. ClLuac E ERPFpan® &L

CLmac & ERPFpan % Ll L T, AWIEIZ L BCLuacDIEFE S
ZEMET A & L BT, CLwack WV 7-ERPFHHK % kKo
72. F72, RUR bERPFran & Il L TRE:D 1 — 3 23— |
AV MEFLERAWEILIZE ST, &£ IEMERERPFEH
W5 T 50 %E L7z, CLvac EERPFranZi 5 UFIZRUR &
ERPFean DA B % M5 L 72,

i S

O DIEITARE(p ) 130125 L PIEENIZDT, =
0.125DfEZHWCRUREEH Lz, HAr~hATVL /775
7 4 TRDHPTe-MAG:# 5 1 ~ 2 53 DRURIL6.6%
525.8% T olz, EH EN/RUR, k1fl, CLuacB LU
ERPFean% Table 11275925, IiFZ L7 F VEA51.5mg/d1LL
T OEREREE T BITlE, RUR, CLmac, ERPFpand B3 L <
fEVEZ 7R L7z, RUR L ERPFranldFig 312773 & 9 2@
HEERL, MEEREZ0.93(0=11, p<0.001)TdH-7:.
RURDBRDO: k[l FHVTI—2 78— bA Y PEFLT
L L 7297 Te-MAGs D 7 V) 7 5 ¥ A (CLmac) DHEXHE X
98ml/min7* 5 488ml/miniZ 446 L7z, —7F, ERPFrauid
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Table 1 Patient Characteristics and Examination Results of Renal Function
PaentNo. Ao () S Gony g “ (i) “mlminy
1 20 M 0.7 25.8 0.200 456 741
2 30 M 0.8 22.2 0.168 488 608
3 65 M 0.8 20.6 0.154 425 505
4 32 M 0.6 25.2 0.195 449 439
5 38 M LA 15.8 0.114 317 382
6 57 M 0.8 11.6 0.081 228 376
7 48 F 0.5 13.9 0.099 191 284
8 40 M 2.2 10.7 0.075 216 279
9 75 M 15 11.9 0.084 174 227
10 50 M 24 6.6 0.045 150 202
11 59 M 1.7 7.0 0.048 93 115

a) Serum creatinine level, b) Renal uptake ratio of ***Tc-MAG: in 1-2 min after intravenous injection, ¢) Rate constant of ®"Tc-MAG3 from the circulation to the
kidneys in 1-compartment model, d) *™Tc-MAGs clearance, e) Effective renal plasma flow measured with p-aminohippurate clearance

ERPF (ml/min)

800

600

400

200

20
RUR (%)

30

Fig.3 Correlation between renal uptake ratio
(RUR)of #™T¢-MAGs in 1-2 min after intrave-
nous injection and effective renal plasma flow
(ERPF)measured by p-aminchippurate in 11
patients with renal disorders. Correlation co-
efficient ; r=0.93.

ERPF (ml/min)

800

600

400

200

200

400

%mTe-MAG: clearance (ml/min)

600

Fig.4 Correlation between *™Tc-MAGs clear-
ance and effective renal plasma flow (ERPF)
measured by p-aminohippurate in 11 patients
with renal disorders. Correlation coefficient ;
r=0.94.
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115ml/min?* 574 1ml/min & W8IE < 5547 L, CLmacl3ERPFran
LT, 3.6 £9.3%EKVVETH 7. F 72ERPFran
& CLvaclI BIF A AR L, 0.94 & B WHBMRECH o 72
(Fig.4).

% =

9nTc-MAG:DAFENBIREE, WHEFig 1IIRT2—3 /%=
FAY FEFVCERSH, | BFHEETHRS SWEICE
5 EHEREOFHIL, 6 MORMEE ST 52— 23— F A Y
FEFNDRDIERHEE SRTWAY, UL, ROLETETS
FHESEMETHERFEOAEL REWI D - LIz .
bbH I Te-MAG: DENENRE X MAEHD 3 78— b R
YMEBRWEI—T 28— R A Y FEFLVTEBL, &5%
1~ 2 3B A B EREN G Te-MAG:DI4E 7 1) 7 7
YARBEH L RER, ROPFERELELET, BF
DBERES VF 7T 74 %f7) 2L, 5 EERPFORE
HATTEETH B2 0METH 5. H5 RO O
EEH A ATCRHIL, BonLMgEEOFL NNy S
777 FIZROIZRET U L,

PAHIZ L D RODIERPFE T — VT Y A ¥ —FE LT
BET L7225, Te-MAG:Z ) 75 Y AEPAHZ VT T Y A
L DOIETE0.76 Th o7z, WHZEBELE L8R, 13
EAEHEINTWR WD, QIHZ 1) 77 ¥ ALPAHZ Y
T AEDLIEIYH BN, PTe-MAG:Z 1) T 7
YALOIHZ )T T 7 REDHIZ0.77H 5\ 30.67Y &
ENTVWBIERE, 400N0.76L WIHHIZRLTH S,
WTc-MAG:DZ ) 75~ AIPAHZ ) 75 VY A LD T &
CHBILZ & s, ABEICX - TERPFZ IEREICIHEE LTS
HiEzZbNA, RUREAED, ERPFrand & B (r =
0.93)% 57:%, RURP»SHERPFREHT5Z L HTEETD
LY, SOOI LA E1—a Y= A Y PEFILEE
A L729"Te-MAG: DI 7 1) 7 7 v AfE%R FVI25HET
b, ERPFERIEL < (HHEIR%50.94) S TE 5 Z LS A
Loz,

9nTe-MAG: & Fi V7= BB BB O 8 M H9RFAlisk & LTI,
PITe MAG:D 7 ) 75 » AEREKEFOBELTLL0
R HEHLNIF A ATICL Y EEGICEE LY
)75 Y AZERPFIZIE L TEFNERELTHL0O0H 5
1922 ERPRICHME T A &I2& b, EEEdwEk L TERL
Th\WibiX, ERPFICRETRE TR, —7, Btk
DERAVFHEE & L TOERPFIX, GFRE & b IRERITH
Bz, INEHEHT HBRNE T E V., ERPFOEHE
B EHEENT T 3 VEBRREEZ ) 7 T » A (ERPFean) TH
A%, InFHEBKTT) 2 & IZEEET, fifE%ERPFA
HEAILE L SNA, "Tc-MAG:Z V7T Y A% KD AT
DI HMERIRMAVET, BHICIEHTTE WD,
DIVHIUIRIM PR % L3 L LR WERPFHEEORSE %
B A

ERTHEIHA25H

A fhes 761

I TICHRE SN2 Te-MAGsIZ & ABERPFA H
I, ®"Te-MAG3DZ ) T ¥ ALBIZBIT LM, 6K
WA LML, BILOMHIC & AERPFEHIETH 5 Schlegel
N 2Tauxe K2 X API-OIHD 2 ) 7T ¥ AEZ#EHT 5 b
D20, 230, 2934 4 ERPFED T —VF A% » ¥ — Fit
PAHZ )75 Y AL SR TWA, ¥ Tc- MAG3LOIHD 7 )
TS AL EETAZ LI INETEHEHE S LTy
A5, PAH & Wl L 7234513 2 n19), 230-28) 9mTe MAG;
i, FRAS D5 Ok BV TPAHDEEZ0OH L b &
{ZIFBEFLRLTWALY 2, 20/, 4HOKEHIE
PnTe-MAGs & PAHD[IEER S 28T, 2 "Tc- MAGsZ= v
TV 7574 RTRIZDEDDTWTPAHD 7 )T T ¥ A
BadT) J LI X AR EE T RAABEIC L. B
BRI, EARORBICEVHIPICEF LTI s
TWBHTHAH,

DHIVOIUIERPF% KD 5 72012, SchlegeliEIZHE T
YA AT ERHCTHRSELRIE L, P"Tc-MAGs:IE,
BIL.OIHR"'?[-OIH & LBl L THREENS {, 4 HDRHT
13266~570MBq % #%5-L 72, T3 TOHETH 5L
185~370MBq# % {2 3 17, 2. 26 = OREFEDOMGTFERE %
YU PILANTH Y= H AT THET A2, 7H
BEPEETE R, FCCIEMRERTITH 72012138
MOBEAMIET ALEN DL, FBOAY Y ML T
b, B2OAEEE TOMBICE D ¢y MO & MHIEL
7o, WURESEIEMRSUE, EWTH I LICK D EEORER
PURGMZ X BB EBA Lz, HEi e T L ICERIL
TAEERGVAZ L, EMRERET) TOICLEEER
BB, BOESIICTIC X B EMEE HWz2t, FERLE
L OHETLIHRNEA VL HFELH DO 20
I LTHEE LEE VT L IRIZRBOFE RSO
7 (G 5RE) .

ABIDOMETIX, BIRAES 1 ~ 2 SEROBEE»S
OnTe. MAG3Z 1) 79 » A%z, " Te-MAG:IE, %5
73 5 TIHRBR~OHRFER TS vzl —a /35—
FAYMEFVEGEATAZIEWETES, 1 ~2507—
FIZHART 2 ~ 3 FOFERCR L AV CHEE L 7o fEI33E
HREVEERDbNS, Fig2llmT 912, 2 ~35DKEH
RURIERIIEETH 5705, FNTHRER~HEE S -5
% B/NGF L T 5.

F A ROBRFTIRI-T v/ b A Y FEFMICEBE
B WAS, 2— 38— b A Y PEFNVICE B HEER
BT B LEENTKREWT LIHMEEE RV, L L2—a 28
— F A Y PEFAMDEAICE, 4RI LS RFLE LW
FETRIFT Rnico, SRIOfFRE LB 25 2 & IZH#
Tdhb. M LmEsE OMOBITHREEREELSEL
EEDINT Ty AMENOREEORE LI T 52 EDF
BT, SRME T R L CRRENHEHENIICS 5 0 Eh
PR T ALENDS.
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