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Antidiuretic Effect of Non-Renal Venous Congestion on Renal Water 
Excretion by the Hydrated 'Rat. (18932) 

WILLIAM 0. REINHARDT.*~ 
From. the Division of Anatomy, University o f  

An experimental technic for measuring 
renal excretion after water loading has pro- 
vided a method of studying the effects of 
disturbances in normal homeostatic me&- 
anisms in altering renal function. In this 
study, this technic has been employed to 
assess the effeots of increased venous pressure 
in altering renal water excretion. This prob- 
lem has been inwstigated, using other tech- 
nics, and has recently been reviewed in de- 
tail (1-4). The problem has been a matter of 
greatest concern in the evaluation of the rela- 
tive importance of renal and non-renal factors 
in chronic passive congestion and edema for- 
mla t ion. 

The present experiments were carried out 
to evaluate the effects of acute hemorrhage, 
unilateral nephrectomy, obstruction of lym- 
phatic drainage, and hypophysectomy, in rats 
in which the venous congestion was produced 
by one stage complete ligation of the inferior 
vena cava. A principal finding of note is that 
the acute passive congestion produced by 
ligation of the inferior vena cava causes anti- 
diuresis in the presence of a single kidney 
with unobstructed venous drainage. It is 
further demonstrated that the hypophysis is 
not a necessary component in the production 
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of this type of antidiuresis. Finally, the im- 
portant role of lymphatic drainage in the 
maintenance of effective circulatory mech- 
anisms in the presence of acute venous ob- 
struction is reemphasized. 

Methods and materials. Male rats of the 
Long-Evans strain, maintained under uniform 
experimental conditions, fed Diet XIV, were 
fasted for 18 hours but allowed access to 
water. The animals were hydrated after 
various operative interventions by the method 
described by Birnie et d.(S). Each animal 
received, by gastric intubatiun, 3 ml tap 
water/1# sq cm surface area, a t  hourly inter- 
vals for 3 hours. Urine output was collected 
in metabolism cages and measured at  hourly 
intervals for 3 5  hours after the first dose of 
water. The total urine excretion in this 
period of time was calculated as % of the 
water administped. Operative procedures 
were carried out under ether anesthesia, using 
clean technics, with the least possible trauma. 
Inferior vena cava ligations, nephrectomy , and 
thoracic lymph duct ligations were carried 
out through ventral abdominal incisions. The 
anatomical relationships of the renal veins in 
the rat allowed ligation of the inferior vena 
cava in different groups of animals at 3 differ- 
ent levels: (1) caval ligation was carried out 
midway between the right renal vein and the 
liver (prerenal) ; ( 2 )  caval ligation was car- 
ried out midway between the right and left 
renal veins (interrenal) ; (3) ligations were 
made just caudal to the left renal vein (pust- 
renal). Care was taken to include only the 
vena cava in the ligature, and the animals 
were examined postmortem to verify that no 
other vessels or nerve trunks had been in- 
cluded in the ligatures. Left nephrectomy 
was carried out by ligation of the renal artery 
and vein distal to the site of entrance into the 
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TABLD I. Effect on Water Excretion by the Hydrated Rat of Hemorrhage, Unilateral Neph- 
rectomy, Hypophysectomy, and Thoracic Lymph Duct Ligation, Separately, m d  Combined with 

Inferior Vem Cava Ligation. 

Mortality Water excreted as % 
No.of Avg of water administered in group 

Procedure rats BTV, g Avg 96 -c SE (Range) (24 hr period) 
~ ~ ~~ 

Controls 
a.. Sha.m-operated 10 290 
b. Acute hemorrhage 4 319 
c. External jugular rein 6 296 

ligation 

72 2 9  
46 2 4 
72 2 5 

(52-94) 
( 3 6 5 0 )  
(60-83) 

0 
0 
0 

Inferior vena cava ligation 
a. Prerenal 
b. Interrenal 
c .  Postrenal 

ISephrectomS, unilateral 
a. Left nephrectomy 
b. Left neyhrectomy and in- 

terrenal caval ligation 
c. Right nephrectomy and 

prerenal caral ligation 
Hypophysectomy 

a, Hypopliysectomy 
b. Hypophysectomy and pre- or 

interrenal caval ligation 
Thoracic duct ligation 
a. Thoracic duct ligation 
b. Thoracic duct and pre- 

renal caral ligation 
~ _ _ _ _ _ _ _ _  

8 
8 
4 

236 
“39 
188 

. 4 *  .4 
11 2 3  
49 + 4  

( 0-3 1 
(37-3i) 
(1-23) 

10 
9 

70 + 3  
19 2 5 

0 
0 

0 0 

12 
9 

131 
158 

33 2 1  
1 + 1  

(30-35) 
(0-4) 

0 
6 in 24 hr 

46 3 
0 

(34-68) 
(0)  

0 
6 in 6 hr 

6 
6 

renal vein of the tributary left adrenal vein. 
The thoracic duct was ligated at the level of 
the left crus of the diaphragm, at the point of 
entrance of the duct into the thoracic cavity. 
Hypophysectomy was carried out in unfasted 
animals by the parapharyngeal approach. 
Completeness of operation was verified at 
autopsy by inspection of the sella under the 
binocular microscope. Both external jugular 
veins were ligated at  their points of junction 
with the subclavian veins in an attempt to 
produce cephalic and cervical congestion. 
Animals subjected to hemorrhage were bled 
from the external jugular vein to the extent 
of 1.5% of the body weight. All animals 
recovered quickly from the anesthetized state 
and were subjected to the hydration test 
within a period of 2-3 hours after operation. 

Results. The experimental data are pre- 
sented in Table I. Normal or sham-operated 
animals excreted approximately 70% of an 
adlministered water load in 3% hours. The 
normal rat tolerates ligation of the inferior 
vena cava at any level caudal to the liver and 
does not exhibit any obvious signs of shock. 
Prerenal ligation of the inferior wna cava is 

a routine first stage procedure in preparation 
for the operation of evisceration. If, however, 
such animals (prerenal cava ligated) are sub- 
jected to a post-operative hydration test, it is 
noted that urine formation falls to a negli- 
gible quantity in the time interval studied. In 
such animals, an increased venous pressure 
exists in the cava, and in the renal, and ad- 
renal veins as manifested by direct inspection 
and .by actual manometric measurement. 
This increased venous pressure, however, 
gradually returns to normal as evidenced by 
the gross appearance of collateral circulatory 
channels. One also finds a more normal re- 
sponse to the hydration test within a period 
of 2-3 days postoperatively (unpublished 
data). 

If, on the other hand, cava ligation is car- 
ried out midway between the renal veins 
(interrenal ligation), the increased venous 
pressure affects only the left kidney and ad- 
renal gland, the right kidney and adrenal 
gland ,being situated proximal to the site of 
ligation. In this preparation, with an unob- 
structed venous return from the right kidney, 
11% of an administered dose of water is ex- 
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creted. Postrenal ligations of the inferior 
vena cava result in an excretion of 4570 of 
the administered water in the same time in- 
terval. 

The above results obtained with different 
levels of caval ligation suggested that in- 
creased renal pressure might be responsible 
for the failure of diuresis after water loading. 
To test this hypothesis, similar water loading 
was carried out in unilaterally nephrectomized 
rats, with and without mval ligation. It was 
noted that removal of the left kidney alone 
did not alter the diuretic response, which was 
in the control range (70%), whereas if inter- 
renal caval ligation was carried out simul- 
taneously, a procedure which does not ob- 
struct right kidney venous drainage, diuresis 
fell to a level of the same magnitude (12%) 
as with interrenal caval ligation alone ( 11%). 

The occurrence of an antidiuresis, in the 
presence of an unobstructed kidney, suggested 
that an antidiuretic material (ADH) might 
be liberated from the pituitary as a resultant 
of disturbance of the. normal homeostatic 
mechanisms induced by caval ligation. To 
test this hypothesis, rats were hypophysecto- 
mized and subjected to the same hydration 
test. In the time interval studied, hypophy- 
sectomized rats excreted a smaller 7 of the 
administered water than did control rats. If, 
however, hypophysectomy was combined with 
either prerenal or interrenal caval ligation, 
excretion of administered water fell to zero. 
It should be noted, however, that hypophy- 
sectomy rendered the rat extremely suscepti- 
ble to hydration after caval ligation, more 
than 2/3 of the rats succumbing within 24 
hours. Evidently ADH is not an essential 
element in the production of the marked anti- 
diuresis seen in these animals. It should be 
noted, however, that these rats were subjected 
to simple hypophysectomy, i.e., no attempt 
was made to remove the stalk or related neural 
tissue known to contain (or secrete) ADH. 

In the presence of acute venous obstruction 
as produced by caval ligation, one of the re- 
maining unobstructed pathways for the return 
of fluid to the blood is by way of the lym- 
phatic trunks. In order to determine the in- 
fluence of the pathway, the caval ligation 

experiments were repeated in animals with 
ligated thoracic ducts. Depression of water 
excretion to 46% occurred after hydration of 
animals with ligated thoracic ducts, but when 
this procedure was combined with caval liga- 
tion, water excretion fell to zero, and strik- 
ingly, all animals died within a period of 6 
hours. This observation emphasizes the role 
of the lymphatics in restoring fluid to the 
effective circulating blood volulme in the 
presence of venous congestion. On the other 
hand, in control experiments, loss of 3070 of 
the blood volume (arbitrarily estimated at  
5% of the body weight) did not produce a 
remarkable antidiuresis after water loading, 
the level of excretion being diminished to the 
level noted after thoracic duct ligation alone. 
It is noteworthy solely as a control observa- 
tion that obstruction of the largest venous 
channels (external jugular veins) draining the 
head land neck did not produce any degree of 
an tidiuresiss. 

Discussion. The role of increased venous 
pressure in relationship to renal excretory 
activity has been of concern in understanding 
the mechanisms of retention of sodium and 
water by the kidney in varied states, as after 
assumption of the erect posture, exercise, 
hemorrhage, shock, hypoproteinemia, ne- 
phrotic syndrome, and in chronic passive con- 
gestion. The present experiments were de- 
signed to test the hypothesis that increased 
caval and renal venous pressure would cause 
a marked antidiuresis, presumably as the di- 
rect result of increase in renal venous pres- 
sure, and possibly mediated by increased 
secretion of ADH by the posterior lobe of the 
pituitary. Evidence has been presented to 
show that an antidiuretic material (nature not 
identified) is present in the body fluids of 
patients with congestive failure( 6) .  On the 
other hand, Blake et d . ( 7 ) ,  haw shown that 
unilateral increase in renal venous pressure 
in the anesthetized laparotomized dog af- 
fected only sodium and water excretion of 
the affected kidney, thus excluding a humoral 

6. Bercu, B. A., Rokaw, S. N., and Massie, E., 
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or neural pathway for the production of this 
effect. The mechanism of this sodium and 
water retention was ascribed to a local action, 
although no marked changes in glomerular 
filtration or total renal plasma flow were 
shown. Contrariwise, Selkurt et al. (8) ,  
noted, under similar experimental conditions, 
a progressive reduction in these functions. not 
sufficient, however, according to these authors, 
to account for the sodium retention, and, in 
their opinion, requiring the invokement of 
mechanisms other than increased renal venous 
pressure to account for congestive failure. 
Similar results to those of Selkurt et al., have 
been obtained by Bradley and Bradley(9), in 
studying the effects of abdominal compression 
in man. This subject has recently been re- 
viewed by Smith( l ) ,  with the tentative con- 
clusion that the reduction in renal filtration 
rate cannot be entirely attributed to increase 
in renal venous pressure, and that other fac- 
tors, enddcrine or hemodynamic, must be in- 
voked to account for the train of events in 
congestive failure with particular reference to 
the role of the kidney. 

The present experiments provide evidence 
that the increase in renal venous pressure as 
produced by ligation of the inferior vena 
cava(l0) is not an obligatory or sole cause 
of the impairment of diuresis noted, since 
that antidiuresis occurs to the same degree 
in animals with a single kidney with unob- 
structed venous return. Furthermore, in these 
acute experiments, the antidiuresis is not de- 
pendent on the presence of a functioning 
posterior lobe of the pituitary gland, since it 

S. Selkurt, E. E., Hall, P. W., and Spencer, M. P., 

9. Bradley. S. E.. and Bradley, G. P., J .  Clin. 

10. -4ddis. T. and Lew. W.. J .  Clin. I i zves t . ,  1939, 

__ 

A n i .  J .  Physiol., 1949. v l j i ,  40. 

Invest., 1947, v26. 1010. 

vlS, 7 7 i ,  

occurs in the hypophysectomized rat with 
either one or both renal veins obstr,ucted by 
caval ligation. It is interesting to note that 
ligation of both external jugular veins in the 
rat, as might be expected, does not produce 
sufficient increase in intracranial venous pres- 
sure to alter renal function. The present ex- 
periments do provide decisive evidence of the 
necessity for patency of the main lymphatic 
trunks in the presence of venous obstruction. 

The evidence is believed to justify the con- 
clusion that venous obstruction may alter 
diuretic activity by lmechanisms entirely inde- 
pendent of (and additional to) local effects 
produced by increased renal venous pressure. 
Hemodynamic effects are more likely im- 
portant in terms of decrease in effective cir- 
culating blood volume, although neurogenic 
and humoral effects (other than from the 
posterior lobe of the pituitary) have not been 
negated by the experimental data presented. 

Summary. (1) Water excretion by hy- 
drated rats has been studied to ascertain the 
alterations after ligation of the inferior vena 
cava at 3 levels in relationship to the renal 
veins. In  addition, the effects of unilateral 
nephrectomy, hypophysectomy and thoracic 
lymph duct ligation, and various other con- 
trol procedures have been observed. (2 )  The 
antidiuretic effect of inferior vena cava liga- 
tion in the hydrated rat is shown to  be inde- 
pendent of increased renal venous pressure, 
and is also shown to occur in the absence of 
the pituitary gland. (3 )  The critical im- 
portance of the lymphatic pathway in main- 
taining an effective circulating Mood volume 
in the presence of acute venous obstruction is 
demonstrated by showing the lethal effects of 
hydration in animals with combined caval 
and thoracic duct ligation, procedures which 
are separately tolerated by the rat. 
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