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% %
1 HI EHT 256 187 69 27.0 [ 0.24|6.59|3.56 {19.01| 33 22 66.7
2 TY CGN 302 241 61 20.2 |2.27|7.34 | 4.63 |30.53] 48 29 60.4
3 SK DM 597 526 71 11.9 | 2.25|8.30 | 4.64 |11.89| 55 14 25.5
4 YH MS 224 198 26 11.6 | 4.25 12.88 | 7.66 |24.21| 35 10 28.6
5 MM EHT 266 197 69 25.9 [ 1.53|7.04 | 4.18 |24.15| 41 27 65.9
6 KH DM 399 316 83 20.8 | 1.40 | 5.86 | 3.56 |17.40| 41 22 53.7
7 TK EHT 396 308 88 22.2 | 2.06|6.97 | 4.11 {13.35] 40 19 47.5
8 AN EHT 384 314 70 18.2 | 1.40 | 6.28 | 3.88 |16.47| 39 19 48.7
9 KT EHT 437 385 52 11.9 | 2.93(8.30|5.18 {17.09| 48 15 31.3
10| NZ EHT 408 354 54 13.2 | 2.91 | 7.72 | 5.02 |14.48] 43 13 30.2
11 YS EHT 298 221 77 25.8 {1.32|5.16 | 2.84 [16.02| 31 21 67.7
12| MS EHT 457 353 104 22.8 [1.98]7.09|5.36 |14.82| 58 26 44.8
13| MH CGN 386 300 86 22.3 (2.08|7.69|4.56|16.50| 45 22 48.9
14| NS CGN 442 355 87 19.7 [ 4.59 | 9.43 | 7.73 {15.22| 68 22 32.4
Mean 375 304 71 195 {2.23|7.6214.78 (17,94} 45 20 46.6
+SD +95 +89 *+19 | £5.2 |[+1.11]%1.79/+1.36{+4.88 +10 | £5 +14.5
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NEEDLND. DS Z Reubi b DHEREERE
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F) DOEBREE MEERE T, ThZhas log-nor-
mal IS LV I BERRIT L2650 THS.
log-normal A ZHA LB H i, 4 X TEER
B, BEEICHBWT 88 Lz Deetien 5D O fifds
log-normal HHRICHET B7EH DL Wise 18 A3 ik
~THD, %/ Meier 5 3508k L BE g o—
DAEER G curve fitting I LD log-normal
R O—2IcAbETABER~FK L (M5) ¢
Lick3. 5T Meier SDDRE, HEICENT
BIEICEE8R Uiz ihin % & 5 S BEE O BB IR EE O
ZRGENDDHEHEIN TN E LI TH B0, 16k
FOBED MTT REEDZNXDIHS hiTENOZ
EENTED, Meier 5 OFEEKO MTT bEE
DHDICL EANIEFICENT & LD, BHBLIM
1T te & ZBORIDH o Td NI FREMITOH N

%2 BUNLHABICEBYZ2BEANAER

T Mm W B MBI |POERER M R O’ B
. ] %ﬁﬁlﬁlfﬁ ) ’%_E[ﬂlﬁ
EO#l |2 & B OEIR g oeEm BE | E |\ KE | BE| &4 |HE |0
FATXEd ﬁlcid?“
ml/min| ml/min| ml/min B sec | sec | sec | sec | ml | ml 5 %$
1 SK HNS 356 255 101 0.63 | 5.16 | 2.81 [12.39| 33 21 63.6
2 KH CGN 157 130 27 2.94 | 8.96 | 6.04 |23.13] 23 10 43.5
3 NH CGN 147 104 43 1.26 | 5.48 | 3.66 |30.60| 28 22 78.6
4 OH CGN 259 207 52 3.7719.44 |1 7.11 123.69| 45 20 44.4
5 IK CGN 162 120 42 2.9919.34 | 6.03 |31.23| 31 19 61.3
6 HM SrGN 219 162 57 1.23 16.52 | 4.12 |16.77| 27 16 59.3
7 01 CGN 114 90 24 4.30 112.25 | 9.96 | 25.62| 25 10 40.0
8 TK CGN 249 186 63 6.40 |12.64 | 6.78 |48.80| 72 51 70.8
9 KH CD 200 144 56 1.45 ] 9.63 | 6.05 [34.98| 49 35 71.4
10 KT CGN 208 157 51 3.11 | 9.84 | 7.23 123.36] 39 20 51.3
11 KK CGN 279 181 98 3.44 { 8.63 | 6.28 (19.46| 49 30 61.2
Mean 214 158 56 2.87 | 8.94 | 6.01 [26.36| 38 23 58.7
+SD +66 +46 +24 +1.42/+2.32/+1.87/+9.45 +14 | +£11 | £12.0
HNS : S B b CGN : Bi:AERAEL SGN : FERAMRERAE K

Ch : BB &
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L UKDz RMF @ RBF i€ L3 HhkasiEind 3
EVHFRICH KT DTH 3.
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L] E |
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> log-normal SHICHED &\ D BEEERIA 22,
digital computer % i\, H&/N2FET curve
fitting 278V MKEEZE L L.
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AT TESE, HEEH—>DD log-normal HifE
TEb LI E, SHICHEBEREEZBBICER LCO
AN Ut 1s E DR HER LTV 5.

3. AIBHTHEA RO B L 28BIHR25F AR FTRET B
», BUN IE%14#], BUN EF11FOFE@EIZZ0
#Z7 RBF 375+95ml/min, 214+66ml/min; RCF
30489ml/min, 158+46ml/min; RMF 71+19ml/
min, 5624 ml/min T, RMF @ RBF i LY 5k
#|3 BUN E¥E - EABIC OV TZhLTh 19.5+
5.2%, 25.5+4.7%Th o7z. BRI EBT % RBF
ORI EIC RCF OB TH D RMF iR <
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BEINTEYD, RMF OMEEinssmy Shi.
DT LIIFREDETE & SICEEMERIEICHE
EINBTEERET I DL EbNk.

4. RMF OHEXHIEICHE - TRERBEESE
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T, counter current exchanger DIEYTHIIIFRIEIN
WP LB ED—RHE LTHEE LTWh B ATEEoHE
gih.

Baik Dbl h L o MR Mo T BRI E LR T,
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IR W & TR R IR TR BT, KB ASR A8
F GRBERFIER) I BHRLET.

AR OEE O— B R34 3 A 27 H #5320 A AR RES

iB&te XU BRI 6 A24H i 4 AEREEE STV TRRL
ic.
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This flow diagram shows an iterative least squares
procedure for the analysis of a dye-dilution curve. The

expression of the curve is:

-x(2) (LogEXla), -%(6) (1ogZ=X{8),
F(T)=X(l)e X(3) + X(5)e X(7)

In this flow diagram subscripts have the following ranges; Jl=

1,2,",8, J2=1,2,***,8, K=1,2,+*,N, J=1,2,*,8, JJ=1,2,""",8.

’

Input: Read MAM where MAM is the total number of sets of

input data.

Set II=1 for initialization. (II=1,2,°**,MAM}

Q

Input: Read NDATA, N, Y(K) and TSTAT, where NDATA is the file

number of the case, N: total number of measurements in
a set of data, Y(K): K-th measurement of dye concen-
tration and TSTAT=3*(actual time (T(1l)) of the

first measurement)-1.

Set LI=5. (LI=5,6,7)

I Set LMI=l1. (LMI=1,2,3)

®
|

Subroutine: Call subroutine SUB4, which determines the inatial
values (nine cases are considered) for 8 parameters
X(1),+-+, X(8) of two Stow's equations in order to
obtain the least squares estimates of them by an
iterative adjustment.
x(l)smgx[Y(K)l (K=1, 2, «+-, N}
X(4)=T(1)*0.9
X(3)=TH-X{4) TH: time indicating the peak concentration of Y(K).
)((2)=[1c7g(x(l)/x-u)]/[lcn;(('1‘1-)((4))/)((3))1z
where T1l=Th+5(sec.) and Hl=(the concentration at time T1)*(LI/10).
X(5)=max [¥ (K) ~TIF(K)]  (K=Ko+l, Ko+2,°**, B-1)
where TlF(K)=X(l)"exp(-x(2)*(log((T(K)-X(A))/X(B)))z],
T(Ko)=TH, and T(K)=(TSTAT+K)/3: actual time of the K-th measure-
ment.
X(8) =TH+[2(3-LMI)+1/3]

X(7)=THH~X(8) THH: time-indicating mix[Y(K)-TlF(K) 1.

X(6)=[1og (X(5) /62) 1/ [log ((T2-X(8)) /X(71)1"
where T2=T(N) and H2=|Y(N)-T1F(N)|.
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|

Set NITR=0 where NITR is no. of iterative adjustment for least

squares. .

®
|

Set B303B(J1)= 0 and A303A(J1, J2)= 0.

B303B(J1)=B303B(J1)+[Y(K)~FT(K)]*RDG(K, J1)
A303A(J1, J2)=A303A(J1l, J2)+RDG(K, JL)*RDG(K, J2)
where FT(K)=X(1)exp[-X(2) (Log( (T(K)-X(4))/X(3})) "]
+X(5)exp (X (6) (1og ( (T(K)-X(8)) /X(7))) ")
and RDG(K, J)=3FT(K)/3X(J) and K=1,2,°*+, N.

Subroutine: Call subroutine SUB3, which computes the inverse
of the matrix A303A and correction terms for X(J)
by Gauss~Jordan method and places the correction

term for X(J) in B303B(J).

| Set NHALF=0, where NHALF is no. of "half”.

{ Reduce all corrections to half.

< Is X(J)+B303B(J) > 0? No' B303B (JJ)=B303B(JJ) *0.5 ..;@

except J=4 and 8 NHALF=NHALF+1

Yes é

Is X6LOSX(6)+B303B(6)<x6UP?

where in the case NITRélO, X6LO=X(6) * (1~NITR/20)
and X6UP=X(6)* (1+NITR/20) !
No
and in the case NITR > 10, X6LO=X(6)*0.7 and X6UP=X(6)*1.4

Yes

) B303B(JJ)=B303B(JJ)*0.5

§ NHALF=NHALF+1
Is TH-1/3 < X(8)+B303B(8)=20?

No

B303B(JJ)=B303B(JJ)*0.5

NHALF=NHALF+1

:<3° No
Is NHALF=302 @

Yesc)

' X(J) =X (J) +B303B(J) l

Is NHALF=0?

NO <x§ NITR=40?> No LNITR=NITR+1 I €

Yes

@
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‘ RAT (J)=|B303B(J) /X(J}|: relative magnitude to be corrected.

CLl=/T/X(2) *X (1) *X(3) *exp[1/(4*X(2))]
C2=/T/X(B) *X (5) *X(7) *exp[1/ (4*X(6)))
ULl=X(4) +X(3) *exp[1/(2*X(2))]
U2=X(8)+X(7) *exp [1/(2*X(6))]
S1=1/Y/2%X(2)

$2=1//2%X(6)

XMTT1=X (4)+X (3) *exp[3/(4*X(2))]
XMTT2=X (8) +X (7) *exp[3/(4*X(6))]

RCC=(C2/(C1+C2) ] *100

T(K)-X(4)
TL1F(K)=X (1) *exp[~X(2) (log~——
, X(3)
T(K)-X(8) -
T2F (K} =X (5) *exp[~X(6) (log——-—
X(7)

FT(K) =T1F (K) +T2F (K}

Output: Praint NDATA, X(1),X(2),---,X(8),C1,C2,Ul,U2,51,S2,XMTT1,
XMTT2,RCC,Y (K),T(K),T1F(K) ,T2F (K) and FT(K).

Where C1(C2) 1s the area of cortical(medullary) component,
UL(U2): median (u)(pz)) of cortical(medullary) one, S1(S2}:
standard deviation (¢, (0,)) of cortical (medullary) one, XMTT1(
XMTT2): cortical (medullary) MTT without correction for distortion

and RCC: ratio of medullary flow to total flow.

{
No "‘—“—
Is LMI=3? LMI=LMI+1 ®
| I
Yes
No
Is LI=7? LI=LI+l ) (3) )
Yes

Output: Print the file number of the case, input data and

initial value for X(J).

No —_
Is I = MAM? ) II=II+1 @
—_— il h—d

Yes

Stop l ‘ . %
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Abstract

In order to estimate the cortical and medullary blood flows of the kidney sepa-
rately by analyzing a dye-dilution curve, a new method of analysis was devised.
Twenty-five patients with hypertension or renal disease were selected for study.
Indocyanine green was injected into one renal artery and dye-dilution curves were
recorded in blood from the ipsilateral renal vein, using a densitometer. Recircula-
tion curve was recorded from the contralateral renal vein and subtracted from the
original curve. For the purpose of analyzing the dye-dilution curve, a hypothesis
was proposed that the transit time of each molecule of the dye through each of the
cortex and the medulla was a random variable and followed a log-normal distribu-
tion respectively. The dye-dilution curve thus obtained was, therefore, assumed to
be a superposition of these two components. Fitting of the theoretical curve to each
case of the experiments was performed by the iterative least squares method utili-
zing a digital computer. The merits of this new analytical method are as follows;
1) All parts (up and down slopes) of the dye-dilution curve are estimated mathe-
matically for analysis. 2) A medullary curve is described as a log-normal curve.
3) Recirculation curves which are recorded separately are subtracted from original
dye-dilution curves.

The results of this study showed that the mean cortical flow obtained from 11
patients with azotemia was significantly decreased as compared with 14 non-azotemics,
while the mean difference of the medullary flows of these groups was not signifi-
cant. Consequently, the ratio of the medullary flow to the total flow was increased
in renal failure. In renal failure, maximal urinary osmolality decreased as the
ratio of the medullary flow to the total flow increased. This supports the view
that the impaired concentrating ability of the kidney in renal failure is due partial-
ly to the excessive washout of solutes from the medulla by the relatively increased
blood flow through the counter current exchanger system.




