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CLINICAL STUDIES ON RADIOISOTOPE RENOGRAM

PART II. STUDIES ON QUANTITATIVE ANALYSIS OF RADIOISOTOPE
RENOGRAM BY COMPUTER SIMULATION METHOD

Hidemaro Urvama

From the Department of Urology, Faculty of Medicine, Kyoto University
(Chairman : Prof. Tokuji Kato, M. D.)

(1] Quantitative Analysis of Radioisotope Renograms

Since the introduction of radioisotope renogram in 1956 by Taplin et al., its usefulnessasa
kidney function test has been evident. Many methods of analysis, both qualitative and quantita-
tive, have been presented. In the earlier studies, the RI renogram was interpreted on a purely
qualitative basis, e.g. visual comparison of the tracings. For clinical purposes this method is
still widely used. But differences in qualitative interpretations and high incidence of falsely
positive or negative results have led to more objective semi-quantitative or quantitative inter-
pretations.

The semi-quantitative methods compare the amplitudes of the curve at different times.
Several investigators calculated ratios derived from measurements of amplitudes at selected
parts of the curves.

Another method utilizes value calculated from time axis of the renogram curve. Some
of the most frequently used parameters are time to maximum count, time to 75 % or 50 % of
the maximum count on the descending slope.

More sophisticated mathematical analysis have been reported. One of the most thorough studies
is that presented by Pircher et al., who measured 28 parameters derived from normal renograms.
Hirakawa et al. suggest a quantitative interpretation by ‘“Renogram Index”.

The most advanced mathematical analysis, mostly based on the compartmental analysis, have
been reported. Most of these studies are possible only when computers are available. Though
these new methods of analysis are closest to a true RI renogram interpretation, their highly
specialized content makes them available only to a few persons.

However, the great potential value of a reliable precise method of studying unilateral renal
function by RI renogram warrants a more intensive investigation of the possibility for an
internationally accepted mode on quantitative analysis.

(II ] Quantitative Analysis of Radioisotope Renogram by Analog Simulation Method

By analog simulation method, 31[-Hippuran renogram and 1%'I-sodium iothalamate renogram
with concomitant 25 minutes excretion rate are analyzed in terms of 1) total RPF and total GFR,



114 k1 Radioisotope Renogram (1)

2) their right to left ratio, 3) ‘“Mean Transit Time” as a sum of time delay and time constant.

Over 5,000 cases of analysis, this method has been fully evaluated as clinically useful renal

function test.

“Mean Transit Time’’ is an important parameter resulted from analog simulation and it

indicates characteristically the delay in excretion of RI in patients with renal artery stenosis,

hydronephrosis, polycystic kidney and nephrotic syndrome.

Though the clinical usefulness of the quantitative inferpretation of RI renogram by analog

simulation method has been established, it does not follow that this method has no problems for

argument.
were discussed.

Some problems concerning this simulation method and parameters derived from it

In conclusion, in the quantitative analysis of RI renograms by the analog

simulation method in terms of RPF and GFR, the correct urinary excretion rate of given RI

and adequate diuretic state of patients are necessary cenditions.

(IIT) Quantitative Analysis of Radioisotope Renogram by Digital Simulation Method

Using a mini-computer and ‘‘BASIC”” program language, quantitative interpretation of RI

renogram by digital simulation method was tried. The principles of this method are the same

as that of analog simulation method.

RI rehogram counts are registered in the computer with paper tape perforation. Then, using
RPF or GFR tracking programs, these counts are computed for calculating RPF or GFR and other

parameters. Finally these computed parameters and RI renogram curve are automatically typed

by the teletypewriter attached to the computer.

Adopting this digital simulation method, the time for analysis is shorter than that of analog

simulation and the simulation is carried out nearly automatically.
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of 1
N H‘ 8 IHE"’[ Time (min)
| * 1. Appearance height — A
* 2. Peak height = B
3. Height 5 min after appearance
* 4. Secretory rise = B — A
5. Height 5 min ofter peck
6. Heightat 15 min = C
* 7. Heightat 20 min = D
8. 20 min height -~ 5 min height
9. Time from injection to appearance — Ta
*10. Time from appeorance to peak = Tn
11. Time from peak to return to oppearance height — T«
12, Time from injection to 75% of peak
13. Time from peak fo 50% of peak
14, Time from injection to 50% of peak
*15. Secretory ongle = ©
*16. Excretory angle = €4
*17. Total concentration = {B —A}/A
"18. Conceniration rate = {8 — AV AT
*19. Excretory rate == (8 — A}/ AT:
*20. Renogram index = {{B — A)" <~ (8 — Cy1/8°

* Left fo right ratios were also calculated for these parameters.

Fig. 1. Parameters used for renogram

evaluation. (Meade et al.?5)
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%L (Fig. 1), 20oFrbRIEEHEOR <7 X —
2L T5 oY (Table 1), ZhbitXbv/ 7
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Table 1. Comparison of five best parameters
for renogram evaluation (Meade et
al.?)y.

Accuracy (%)
Parameter Normal [Abnormal
| renogram | renogram
B
1. Time from injection to 75 78
759 of peak
2. Excretory angle 87 ! 91
3. Renogram index \ %4 | 89
4, Time from injection to ‘ g7 l 93
50% of peak ! |
5. Time from peak to 50% f 87 \ 95

of peak
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RI renogram diagnosis by analog simulation method.
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Fig. 3. “Renal Transit Time”
(Taplin et al.’®)
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MTT) ) oWl %.

RI v/ 77 ahb, RI ofEicBIT % o o para-
meter %HL O U CHRETL 723, Taplin B35
THDH. kbt “renal transit time”’ LIEAT
¥v, Fig. 3 ©i&T X5k, RI 5L Y- %
CTORECEELCW5D., bz X5 &, “iransit
time” 1%, BHEAOLCWBECIIL, MBI REE
ZXoToAELL, TOEFEHERL2.5~55ThH
BESH. REED 2ml/min L5 L IR
T —ZBUfE (3P0 &b, REES 1ml/
min UTFOBAECIE RECTECTERTLEV- T
WA, E, hubliz o transit time’ OERKAY
B, BOEAZD L RBEED BREEEED
screening RIS T LB BHEL TS, LLT
BmEtanFoEaciy, BAEATIo “transit
time” QIERNGLBIS Lo T D

Coe 5 yx, RI v/ 75 A DEBMNGHTO—FE
L L7 ‘“‘mean transit time” OBIEX AL T 5,
nhbit, HFEFAR{F, TZ O “‘mean transit
time” ZEZBL C57, HRMERETELED,
ERfLER TG X 5 THD. Fie, Blaufox 55
%, =0 Coe BbOFEIL X» ¢, “U-Hippuran o
VT “‘mean transit time’” OEER B I fro T 5
72, Coe & LA MK EFATELLIHETY
Trizen,

ZZ o ““mean transit time” ¥, HBAEARRE L
1z Taplin BOZHEFEEETH S, TCBLD
i, ZEFE o “mean transit time” (LIF MTT) i3,
—%FEF BT A time constant (V/F) &,
WMPEEREN (0) ofitEpbEhs. Taplin b0
“renal transit time’ 3, FEEZOEEEN () 120
FEROHL LD TH B, FHEL, Taplin b LAk,
EEBEERSFEYEA T MTT %L, %
DIEEEZ KD, ToOfEES Table 2 iR,
REET L TEETDZ &5,

Table 2. Normal value of ‘““mean transit

time”’.
Urine flow rate Mean transit time

(ml/min) (min)
<0.5 5.08%+1.14
0,5~1.0 4,54+1.30
1.0~1.5 3.65+0.91
1.5~2.0 3.8640.89
2.0~3.0 3.20%0.57
3.0~4.0 3.15%£0.64
4,0 3.02£0.49

MTT DEERAEZ DWW, Taplin 528%0
—HCOWTARTN 28, BB sEmEOSE,
BEET MTT (JEET 5. FEHIT196TEUREIRT
o CBMERROLEEDO v 7 75 a5 L, BB
T, 1) MTT pEEMRSH S, 2) RPF pHpvhE
M5, &5 b AR REZER™. Table 3 iz
o OGEHERY AT, ¥k, Fig 4 cBnE4S
D 1526 (Table 3 o T.0. #) %o,

Table 3. Cases of renovascular hypertension.

Name Age Sex (ljnPlI; Ral%?FOf!MTT (min);‘ B.P.
min)| R/L |R |1 | mmHg)
M.F. 26 M| 400 | 1% /2.5 5.84 3.3 | 202/120
M.K. 16 F| 700 | 1.7/1% | 4.5 20.1% 195/110
T.B. 42 M| 240 | 1.2/1*%: 7.5 111.3* 174/110
M.O. 34 F| 500 | 1* /2.5/10,0% 3.4 | 214/116
H.M. 27 F| 400 | 1% /2.5 9.3% 5.3 | 160/ 9%
T.U. 22 F| 360 | 1% /3 | 4.6% 4.1 170/ 98
T.K. 9 F| 340 1.1/1* | 5.7 | 7.7% 130/100
T.O. 31 F| 570 1% /1.2)14.2% 5.5 | 180/100
H.H. 24 F, 560 | 1.4/1% | 4,2 | 7.0% 200/110
H.N. 21 M| 505 | 1%¥/1.5|18.4% 5.6 184/120

*) diseased side.

MTT iz, ZOoBNEESLEDEHET T,
DED LD RERT, HENERERUERLFE
Fein parameter &inn. Tiobhbh, KEE, ERE
B, 7w CEER, BEFo rejection #i/gd
¢, MTT [ xEBEMCIEET 5. Fig. 5~9 wEd%
b

FEF3196743K, analog simulation iz k- C,
Bil-Hippuran renogram 33 & (8 ¥I-sodium iothala-
mate renogram OGHE I LIS TEIVHR, LD
FEFIBUEI970F K¢, 5,000 A% #E 2 o, HFETI,
COFEC LD RL v/ 75 A0@FHEL, FEA
FEFBABREOEFNCAL MO TR D, BEE
BAIED routine DOEDTe»> TET5S. b
b, ARHCRWTE, BESRIZL & X, maEsS
k¥, WREIR, BERI R E,D, PSP #Bany
LR, H05 OBEERELL TRV 75 A
BEOERNHDH. Fiz, PEFCRBREI KD,
Bz Y7oy ALETHHEEL L URENSES Y,
WRER TR, FRELL CFEREBOREDCD &
DEINTED, BARLLE, FEROMIMEES
ORI OBEED follow up L, IVP rFHE
DREFREIEZ TETHD. 20X 5EELFCD
N5 X5k TERD, ZOBNHEC T4 M
BRI b Tk, BIF, W ohoRMESR
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Fig. 4. A case of renovascular hypertension.
Case. T.O. 31-F. Right renal artery stenosis.
RPF =570 ml/min. 25 min excretion rate=59.1%
Right Left

Fig. 5.
Case. T.S. 54-M. Diagnosis : Right renal cyst.
RPF=489 ml/min. 25 min excretion rate=40.6%.

Right Left
R : L Ratio ik 1.2 R : L Ratio 1 1.1
Background 0.100 0.100 F/V (sec™) 0.05 0.30
F/V (sec™) 0.20 0.40 Background 0.100 0.100
Delay (min) 9.2 3.0 Delay (min) 6.8 4,2
Excretion (%) 23.6 37.5 Excretion (%) 12.5 30.9
MTT (min) 14, 2% 5.5 MTT (min) 26, 8% 7.5
Urine flow rate=0.44 ml/min.

Urine flow rate=0.64 ml/min.
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Case. K.Y. 14-F. Diagnosis : Left hydronephrosis.
RPF =470 ml/min. 25 min excretion rate=57.5%.
Right Left
R : L Ratio i1 1.1
F/V (sec™) 0.95 0,30
Background 0.100 0,100
Delay (min) 2.0 6.6
Excretion (%) 28.8 29.1
MTT (min) 3.1 9, 9%

Urine flow rate=1.42 ml/min.
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Case.

Fig. 7.
S.S. 48-M. Diagnosis: Polycystic kidney.
RPF =335 ml/min. 20 min excretion rate=39.7%

Right Left
R : L Ratio 1 1
F/V (sec™) 0,24 0.36
Background 0,100 0.100
Delay (min) 4.0 3.6
Excretion (%) 19.1 20.6
MTT (min) 8.2% 6, 9%

Urine flow rate=4.9 ml/min.

(1) weiSouay adojostoipey : T

611
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Fig. 8. " Fig. 9.
Case. S.0. 31-M. Diagnosis : Nephrotic syndrome.
RPF =250 ml/min. 25 min excretion rate=31.7%

Transplanted kidney (rejection stage).
Case. H.T. 20-M. Diagnosis : Transplanted kidney.
RPF=240 ml/min. 14 min excretion rate=12.8%

Right Left Right Left
R : L Ratio 1 1 R : L Ratio 1 0
F/V (sec™) 0.13 0.13 Background 0,100 0,150
Background 0.100 0.100 F/V (sec™!) 0.14 —_
Delay (min) 2,2 2.2 Delay (min) 5.6 —
Excretion (%) 16.0 16.5 Excretion (%) 13,5 —
MTT (min) 9, 9% 9.9% MTT (min) 12,7+ —

Urine flow rate=0.69 ml/min. Urine flow rate 0,84

0g1

(11) weaSouay adojostorpey : ITIH
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Fig. 12.

Effect of RPF wvalue on renogram
curve, urinary excretion rate and
background curve (!3I-Hippuran re-
nogram).
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Fig. 13.

Effect of GFR value on renogram
curve, urinary excretion rate and
background curve (!3I-sodium io-
thalamate renogram).
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Fig. 14. Effect of ‘Time Constant’ on reno-
gram curve, urinary excretion rate
and background curve (*¥I-Hippuran

renogram).
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Fig. 15. Effect of ‘Time Constant’ on reno-
gram curve, urinary excretion rate
and background curve (!¥I-sodium

iothalamate renogram).
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Fig. 16, Effect of ‘Time Delay’ on renogram
curve, urinary excretion rate and
background curve (**I-Hippuran re-

nogram).

TIME DELAY 9.0 min 30
6.0 min

3.0 min 25

20

Excrefion Rate (Right Kidney) %

0 10 20 MIN.

Gain 0.9, GFR 120, Time Constant 1.0 min, Background 0.1
Fig. 17. Effect of “Time Delay’ on renogram
curve, urinary excretion rate and
background curve (**l-sodium iotha-
lamate renogram).
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Fig. 18. Effect of ‘Gain’ on renogram curve,

urinary excretion rate and back-
ground curve ('*I-Hippuran reno-
gram).
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Q 10 20  MIN.
GFR 120, Time Constant 1.0 min, Delay 3 min, Background 0.1

Fig. 19. Effect of ‘Gain’ on renogram curve,
urinary excretion rate and back-
ground curve (**l-sodium iothala-

mate renogram).
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BACKGROUND

Excretion Rate {Right Kidney) %

0 1a 20 MIN.
Gain 0.7, RPF 600, Time Censtant 1.0 min, Time Delay 3.0 min,

Fig. 20. Effect of ‘Background’ value on re-
nogram curve, urinary excretion
rate and background curve (3]~
Hippuran renogram).
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r T [o]
0 10 20 MIN.
Gain 0.7, GFR 120, Time Constant 1.0 min, Time Delay 3.0 min,

Fig. 21. Effect of ‘Background’ value on re-
nogram curve, urinary excretion
rate and background curve (13-

sodium iothalamate renogram).
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Fig. 22. Comparison of calculated values of

RPF by two operators.
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NTHDERD S EEBbh5, ULirlindb, K
DE# s )75 v AL S data DT Y Fp3420
BChBI L LIS L, Z o analog simulation ¥
L5 data OA"F Y3t LTESTVWENLX
5.

&) WPFWEIFIBCERWBHED
simulation 2w T
RS, TREHFRBZ T 29 LT3 %
&, BERARE He (KRB, RE, BaWEERR
L), EROBE, FTHEcELWBAITE, EL
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Gain 0.93, RPF 280, Time Constant 0,83 min
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Gain 0.85, RPF 350, Time Constant 1,00 min
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Excretion Rate (Right Kidney) %

0 10 20 MIN.

Time Delay 3.0 min, Background 0.1

Fig. 23. Difference of renogram curves in
diuretic state (*®I-Hippuran reno-
gram).



_E1ly : Radioisotope Renogram (II) 125

30

Gain 0.90, GFR 100, Time Constant 0.83 min 25

Gain 0.85, GFR 125, Time Constant 1.00 min

20

Excrefion Rate (Right Kidney) %

0 10 20 MIN.
Time Delay 3.0 min, Background 0.1

Fig. 24. Difference of renogram curves in
diuretic state (!%I-sodium iothala-
mate renogram).

Gain 0.94, RPF 280, Time Constont 4.4 min

Gain 0.85, RPF 350, Time Constant 5,0 min

Excretion Rate (Right Kidney) %

0 10 20 MIN.

Time Delay 5.0 min, Background 0.1

Fig. 25. Difference of renogram curves in
oliguric state ('¥I-Hippuran reno-
gram).
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- Time Delay 5.0 min, Background 0,1

Fig. 26. Difference of renogram curves in
oliguric state (**I-sodium iothala-
mate renogram).
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Gain 0,63, RPF 240
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Time Constant co, Time Delay -, Background 0.1

Fig. 27. Difference of renogram curves in a

state of markedly delayed excretion
of urine (**I-Hippuran renogram).
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Fig. 28. Mini-computer and ‘Pulse converter’.
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Fig. 29.
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<Right renogram : below
Left renogram : above)



128

Wz L, BlEb 100 TCehsb. il
THEE XN % parameters 13, Z£F® RPF (F7-1%
GFR) of, TokAEDH, 2255 R hHEtEE, gain,
FhRBOBDOD MTT, in X thH 5. CoHEORKE
X, SERIMELFTEEDED 2Ty, EAMED 1EIER
#= (S.D) O2FCE- b DTHELLI., RI D
NAD Y HVCH Y AGTETFTHE (N) Tk, S.D.
=+/N/N DEIRFRHIIT 505 TH5H.

@) v/ 77 aiifs LOEEEOITHHL
(2) THEH X hic parameters |37 ~ FIZEEF X
DD, BBRELIhEHIOT = 75 2% fF- T, HE
Ehicv/ 75 Al X U4 parameters %7 L
247 CHHHI R 5. Fig. 31~34 i digital simu-
lation ¥ X AENTOEFIwRT. FHBEIRILV /S

EEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEE

///////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
///////EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
//////EEEEEEEEEEEEEEEEEEEEEEEEEE
//////EEEEEEEEEEEEEEEEEEEEEEE

/77777 EEEEEEEEEEEEEEEEEEEE
//////ECEEEEEEEEEEEEEEE

EEEEEEEEEEEEEE

//7//7//EEEEEEEEEEEEEEEE

////////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

///7/////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
////777/EEEEEEEEEEEEEEE

///////77//7/EEEEEEEEEEEEEEEEEEEEE

/71777777 /EEEEEEEEEEEEEEEEEEEEEEEEEEEERE
/////////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
////////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/1777777777777 EEEEEEEEEEEEE
/7///7///7//EEEEEEEEEEE

™
€

s2)

—-

m

.

wn

[£3]

™

o w w i sl w w w
= w . . . o . » .
E et 4 N AN MM T TN 00w

Kk K koK K KK K

TOTAL RPF 575 ML/MIN
RIGHT RPF 49 ZC « 49839
LEFT RPF 51 Z

RIGHT EXCRETORY TIME CONSTANT
LEFT EXCRETORY TIME CONSTANT
RIGHT DEAD TIME 4 MIN

LEFT DEAD TIME 4.5 MIN
RIGHT MEAN TRANSIT TIME

LEFT MEAN TRANSIT TIME

25 MINUTES EXCRETION OBSERVED 69.9
25 MINUTES EXCRETION COMPUTED 7@

ACCURACY RIGHT 2.28983

k17 : Radioisotope

/7727777477777 EEEEEEEEEEEEE

Renogram (II)

5 AT, 30R0 2 & DEMNGEEHF I T 5, analog
LTIV CTESEI N 58, digital ETixe
DE3CRELTCREINS.

LED X 51z, digital simulation iy, 3HE
PHBELOT w75 AZ 252 TBHE, HLiTA
MoFrbThibto L7, BBNCHE RS
bh, BREIMTLHEIhZOTHD. £ LT, analog
simulation BiZHR% &, HTCET IREEEL,
AEOA AT 2EER &b Th. Ebhi
iFiz, analog EoZh & RUKRKRBMEL 2.

(4) Digital simulation ¥ DORIEE

Z o X 51 digital simulation #1%, analog simu-
lation Bz, AMOFE T hirT o a3
25, &< HERT & 5 i inines, 203 D BT

////////7EEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEEE
////////FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
///////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
///////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
///////EEEEEEEEEEEEEEEEEEEEEEEEEEE
/////7/EEEEEEEEEEEEEEEEEEEEEEEE
//7///EEEEEEEEEEEEEEEEEEEE

//////EEEEEEEEEEEEEEEEE

//////7//EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
//////EEEEEEEEEEEEEEE

////7//7/7//EEEEEEEEEEEEEEEEEEEEE

/7777777777 EEEEEEEEEEEEEEEEEEEEEEEEEE
////7/77///EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
/7/////7/EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEE
/////7//EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

COMPUTER DATA *kkkkkkkkk*kx

I
2,

3]

-1

w

&

=

= P2 T R, S Vo BT e B

Z o . . . . . . »
g AU T TN O 0w
BACKGROWND R: .1 Lt o1

>

led MIN

«7 MIN

Se 4 MIN

Se 2 MIN

4

z GAIN 4,108639 <1 b

LEFT 2.29233

*kkk ok kkkkkx EXECUTED BY MINI~COMPUTER YHP 4100A #¥kkikkkk
Fig. 32. Computed renogram curve and parameters from Fig. 31.



_F1li : Radioisotope Renogram (II)

R

j"%mm

Fig. 33. Original renogram curve

(

(*¥-sodium iothalamate).
Right renogram : below)
Left renogram : above

L1777 7777777777777KKKXXXXXXXXXXXXX
1117777777777 77777KKXXXXXXXXXXXXXXX
111777777777 777777XXKXXAXXKXXXXXXXXX
/1177777777777 777KKKXXXXXXXXXXXXX
117777777777 77777KKXXXXXXXXXXXXX
/1177777777777 777KKXXXXXXXKXXXX
L1177 77777777777XXXXXXKXXXXX
1111777777777 777KKXKXXXXXXKX
/1777777777777 77KKXXXXXXXKX
/1177777777777 77KKXXXXXXXX
111777777777 7777 XKXXXKKXXX

111777777777 7777777XXXXXXXXXXX
1117777777777 777KXKKXXXXX

IV 777777777777777XKKKKXX

LIV /177777777777777KXXKXXXXX
L1117 77777777777777KKXXXKXXXXXXX
/1717777777777 777777XXKXXX

L1170 77777777777777XKKXXXXX

L1117777777777777777KXXKXXXXXXX

129

TAMDBETF=y 7L, FTEFELXINZTSLRT
Eie b, v/ 75 AiiigoRENT, RIFEBN
LRI D ENTELD, DED RPF F70it
GFR {H#Dfho parameters DIFEDOBIETIE, A
HAAA LT hEIR B, C 0BT, FE,
T/ 5A0RC TEHEBLEOXE 02Ty 708
BEANBRTNDDTHH. Z5FT5HZ LITL-T,
BRE Ao EoTEE2 Bbh, X IEMK
BV CE D LEZL DML THD.

analog simulation ¥:CHRIEE oo 7o, KPR
KOFIH T840 simulation (%, digital ¢
HEL AL 25D,

E3 &

(1) Radioisotope renogram o f## fEkic
%, BB LCERNRTESERES B0,
WER b F— SN e FERHEL I Th R,

(2) Analog simulation #:ic & % radioiso-
tope renogram DEEMIENTIC X - T, RPF,

&

L1777 7777777777777XXKXXXXKXXXXXX
1177777777 77777777KKXXXXXXXXXXXX
L1770 77777777777777XXXXXXXXXXXXXX
1177777727777 77777XKXXXKAXXXXKXX
/1777777777777 777XKXXXXKKXXXXX
/1777777777777 777KKKXXKXXXXXX
111177777777 77777XXXKXXXXXXXX
L1777 7777777777 KXXXKKXXXXX
L1717 77777777777KKXXXXXXXX

L1177 77777777777KKXXXXXXX
/1777777777777 77XXXKXXXX
1177777777777 777KKXXXXX

L7777 7777777777XKXXXXXX

Z [

& &

— &)

4 .

(%} (%2}

|5 []

= ™

=] ['s} v [Te} "2} ['a} "2} ['e} el ['2} ['e} ['a] n T2} "2} ['a}
A . . . . . . . zZwu . . . . . . .
e = AU ANMOOITITVNOOSSD0 ;o—'—-‘NNﬂmQanlﬂ'Ool\l\x‘
=

*xkkkkkkkkkk COMPUTER DATA **kkkkkkkkkk

TOTAL GFR 153 ML/MIN BACKGROWD Rt o1 L: 9.800008E-02
RIGHT GFR 52 ZC «.521 )

LEFT GFR 48 Z

RIGHT EXCRETORY TIME CONSTANT .9 MIN

LEFT EXCRETORY TIME CONSTANT 1.3 MIN

RIGHT DEAD TIME 3 MIN

LEFT DEAD TIME 2.5 MIN

RIGHT MEAN TRANSIT TIME 3.9 MIN

LEFT MEAN TRANSIT TIME 3+8 MIN

25 MINUTES EXCRETION OBSERVED 373 z

25 MINUTES EXCRETION COMPUTED 37 z GAIN 5.43106 1 )

ACCURACY RIGHT 4.57882

LEFT 2455436

sxxdkakkhnsk EXECUTED BY MINI-COMPUTER YHP 4100A *%#¥kkx
Fig. 34. Computed renogram curve and parameters from Fig. 33.



130 iy : Radioisotope Renogram (II)

GFR, ‘“‘mean transit time’” 7 & 2EH I h,
B RERRINC RIEOBBEL 5 2 & bbb
o Tz,

(3) “Mean transit time”’ %, computer si-
mulation ¥ic X M CEDR S E¥/r para-
meter ¢ &> ¢, radioisotope D HLREER
FbL, RRCX» TRERS LS Z L5
o iz,

(4 Analog simulation i X % radioiso-
tope renogram O E &ML, BRI
ERET I Nicd D &ino iy, RPFHHESF
AtEhwBHR i) OBRELHR: Uk
Giudin b,

(5) Radioisotope renogram # /Al digital
BT EHAF- ¢, digital simulation #hic
Yo TEEMCEHT L, analog simulation
LR RPF ® GFR 2oz El+ 52
BTEl, TOFERL - T, MEHREOEHE
L O BEML T E 5,

ARTOEZIL, $£10, 11, 12, 13TAHABEES
BE, #£8, 9, 10, NOHAKESZSRS, F9HE
BA7AV F—7RERIVE 1, 3ETEKESH
FETHRELL.

Tz oedich, TEERLUTCIEME W
PR BAINEE_HRCE SN L $9. e
BRIREHTIRE, RGBS MR
FEGHEMCEINS L 3. ¥, o O
WIS T AR TSR BRI R 2R R A I v R R R
Wicl ¥,

X ik

1) Taplin, G. V., Meredith, O. M., Kade, H.
and Winter, C.C.:
nogram. An external test for individual

The radioisotope re-

kidney function and wupper urinary tract
patency. J. Lab. Clin. Med., 48 : 866, 1956,
2) Winter, C.C.: A clinical study of a new
renal function test: ‘the radioactive Dio-
drast renogram. J. Urol., 76: 182, 1956.
3) Winter, C.C.:
and hypertension: use of the radioactive

Unilateral renal disease

Diodrast renogram as a screening test. J.
Urol., 78 : 107, 1957.
4) Winter, C.C.: Radioisotope Renography.

5)

6)

10

8

)]

11

Williams and Wilkins, Baltimore, 1963.
Winter, C. C.: Pitfalls in the interpreta-
tion of the radioisotope renogram. In:
Croll, M.N. and Brady, L. W.: Recent
Advances in Nuclear Medicine, p. 28,
Appleton Century Crofts, New York, 1966.
Winter, C. C.: The equivocal radioisotope
renogram. In: Timmermans, L. and Me-
rchie, G.: Radioisotopes in the Diagnosis
of Diseases of the Kidneys and Urinary
Tract, p. 451, Excerpta Medica Foundati-
on, Amsterdam, 1969.

BTHEE : 59374V b=F v/ 754
O, BIERKEE, 52: 971, 1961,
Tauxe, W.N., Hunt, J.C. and Burbank,
M. K. : The radioisotope renogram (ortho-
iodo-hippurate-131]) (standardization of te-
chnique and expression of data). Amer.
J. Clin. Path., 87: 567, 1962.

Winter, C. C. : Renogram and other radio-
isotope tests in the diagnosis of renal
hypertension. Amer. J. Surg., 107: 43,
1964.

Magnusson, G.: Kidney function studies
with 13t]-tagged sodium ortho-iodo-hippu-
rate., Acta Med. Scand., 171, Suppl., 378,
1962.

Doig, A., Lawrence, J.R., Philip, T.,
Tothill, P. and Donald, K. W.: 3] ““Hip-
puran’ renography. in detection of unila-

teral renal disease in patients with hyper-

" tension. Brit. Med. J., 23: 500, 1963.

12)

13

14)

15)

Block, J. B., Hine, G.J. and Burrows, B.
A.: I1-131-Diodrast studies in unilateral
renal disease. Circulation, 22: 913, 1960.
Dore, E. K., Taplin, G.V. and Johonson,
D.E.: Current interpretation of the sodi-
um  iodo-hippurate-13:f
J.A. M. AL, 185: 925, 1963.

Wedeen, R.P., Goldstein, M. H. and Le-
vitt, M. F. : The radioisotope renogram
Amer. J Med., 34:

renocystogram.

in normal subjects.
765, 1963.

Denneberg, T. : Clinical studies on kidney
unction with radioactive sodium diatri-
oate (Hypaque®). Acta Med. Scand.,



16)

17)

183

19

200

23)

247

25)

26)

_Eily : Radioisotope Renogram (II) 131

Suppl., 442 : 179, 1965.

Farmelant, M. H., Lipetz, C. A., Biker-
man, V. and Burrows, B. A.: Radioisoto-
pic renal function-studies and surgical
findings in 102 hypertensive patients.
Amer. J. Surg., 107 : 50, 1964.

Zum Winkel, K. :
Georg. Thieme Verlag,

Nierendiagnostik mit
Radioisotopen. ‘
Stuttgart, 1964.
Friis, T. H. and Krogsgaard, A.R.: Iso-
tope nephrography with 3I-Hippuran. II.
Experience in arterial hypertension with
a particular view of renal artery stenosis.
Acta Med. Scand., 176 : 31, 1964.
Pircher, F. J., Carr, E. A., Jr. and Panto,
M. E. : Evaluation of quantitative aspects
of the radioisotope renogram. J. Nucl.
Med., 4: 117, 1963.

Witkofski, R. L., Whitley, J. E., Meschan,
I. and Painter, W.E.: A method and
parameters for the analysis of renal
function by external scintiliation detector
technique. Radiology, 76 : 621, 1961.
Stewart, B. H. and Haynie, T. P. : Critical
appraisal of the renogram in renal vas-
cular disease. JLAM.A., 180 : 454, 1962.
Quinn, J. L., III: The accelerated vascu-
lar phase of the radioisotope renogram in
renovascular hypertension. Amer. J. Ro-
entgenol., 90: 135, 1963.

Johnson, P.C., Jr. and Odom, D.D.: A

-diagnostic score useful for evaluating the

renogram of hypertensive patients. J.
Nucl. Med., 5: 180 1964.

Sandler, G. and Rickards, D.F.: The
diagnostic value of **!I-Hippuran renogra-
phy in hypertension. Angiology, 17: 31,
1966.

Brown, F.A., Gelber, R.H., Youkeles,
L.H. and Bennett, L.R.: Quantitative
approach to the I-131 renogram. J.A.M.A.,
186 : 211, 1963.

Poker, N,, Marshall, V.F., Becker, D.V.
and Evan, J. A.:
gram: A clinical evaluation and some

The radiocisotope reno-

theoretical aspects. Amer. J. Roentgenol.,

27)

28)

293

300

31

33)

84 : 866, 1960.

Krueger, R. P., Sanders, A. P., De Maria,
W. and Baylin, G.J.: Analysis of the
radiorenogram curve. Amer. J. Roentge-
nol., 86 : 819, 1961,

Hirakawa, A. and Corcoran, A.C.: I-131-
o-iodohippurate excretion and a quantita-
tive formulation of the radioisotops reno-
gram as indices of bilateral and unilateral
renal functions. J. Lab. Clin. Med., 61:
795, 1963,

Wax, S.H. and McDonald, D.F.: A
quantitative analysis of the 1-131 sodium
o-iodohippurate renogram in hypertensive
patients. J. Urol., 92 : 409, 1964,

Meade, R.C. and Shy, C. M.: The eva-
luation of individual kidney function
using radioiodohippurate sodium. J. Urcl.,
86 : 163. 1961.

Boyd, J.D. and Murdock, H.R.: The
radiorenogram as a measure of renal
function. Arch. Int. Med. Exp., 109: 654,
1962.

Garnett, E.S.: A trial of radioisotops
renogram. Brit. J. Urol., 36: 332, 1964.
Tauxe, W.N.: An approach to the stand-
ardization of the isotope renogram. J.

. Nucl. Med., 3: 221, 1962.

34)

35)

36D

37

38)

PE: 5974V =T v 254
DHHT. BIAREEE, 56 1 153, 1965.
Meade, R.C., Horgan, G.D. and Madden,
J.A.:
gram evaluation. J. Nucl. Med., 10: 40,
1969.

Blaufox, M. D., Orvis, A.L. and Owen,
C. A.: Compartment analysis of the radio-

Comparison of methods for reno-

renogram and distribution of Hippuran '3t
in dogs. Amer. J. Physiol., 204: 1059,
1963.

Pircher, F.J., Wegst, A. V. and Dodson,
V.N.: in vitro analysis of the radioiso-
tope renogram test. J. Nucl Med., 4: 45,
1963.

Kutka, M. Gilardi, R. and Semprebene,
L.: Theoretical study of radio-Hippuran
renogram, Int. J. Appl. Radiat., 1964.



132

39

40)

41)

42)

43)

44>

45)

46)

47)

48>

Coe, F.L. and Burke, G,: Renal transit
time: its measurement by 13[-Hippuran
renogram. J. Nucl. Med., 6: 269, 1965.
Van Stekelenburg, L.H.M., Truijens,
J.H.J., Van Vals, G.H. and Kooman,
A.: A quantitative theory of radioisotope
renography with Hippuran-1#I. Phys. in
Med. Biol., 11: 451, 1966.

Hirakawa, A., Kuwahara, M., Nakagawa,
T. and Iwai, S.:
of individual renal plasma flow rate by

Indirect measurement

analog computer simulation of radioiso-
tope renogram. In: Abstracts, III. Inter-
national Congress of Nephrology, Wash-
ington, D. C., 1966, II. Free Communica-
tions, p. 211.

Pedersen, F. and Poulsen, P. E.: Hippu-
ran [-131 renography and clearance mea-
surements used for determination of the
individual kidney function. J. Urol., 97:
180, 1967.

di)l| % : RI-Renogram o iEEAISHTZES
L. WIRICE, 12 : 1159, 1966.
Knudsen, E. and Hojberg, K. S.: Simula-
tion of radioisotope renogram test on an
analog computer. Int. J. Appl. Radiat.,
18 : 639, 1967.

Horgan, G.D. Meade, R.C., Madden, J.A.
and Tolzala, C.A.: Digital computer simu-
lation study of the radioisotope Hippuran
renogram.Int. J. Appl. Radiat., 18: 797,
1967.

Meldolesi, U. and Roncari, G.: Problems
in the quantitative interpretation of the
radioisotope renogram. In: Timmerman-
ns, L. and Merchie, G.: Radioisotopes in
the Diagnosis of the Kidneys and Urinary
Tract, p.483, Excerpta Medica Founda-
tion, Amsterdam, 1969.

Britton, K. E. and Brown, N.J.G.: The
use of the renogram modified by com-
puter assisted blood background subtrac-
tion (C.A.B.B.S.) in clinical medicine.
ibid., p.499.

Martin, J. and Monot, C.: Analysis of a
mathematical model of fenal function.
ibid., p. 508.

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

ki) : Radioisotope Renogram (1)

Cleempoel, H., De Meester, M., Lebedel-
le, M., Lena.,ers, A., Mercenier, P.,
Cantraine, F. ‘and Delcroix, C.: Contri-
bution to the experimental and clinical
study of the isotope renogram. ibid., p.
521. '

Turco, G.L. Ghemi, F., Cavalli, P.L.
and Segre, G.: Quantitation of renogra-
phy with digital computing techniques in
normal subjects and in cases of hyper-
tension and renal ptosis. ibid., p.528.
Linnermann, R.E. and Loken, M.K.:
Computerized compartmental renograms
to study kidney function. J. Urol., 103:
532, 1970.

HliEz - Rl k- BE0E - BT .
wHE B Fv=RBRC Xb v 7T A
V. SREEEM, 2001721, 1971,
Timmermanns, L. and Merchie, G.:
Radioisotopes in the Diagnosis of Diseases
of the Kidneys and Urinary Tract, p.35,
Excerpta Medical Foundation, Amste-
rdam, 1969.

Taplin, G.V.: The sodium iodohippurate
113 renocystogram : revised interpretati-
on, terminology and technique. In: Croli,
M.N. and Brady L.W.: Recent Advances
in Nuclear Medicine, p.20, Appleton
Century Crofts, New York, 1966.
Blaufox, M. D. and Conroy, M.: Meas-
urement of the mean transit time of Hip-
puran-I13t, In: L. and
Merchie, G.: Radioisotopes in the Diseases
of the Kidneys and Urinary Tract, p. 189,
Excerpta Medica Foundation, Amsterdam,
1969,

LIUFE - g - FIEL - BREIEX -
FEEFE : V. 75 LD M—Mean Tran-
sit Time x>, KES, 7:51, 1970.
LIUFHE - SENEEA  BESnES v/
774, HEGE 13:173, 1971.
Hirakawa, A., Kuwahara, M. and Ueya-
ma, H.: Analog computer aided RI-reno-
gram diagnosis. In: Abstracts for Radio-

Timmermanns,

nucleides in Nephrology (International
Symposium), New York, 1971, p. 36.
Kemeny, J. G. and Kurtz, T.E. 343,
iR, LR KR M-y 7 AP,
IR, HR, 1971

Q97248 1 A 21 BB HIEH =D



