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I. Analog computer simulation

The simulation was constructed through equations (1) to (5) using the analog computer
‘with a special correction of the initial portion of the distribution space (Fig. 1). Time
decaying extraction ratio of 13!I-Hippuran, confirmed experimentally (Part I), was taken into
consideration in the circuit (Fig. 1).

When there are good agreements between the observed renogram records and the obtained
computer results (equation (4)) on a recorder, and concurrently, between the observed excre:
tion (%) in urine specimen and the obtained computer results (equation (3)], the individual
renal plasma flow rates and other excretory functions can be read from the setting values of
potentiometers in the simulator. In Fig. 15 are shown the obtained computer results superposed
on the observed Rl-renogram records and the concurrently obtained excretion curves which
gives a close value to the observed excretion (%) in 20 minutes when potentiometers in the
simulator are set at those RPF values shown in Fig. 1.

II. The urinary excretion rate of 13!I-Hippuran.

1) Eff. RPF (Cpsm) was measured by the standard renal clearance method with 20
urological patients excluding upper urinary obstruction or hydronephrosis. Immediately after
this procedure, 20 yc of !3I-Hippuran was injected i. v. to each patient to measure its urinary
excretion rates in 10, 15, 20, 25, 30, 35, 40 minutes.

2) The results are shown in Table 1.

3) Cpam and the excretion rate of B![-Hippuran gave a remarkably good agreement as
Table 2 shows, i. e. 15min. (r=0.934), 20 min. (r=0.929), 25 min. 25 min. (r=0.925)....

4) The urinary excretion rate in 17 normal subjects turned out to be 66.7+5.7%.

5) The correlation between Cpum (eff. RPF) and the urinary excretion rate was con-
sidered in the simulation of RI-renogram record.

III. Comparison of individual RPF obtained by split renal function test and individual
RPF analysed by analog computer simulation
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1) As is shown in Fig. 16 and Fig. 17, the split renal function test was performed with
19 patients by the unilateral ureteral catheterization technique to compare the individual eff,
RPF (Cpam) before the addition of ADH, with the indirect measurement of the individual RPF
interpreted by the analog computer simulation of RI-renogram (Table 3).

2) The above mentioned comparison gave a nicely correlated wore to better ratio of RPF
(r=0.94). (Fig. 24)

The values of individual RPF showed a relatively low correlation (r=0.86), which is
thought to be attributed to the differences of patient’s conditions during the RI-renography and
the split renal function test (e. g. position, anesthesia, date, urine flow rate, etc.).

3) It was confirmed that the so called background of RI-renogram measured by using
RISA nicely agrees with the background estimated by the analog simulator (Fig. 25~29) and
bs in equation (5) was thought to be 0.05~0.2.

4) These studies using the renogram simulator showed that, with the known RI-renogram

curves and urinary excretion rate, the RPF in each kidney can be estimated with accuracy

comparable to that of conventional troublesome renal clearance procedures.
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EFFECT OF RENAL PLASMA FLOW (ZRPF)
ON THE COMPUTED RENOGRAM
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EFFECT OF RENAL PLASMA FLOW {ZRPF) ON THE
COMPUTED EXCRETION CURVE AND 20 MINUTES
EXCRETION RATE
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EFFECT OF TIME DELAY ON THE COMPUTED EXCRETION
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Table 2.

Correlation coefficient between RPF
and excretion rate of '¥I-Hippuran

10min 0.916 (6)
15min 0.934 €))
20min 0.929 @)
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Fig. 12 Correlation between RPF and
20min excretion rate
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BEILTRETS.

RI-renogram {31574 fEH %\ ik 205 FHlEc& L, 20
55 B\ NIBH B PR S @ TRPHHER P RIET
5. GEMERBLB50D, HIE 1R 500
ml ORFHKAIRTEL)

b) VI 2T A v av—x—DFREKEL, EH
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g —%TH L5, 1« V—%—~0 RPF, F/V,
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Fig. 156 X ZDERMAXR LI DT, FHl Rl-ren-

range 200, time constant
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— 50%

o = == A" '
S TR T s 2 gr () {41
33 A& = t‘ m; H "'[ lf}]'g’o‘l' 'lflﬂ_’,{ f"
St Tl = = =
M’jdﬁ i{.{}li- L :
5o 05 \;vi

¢ (min.)

Fig. 15 Computer results superposed on renogram records, where potentiometers in the
simulator are set as follows : Pgz(total RPF) =500ml/min, Pr(right RPF) =50%,
Py(left RPF=50%, Pzr(Fr/Vur) =1.8 min™!, Prz(Fz/Vuz) =2.5min™! Tz=2.5min,
T,=2.4min. This patient excreted 61% of injected isotope in 20min. Computer result
(er and ey) shows 30.5% excretion from each kidney in 20 min.

gram D kic, Yialv—~x—XbhBbhikv /5 T, Thy—¥E¥, I61EW Rl-renogram &, v
AHHER, ¥ X0 RAPHEhRY ERT AL O T2aV—=K—XODV /7T AMBEY —HIEIEE
TH 5. & OFEFITEERRFBEIRT61% T, > € - @ RPF % 500ml/min, %A% RPF % 250ml/min
V==X ) OEARPHIERIZE ©30.5%, 5161% ETAWD BB & Lk,
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(Fg. 1 /&L fz simulation curcuit ¢ 3} RPF
i Ps, & RPF X Pr, &# RPF X Pz, £ F/V 1%
Prr 7 F/V 1 Prz b X P, Vpe (0) iXPyp,
7% time delay i Tg, & time delay & T, TR

Method for Split Renal Function Test

Kidney

Urinary Blodder

No 7—8
Polyethylene Catheter

Urethro

No 8 Ne'stcn's Catheter

Fig. 16

Method for Cplit Renal Function Test

Water 1000 cc per os

- Caudal Block
(Epidural or Spinal)

— Catheterization
Blood 01
- A Loading (1)

10% PAH 0.084 miI/Kg
10% STS 0.21 mi/Kg

4 Infusion (1)

10% PAH 6.0 ml
10% STS 25.5 mi
Nomal Saline 500 ml
Urea 30 gm

Urine | | Blood I

- A Loading (2)
ADH 5.0 mU/Kg

Infusion (2)

—4— 10% PAH 6.0 ml
10% STS 25.5 m!
Nomal Saline 500 mi

Urine 2| Blood 24 Urea 30¢gm
ADH 4.5 mU/Kg

Fig. 17

L7z potentiometer WHMT 5. Hv/ 775 sltg
@ response curve (¥ rr (t) T, ZA®D response
curve X r; () ¢ bh, R4 BE i EERD
response curve (% e (t) X hBSRB)

c) FHrYT VAL

APV O F R ¥EL TfT7e» . 37 b Fig. 16
KRTIIRT~8BORY) =F VY AT —F LB —
B RCHEA, AL DRIVERANCBE L cx T
VDK T~ T AMCTERRT %S unilateral ureteral
catheterization technique I X »%:. B2V 75V
Ak Fig. 17 wiRT X5k, REAMC X BFIR
FHZ 35\ CI02THIDBRIR &, £ OFRDRMIZ X » T
WEL. 7+ e VE3HBC X% RPF Lo H#iL,
PAH 7Y 735 vAD ADH AHHiOME S » Tk
> 7c.

AERRB L UER

AL LTHELEBLBEIIIN (BTA, KI12A,
FELSTIST~56F IR L, EEE2 A, REBITA
TH5H) T, 82V 7 5 AOEBIE20ME, Rl-re-
nogram DEIHL, FE4SETHS.

Fig. 18~Fig. 22 11+ § = U — 2 —iT X 254D
—# &L, Table 3 X198 DV, 5HF7 V77V
AREL(TIR > 1B & —FH\ - RicfT7e » 7o Rl-reno-
gram OOHHEELX LD TRLE. RUBTDOHAK
13, AR XY BROERC X 5BERECEIL,ARD
NEFBEDHBEEELT, 7B/ V75V ARE
w177 - fc A —F; V- Rl-renogram % HEOX 5
ELIRTHB.

Fig. 23 320@05BE 27V 735 v ARETELR
RPF (Cpam) DEAEDKXEL, R20ED Rl-reno-
gram O 3 a UV — &~ X 545% RPF oA
fED % Bicd DT, r=0.863 TH5.

Fig. 24 134 Ao\ CD RPF 0 AR (EWEE,
WWMEDLLTERbL LI %R, B 7V 77 vV AREDS
EEYiav=2—ORNERLOMEERICIDT
r=0.941 LIEFCRIFTHSB. L LEREIE2,
ratio (3—fC> § 2 L— &~ L BHPEDOHH,
DE. by §a b~ &~ X boratio(Table
3D) &, B2V 7TV AETD ratio (Table
3 o)) Lok, e Table 3@ (9)/(4) i3,
ratio 0.3 LAF 3 FI& RV Tik 1.11£0.141 TH - 7.

AEBRODBE 2 V7 I VETE, BEEORVLH
wEhBMOREC, »F—FARBAL—RRE
HF—~FAETHBOT, RROREDLDIDILS
TR R LSO, HBWEY iav—F—X
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B,

Case [ T. A.

Analog Computer Simulation

Initial Volume
RPF

F/V

Background
Time Delay
20min Excretion

Actual 20min Excretion

Urine Flow

Y@ RPF DHAID CREND > 12 b DOHRHTH
h, leRRF ORI DS

RPF o#ss{Ei, RPF O hARCE~THEBILE
WA, Ziul Rl-renogram #ER L, &7 V75
VARRATR RS & &, LRMEDBEDHMD
% (37 Rlrenogram (3BT, HE7 V77
Y ABITBAL TR » 12), IRBOH T (DB 27V 7 7

R L
2.0L
337ml/min 337ml/min
0.4/min 0.3/min
0.11 0.08
2.2min 1.4min
33.3% 33.3%
66.6%
65.9%
2.43ml/min

v AT TEHERRTE & 5\ i3 BEIEA RN WHTS
%) S L BBHEEOEIC L B D EEZ D,
PG BHRERERE LT, BV ERNTHH LS
NTnD, FEAT—-TAERCLI25E2V 77V
AEY, REAT—T AL 0 ORWEOME, RE
HT—~FADRECHEATHE I X D EHECK
XETHBOME, HEOBEIECE JETHEED
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Fig. 19

Case 10 K. T.
Analog Computer Simulation

Initial Volume 2.0L
RPF 307ml/min 103ml/min
F/V 1.3/min 0.1/min
Background 0.14 0.10
Time Delay 2.3min 2.4min
20min Excretion 39.3% 12.79%
52.0%
Actual 20min Excretion 51.9%
Urine Flow 5.55ml/min

M — B RS T. HE DT S I
Y75 vAEL, —REN T —TAEETHDEER
FREMEAEINDH, ERNITCHIE TR IEm L
FRELDEEZLTOB,  GEALXAR PP O
i)

$E > THSITe 7 — 4 —Tixig\» PAHD 2V 7 5
VAR E DHARTH B AL, RIEM KA LT 2 &k

Bavdy b A%, BRI 7o i P #\ C, RI-rencgram
B, Rk 2 R L (RAPHRIER R RE,
Hre RPF & AHBES5 & &3 T&f ¢ 2 BTN,
LY §a V&~ LY, TEHEEHC ST RPF
DL EYHAID 8% - ki, Rl-renogram KRE
DBEBEHTHAMDOINC L LY BT, EHCHE
Fleo LE®ExD.
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L
. 20 min. IS

Fig. 20

Case 16 K. H.
Analog Computer Simulation

Initial Volume
RPF

F/V
Background
Time Delay

20 min Excretion

Actual 20min Excretion
Urine Flow

F4FE THOTHERICETS RPF L)
DT A—H —DES

V75K Vial—Xx—TE IR X

51z, background (T{kPEEEINSTRED 7] % H I HE2Y

Trh0LEZ, ROTIbDL
Background=bxVpe (t) Cp (1) & & % T\

5 0.
R L
2.0L
250ml/min 250ml/min
1.4/min 1.0/min
0.11 0.10
2.1min 2.3min
29.5% 29.5%
59.0%
58.4%
1.68ml1/min
%

Z T BflR & DB Dhy, EERCERKA
CREL CTHIe., ThbbBR I VI &%
%2 bhsb RISA (radioiodinated serum albumine)
T, TOHEEYRAL.

R—m#Ec, ¥-3 ¥I-Hippuran & X% RI-reno-
gram %iogk (15~20%), 203 %\ 3250 D K
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Fig. 21
Case 18 H. N.
Anlog Computer Simulation R L
Initial Volume 1.0L
RPF 140ml/min 310ml/min
F/V 0.30/min 1.0/min
Background 0.90 0.13
Time Delay 1.4min 2.1min
25 min Excretion 17.4% 41.0%
58.0%
Actual 25 min Excretion 58.4%
Urine Flow 4.97ml/min

BHlR A E, 251307 %CHEE (uc) © RISA
BEIEL, TOBHELYBEOMNELYR—CLT, B
AL TG X8, RISA EAK%1~24 L TKFE
WAL Tc#isr% b » T background &% % i

Fig. 4 k32, {,> 32 V—%~DRPF #0ml
LLICHAD Y 7 77 A ERITIERR & & < AT
Lish. PISA OBBRERIIOLEZLRDING (B
I#i, 1%2HK) RISA 0B 7 V75 VAL, R
- T RISA TE L o BB MEEREIL 0 L& 2 bR
Bk, fiFte RISA & X% background fhfgix,
v 3ialb—=4%—~0 RPF % Oml ZHREL foihif s —
HTHETHS.

Fig. 26 ~Fig. 29 3 Zz0%fER Lk b O T
1[-Hippuran & X % Rl-renogram L, Z0O#HTFKC

RISA X 5524 & *#7=L, Rl-renogram o Ficv
$al—=2—XbDV /75 A, 8XOFEHEHH
REBRCEZ, XbHic RISA &k 23EHfED L
Cit, Yi«V~%~—~0 RPF Oml BsDVv /77 A
HiE (ER) ZERTURLCLDTHS.

WTFR BT LS —~HL T B0% BB 5 = & a3
k5.

DL ERFERID, XOKKIT B b D fEIX
0.05~0.2 Ofif% & B L - 7o, — MR EE
DUWETIX, RISA i X BHEHHEIE, AT
fRE R, ST X 2 mFROK E o
LELZTND,

R Rl-renogram DTk &\ B8 &% % Rk
WOEIDRERFIONTHRE L Thiol, BEAT,
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Fig. 22
Case 19 K. U.
Analog Computer Simulation R L
Initial Volume 1.0L
RPF 180ml/min 270ml/min
F/V 0.23/min 0.65/min
Background 0.10 0.16
Time Delay 1.5min 2.4min
25min Excretion 21.3% 35.2%
56.5%
Actual 25min Excretion 56.0%
Urine Flow 6.19ml/min
ml
800} 1.0 - 00—
c i | )
g oo
3 500}
£ s | . .
2 4001 7;' * * Y=01¢/
= 208F
3 3 |
300+ . 2 N D
2 E |
o = 8 i
u . T=0863 S os Les i
@ 20CF 2 . ~ Normal kidneys
g & . ’ - Diseased kidneys
2 100F 02 ey ‘ : S
2 ‘ | |
£ | . i ‘
0 100 200 300 400 500 600 mi o5 S 4
Individual RPF by spli? function test Ratio 1n split function test '
Fig. 23 Correlation between observed RPFi Fig. 24 Worse to better ratio of individual

and computed RPFi i=right or left RPF
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1 s0%
R L
tnitiol Volume 20 1 R
RPF 308 mi/m. 305mi/m.
F/ v 1.6 /m.
Bockground 010 009
Time Delay 1.8 m 2.0m.
25 min. Excretion + 50 %
35% 35%
70%
Actusl 25 min. Excretion
68 %
L
25min.
Fig. 25
R L
Initiol Yolume 1.0 L
RPF 328mi/m 325mi/m,
F/v 20/m 1.2/m.
Background at 009

Time Deloy 2.3m. 2% m

28min Excrefion
36% 36%

72%

Actual Excretion
73%
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R
Initial Yolume /2,0 &
RPF 262 mi/rm.
F/V 3.0/m.
Bachground o.12
Time Delay 1. 8m

20 min. Excretion 38%
Actugi 20min. Excration

(50%

=t

-

37%
R i
Initie! Volume 2.0 1.
RPF 320mt/m. 320 mt/m
Frsv 1.8/m. 2.85/m.
Background 0.3 o.11
Time Desloy 1.6 m 1. 8m.
28min.Excretion
5% 35%
720 %
Actus! 28 min. Excration
70 %

28mi0,

Fig. 28
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| 1

1!

hi
i

“ 50 %
-“_.\«
R L
initial Volume 1.0 | R
RPF 250mi/®. 250mi/m.
Fr v 1.4/m. 1.5 /m.
Bechground 0.1 008
Time Delay 2.6 m. ol
25 m.Encretion _*;—O%
3e% 34%
68%
Actaual 28m. Excrelion “
63%
L
23 min.

Rl-renogram % A% X THEMN L-TRA L, K
BOKMNC X » TSR > TRBHE»HSH. L
L2005 H B W ix 255 O KRB SHRE R, 3
IF—2THY, RPF Bbiid 3 L ixF L bhig\.

oo X 3 7c Rlrenogram DY»s, RKEL X~ T
BY 5T HVH, REDOER REEY —ELCT5 &
LIz C REk7cZ L TH Y, HE-~ T Rl-renogram
ODBERECZ LV &R, TTRRNCXSK, Z0
BED—DODAEIRELTL>TWD. LLZDR
A hELE, ZhBRREDOHE Y HRCRITS
BEEIRVEVLZ, —ECREDORD T RAE
ThRSE 7 1 M AEAE D 2WNC K X Teffifid 323 DT
B, FoOEN, ZOIERKIEE A LD KRR
iz. RI-renogram (i B4 B E L DIk & IcHA
D1DOTHo 1 L bBDIRVHERTHS.

HHE 7 Y 75V AKETE, BESMHOMMC
HoF, RPERE Cu 3—EHEY & 5L DREXN
JEXED LS IRBAIIL T BDTH S0, Kl
(t )T & » TP b R IR E S 25{b 3 B RI-reno-
gram IEW\WTIE, 2V7 7 VAR BFD X5
*£x 05, B (t) #BALT, EHTEAT 1y
IEHEZDBLBENDHD. RCHE I ROADE U@
DAETHNIC & 5 e ARDOPTOIRE L V- 1A
T, WHFWILERIBEIT A bDERET AL, RI-

renogram {Z R % ROPRHEEL, BRO@E @
DX 3w Vw/Fy s BBEEH (time constant) & X
> THEINBBRER Y SA M L& X bhitt
e bigu.

ZDBE, Vu (TESEEY WET S BEFHCE
Tha, KRENS ERMRBAFTHY, TOEHEOF
CIRIEE Cu THEENFLETREELDLR, i
Fy BR&EN RRBTHB. Vu/Fi CX>THRE
IhBEWD 2E, Vu OEXRERE F OBRD
2, A—0REd2L\WH T ETHY, FRKRIIIX
BERERMEERY 2 » 7%, RitE F ©
INXWBE L, KBFESD LHREEY Vu OXE
WAL, MU X57% Rlrenogram TH- T, 4
RECHOGREINTS 2 LMKV EERIELT
W5,

FBRAOHE, BE 1~10ml/min BED R
BoRETE, Vuw/F 3uvdunkElsb2~3
DEMDER EBSDTH Y, > TIHIETIE
BITKEWE, 7ok x X205 & 305 & DR
FAEHEOHAITE, MRCREROHE X R b h
T, —EECIEEL eB L b, RS SRR
LDOBFRND, YRTFEIRDEZAHTHS.

WiT 2 ~ 3 DEEFIH 2T T, HHEORERDORED
EEARL, TORKERFLICVH, REOHEDT
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SIEVCBECIRERIBED TR Y, ERALK
2B D EBBOT, HEHE, BERKOMEK Fi/Vui
o CTHMOEILRTHEELE 2. Fi/Vu H
PIVERERNREL, HHhCEh b B EEL LR
5.

Fig. 30 WRTEFAIXRAEDBE THE B 7o K
B OKRENHD, IVP TR305E B HIZEAL
BEBHOEE Y RInVERATHSD. ZOHEREX
14.7ml/min & FEHZ ML T30, Vu OKZE
Wicd F/V &<, - TRPBETEDHHILEIE

N

i}

AN
e Ry i

HRDOLOND. FURPHEHEDHMEI 0 THBHD
X, KREDHHicdbELbRS. Lh L IREF+H
DOHEMHNI37% LS E I, RPF § FhBE &
Erbhs.

Fig. 31, % X0 Fig.32 ©RHEMB, CTidsE
EOEREMNBETIMECE,N DD X IEL BN
FRARPHRRE, ERABETHY, Y iav—F—
Xbo RPF &, BIZRAKOER L > T5. ZDH
& F/V ZEEGIB TIXEMCDO 6 ~7EHH, RE
DEDZTIIHALHEEL, F/V 0 L5HHHDE

B i A

AL wz‘,»’f,ﬁ;“”" M“\ ’l\:sl‘_,hl[.,‘?(,m'gl o e
LR T

Fig. 30

Case A K. O.
Analog Computer Simulation
Initial Volume
RPF
F/V
Background
Time Delay

25min Excretion

Actual 25min Excretion
Urine Flow

Bilateral Hydronephrosis with Diabetes Insipidus

R L
1.0L
273ml/min 227ml/min
0.03/min 0.15/min
0.12 0.10
2.26min 3.02min
12.7% 24.3%
37.0%
0.0%

14.7ml/min
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Fig. 31
Case B S. K. Juvenile Hypertension
Analog Computer Simulation R L
Initial Volume 1.0L
RPF 290ml/min 290ml/min
F/V 4.00/min 5.00/min
Background 0.16 0.16
Time Delay 2.0min 2.2min
25min Excretion 34.5% 34.5%
69.0%
Actual 25min Excretion 71.8%
Urine Flow 4.83ml/min

JEC X B DEZ X bRBA, BRICIIINMIL 55
A b ObDOMTHT, IHLERFLXINZLHLELD
5.

I HIkELEN T, fk Rlrenogram ofigiR k
#eiz peak time L EER T e b DICHIYST 5 & E %
LA, BRI ERSTCR e RN ET 5

& B
1) HBIHTRELLERXO~B®x 7+ r s
HEEAF > THELXTRV, xbhkdo0

R X 0 Rl-renogram 55 RPF 0%
1[)( 9) ?ﬁf,{b\, 6}‘%‘7 Y75 ‘/Z?%VCJ: %RPF

EORBEXIIZOBE Tk TROBERER
fz.

a) £4 RPF okt B HRE 0.941
EEVHBEERL .

b) Z£% RPF ofExf{Eo HRIREU 0.863
Tho .

c) £/ RPF ok/Ntik, 73r/7via
V-2 —DBETRREL, To—FHR% 1.11
+0.141 TH- .

2) BERABT 174, 87mE@ ‘'*I-Hippuran
D205 D RAPHEIESR 66.745.7% ThH - .
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Fig. 32
Case C 0. O. Juvenile Hypertension
Analog Computer Simulation R L
Initial Volume 1.0L
RPF 289ml/min 241ml/min
F/V 0.7/min 0.65/min
Background 0.13 0.11
Time Delay 2.4min 2.3min
25min Excretoin 36.5% 31.4%
67.7%
Actual 25min Excretion 71.1%
Urine Flow 6.2ml/min

D3 BRE Iml/min L TFTD12A, 25 D20
7B 64.946.6%, RE Iml/min A ED17
A B2E O PIEEX 67.5+5.2%TcH v, RE
KL 2E2RRbNinS 12,

3) 20& 0 BEE < “I-Hippuran o FRHE
K¥PAH 0 V75 v AL KL, 155
r=0.934, 205 0.929 R\ T255H, 305
fH, 35fE, 1098, 40HfE&EKEL 2%, WIohb
BWHELFL k.

4) RISA » FH L <,
background ORIEH T8\,

Rl-renogram o

B#RAX @D b

X 0.056~0.2 D& 52bDLEZ .

5) Rl-renogram @7 7w 738l X 545
Pricx v, BERECHRNARRT L L CoORPF
OFAED &, BRECHEEENRRTLELT
® background, RifE, F/V, T, oA
YEALTEL B RS o RkE RN
#Bcdrn, Ll F/V, TEOBRKRNLERS
FreBiL T I bIeRFAEXEL, s T7F R
72 E#w X 5 Rl-renogram o4y, 7
RBBRHTNE &S,
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KRB OEET, H53EAFWRENFESBE, &
5 B ARKE®SES, F8EALABRERBRTE
WTHEEL.

BEREBEHIch, EFEL D OB A
W BT BERCECRI e LT, kA
KB, MR e, UK RIS
NIBRA L, THMRFESRAE, FREFENs#E
RS LE T BRERCHEB IR BIR
BRMRILERBITF, SEMTE, BELTECRS
foLET.
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