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INTRODUCTION AND REVIEW OF THE LITERATURE 

Constricting the thoracic inferior vena cava in the 

dog is a potent stimulus for renal sodium retention (Davis, 

Howell and Southworth, 1953) but the mechanism(s) mediating 

this response remain obscure. Based on studies by several 

groups of investigators it is evident that sodium retention 

in this model cannot be adequately explained by a decrease 

in glomerular filtration rate and renal blood flow or an 

increase in renal venous pressure or aldosterone secretion. 

Davis and colleagues (Davis, Howell and Southworth, 

1953; Davis, Holman, Carpenter, UrqUhart and Higgins, 1964) 

found that sodium retention did not correlate with changes 

in glomerular filtration rate or renal plasma flow whereas 

Levinsky and Lalone (1965) demonstrated that the antidiuretic 

influence of caval constriction could not be reversed by 

infusing large volumes of saline that augmented glomerular 

filtration rate. 

An elevation in renal venous pressure has also been 

excluded as a necessary factor by the observation that con

stricting the abdominal inferior vena cava sufficiently to 

raise renal venous pressure to levels produced by con

stricting the thoracic inferior vena cava does not promote 

sod! urn re tention (Levinsky and Lalone I 1965: Cirksena I Dirks 

and Berliner, 1966) and that transplanting the kidney to the 

neck, a maneuver that prevents an increase in renal venous 
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pressure, does not eliminate the antinatrl'uret'lC response to 

caval constriction (Carpenter, Davis, Holman, Ayers and Bahn, 

1961; Davis, Holman, Carpenter, Urquhart and Higgins, 1964). 

Although aldosterone levels are elevated in this 

animal model (Davis, Kliman, Yankopoulos and Peterson, 1958), 

hyperaldosteronism is not essential since sodium retention 

was observed in adrenalectomized animals given either minimal 

mineralocorticosteroid replacement (Davis, Howell and South

worth, 1953) or high sodium diet without hormone replacement 

(Davis, Howell, Goodkind and Hyatt, 1956). 

Several lines of evidence suggest that the sympathetic 

nervous system may play an important role in mediating renal 

sodium retention under various conditions, For example 

Barger, Muldo\vney and Liebowitz (1959) postulated that 

increased renal nerve stimulation is an important factor in 

the antinatriuresis observed in dogs with experimental con

gestive heart failure. These investigators infused 

Dibenzyline, an alpha adrenergic blocking agent, into the 

renal artery of dogs with tricuspid insufficiency and pulmonary 

stenosis and observed a significant increase in sodium excre

tion from the ipsilateral kidney whereas no effect was seen 

when Dibenzyline was infused into the renal artery of normal 

dogs. That the sympathetic nervous system may participate in 

the normal regUlation of sodium balance was suggested by Gill 

and Bartter (1966) who reported that sympathetic blockade 

induced with guanethidine diminished the capacity of the kidney 
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of normal man to conserve sodium in response to 00dl'um,

'" deriva
tion. More recently Gill and Casper (1969) have shown that 

renal sodium retention in response to hemorrhage can be 

mediated by increased renal nerve stimulation that is not 

sufficient to decrease glomerular filtration rate. 

Evidence which suggests increased sympathetic activity 

may participate in the renal sodium retention of caval con

striction was first obtained by Whelan, McCoord and SChilling 

(1952) who noted that the kidney transplanted to the neck 

failed to exhibit the same degree of sodium retention as the 

intact kidney in response to caval constriction. Additional 

support derives from the study of Gill, Carr, Fleischmann, 

Casper and Bartter (1967). These investigators produced 

autonomic blockade with pentolinium in dogs with caval con

striction and observed a significant increase in sodium 

excretion which suggests a heightened level of autonomic 

activity was present in these animals. 

Al though these data implicate a role for the sympa

thetic nervous system in mediating the antinatriuresis 

associated with caval constriction, Davis, Holman, Carpenter, 

Urquhart and Higgins (1964) concluded that the renal nerves 

were not essential for renal sodium retention to occur. 

. f d '0.1' la·4-e' r"'l adrenalectomy andTh, ese lnvestigators per -orme "a 

remaining kidneyunilateral nephrectomy and transplan t,e d the 

'th k" ev Never-to the neck which effectivelY denervatea e ~lan.r. 

" and developedtheless. these animalS still retained soal~l 
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ascites in response to caval constriction. Thus these experi

ments exclude an essential role for the renal nerves in the 

response, but as Gill, Carr, Fleischmann, Casper and Bartter 

(1967) have stated, they do not exclude the possibility that 

an increase in circulating catecholamines derived from a 

systemic increase in sYmpathetic stimulation may have existed 

in these animals. Thus in view of the heightened sensitivity 

of the denervated kidney to circulating norepinephrine (Berne, 

Hoffman, Kagan and Levy, 1952), the net result might mimic the 

response produced by renal nerve stimUlation. Moreover it 

should be emphasized that these studies were performed in 

chronic animals and therefore do not exclude a role for the 

renal nerves in the antinatriuretic response to acute caval 

constriction. 

Thus far there have been no studies which define the 

contribution of the renal nerves in modulating the renal 

handling of sodium during acute caval constriction. To answer 

this question the effect of acute caval constriction on sodium 

excretion was examined in dogs with and without intact renal 

nerves. 
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MATERIALS AND METHODS 

All studies were performed in female mongrel dogs 

weighing 13 to 31 kg fed a standard kennel ration. In some 

animals, seven to fourteen days prior to the study, an inflat

able cuff constrictor was placed around the thoracic portion 

of the inferior vena cava through a right thoracic incision 

and a button for inflating the cuf'f was brought out through a 

small skin incision. On the day prior to the study the animal 

was deprived of food but water was permitted ad'libitum. On 

the morning of the study the animal was anesthetized with 

ether sodium pentobarbital or sodium pentothal, 25 mg/kg, 

administered intravenously with supplemental doses as required 

to maintain light anesthesia. An endotracheal tube was 

inserted and the animal was ventilated with a Harvard respira

tory adjusted to maintain the arterial pH between 7.35 and 7.45. 

Ii 
,",".

Polyethylene catheters were inserted in a femoral artery, 
~ 

femoral vein, and both jugular veins to permit sampling of 

bloods, monitoring of pressures, and infusing solutions. A 

foley catheter was placed in the urinary bladder. 

All animals received a priming dose of inulin and 

p-amino hippurate (PAX) followed by a constant infusion of 

these substances in 0.9% saline at 2.0 ml/min. Aqueous 

Pitressin was added to the infusion in an amount calculated 

to deliver 0.5 mU/kg/min. A minimum of sixty minutes was 

allowed for equilibration of solutions before collecting urine 
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samples. Approximately two hours prior to collecting urine 

samples the animal was given desoxycorticosterone acetate 

(DOCA), 10 mg, intramusCularly. 

Experimental protocol t Group I consisted of 11 experi

ments. After collecting three consecutive 10 minute control 

urine samples, 0.9% saline was infused at 0.5 ml/min/kg for 

60 minutes into a femoral vein following Which three consecu

tive 10 minute experimental urine samples were collected. 

Group II consisted of 8 experiments. After collecting 

three control urine samples as in group I, saline was infused 

at 0.5 rnl/min/kg for 60 minutes while simultaneously the 

thoracic inferior vena cava was constricted by inflating the 

cuff. After 60 minutes had elapsed three 10 minute experi

mental urine samples were collected. The degree of constric

tien was designed to produce a slight fall in renal perfusion 

pressure which was usually associated with a moderate reduc

tion in cardiac output but not glomerular filtration rate. 

Those studies in which glomerular filtration rate fell by 

more than ten per cent were excluded. 

Group III consisted of 8 animalS in which acute renal 

denervation was performed on the morning of the study. After 

. . t h left subc-osta.l flank incision Iexposlng the kldney hroug a 

the renal artery was stripped of all visible nerve fibers 

needle attached to athen coated with phenol.	 A 20 gauge 

l'_n~erted l'n the renal vein throughpo.YethYlene catheter was ~
 

the ovarian vein to permit s~lpling of renal vein blood.
 

1 
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Because it was not possible to assess whether renal innerva

tion to the right kidney had been altered during the surgical 

procedure, urine was collected only from the left kidney via 

a catheter inserted in the left ureter. To exclude the 

possibili ty of denervation natriuresis influencing the results. 

a minimum of 120 minutes elapsed from the time of denervation 

before steady state control urine samples were collected. A 

steady state was assumed to exist if three consecutive 10 

minute urine volumes varied by less than 10 per cent. The 

remainder of the protocol was identical to that of group II. 

Data Collection I Aortic and inferior vena cava pres

sures were continuously monitored with Statham pressure trans

ducers, models 2) lit from catheters inserted in a femoral 

artery and ve in. Cardiac output was determined at approxi

mately the midpoint of each 10 minute period using a dye 

dilution tech.nique. Indocyanine green. 2.5 mg, was injected 

through a catheter secured in the jugular vein and arterial 

blood was wi thdrawn from a femoral arterial catheter through 

a Gilford densitometer cuvette using a Harvard constant wi th

drawal syringe pump. Cardiac output was calculated according 

ta the me thad of Kinsman t ivloore and Hamil ton (1929). 

Arterial blood was collected at the midpoint of each 

period. In group III renal venous blood was collected 

8 imultaneo usly in chilled test tUbes and. centrifuged immedi

ately to permit separation of the plasma wi thin 5 minutes 

of the time of collection. 



8 

Urine and blood samples were analyzed for sodium using 

an Instrumentation Laboratories flamephotometer. Inulin was 

determined by the method of Schreiner (1950) and PAR by the 

method of Smith. Finkelstein. Aliminosa. Crawford and Graber 

(1945). Plasma proteins were measured using the biuret 

reaction and packed cell volume was measured using a micro

hematocrit centrifuge. 

Calculations I Absolute sodium excretion in Jillq/min 

was determined from the formula UNaV where UNa equals urine 

sodium concentration in pEq/ml and V equals urine flow in 

fil/min. Fractional sodium excretion (FENa) in % was calcu

lated as UNaV/FNa where FNa equals filtered sodium and was 

determined by the product of plasma sodium concentration 

(PNa ) in J:1Eq/ml and glomerular filtration rate (GFR) in 

ml/min. GFR 1,vas estirnated from the clearance of inulin (GIN) 

according to the formula GIN := UIl\jV/Pn~ where UrN equals 

urine concentration of inUlin and FIN equals th plasma con

centration of inulin. In groups I and II renal cortical 

plasma flow was estimated from the clearance of PAR (CpAH ) 

calculated according to the formula CpAH ~ UpAHV jpPAH where 

UPAH and PpAH equ.al the urine and plasma concentrations of 

PAH rEwpe c tive ly. In gro up III renal blood flow was calcu

lated from the ~)xtraction of PAR according to the formula 

HE1-' ~ RPB~/( 1-0.95 peV). RPF' equals renal plasma flow and waf 

calculated according to the formula RPF = UPAHV/(ApAH-VpAH) 

wherlf:~ ApAB and VPAH equal the arterial ~'1d renal venous plasr 
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concentrations of PAR respectively. Filtration fraction (FF) 

was calculated from the formula FF = C1N/RPF. Rena1 perfusion 

pressure (PPR) was calculated from the formula PPR = PA-Py 

where PA and Pv equal mean aortic and mean inferior vena cava 

pressures respectively. Cardiac index was calculated as 

C1 = CO/kg body weight where CO equals cardiac output. 

Systemic vascular resistance (SVR) was calculated according 

to the formula SVR = (PA-Py)/CI expressed in PRD per kg body 

weight where PRU equals peripheral resistance units in 

mmHg/ml/min. 

Statistical evaluation of datal Student's t-test was 

used to evaluate paired data within each group and mean data 

between the groups. 

RESULTS 

The dat~ in the text and figures are presented as the 

mean + SEUI. The control period represents the mean of three 

10 minute periods prior to and the experimental period the 

mean of three minute periods after caval constriction a~d/or 

saline infusion. 

Table 1Group I - renal response to saline infusion: 

S~(Lmarizes the data from individual experiments. Infusing 

saline at 0.5 ml/kg for 60 minutes resulted in a significant 

increase in UNAV from 222.6 ± 58.9 to 572.4 ± 117.2 pEq/rnin, 

p( 0.005. Fractional sodiwn excretion (FENa ) increased from 
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2.0 _+ 0.5 to 5.0 ± 1.1 %. p <0.005. Th . e lncrease in sodium 

excretion could not be related to alterations in glomerular 

filtration rate which changed in a variable manner in indivi

dual experiments but without a significant Change in the mean 

for the group. GIN measured 80.2 ± 5.0 ml/min during control 

and 79. 7 + 6. 4 ml/min during saline infusion. In contrast 

renal cortical plasma flow. estimated from CpAH , decreased in 

9 of 11 experiments with a significant decrease occurring in 

the mean for the group. CpAH measured 260 ± 23 ml/min during 

control and 222 + 18 ml/min during saline infusion. p < 0.025. 

Renal perfusion pressure (PPR) increased in 10 of 11 experi

ments and the mean PPR increased from 114 ± 7 Wfu~g during 

control to 141 + 6 mmHg during saline infusion. Cardiac index 

(CI). however. changed in a variable manner in individual 

experiments but there was no significant change in the mean 

for the group. CI measured 178 + 24 ml/min per kg during 

control and 175 + 21 ml/min per kg during the experimental 

period. 

Group II - influence of acute constriction of the 

thoracic inferior vena cava on the renal respQnse to saline 

Table 2 sQmmarizesloadin£;~ in dogs with intact renal nerves I 

the data from individual experiments. The mean UNaV' FENa , 

C C p. CI and pIa·sma protein concentration duringIN. PAH, PRJ . 

the control period in Group II were not different statisti

. bi R 'n r,rouocally from the control values of the S81ne varla e~ 1. 5 • 

I. When the inferior vena cava was constricted during the 
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infusion of saline, sodium excretion decreased l'n 

contrast 
with the increase seen in group I. U V 

Na decreased from a 
control value of 276.0 ± 59.9 to 132.2 ± 29.1 pEq/min, 

p <0.05, and FENa decreased from 2.5 ± 0.4 to 1.3 ± 0.4 %, 

p <o. 025. eIN changed in a variable manner in individual 

experiments with no apparent relation between the change in 

GIN and the magnitude of the fall in UNaV, Mean GIN did not 

change measuring 76.0 ± 8.6 ml/min during control and 

75.9 + 7.7 ml/min during the experimental period whereas 

GpAH fell from 315 + 34 to 210 ± 23 ml/min, p <0.01. In 

contrast with group I PPR tended to decrease in most studies 

although the mean decrease in PPR from 116 + 6 to 107 ± 4 mmHg 

was not significant, p) 0.1. CI, however, decreased in 7 

animals with a significant decrease in the mean for the group. 

Control CI measured 185 ± 14 ml/min per kg and fell to 131 ± 

10 ml/min per kg during caval constriction, p <- 0.001. 

Figure 1 contrasts the mean responses of the group I and group 

II experiments. 

Group!I! - influence of acute constriction of the 

j;horagic inferior vena cava on the renal response to saline 

loading in dogs with renal denervation I Table J summarizes 

the data from individual experiments. In group III the renal 

function data were obtained from one kidney only which 

, , lower control lNa·1 V· . compared with groups exp~alns the and GIN,··r...
 

I and II. In contrast with the response seen in group II,
 

caval constriction during sallne. 1 d' ~ did not produce a~
.oa.lng 
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antinatriuresis in the denervated kidney in group III. 

Rather a significant increase in sodium excretion occurred. 

UNaV increased from 165.2 ± 47.5 to 247.2 ±. 36.2 pEq/min , 

p.( 0.025, and FENa increased from 2.0 ± 0.3 to 3.2 ± 0.3 %, 

p <. 0.025. The natri uresis was not related to changes in 

e which were variable but with no change in the mean forIN 

the group. Mean GrN was 52.9 ±. 6.6 ml/min during control 

and 52.6 + 6.5 ml/min during the experimental period. RBF 

measured by the extraction of PAR decreased in all experiments 

wi th the mean REF decreasing from 302 ± 41 rnl/min during the 

control period to 226 ± 32 ml/min during the experimental 

period, p ~ 0.01. Control PPR averaged 132 ± 5 mmHg and 

decreased to 115 ± 6 mmHg during caval constriction. The fall 

in PPR was associated with a significant decrease in CI from 

176 ± 25 ml/min per kg during control to 125 ± 15 ml/min per 

kg during caval constriction. 

Figure 2 compares group II and group III with respect 

to F~Na' CIN • PPR• CI and systemic vascular resistance (SVR). 

in group II was factored by 2 to approximate function inGrN 
a single kidney and then it was normalized in both groups by 

dividing through by body weight. rPhere was no significa.."'1t 

difference between control FENa in group II and III, P '> 0.3, 

whereas during the experimental period FENa in group III waS 

. II <0 01 There wasSlgnificantly higher than in group ,p ., 

rmalized as described 
no significant differences in GIN when J10 

2 l_nl/min per kg body
BeVe.b Control GIN measured 2.1 ± o. 
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weight in group II and 2.2 + 0.2 ml/min per k . 

- . g ~n group III, 

P , 0.5, and did not change in either group d . , ur~ng caval con

striction. Control PPR in group III was slightly greater 

than that in group II, 0.1 > P >0.05, but there was no 

difference in PPR during the experimental period, p> 0.2. 

CI waS the same in both groups during the control period, 

p >0.8, and fell to the same extent during caval constric

tion, p > 0.6. SVR was slightly higher in group III 

measuring 0.874 + 0.138 and 1.039 ± 0.159 PRU per kg body 

weight during the control and experimental periods respec

tively compared to 0.672 + 0.098 and 0.833 ± 0.084 PRU per kg 

body weight during the control and experimental periods in 

group II. However, these differences were not statistically 

significant, p >0.05 for the control and p >0.2 for the 

experimental periods. The increase in SVR within each group, 

however, was significant, p( 0.01. 

DISCUSSION 

The present experiments were designed to evaluate the 

role of the renal nerves in mediating the antinatriuresis of 

Theacute constriction of the thoracic inferior vena cava • 

. ~ t supn,ort the conclusionresults provide strong eVluence 0 _ 

. ~ efferent pathwaythat the renal nerves constitute th. e maJo ... 

through which acute caval constriction stimulates renal 

sodium retention. 
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In group I the infusion of saline caused a significant 

increase in sodium excretion whereas in group II caval con

striction not only prevented the natriuretic response to saline 

it caused a significant decrease in sodium excretion that was 

unrelated to changes in glomerular filtration rate. In con

trast when the kidney was denervated in group III, caval 

constriction did not cause an antinatriuresis so that the 

natriuretic stimulus of saline infusion became evident. 

The conclusion that the difference between the response 

in group II and group III was related to renal denervation in 

group III is valid providing the two groups were similar in 

other respects. First it is possible that renal denervation 

al tered baseline renal function which resulted in a delayed 

natriuresis. For example it is well known that acute renal 

denervation may cause a denervation natriuresis (Marshall and 

Kolls, 1919; Kriss, Futcher and Goldman, 1948; Kamm and 

Levinsky, 1965: Bonjour, Churchill, and Malvin, 1969). 

However, this possibility was excluded by delaying urine 

collections for at least 120 minutes from the time of renal 

denervation and waiting until a steady state urine flow was 

established. In addition, the fact that control FENa and 

erN . t were the same in bothcontrol corrected for body welgh 

groups (see Figure 2), suggests that renal denervation did 

not !C-;ignificantly alter baseline renal function in group III. 

Spcond, it :i.s unlilcely that the natriuresis in group III 
t 'ction which

reflectt~d an inad(~quate degree of caval cons rl· 
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resulted in a weak antinatriuretic stimul·us ' slnce, as shown 

in figure 2, the change in cardiac index, systeml'c Vascular 
resistance and renal perfusion pressure were . ,Slmllar in the 

two groupS suggesting that the inferior vena cava was con

stricted to a similar degree in both groups. .Thlrd it is 

unlikely that the natriuresis in group III reflected a greater 

degree of volume expansion reSUlting in a more potent 

natriuretic stimulus that exceeded the antinatriuretic stimulus 

of caval constriction since a uniform rate of saline infusion 

adjusted for body weight was used in all experiments. More

over, plasma protein concentration decreased to the same 

extent in both groups indicating a similar degree of plasma 

expansion had occurred. Therefore since the two groups were 

similar with respect to those identifiable variables which 

might influence sodium excretion, it is concluded that 

denervating the kidney interrupted the efferent pathway 

through which acute constriction of the thoracic inferior 

vena cava stimulates renal sodium retention. 

The present experiments support and extend the observa

tions of Whelan, McCoord and Schilling (1952) that the trans

planted (denervated) kidney is less responsive to caval con

striction than the intact kidney, and the observations of Gill, 

Carr, Fleischmann, Casper and Eartter (1967) that ganglionic 

blockade increases sodium excretion in dogs with caval con

. ,. r+ the broader
striction. In addition, these flndlngs suppo u 

') t th ~ T,athetic nervoUs 
concept of Gill and Casper (19b9 tha . e vymt-' 
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system may constitute a final common pathway 

for the renal 

conservation of sodium when the effective intravascular 

volume is decreased from whatever cause. These authors 

demonstrated that the renal sodium retention observed in 

response to hemorrhage is mediated through the renal nerves. 

Similarly an increase in renal sympathetic tone was also 

postulated to be the mechanism responsible for sodium reten

tion in dogs with experimentally induced heart failure 

(Barger, r'iluldmvney and Liebowitz, 19591 Barger, Yates and 

Rudolph, 1961). Activation of the sympathetic nervous system 

in the present experiments occurred presumably in response to 

the fall in cardiac output and perfusion pressure. That the 

fall in cardiac output and not hepatic congestion was the 

important stimulus that activated the antinatriuretic response 

is supported by the observations of Schreier, Humphreys, 

Ufferman a.Y1d Earley (1971) that constriction of the thoracic 

superior vena cava produced changes in sodium excretion and 

systemic hemodynamics entirely similar to those seen with 

constriction of the inferior vena cava. However, these 

studies do not exclude the possibility that hepatic conges

tion, particularly of a chronic nature, may participate in 

the afferent or efferent limb of the antinatriuretic response. 

Al though the present experiments support a major role 

for the renal nerves in the antinatriuresis of acute caval 

Since theconstriction, other factors are probablY involved. 

ma,emi tude than that inIe sser _,natriuresis in group III was of 
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group I, it suggests that renal denervation d'd t.

l no lnterrupt 
entirely the antinatriuretic stimulus of Caval t.,

cons rlctlon. 

In part this may reflect incomplete renal denervation which 

could explain the decrease in RBF in group III. In addition, 

the decrease in renal perfusion pressure may have altered the 

renal handling of sodium (Friedler, Belleau, Martins and 

Earley, 1967; Earley and Friedler, 1966). Finally the experi

ments of Davis, Holman, Carpenter, Urquhart and Higgins (1964) 

in which sodium retention and ascites developed in adrenalecto

mized dogs with a solitary kidney transplanted in the neck 

also implicate some other factor in the antinatriuresis of 

caval constriction. It has been suggested that an increase 

in circulating catecholamines released in response to 

generalized sympathetic stimulation might explain the above 

findings. Alternatively it is possible that some other 

humoral factor with antinatriuretic activity mediated the 

response. However, if such a factor does exist, the present 

experiments suggest that it does not playa major role in the 

antinatriuresis of acute caval constriction. 

The mechanism whereby an increase in renal nerve stimu

lation leads to a decrease in sodiwn excretion has not been 

clearly established. Barger and colleaglles have postUlated 

that sympathetic stimillation effects a redistribution of renal 

. t t' In dogs with experi-Dlood that promotes sodium re en lone 
f blood flowmentally induced heart failure, a redistriblltion 0_ 

from tr.1f' f' , 1 cortex to the inner cortex can be- [lUper, lCHL 
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demonstrated (Barger, 1966). A similar redistribution is 

seen during hemorrhage (Carriere, Thorburn, O'Morchoe, and 

Bar~oer, 1966) and in response to mild renal nerve 
stimulation 

(Pomeranz, Birtch and Barger, 1968). In contrast the diuretic 

agents furosemide and ethacrynic acid have an opposite effect, 

i.e. cortical blood flow is increased and juxtamedullary blood 

flow is decreased (Birtch, Zakheim, Jones and Barger, 1967). 

These observations suggest that increasing blood flow and 

filtrate to the superficial cortical nephrons promotes.a 

natriuresis whereas redistributing blood flow and filtrate to 

the juxtamedullary nephrons promotes sodium retention. That 

such a mechanism may be operating in dogs with caval constric

tion receives support from the work of Cannon and Kilcoyne 

(1969) who report finding a similar redistribution of renal 

blood flow from superficial to medullary nephrons in caval 

dogs. 

01 0

I n C' .... 0 n to re·· d1~,_a,(1.1.,10.. c:tri 'out ion of renal blood flow, 

antinatriuresis might also have occurrea, as a consequence of 

an increase in renal vascular resistance and fall in 

""8 t' ] 
.1. -

'1] 
'-' .... 

re.:::cure as sugf~ested.~_ by Friedler,0I.JT1·uou.. arcaDl aryn c"c>.' 
~ 

Belleau, Nartino and Earley (1 7). If the fall in CpAH in 

up II mirrored a fall in renal blood flow, then the data 

r'e.. n·~_l. vascular resistance increased,from group II s st that ~ 

presumably at thE'? efferent arteriole since CFR did not change 

, + bul aI·~ ",oei iLll') transport.and cOLlld haVE? promoted inn'easca "l!' __ .:> \..l ' .. 
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The data do not permit any definite conclusion Con

cerning how the renal nerves effected a decrease in sodium 

excretion. It is of interest that renal denervation in 

group III resulted in a natriuresis despite a decrease in 

renal blood flow and perfusion pressure and an increase in 

renal vascular resistance and filtration fraction. Thus 

it is conceivable that the renal nerves may alter sodium 

transport by a mechanism lli1related to changes in intrarenal 

hemodynamics. 
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APPENDIX
 



Table 1. Hesponse to saline infusion in group I.*" 

F'x""""'..u }J I Plasma 
iO. i " a V a 

("'
VII'J CpAH PPR CI Protein Weight 

p3 ml/m ml/min mmHg rnl/min/kg g/100 ml kg 

" v 
~"·:1 

J..J " \J 
,-" 
~~ 

I"-q; 

\J 1~ C ~ .J C E C pJ.!, ('I 
V E 

4 
i. 15. 92.0 0.2 1.1 62.9 56.9 205 152 lOt} 146 162 127 4.6 J.8 17.5 

2 '?, 1 1 
./:' • .L 272.5 0.3 2 0-.' 74-.1 67J. 213 176 84 1L.}B 175 189 4.4 3.6 15.3 

J 1 
1. 

'{../ C:;91 5
.-' .-'. 0.9 J • L~ 103.1 120.2i 322 282 122 128 136 116 6.0 5.0 22.2 

!.L, '711.,,( Al
.-/"'. ' 717.3 3.1 6.2 'ILl,. 6 73.7 266 193 115 161 165 148 5.7 4.6 20.5 

<
./ 

?pP J- .~,~..,.- . Jr  ~".' 1 ~, 
,~ .. ''"-' 2.5 2.6 36.3 9Lf.9 175 198 166 162 105 109 5.2 4.2 19.4 

6 158.7 9 .0 1.6 7.1 B5.6 98.1 2(.7. ,,) 252 122 1!.j'1 110 156 5.7 3.9 30.0 

7 1 .5 36L}.6 1.0 ).0 102.1 Bi}.o 295 281 98 121 153 170 5.5 4.9 21.0 

2 117 • L~ 305.8 1.1 2.8 76. 1+ 75.2 )42 20J 98 148 152 11,3 5.3 3.9 15.2 

9 72J.5 1J86.2 5.3 9.8 9L~ .l.~ 95.4 )J4 27) 142 171 )97 )46 5.6 4.5 16.4 

10 2 • .5 e90.8 It.O 12.5 L}8.1 49.9 116 1J1 95 109 2)2 264 4.6 ).) 13.8 

11 208.6 301.7 1.9 3.2 71..j.. J 60.2 328 J01 110 115 170 18) 4.2 4.) 19.6 
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Footnote to Table 1 

* UNaV absolute sodium excretion, FENa :::: fractional sodium:=I 

excretion, erN :::: inulin clearance, Cp/m = PAR clearance, PPR = 

renal perfusion pressure, cr :::: cardiac index, C = control 

period, E :::: experimental period. 

'H' 
,il ~l ...."··
···~····
1" I 
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Table 2. Ef'fect of'	 caval constriction on response to saline infusion in group II* 

Plasma 
~xp. 

PPR CI Protein Weightor	 ("1a. a ~.	 VI CpAHa 

.);'C ,..,	 ml/min mmHg ml/min/kg g/100 ml kgll1
r"~\.,j 

rt·	 r:, r" T:iTi 17
\...;' ;2; c	 ;'...1 v I>..J c ... c E c E c E 

2 1J-C:/.5 10.6	 0.6 0.1 .5 4,2 • L~ 208 136 116 84 201 104 5.3 3.7 15. 6 

)' 225. 1
, 
) .c.+	 2.1 0.8 75.1 .5 316 216 133 111 216 133 4.9 3.0 19.0 

l--f'	 '. ? 113.0 l1L~.? I.t ),+'9 247 103 103 203 1)1 22.0I, 

:> .1 197.2	 2.1 1 'J 

L~.3 ~5 °8· )29 115 178 183 5.9 4.7 18.0c:: 5p '? }J 7 if 0.7 ~. 7 _J, '7 193 113 
11& t •--' 

(	 4).0 47.0 4L}2 337 118 109 152 120 4.6 4.0 15.821 L+.7 177.5 3.5 3.2 

t7 J.65.5 50.3 1.9 0.5 61.h 68.8 177 143 105 104 235 141 4.3 3.8 13.8 

15.812/	 22(~.P 201.7 1.9 1.8 8 f l,.6 81.8 320 172 92 107 184 146 5.9 4.8 

88 6.1 4.3 24.2 
l'j	 !~4-0.2 2 .7 3.5 2.1 88.3 78.0 279 239 144 123 110 

116	 107 185 131 5.3 4.0 18.0
tr;EAI; 276.0 1)2.2 2.5 1.) 76.0 75.9 315 210 

6 L} 0.3 0.2 1.3+SBT; 59.9 29.1	 0. 1-1- 0.11, 8.6 7.7 3f
" 23 14 10 

p ( C) 0 c- <0.025	 ]\IS <O. 01 NS <0.001 <O. 001 
". ..,I 

*	 1 a V := absolute E10dium excrE-:;tion. F'E Na =: fractional sodiwn excretion. eIN = inulin clearance,
 

= PAR clearmlce. PP R ~ renal perfusion pressure. C1 = cardiac index, e = control period,
 
1'\.) 

E = experimental period.	 0-. 

.__ ..... --~ 

:= w;;: ~ ..:~,,~.;:, ~ -2::-;:,~ 
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Table]. Effect of' caval constriction on the response to saline infusion 
in grou.p III with renal denervatiorr1l

,,"I
V	 RB.F RVR PPp

• 0 •.	 na' 
,~1 rmnHg)JE·::J ..	 in ml/min PRD 

("1'CZ" «n ~ ("I «
\" E C .k~	 E I.J EI.J 

'; ..~j .I'',,..J' 

'" r: "')- c '70 f	 1.;.67 0.25 0.27 115 106c.:' 2 • 51 ..J o ..; 2.2 2.9 ./ ( u. " 392 

? n (')	 0.68 0.81 131 123?-'f' 0 ...... ,,j .,,) )1+.9	 192 152,.- ,..:.. c6.3 1 1 .2" ,/ 

2? '7 200. Lj, 1 .,e, i;. • 0 32. Sf 33.7	 219 1$8 0.59 0.69 130 116 
~II ( 

23 130.0 1t7.[) 2.1 ? R tj·2.5 40.3	 281 203 0.48 0.59 135 120 
,..... " '_J 

2 115.!~· 301.7 2.0 L~. 6 '1·0.2 11-4··.6	 168 151 0.92 0.91 155 138
 

468 0.24 0.26 114 8J
25 155.1~ 276.1 1.7 ).0 61.7 62.6 3211

.'j.", 78.Ll- 16826 8.2 1j,27.2 Lv.2 ).8 ,?c P	 299 0.11-7 0.80 142 13.5 

Li-7.5 321 247 0.40 0.41 1JO 1012'7 77.0 H?,l~. J 1.1 2.7 50.3 

1,32 115I::EAIl 1.65.2 2L~7. 2 2.0 3.2 52.9 52.6 ,302 226 0.51 0.59 

0.3 o.J 6.6 6.5 41 32 0.08 0.09 5 6LV? 5 36 .2
 

p (0.025 <"0.025 NS (0. 01 o .1>p>0. 05 <,0.01
 

~" U'\gV =: absolu.te sodiu.m excretion, FENa =: fractional sodium excretion, CIN = inulin
1

clee'a:r:ance, .HBF ~ re~al ~lood flow. RVR = renal vascular resist<:tnce , ~PR = ren<:t1 perfusion 
pres8uJ::'c. C1 := cardJ.ac l.ndex, PGV ::: pacIced c~}ll volume. FF = 1'11 tratJ.on fractJ.on, C = N 

-...J
control period, E =: experimental period. 

.1":._.• _ .~" ~~ " 

~--'"'''''''-''' '~:;_., :-_:'.'~ ,: ,;: :§:.~~~=!i 
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Tu'l:Jle 3. ( con.tinued) 

Plasma 
,'0'",\ 

Ct}[p. o. C)I PC"I FF Protein Weight
,~ 

IT; 11m i ''-l/k P'L_~ 1."",,,-..1. .,.1.0 

, 
>0 gl100 ml kg 

C' 
V 

r;'1 
,..;.; 

cO 
\J 

":'-'\ 
f'",.... C E C Y:,\ .r., 

20 307 1 .5 JJ Jh 0.23 0.29 5.0 4.1 23 q.1....,., 

21 1 n? 
.J... \.!.,... '7 '~ 

( ~.' It 1 37 0.31 0.35 5.1 4.0 21.4· 

22 1 1 c;i, 
,k ...I"V 

..,~ 

~\-j 32 0.21.1 0.29 5.6 }+.O 20.5 

23 1 ?Q.
.Jio. ~ ..... / 97 1.~·8 35 0.28 0.29 5. 1..J, 4.2 23.0 

101 78 l.jJ} 38 o.l.}1 o•LI,6 5.5 4.2 24.5 

2'-.J 204 11.r8 41,j. 1./·3 0.23 0.32 5.8 L}.5 21.2 

26 225 11}!l' 3LJ,. JO 0. 1+0 0.65 5.2 4.3 31.0 

27 152 106 51 4) 0.30 0.)3 6.0 J.9 22.8 

176 125 1+2 37 0.30 0.37 5.Lt 4.2 23.5 

25 15 2 2 O.OJ O. aLr 0.1 0.1 1.2 

P (0.01 <0.025 <. o. 05 <o. 001 



---

29
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5 
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3 
2 
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fj GROUP I 
D GROUP II 

p<O.005I 
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O--------L--------L-__ 

;~~ 1I -----~-----1 I 
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II GROUP TI. 
A GROUP III 

!-~P<O.OI~-----1;2~[._~~_--,---_


::~~ P<O.II-~PPR 
100);

mmHg 
2~L_---.l ~-L.- _ 

250r
 

200r
 

C Iml/minll<g 150~_': 
o __.L-. ~--

1.2 ----:41.0 T
~_--!.L ,;..SVR 0.8 t-=""-- - ----- 

PRU/kg 
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