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ABSTRACT: Twenty-two patients with refractory asc1tes secondary to chronic 
liver disease undergoing pcritoneovenous shunting (PVS) were studied under 
strict metabolic conditions, preoperatively and for the first 8 h postoperatively. 
Fourtren subjects were restudied under similar metabolic conditions three months 
post-l1VS. Thirteen of the 22 patients (59%) had an immediate dramatic natriuresis 
and entered negative sodium balance (group A), the remaining nine patients 
!41.,.o) remained in positive sodium balance during the first 8 h post-PVS (group 
B) Group B was characterized preoperatively by significantly higher mean plasma 
rcnin activity (P· 0.01) and scrum aldosterone levels (P, 0.01) compared to group 
A Yet, plasma renin activity and aldosterone levels in both groups were similar at 
8 h following shunting. At three months post-PVS in the 14 patients restudied , 
mean plasma renin activity and seru m aldosterone levels were not significantly 
elevated above the normal range. Yet the patients still demonstrated continued 
sodium retention on a 20 mEq sodium diet, mean sodium excretion 10.5 ± 2.8 
mEq/day. The close correlation of scrum aldosteronc with plasma renin activity 
and the parallel suppressio n acutely post-PVS, indicate that the level of plasma 
renin activity is a major determinant of serum aldosterone in re fractory ascites. 
However, the find ing of normal preoperative values for plasma renin activity and 
aldosterone in certain patients, combined with the failure of group B subjects to 
enter negative sodium balance despite acute normalization of aldosterone, would 
indicate that factors other than activation of the renin-aldosterone axis contrib­
ute to the sodium retention of chronic liver disease. This conclusion is supported 
by the late results which document persistent sodium retention three months 
following PVS , despite normalization of aldosterone and presumably normaliza­
tion of any deficit in effective plasma volume. Can J Gastroenterol 1989;3(3): 
103·110 (Pour resume voir page 104) 
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THE ROLE Or THE RENIN-ANGIOTEN'ilN· 

nldosteronc axis in the sodium re­
tention characteristic of cirrhotics with 
asrnes is still controversial (I). Various 
methods have been used to study the 
axis and its relationship to sodium hand­
ling tn cirrhosis, including correlation 
of the plasma levels of aldosterone with 
sodium excretion (2). administration of 
various antagonists (3) and different 
forms of volume manipulation ( 4 ). 

T he introduction by Le Veen (5) of a 
specifically designed pentoneovenous 
shunt (PVS) provides, not on ly a su rgi­
cal means of relieving massive ascites re­
fractory to medical management, but also 
affords a unique opportunity LO study 
the acute effects of continuous ascitic 
fluid reinfusion in cirrhotics. The physio­
logical consequences of both the acute 
and long term effects of PVS have been 
well documented (6,7). Acutely, there is 
a marked volume load, as demonstrated 
by a fall in hematocrit, without a change 
in red cell mass (6) and a rise in cardiac 
output (6-8). There is a rise m effective 
renal plasma flow (as measured by para­
amino hippurate clearance) and creatt­
nine clearance, accompanied by a di­
uresis and natriures1s (6,9,10). Post­
operatively, patients remain clinically 
free from asc1tes on either a small dose or 
no diuretics. However, patients must 
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L'axe renine-aldosterone dans l'ascite h epatique refractaire: 
Caracterisation de la reponse de l'axe aux effets a court et a 
long terme de la derivation peritoneoveineuse 
RESUME: Vingt-deux patients souffrant d'ascitc refractaire consecutive a une 
maladie hepatique chroniquc ont subi unc derivation peritoneoveineuse (PVS). 
Les sujets ont ete etud1es clans les conditions metaboliques rigoureuses d'un 
regime sodique de 20 mEq, avant !'operation et immediatement aprcs, au cours 
des premieres 8 h. Quatorze sujets ont ete reetudies clans des conditions 
mctaboltque s1mila1res trois mois aprcs l'incervennon (PVS) L'activite reninc 
plasmatique (PRA) et la concentration d'aldosterone seriquc ctaient toutes deux 
elcvees de fac;:on significacive comparces a la normale: PRA 21 ... 3.7 ng/mUh, 
normale 5.4 ng/mUh OU moms (P- 0,01); aldosterone scrique 2570 464 
pg/mL/h, normale 300 pg/ml ou moins (P- 0,0 I). Neanmoins, les valeurs 
individuelles de ces para metres s'cchelonnaient clans les limites de la normale er 
la dcpassa1ent pour atteindre des ni\'eaux 20 fois plus eleve. Malgre cette 
variation. l'aldosterone scrique preoperatoire etait en correlation avec la PRA (r 
= 0.85, n 22. P<0,001 ). Treizc des 22 patients (59%) ont fait unc natriurie 
immediate grave. et sonc entres en bilan sodique negatif (groupe A), Jes neuf 
autres patients (41%) n'y sont pas parvenus durant les premieres 8 h 
postopcratoircs (groupe B). Avant !'operation, le groupe B SC caracterisait par unc 
moycnne prcoperatoirc significativement plus clevce de PRA 36.2 5.2 
ng/mUh. Cl d'aldosterone seriquc, 4511 706 pg/ml, compare au groupe A, 
PRA 9,1 .. 1,9 ng/mL/h (P~ 0,01), aldostcrone 1232 • 198 pg/ml (P<O,O l ). 
Toutefois, les deux groupes ont subi une charge de volume immediate 
equivalence. comme le demontrcnt les modifications hemodynamiques renales 
et systemiques equivalences. De plus, lcs niveaux de PRA et d 'aldosterone 
etaient tous deux similaires 8 h aprcs la derivation clans les deux groupes. Aprcs 
trois mois postoperacoires. che: Jes 14 patients rectudies. la PRA moyennc etaient 
clans les limites de la normalc, 3,0 ... 0,8 ng/mUh et la concentration moyenne 
d'aldosterone serique n'ctait pas elevee de fac;:on significative comparee a la 
normale. 435 + 123 pg/ml. Malgre cette normalisation de !'axe renine­
aldosterone, les patients ontconnnue a manifester une retennon sodiquc avec un 
regime sodique de 20 mEq, excretion sodique moyenne 10,5 · 2.8 mEq/jour. La 
correlation ctroite existant entre l'aldostcrone serique et la PRA. et le freinagc 
parallele survenu tout de suite apres !'intervention chirurgicale (PVS), indique 
quc la niveau de PRA est un determinant majeur de l'aldosterone serique clans 
l'ascitc refractaire. Toutefois. les valeurs preoperatoires normales pour la PRA ct 
l'aldosrcrone che: certains patients, combinees avec le fait que les sujets du 
groupe B ne sont pas entres en bilan sodique positif malgrc la normalisation 
d'aldosterone, semblcnt indiquer que certains facteurs autres que !'activation de 
!'axe rcnine-aldostcrone contribue a la retention sodique dans la maladie 
hcpatique chronique. Cette conclusion est appuyce par les derniers rcsultats, qui 
indiquent une retention sodiquc persistante trois mois a pres l'operntion (PVS ), 
malgrc la normalisation d'aldosterone et la normalisation presumee de tout 
deficit du volume plasmatique effectif. 

continue to limit their sodium intake 
since when challenged with a high so­
dium diet they demonstrate sodium re­
tention (7). 

Although the effecnveness of PVS in­
sertion is well documented, the mech­
anism(s) responsible for the partial rever­
sal of salt and water retention remain 
obscure. The aim of this investigation 
was to characterize, under strict 
metabolic conditions, the relationship 
of changes in plasma renin activity and 
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serum aldosterone to the natriuresis 
observed post-PVS in a large number 
of patients with chronic liver disease 
and refractory ascites. 

PATIENTS AND METHODS 
Twenty-two patients with massive as­

cites refractory to medical management 
were studied under strict metabolic con­
ditions prior to and for the first 8 h im­
mediately post-PVS. Ascites was class­
ified as refractory if, on maximum di-

uretic therapy in hospital, either no na­
triuresis was observed or a response oc­
curred at the expense of significant de­
terioration in either renal function, clec· 
trolyte balance and/or development of 
hepatic encephalopathy Only patients 
with stable liver function were consid­
ered as suitable candidates; the presence 
ot significant liver dysfunction, 1e, pro­
thrombin time prolonged greater than 
4 s, bilirubin greater than 65 µm oVLor 
the presence of hepatic coma, were con­
sidered contraindications to PVS. Pa­
tients considered suitable candidates 
were admitted to the clinical investiga­
tion unit and placed on a constant 20 
mEq sodium. 80 mEq potassium, J L 
fluid restricted diet for seven days All 
diuretics were stopped prior to entry mto 
the unit. 

The clinical details of these 22 patients 
are presented in Table l On each oi the 
fi nal three days in the clinical investi­
gation unit, on the constant diet. the fol 
lowing were obtained: between 07:00 
and 08:00. fasting recumbent blood sam­
ples for plasma renin activity, serum al­
dosterone, creatinine and electrolytes, 
and serial 24 h collections for urin;iry 
electrolytes and creatinine. Plasma and 
urine crcatinine and electrolytes were 
measured by routine biochemical tech­
niques. Plasma renin activity and serum 
aldosterone were determined by radio­
immunoassay as previously described 
(6). 

On the evening prior to surgery, pa· 
tients were transferred to the surgical in· 
tensive care unit and a Swan-Ganz ca· 
theter arterial line and urinary catheter 
were inserted. The cardiac output was 
recorded as the me;in of three estima­
nons after injection of 5% dextrose m 
water by a cardiac output computer 
(Model 9520; Edwards). The PVS was 
inserted under general anesthesia as de­
scribed previously (6). 

Postoperatively. the following para· 
meters were studied every 2 h for a period 
of 8 h ; cardiac output. plasma renin ac­
tivity. serum aldosterone, hematocrit and 
plasma creatinine; timed urine collec 
tions were obtained for determmatton 
of electrolytes and creatinine clearance. 
During the first 8 h postoperatively, no 
subject received diuretics or intravenous 
blood products. 
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TABLE 1 
Clinical details of the total series of patients 
Diagnosis Age Patient prolongation Bilirubln Album In Asportote aminotransferase Alkaline phosphatase 

(years) over control (µmol/Ll (g/ l ) 

Alcohol 57 2 30 27 
Fl:)stnecrolic 26 3 30 32 
Alcohol 56 3 65 30 
Ncohol 43 2 40 31 
Ncohol 49 3 34 18 
Fl:)st necrotic 26 3 29 31 
Ncohol 68 4 24 29 
Alcohol 59 3 39 29 
Ncohol 63 2 17 29 
Budd-Chien 57 2 15 24 
Ncohol 64 1 42 31 
Ncohol 46 2 14 23 
Budd-Chiori 21 4 44 31 
Budd-Ch1on 32 3 65 28 
Alcohol 46 2 12 26 
Ncohol 51 3 34 29 
Alcohol 59 4 53 32 
Fl:)st necrotic 56 1 17 33 
Alcohol 54 2 36 36 
Fl:)slnecrolic 77 2 15 36 
Cryptogernc 57 2 10 24 
Alcohol 55 2 49 23 

-----

In the first 14 subiects studied using 
this protocol. effective renal plasma flow 
was determined pre- and postoperanvely 
by cstimdtion of para-amino hippuratc 
clearance. 

Three months fo llowing shunt inser­
tion, patients were readmiued ro the 
clinical investigation unit and placed on 
the same constant 20 mEq sodium diet 
for seven days. All diurencs were stopped 
pnor to entry mro the unit. On each of 
the final three days 111 the clinical mves­
ugauon unit. the following were ob­
tained: fasting recumbent blood samples 
for plasma rcnin activity. scru m aldostc­
rone, creatmine and electrolytes; and se­
rial 24 h collections for urinary electro­
lytes and creaunine 

Approval for performing the meta­
bolic and infusion studies was granted 
by the University of Toronto Ethics 
Commmee. 

The results ( unless otherwise stated) 
represent the mean • SD. Statistical sig­
nificance was determined by paired and 
unpaired r tests or by rwo-factor analy­
sis of variance for repeated observations 
made on the same subiect ( 11 ). The 
Newman-Keuls test was used to deter­
mine which treatment means were sig· 
mficandy different if the analysis of var­
iance detected a signi ficant effect ( 12). 
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RESULTS 
Basal preoperative plasma renin ac• 
tivity and a ldosterone: Both mean pre­
operative plasma rcnin activity and scr­
um aldosterone levels were markedly el­
evated. but with large variations (Figure 
I) Five individuals had preoperative 
plasma renm act1v1ty values within the 
normal range and cwo of these had pre­
operative aldosterone levels within the 
normal range. There was no correlation 
between preoperative urinary sodium 
excretion and serum aldosterone levels 
(r O 0\ n 22. not significant) How­
ever. the preoperative serum aldosterone 
level was directly corre lated with plasma 
renin activity (r= O 85. n 22. P· 0.001) 
and inversely correlated with scrum so­
dium (r 0.66. n 22. P· 0 01) Nocor­
rclat1on was obser\'ed berween the pre­
operative scrum potassium and serum 
aldosterone levels (r= 0.24. n - 22, not 
significant). The preoperative plasma re­
nm activity was inversely corre lated with 
crcatinine clearance (r - 0.62, n = 22, 
P· 0.01) and para-amino hippurate clear­
ance (r - 0.66, n = 14. P· 0.05). 
Individual natriuretic response to PVS: 
Although, as a group, the 22 subjects 
demonstrated a brisk natriuresis, the in· 
d1vidual natriuretic response was highly 
variable (Figure 2) The study popu-

lu/ L lu/l 

53 70 
220 68 

72 119 
55 60 
69 144 
53 61 
64 48 
42 63 
58 72 
51 49 
53 114 
40 183 
22 16 
61 105 
40 342 
33 88 
32 83 
31 80 
35 63 
20 91 
32 107 
26 99 

lation was therefore divided into two 
groups on the basis of whether or not an 
individual achieved a negative sodium 
balance post-PVS, ie, mean sodium ex· 
cretion greater than 14 µEq/min (equiv­
alent co ingestion of 20 mEq/day) Group 
A achieved a negative sodium balance. 
mean sodium excretion post-PVS greater 
than or equal to 14 µEq/mm; group B 
less than 14 µEq/mm . Table 2 provides 
details o f the preoperative status of 
groups A and B. No significant differ· 
ences were noted m age or in preopera­
tive liver function tests between the two 
groups. However, mean serum sodium 
m group A was:;ignificantly higher than 
group B. ( 115 2 mEq/l versus 126 • 
I mEq/L, P· 0.051. Mc-an preoperative 
plasma renin activi ty and scrum aldo­
sterone m group A were significantly 
lower than group B { P· 0.01) (Figure 3) 
No difference m mean preoperative car­
diac o utput was noted between the two 
groups. Mean preoperative para-amino 
hippurate and creatinine clearances 
tended to be higher in group A than 
group B but mean preoperative unnary 
sodium excretion and urine volume were 
equivalent in both groups (Table 2). 
Acute effects of PVS in groups A and 
B : As defined on the basis of the uri­
nary sodium excretion post-PVS, group 
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A demonstrated a brisk natriuresis, mean 
sodium excretion increased from l.8 ±. 

0.4 µEq/ min to a mean postoperative 
value of 11 5 ± 29.8 µEq/ min (P, 0.01 ). 
Grou p B had a blunted natriuretic re­
sponse, mean sodium excretion increased 
from 1.5 + 0.4 µEq/min to a mean post­
operative value of 5.2 + l.6 µEq/min 
(P<0.05) (Figure 4a). No differences be­
tween the groups were noted in the rise 
of the urine volume and creatinine clear­
;mce (Figure 4a). Following shunt in­
sertion, there were similar increases in 
cardiac ourput and para-amino hippurate 
clearance and an equal fall in hemato­
crit in both groups (Table 3). ln both 
groups, mean plasma renin activity and 
mean serum a ldosterone fell progres­
sively post-PVS. By 8 h, the mean plasma 
renin activity and serum aldosterone lev­
els in group B were not significantly dif­
ferent from group A (Figure 4b). 
T hree month sodium balance study: 
Fourteen patients were restudied o n 
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a constant 20 mEq sodium diet three 
months following shunt insertion . Mean 
sodium excretio n on restudy was 7.3 + 

2. 1 µEq/min (10.5 .± 2.8 mEq/day), 
which was significantly higher than the 
preoperative mean va lue of 1.9 ± 0.5 
µEq/min (2.7 + 0.7 µEq/day, P<0.05). 
Similarly, mean creatinine clearance was 
85 ± 5 ml/min which was significantly 
greater than the preoperative mean value 
of 65 + 4 ml/min (P< 0.05). 

Mean plasma rcnin activity was sig­
nificantly reduced at 3.0 -+, 0.8 ng/mL/h 
compared to a mean preoperative value 
of 16 ± 3 ng/mL/h (P<0.01) and was 
within the normal range for subjects on 
a 20 mEq sodium diet of 1.2 to 5.4 ng/ 
mL/h. Mean serum aldosterone was also 
significantly reduced on restudy at 435 
..., 123 pg/mL, compared to a mean pre­
operative value of 2152 ± 504 pg/mL 
(P<0.07). The urinary sodium excretion 
corre lated with serum aldosterone lev­
els (r=0.54, n= 14, P<0.05). 

Of the 14 patients that were restud­
ied, nine were from the original group 
A and five were from group B. No sig­
nificant differences were noted at three 
months between these groups in terms 
of urine volume, urinary sodium excre­
tion , creatinine clearance, plasma rcnin 
activity and serum a ldosterone (fable 4) 

DISCUSSION 
This study confirms previous obser­

vations that p lasma renin activity levels 
a re usually elevated in subjects with as­
cites ( 13-17) but that in some individu­
als levels may be found within the nonnal 
range ( 10, 13, 18). 

Although decreased hepatic clearance 
of renin may be partially responsible for 
the elevation ( 18, 19). the primary fac­
tOr responsible appears to be increased 
secretion ( 15, 16,20). The mechanisms 
responsible for the stimularion of renin 
release remain controversial. Presum­
ably, stimulation of renin secretion either 
occurs as a primary event or is second­
ary co renal hypoperfusion (2). Although 
some investigators have fou nd an in­
verse relationship between effective re­
nal plasma flow, creatinine clearance and 
plasma renin activity ( 15, 17), others have 

280 

240 
C 

g 
~ 200 () 
X 
We 
E ·-

160 :::, ..§ 
·- CT 
UUJ g:::, 
~ 120 
co 
C 
·;:: 
::::> 80 

40 

0 
PRE MEAN 

POST 

Figure 2) lnd1111dual mean rise in sodium ex 
tTerion from />reopera1i11e values durmg che first 
8 h following shunt msercion Horizonwl line 
represents a urinary sodium excretion l?{Juivalent 
co 20 mEq/day 

CAN j GASIR()I N IHllll Vo l lN1)l j 11Nt 1989 



60 

50 
>, -"> -(.) 40 <( .... 
.~§ 
CE 
Cl) --a: 0) 

30 
~ 

C 
E 
Cl) 20 • ~ 

a.. 

• 10 l 

0 
···I ···· 

I 
Group A 

• 
• (I) 

C • 0 .... 
(I) -
-E 
Cl) --0 0) 
"O a. 
<( 

• (./) 

• 

• 
• 

I 
Group 8 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 

• 

• 
• 
• 

• 

• 

• • 
• • • • 

I I 
Group A Group B 

Figure 3) Preopcrarit•c i11di1iidual baseline 11alues of plasma m11n accwiry and serum aldosterone in 

group A ( n mrhoucs) and group B /nine cirrho1ics). Mean 1•alues represented by horizontal bar. 
Normal range represcnrcd by shaded area 

TABLE 2 
Preoperative status of groups A and B 

Age(years) 
Bilirubin (µ mol/L) 
.AJbumin (g/L) 
Asportate aminotransferase (iu/L) 
.AJkaline phosphatase (iu/L) 
Patient prolongation over control ( s) 
Serum sodium (mEq/L) 
Hemotocrit 
Plasma renin activity (ng/mUh) 
Aldosterone (pg/ml) 
Cardiac output (L/min) 
Poro-amino hippurote 

clearance (ml/min) 
Creotinine clearance (ml/min) 
Urinary sodium excretion (µEq/min) 
Urine volume (mUmin) 

not been able to confirm th is observa­
tion (21-23). 

In this study a significant negative cor­
relation between preoperative levels of 
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Group A GroupB Pvalue 
(n= 13) (n=9) 

55 + 2 44 + 6 NS 
31 f 4 33 + 5 NS 
26 + 1 27 I 1 NS 
45 + 5 64 ' 20 NS 

103 + 21 98 + 25 NS 
2 -r 0.1 3 + 0.4 NS 

135 I 2 126 I 1 < 0.05 
0.36 ± 0.01 0.35 I 0.01 NS 

9.1 + 1 9 36.2 '" 5.2 0.01 
1232 1 198 4511 ct 706 <.. 0.01 

6.5 ± 0.5 6.2 I 0.5 NS 

426 + 86 239' 44 NS 
65.4 ± 6.2 47.5 i . 10.3 NS 

1.8 + 0.4 1.5 ± 0.4 NS 
0.45 I 0.05 0.42 t 0.03 NS 

plasm a renin activity and both para­
amino hippurate and creatinine clear­
ances was found. Although this indicates 
that a relationship exists between these 

Renin-aldosterorie in PVS shunting 

parameters, such observations provide 
no information as to whether these vari­
ables a rc directly related (ic, cause and 
e ffect) or whether they arc all dependent 

on another primary effector mechanism, 
cg, increased re nal sympathetic tone or 
intravascular volume depletion . 

Serum aldostcronc has also previously 

been documented to be elevated in cir­
rhotics with ascites and avid sodium re­

ten tion ( 16, 17) but this is no t a universa l 
finding (24 ). In this study, mean serum 

aldosterone was markedly elevated, but 
individual results varied from within the 

normal range to va lues 20-fold greater 
than the upper limit of normal. Increased 
secretion is the major d eterminan t of 
s uch elevated levels ( l6 ,21 ). This study 

documented a close relationship between 
preoperative plasma renin acLivity and 
aldosterone, in agreement with previo us 
observation s (21 -23,25,26) and con­
firmed an inverse relationship between 
serum sodium and scrum aldostcronc 
levels (24). No correlation was found 
between scrum potassiu m and seru m 
aldostcronc. 

Al tho ugh such static measurements 

and derived relationsh ips are o f in ter­
est, they d o not clarify the mechanism(s) 

respo nsible for the alterations in rcnin 
and aldostero nc. Much attention and 

con troversy surrounds the inrravascular 
volume status of cirrhotics with ascitcs 

(27) and the ro le of the 'effective plasm a 
volume' ( 1,27) as a stimulus to sodium 

re te ntion. It has been suggested that el­
evatio ns in plasma renin activity and al­

dosterone, togethe r with elevations in 
plasma catecholamines and arginine va­

sopressin are in fact indicators of a re­
duction in effective p lasma volume. Dif­

fe rent forms of volume manipulation 
have been employed in order to study 

this p roblem dyn a mically. One such 
tech nique is head o ut water immersio n . 

Using th is techn ique Epstein ct a l (26) 
have documented tha t , in cirrhotics, 

plasma renin activity and aldosterone are 
suppressed by the central hypervolemia 

induced by head o ut water immersion 
in a parallel fashion. This indica ted the 
importance of renin in the control o f vol­
ume dependent changes in aldosterone 

in cirrhotics. However, the finding of a 
disassociation between suppression of a l­
dostero ne and a fa ilure of natriuresis in 

107 



CAMPBELL et al 

A 
200 

B 

160 50 

C 120 > ·-
.,:,E 
z O' 

::::i w 
:, 80 

40 

0 

.?:- 40 
-~ 
u t,, 
~ ~ 30 

',,,':k, + C .r::: 
·-:::: 
~ .§ 
a: 0, 

20 n, C ,, 
E 

. ',,,',-f:.:,,, ! "' "' i:i: 10 -...... --------•-------+-------•------• 

C 

:[ 
> .E 
::::):::, 

E 

160 

120 
C 

u E u::: 80 
E 

0 

5000 k Q) 4000 
C 

' e ' ' Q) ', .;_ 3000 

--+----1 o E 
'C-
- 0, 
~ a. ' .. 
E 2000 ', ::, ',,, t ai 

CJ) ' .. 
1000 ,, 

................ 

40 
0 PRE 2 4 6 8 

0 PAE 2 4 6 8 
Hours Post Shunt 

Hours Post Shunt 

Figure 4) Acute effect of peritoneovenous shunting on A urme sod mm excrenon (UNA V ), urme volume( UV) and creacinme clearance/Ccr I and B plasma 
renin activity and serum aidosterone in group A (solid line) and group B (broken line). *P< 0.05, **P< O.OJ, s1gnifican1 vali;es compared co preoperauue 
values 

certain patients (26) together with the 
ability to induce a nacriuresis in certain 
cirrhotics despite large doses of deoxy­
corticosterone (28), suggests only a per­
missive role for aldoscerone in the sod­
ium retention of cirrhosis. This interpre­
tation has been challenged recently by 
the finding thar head out water immer­
sion, either alone or combined with 
noradrenaline infusion, in a group of cir­
rhotics characterized by failure to excrete 
a water load. only resulted m a narriure­
sis when plasma aldosterone was sup­
pressed below 50 ng/dL (500 pg/ml) 
(29). 

Another model useful in the study of 
volume manipulation is the acu te re­
sponse to PVS. After shunting there is a 
rise in cardiac output. with little or no 
change in arterial blood pressure ( 6, 8-10) 
and a fall in hematocrit with no change 
in red cell mass (6), indicating hemodi­
lution due co an acute volume load. As­
sociated with these changes are increases 
in effective renal plasma flow and creat­
ininc clearance and a fall in plasma re-
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nin activity and aldosterone (6). 
This study confirms rhese observa­

tions. However, no correlation was found 
between the rise in sodium excretion 
from preoperative baseline values and 
either the fall in aldoscerone or the rise 
in creatinine clearance. 

Taken together. the static preoperative 
observation chat there is a close corre la­
tion between plasma renin activity and 
aldosterone, combined with the paral­
lel suppression of plasma renin activity 
and aldoscerone post-PVS, would indi­
cate that the predominant control of al­
dosterone in cirrhotics is the plasma renin 
activity angiotensin system and that this 
axis is responsive to volume changes. 
This could be viewed as evidence for a 
decrease in effective plasma volume as 
a stimulus to the renin-aldosterone sys­
tem. Furthermore, the separation of che 
subjects with refractory ascices into two 
groups based on their natriuretic re­
sponse allows identification of a sub­
group of patients with markedly elevated 
plasma renin activity and serum aldo-

sterone levels and decreased serum sod­
ium, para-amino hippurate and creati­
nine clearances. These may be indica­
tors of a more advanced degree of eff ec­
cive plasma volume depletion or a dif­
ferent cycle of ascites formation, ie, pre­
dominant underfilling. 

However, both groups suppressed al­
dosterone co a comparable level by 8 h 
post shunting and had equivalent rises 
in cardiac output and effective renal 
plasma flow. The failure of group B pa­
tients to achieve a negative sodium bal­
ance, despite an equivalent rate of sup­
pression of aldosterone, would indicate 
that aldosterone has only a permissive 
role in the sodium retention in chronic 
liver disease. Group A patients did ex­
perience a significant natriuresis and 
throughout, these patients had a lower 
mean aldosterone level at each time per­
iod (Figure 4 ). Therefore, it could be pro­
posed that it is not the rate of suppression 
of aldosteronc that is important, but 
rather rhe absolute level of aldosterone 
achieved before a nacriurcsis is initiated 
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TABLE 3 
Effects o f PVS o n c ardia c o utput, hematocrit a nd para-amino hippurate clearance 
in groups A and B 

Group n Preoperative Mean postoperative p 

Cardiac output A 13 6.5 0.5 8.8 0.7 0.01 
[L/m1n) B 9 6.0 ± 0.5 8.7 + 0.7 0.01 

Hemotocnt A 13 0.36 ± 001 0.28 0.02 <.. 0.05 
B 9 0.35 :c- 0.01 0.26 ' 0.01 <.0.05 

F\'.Jro-omlno hippurate A 7 426 
clearance (ml min) B 7 239 

TABLE4 
Late results: Three months post-PVS 

Unnevolume Preoperative 
[mLm1n) Late postoperative 

Urinary sodium excretion Preoperative 
[µEq min) Late postoperative 

Creot1nine clearance Preoperative 
[ml min) Late postoperative 

Plasma renin act1v1ty Preoperative 
(ng mLh) Late postoperative 

Serum oldosterone Preoperative 
[pg ml) Late postoperative 

128). ,'l.gainsc chis proposal b the obser­
vation chat the natriuresis m group A 
was immediate and peaked at 4 h where­
as absolute values for aldosterone fell 
slowly and progressively in the group and 
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