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Summary : In order to investigate the changes in systemic and renal hemodynamics
induced by renal arterial constriction and venesection, arterial blood pressure (ABP),
cardiac output (CO), renal blood pressure (RBP), renal blood flow (RBF), creatinine
clearance (Ccr), PAH clearance (Cpau) and renal plethysmogram (RPTG) were simultane-
ously determined in dogs. RPTG was recorded with a fiberoptic photoelectric plethysmo-
graph, a device directly detecting intervascular volume changes from organ surfaces.

By renal arterial constriction, ABP and RBP increased slightly, and CO decreased
slightly. Both total systemic peripheral resistance (TPR) and renal vascular resistance
(RVR) increased, although the magnitude of the increase varied according to the grade of
stenosis. »

As for changes in pulse waves, time intervals from the ECG Q wave to the upstroke (S)
point was gradually prolonged in the order of ABP, RBP and RPTG. That is, the more
peripheral the site.of measurement was, the more prolonged the time interval was.

Time intervals from S-point to the peak (P) of RPTG tended to be shortened by
constriction, while those of ABP and RBP did not change significantly. The dicrotic index
(Hn/Hp) of RBP and RPTG was reduced as the renal blood flow decreased, although Hn
/Hp of ABP did not exhibit any change.

By venesection, both blood preasure (ABP and RBP) and blood flow (CO and RBF)
decreased, although the magnitude of the decrease was slight in renal circulation (RBP and
RBF). TPR was increased during bleeding, while RVR was unchanged.

As for pulse wave changes, the QS period was significantly prolonged in ABP, RBP and
RPTG. The SP period was shortened in ABP, RBP and RPTG. Hn/Hp increased in ABP,
RBP and RPTG.

From these results, it is concluded that we can pre-estimate the changes in renal
hemodynamics caused by renal arterial constriction and venesection through RPTG.
Particularly, when renal perfusion pressure is maintained up to about 259%, it seems to
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provide useful information.
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Fig. 1. Fiberoptic photoelectric plethysmograph.
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Fig. 2. Procedure of experiment.
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Fig. 3. Measurements of time intervals and wave
heights.
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B % Table Lic/R L.

ABP : §ifE109.3 £ 8.8mmHg 2> H 10 % AL X b
112.94+9.7mmHglz, 25 %% X H117.7+10.9mmHg
1z, 50 %A X 9 120.5+11.4mmHgiz, 75 %A X
n123.9+10.6mmHgic, B2 90 %esEic X 1239+
12.1mmHgic BB e A bW Fh b FRE (p<0.05) i tF
Lz

CO : BifE113.7+12.4ml/min * kg» 5 10 %72 X
»113.6+10.7ml/min « kgiz, 25 %MAc X b 107.949.
9ml/min « kgiz, 50 %HAEIC X »101.1+8.2ml/min«kg
iz, B2 75 %Pz X 9 99.9+9.8ml/min « kgiziEd
DEM %R L.

TPR : #if#0.99+0.12mmHg/ml/min-kg, 10 %3k
12X »1.01+0.1lmmHg/ml/min kg, 25 %Ak b
1.08+0.12mmHg/ml/min+kg, 50 %3z X b 1.19+0.
13mmHg /ml/min * kg, 75 %% X » 1.23 £ 0.
17mmHg/ml/min * kg, 90 %Mk % 1 X b 1.22 £ 0.
12mmHg/ml/min * kg~ & R DOEEFIZR L .

Ll LB BRI X 5 AR OB LIXE ORE I I
FIL CABPE ER, COWRA DEE, TPRZEEI OB
LI,

(2) BEREOEI

RBP : BifE13117.0£20.lmmHgTH v 10 %Az &
h 121.2 = 21.2mmHg, 25 % $ % 1c X v 124.0 + 19.
3smmHg& EROEMERL, 50 BIAEL X - T123.0+
10.3mmHgiz EF L7 (p<0.05). 75 %L Eofrzerso
FLIBER Tled ot

RVR : #ifE9.75+1.3mmHg/ml/minskg, 10 %Mzeks
11.4+1.2mmHg/ml/min « kg, 25 % %ER14.6 + 1.
6mmHg/ml/min « kg TH » 50 %A X - T20.8+2.

Table 1. Effects of renal artery constriction on systemic and renal

circulation
Renal artery
occlusion (%) 0 10 25 50 75 90
g ABP 109.3 | 112.9* | 117.7* | 120.5* | 123.9* | 123.9*
& (mmHg) +8.8 +9.7 | +£10.9 | +11.4 | +£10.6 | *12.1
=1 -
.g co 113.7 113.6 107.9 101.1 99.9 99.9
o [(ml/min-kg)| +12.4 | =+10.7 +9.9 +8.2 +9.8 +7.6
g
g TPR 0.99 1.01 1.08 1.19 1.23 1.22
% (mmHg/ml/min-kg) +0.12 | -+£0.11 | +0.12 | £0.13 | #0.17 | +0.12
g RBP 117.0 121.2 124.0 | 123.0* 117.2 116.4
= (mmHg) +20.1 | +£21.2 | £19.3 | +10.3 | *28.6 | +10.0
(5]
é’ RVR 9.75 11.4 14.6 20.8* 53.2% | 129.3*
8 (mmHg/ml/minkg) +£1.3 +1.2 +1.6 +2.2 +3.1 | +18.6

mean+SE, * =P<(.05, % *x=P<0.01
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2mmHg/ml/min-kgiz#X (p<0.05), 75 %A1z X -
53.2+3.ImmHg/ml/min » kgiz#X (p<0.05), 90 %
PerEic X - T, 129.3+28.6mmHg/ml/minkgliz#ik L
7o (p<0.01). LA ERVRIEK DRREE IR 2350 % &
2% ERET o T, _

Fish bEEIIRRAEC X 5 BEER O, RBPA 50
%WAEE I EROBERERL, 75 %L EORETIIAE
BOBELER & e o fe. RVRISFEDRE R IC L
oW AER IR L .

(3) BEHmEOE

Bi#& % Table 2iz R L7z, -

Cer: 10 %A X - T, BIfED 73.0£11.2 % (p<
0.05), 25% %A 1C X - CTHIME D 36.9£7.4% (p<
0.001), 50 %% X » CHIME D 7.7£5.4% (p<
0.0, bt 75 %L EDOWAE X - THIfED 1 %6LLT
(»<0.0D) A L. ‘

Cean - 10 B35 1 X » THIED 75.41£7.1% (p<
0.01), 25 %A X - CHIfED 45.34+6.5 %, 50 %%
X o THIMED 11.3+£5.1%, X bz 75 %IRFE T

fBD 1.3+0.9 %, 90 %A TILFIMED 0.020.02 %1’

WA FEBREAD L 25 B EoRFE T, Cer & MR
DHBERL. Bl BRI ESHERTIICLL
Mo TE T L. FoRERBMEECRAECLLE

BT, Vb %ELEORECL > TEEETL

7z

FF . Hif 0.28+0.03, 10 %$#ERF 0.32+0.05, 25 %
PRAgiRE 0.28+£0.06, 50 %¥e%E1EF 0.23+0.08 THH, \»
FROBEBOEILETRS I ot tt, 75 %M L )
0.09+0.05 @A Lic (p<0.001). L L 90 %Besehs
DOFFI4.00+2.30 wiin (p<0.001) LTIk b, Efko
BERIE—E Tlabs o .
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lfE% Table 31T7R L.

1 ABPH

Q-SEFR (TR ZERERD © AifESL.0+4.8msecd b 10
%ReFEC X 0 82.6+4.9mseciz, 25 %IAEIC X 0 80.2E5.
HIT 75 %PAETI184.6 +4.5mtec~ & Z1L
LicAnFhb AR TR, 90 BMEC L - 1845t
4.7TmseciThH TN TRED H1ERE (p<0.05) OEREZR
L.

S-PRRE (BREESL B B3 b B | RifE55.5 £ 4.2msec,

4mseciz,

- 25 %MerERE59.0+5.1msec, 50 %BEAERE59.2 4+ 4.2msec,

75 %X 7EmE53.94+ 4.1msec, 90 %$7ERE57.0 4 3.3msec T
DY EBEOETIEI - T,
Hn/Hp (WHERBO : S-PREH & AR & - T

 BEOBRRS feho e

2)RBP¥

Q-SEFfI 35 X O'S-PEERE © W h b BEIIREIC X -
THEBOBLERE Ik o T,

Hn/Hp : 77 &0.5560.056, 10 % % %2 I 0.537+
0.056, 25 %%esERs 0.473+0.058 & HAMERMERL, 50
% BRI 0.453+0.025 DI (p<0.05) BRLA. L
2L 75 %M EDEERAE TIlx—EDMEE ML S it
7. '

3)RPTG

RPTGicBE4 5 5HlfE % Table 317 L.

Q-SK;RE : BEhRIezz i X v B S i B b2 R & b
2T )

S-PR:R @ AiIfE73.0 = 4.7msec, 10 %PeAERET2.5+ 3.
Omsec, 25 %$e#2l:69.6+3.2msec, 50 %PLIERG67.7 £5.
Tmsec, 75 %$AERE66.5+4.6msec, 90 %RRALHESS.5+6.
SmsecTH b, WAEOEE L &b EMHBOEAELRL

Table 2. Effects of renal artery constriction on Ccr, Cpan and FF

Renal artery » .

scelusion () 0 10 25 50 75 90
ml/miny| 187 | 1497 7.9% 1.8% | 0.08%* | 0.04*
. /M o5 | 4.0 | £2.0 | +0.5 | +£0.08 | +0.05

CYr -
% 100 73.0 36.9 7.7 0.4 0.02
° + +11.2 +7.4 +5.4 +0.4 | +0.02
(ml/miny|  66-3 | 47.1% | 28.6% | 8.0 | 0.9 | 0.01%
+6.7 +8.1 +5.7 4.4 +0.6 | £0.01
CPAH

% 100 75.4 45.3 11.3 1.3 0.02
o/ + +7.1 +6.5 +5.1 +0.9 | +0.02
- 0.28 0.32 0.28 0.23 | 0.09%* | 4.00%*
+£0.03 | +0.05 | +0.06 | +0.08 | +0.05 +2.3

meantSE, % =P<0.05 * *=P<0.01, 3 % % =P<0.001
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2, WTFhbEBOE(L TR -1,

Hn/Hp : & 0.480+0.101, 10 % B % B 0.473 %
0.101, 25 %%R%Ems 0.4400.068, 50 %HkzEms 0.438+
0.081 TH Y, BAhOEAER L. Lo LB BE
AR T 5% 75 % Lok cii—EoEm R D bh
fehvote. Bk, RPTGOHn/HpiZRBP® Hn/Hpic$H
BoZEERL, WTFhdBmMEEDRA & L OBEHEE
DETE ESTEATAEAER LIS, BEE SE

B %

AET L R WiZii—EDBER &R S itk fe.

2. Wi
B X 5 EREDOELE Table 4i7R L e,
1) #HEROEL

ABP : i & 106.0 + 3.5mmHg %> & ¥ If $ 73.0 + 2.
2mmHgiz FTREL (p<0.001), Rims IXFEEE L.
CO : Bif78.4+3.1ml/min « kg 5 M443.9+2.7ml
/min « kgizi@4 (»<0.001) L, Rz X H76.74+4.0ml

Table 3. Changes in time intervals measured from ECG Q wave to
S-P (ABP, RBP, RPTG) and wave height (Hn/Hp) after
renal artery constriction

Renal artery
scclusion €9) 0 10 25 50 75 90
QS time | 81.0 82.6 80.2 83.2 84.6 84.5%
(msec) | +4.8 4.9 +5.4 +4.5 +4.5 *4.7
& | SP time | 55.5 55.9 59.0 59.2 53.9 57.0
< | (mseo) | *4.2 +3.5 +5.1 +4.2 +4.1 +3.3
H/Hp | 032 0.358 0.349 0.347 0.396 0.347
Pl 40055 | £0.04 | £0.047 | £0.048 | *£0.048 | +0.049
QS time | 103.5 101.0 99.7 100.8 103.0 100.5
(m sec) | 6.9 +6.8 +7.1 +9.5 115 | 7.2
& | SP time | 74.0 73.9 75.1 7.7 75.9 4.5
& | (mseo) | #5.1 £5.7 +5.8 +6.8 +5.9 £6.2
Hn/Hp | 0956 0.537 0473 0.453* | 0.526 0.482
P| £0.056 | £0.05 | +0.058 | +0.025 | +0.076 | +0.034
QS time | 166.0 164.3 170.0 169.8 165.4 170.0
(msec) | +7.5 *8.1 +7.3 £8.2 £8.2 +10.1
© | SPtime | 73.0 72.5 69.6 67.7 66.5 58.5
& | (mseo) | *£4.7 £3.0 +3.2 +5.7 +4.6 +6.5
Hn/Hp | 0480 0.473 0.440 0.438 0.478 0.430
P £0.101 | £0.101 | +£0.068 | £0.081 | +0.132 | =0.081

meantSE, % =P<0.05

Table 4. Effects of hemorrhage and transfusion on

systemic and renal circulation

Item Control | Post Post
value hemorrhage | transfusion

g ABP 106.0 73.0%** 107.0
= (mmHg) +3.5 +2.2 +3.0
=

5 Co 78.4 43.9% 76.7
© | (ml/min-kg) +3.1 +2.7 +4.0
&

2 TPR 1.36 1.67* 1.39
% | (mmHg/ml/min+kg) +0.03 +0.05 +0.03
g RBP 100.0 75.0%* 101.0
g= (mmHg) +2.9 +3.0 +3.4
g RBF 10.1 7,84 9.0
i3] (ml/min-kg) +0.8 +0.9 +0.8
g RVR 10.05 10.25 11.38*
= | (mmHg/ml/min*kg) +0.52 +1.31 +1.08

mean+SE, % =P<0.05, * % =P<0.01, * *% % =P<0.001
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/min « kg & I2IEHMEEE L.

TPR : #if#1.36+0.03mmHg/ml/min « kg SIS Mits
1.67+0.05mmHg/ml/min-kgiz#Eim L (p<0.01), &I
12 X 91.3940.03mmHg/ml/min « kg B L7z

(2) BEROZEAL

RBP : 31 & 100.0 = 2.9mmHg 2> 5 & Ifi £% 75.0 £ 3.
OmmHgi FEEL (p<0.00D), Rifiic X b FifEE L.
TROEEIZIABPIIELTRETH - 1.

RBF : #if10.1+0.8ml/min * kg?> 57.8+0.9ml/min
« kgii@A Lz (p<0.00D). HAKRTIZAIMED 77 %ic
LEESTEY, CODBAERNS6 % THo7end & HEL
LCBETH - . Rl S RBFX9.0+0.8ml/min -
kg, BIfED 89 % TH Y, HEDEA R L .

RVR : #ifE10.05+0.52mmHg/ml/min-kg, & M#£10.
25+1.3lmmHg/ml/min + kg TH b, FEROE/IIITHRD
ot LRI X »11.38+1.08mmHg/ml/
min-kgiz#k L (p<0.05), TPROBE LBEDOLETH
w7z,

(3) BEHaEOZEIL

BRI 3T 5 EIE L fIECH T2 E5RE
Table 5z~ L 7.

Cer : Wl X b IfED 72.1£8.4 %2 d  (p<0.
05) L7chd, SEIMIC X b IIEFifEC B L.

Cran - B X D RIED 71.0£7.5 %A
05) L, SEIfiic X b i2FHiEEE L.

FF : {8, Bz X - TCeris X OCeudMEIFRERIC
T LD T, FRIBEBOELEZRE Inh o T

4) FE - IREFOZAL

EE « JREEH O FHAME % Table 617K L7e.

1DABPH

Q-SEEME © #iifE93.2 +4.7msech HIEMIZ & H 104.2+

(p<0.
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7.0mseciZiER L (p<0.01), ;KIflic X v i3 FFIECEE
L7z,

S-PHE:RY © BifES7.8+6.0msech HIEIMIZ X  82.2+4.
9msecizfE#E L (p<0.05), &Mk 82.8+5.9msecTH
D, BlHEOMECE EE > T

Hn/Hp : BifE 0.36740.036 2 HIEIMIZ X b 0.409+
0.024 ©2#EinL (p<0.05) 7=A%, EMIC X - TO0.385%
0.025 & RifEcEE T 2R ZR L.

2)RBP#;

Q-SHRS © FE102.6+6.4msect HIEMI X H 1115+
6.6mseciciER L (p<0.01), &Iz X - CTHIEEIE L
fo. .
S-PE§RE  BfiE85.8 = 6.4msech HIEIMIZ X b 77.8+4.
6msecicfifE L (p<0.05), EIMIC X » CRMEIEEL
7.

Hn/Hp : #7fE 0.39140.036 2 HIEIMIZ X b 0.426+
0.030 i L (p<0.05), ;EMmEIF—BHEAL T 0.438
+0.028 (p<0.05) 27z 7.

3RPTG

Q-SEERS @ RIME151.6+4.8msechs B, I X b 164.0
+39msecicEE L (p<0.0D), Btk XRIMECEEL
7o,
S-PHSRE © AiIfE80.6+3.2msec, {8 I475.8+3.0msecT
B, BEOEEI, . Bl X b FfECERL
7.

Hn/Hp : BifE 0.6040.049, {&1#% 0.616+0.040, &
5% 0.646£0.044 & K DMEAH 2 bR HHE TLE
Tehso fo.

Pk, B X EHBOBEMME LT, Q-SKfMB IO
S-PERIA TR OEH TR T HEM0E/LERL,
RPTGIz %} 5 Hn/HpDZ{L.n\RBPiz 3513 % Hn/Hp®D

Table 5. Effects of hemorrhage and transfusion on Ccr,

CpHA and FF
Ttem Control Post Post
value hemorrhage | transfusion
. 21.5 15.5* 20.6
(ml/min) |y gy +£2.0 +1.3
Cer 100 72.1% 95.8
o . .
%) + +8.4 +4.7
. 54.6 38.8* 53.5
(ml/min) | g g +3.9 +£2.7
Cran 100 71.0* 98.0
o . .
% + +7.5 +5.3
0.39 0.40 0.39
FF +0.05 +0.06 +0.03

mean*=SE, * =P<0.05
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Table 6. Changes in time intervals measured from ECG
Q wave to S*P (ABP, RBP, RPTG) and wave ?
height (Hn/Hp) after hemorrhage and trans-

fusion
Item Control Post 1 Post
value hemorrhage | transfusion
QS time | 93.2 104.2% 94.8*
(m sec) +4.7 +7.0 5.5
B | SPtime | 87.8 82.2 82.8
< | (m sec) +6.0 +4.9 +5.9
0.367 0.409* 0.385
Hn/Hp +0.036 +0.024 +£0.025
QS time | 102.6 111.5% 100.6
(m sec) +6.4 +6.6 +7.0
8| SPtime | 85.8 77.8* 85.8
~ | (m sec) +6.4 +4.6 +6.5
0.391 0.426* 0.438*
Ho/Hp | 44 036 £0.030 | +0.028
QS time 151.6 164.0%* 155.0
(m sec) +4.8 +3.9. +4.8
2| SPtime | 80.6 75.8 81.8
& | (msec +3.2 £3.0 +2.2
0.604 0.616 0.646
Hn/Hp +0.049 +0.040 +£0.044
mean+SE, * =P<0.05 * *=P<0.01
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