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It has been hypothesized that the magnitude of 
proximal sodium reabsorption affects the response to 
aldosterone antagonists in nonazotemic cirrhotic pa- 
tients with ascites. To verify this hypothesis, we eval- 
uated intrarenal sodium handling by lithium 
clearance in 61 nonazotemic ascitic cirrhotic patients 
and in 23 controls who were maintained on the same 
low-sodium diet (80 mmol/day). Seven of 51 cirrhotic 
patients underwent spontaneous diuresis, whereas 44 
requimd diuretic treatment. Treatment was started 
with spironolactone at a dose of 150 mg once daily. 
The dose was increased to 300 mg and then to 500 mg 
once daily if no response ensued. Cirrhotic patients 
who did not experience ascites mobilization with 500 
m g  spironolactone were then treated with a combined 
diuretic regimen that included spironolactone at a 
fked dose (500 mg once daily) and furosemide at an 
initial dose of 50 mg once daily. The dose was in- 
creased to 100, 150 and 200 mg once daily if no 
response was noticed. Response to diuretic treatment 
was defined as body weight loss greater than 700 gm 
every 3 days until ascites became clinically un- 
detectable. Nonresponders (43%) to spironolactone 
showed lower sodium fractional excretion (0.34% & 
0.28% vs.0.80% f 0.60%; p < 0.001) because of a lower 
fractional sodium delivery to the distal tubule 
(18.2% 5.8% vs. 23.4% f 7.2%; p < 0.026) than re- 
sponders. Moreover, nonresponders showed lower 
distal sodium reabsorption, both in absolute terms 
(2,360 f 723 pEq/min vs. 3,221 +: 960 pEq/min, p < 
0.01) and as a percentage of filtered sodium load 
(17.5% 5.7% vs. 23.1% * 7.6%; p < 0.01) despite 
higher values of plasma aldosterone (524 +: 642 pg/d 
vs. 136 f 213 pg/d, p < 0.025). 

We conclude that unresponsiveness to adequate 
doses of spironolactone in nonazotemic ascitic cir- 
rhotic patients is related to a pathophysiological con- 
dition in which the role of aldosterone in renal 
sodium retention is limited by markeclly enhanced 
proximal sodium reabsorption. (HEPATOLOGY 1991;14: 
231-236.) 
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It is widely appreciated that aldosterone antago- 
nists are the diuretics of choice in the treatment of 
ascites in cirrhotic patients (1). The gentle natriuretic 
effect and the potassium- and magnesium-sparing 
effects represent important advantages because, in 
ascitic cirrhotic patients, reduction of “effective plasma 
volume” and body potassium is usual (2, 3). Recently, 
it was also observed that spironolactone is more ef- 
fective than hydrochlorothiazid and furosemide (4, 5). 
These observations have been regarded as proof of 
the importance of increased plasma aldosterone levels 
in renal sodium retention in ascitic cirrhotic pa- 
tients. 

Unfortunately, aldosterone antagonists do not 
promote effective diuresis in all ascitic cirrhotic patients, 
even when administered in adequate doses (4, 6-8). 
Although several possible determinants of unrespon- 
siveness to aldosterone antagonists in ascitic cirrhotic 
patients have been characterized (9, lo), renal failure is 
considered the most important (11). The varied re- 
sponses to therapy among azotemic ascitic cirrhotic 
patients has been ascribed to the differences in intra- 
renal sodium (Na) handling linked to renal failure. In 
fact, increased Na reabsorption in the renal distal tubule 
is thought to be the consequence of both decreased 
filtered sodium load and enhanced Na reabsorption in 
the proximal tubule (11). However, as suggested by 
clinical practice, water and salt retention are not 
controlled by spironolactone alone, and a loop diuretic 
must be added in many patients with adequate renal 
function (12, 13). Moreover, we recently observed that 
increased Na reabsorption in the proximal renal tubule 
also plays an important role in the pathogenesis of renal 
Na retention (14) in nonazotemic cirrhotics with ascites. 
Thus, as did Ring-Larsen (15) and Knauf et al. (161, we 
hypothesized that the magnitude of proximal Na reab- 
sorption affects the response to distal diuretics in these 
patients. 

To verify this hypothesis, we evaluated intrarenal Na 
handling in a group of nonazotemic cirrhotic patients 
who were about to receive stepped-care diuretic 
treatment based on the common guidelines to the use of 
diuretics in those patients. 

23 1 
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TABLE 1. Clinical features and baseline values of nutritional 
status and liver function tests in cirrhotic patients who 

experienced spontaneous diuresis (group A) and who 
required diuretic treatment (group B) 

Group A Group B 
Featureshraluea (n = 7) (n = 44) pValue 

Age (Yr) 
First diagnosis of 

cirrhosis (mo) 
Ascites (first occur- 

rence) 

Ascites (recurrent 
episodes) 

Large ascites 

Moderate or dis- 
crete ascites 

Peripheral edema 
Mean arterial pres- 

sure (mm Hg) 
Heart rate (beatdmin) 
TSF (mm) 
MAMC (cm) 
Plasma Na (mmoVL) 

(136-145 mmol/L)' 
Serum albumin 

(gm/dl) (3.5- 
5 gmldUb 

Prothrombin activ- 
ity (%) (z 76%)b 

Serum bilirubin 
(mg/dl) (0.1-1 
mg/dUb 

ABT (% dose) (> 9.64)' 

49 f 9" 
45 2 68 

100% 

0% 

0% 

100% 

57% 
100 f 10 

83 f 9 
21.8 f 11.5 
24.1 f 1.6 
138 f 3 

3.1 f 0.6 

54 2 15 

2.2 2 1.3 

7.4 ? 7.7 

57 ? 10 
56 2 46 

48% 

52% 

34% 

66% 

59% 
94 2 10 

77 2 10 
11.0 2 7.1 
23.3 ? 2.2 
138 2 4 

3.1 f 0.5 

51 2 14 

2.6 t 1.6 

3.5 2 1.6 

NS 
NS 

< 0.001 

< 0.001 

NS 
NS 

NS 
i 0.025 

NS 
NS 

NS 

NS 

NS 

< 0.025 

NS = not significant; TSF = triceps skin fold test; MAMC = mid- 

"Data expressed as mean f S.D. 
bNormal range in our laboratory. 

arm muscle circumference test; ABT = aminopyrine breath test. 

MATERIALS AND lMETHODS 
Patients. Fifty-one patients with cirrhosis and ascites (9 

women and 42 men) were enrolled in the study. Mean age was 
51 & 10 yr (range = 34 to 80 yr). Cirrhosis was established by 
physical examination and biochemical tests. It was confirmed 
by laparoscopy andlor liver histological study in 39 patients. 
The origin of cirrhosis was alcoholic in 44 patients, cryptogenic 
in 4 patients and HBV-related in 1 patient. In two patients 
both alcohol abuse and HBsAg were documented. Inclusion 
criteria were (a) normal serum urea and creatinine ( < 40 mg/dl 
and 1.3 mg/d, respectively); (b) total serum bilirubin less than 
10 mg/dl; (c) absence of gastrointestinal bleeding, hepatic 
encephalopathy, infection or other complications; and (d) 
absence of conditions (i.e., respiratory failure or umbilical 
hernia) requiring rapid relief of ascites. 

Twenty-three controls (12 men, 11 women) matched for age 
and without any evidence of liver, heart or kidney disease were 
studied. Informed consent was obtained from all patients and 
controls after full explanation of the purpose and nature of all 
procedures. The study conformed to the 1975 Declaration of 
Helsinki ethical guidelines and was approved by the local 
ethical committee. 

Protocol. Cirrhotic patients and controls were prescribed a 
diet containing 80 mEq/day Na throughout the study. In both 
groups, 24-hr diuresis, 24-hr urinary Na excretion and body 
weight were monitored daily. In the 4 days after admission, 
patients and controls received no drugs. On day 3, nutritional 
status was evaluated by means of triceps skin fold and mid-arm 
muscle circumference tests. On the same day, the aminopyrine 
breath test was performed in cirrhotic patients according to 
the method of Hepner and Vesell (171, as previously reported 
(18). On day 4, no beverage containing methylxantine was 
allowed, and at 9 P.M., 600 mg lithium carbonate was 
administered to cirrhotic patients and controls. On day 5, after 
a 12-hr fast, an intravenous priming dose of p-aminohippurate 
(PAH) (8 mg/kg) was given, followed by constant infusion for 
at  least 8 hr. The amount of PAH infused was calculated to 
maintain a plasma PAH concentration of approximately 1.5 
mg/dl. After the initial 60 min (equilibration period), urine was 
collected for at least 7 hr. Blood samples were taken at the 
beginning, at the midpoint and at the end of the urine- 
collection period. Urine was collected by spontaneous voiding, 
but a Foley catheter was inserted in eight patients who were 
judged incapable of accurate urine collection. Patients re- 
mained supine throughout the study. Brachial artery pressure 
and heart rate were taken at  the midpoint of the urine 
collection period. Blood samples from the beginning and the 
end of the urine collection period were analyzed for serum Na, 
lithium (Li), creatinine (Cr) and plasma PAH. Blood samples 
taken midway through urine collection were analyzed for 
plasma renin activity (PRA) and plasma aldosterone concen- 
tration (PA). Urine samples were analyzed for Na, Li, Cr and 
PAH concentration. 

On day 5, diuretic therapy was begun in those patients who 
did not mobilize ascites by means of bed rest and low Na intake. 
Based on the common guidelines to the use of diuretics in 
cirrhotic patients with ascites (13), diuretic treatment was 
started with spironolactone at the initial dose of 150 mg once 
daily at 8 A.M. The dose was increased to 300 and then to 500 
mg once daily if no response ensued. Cirrhotic patients who did 
not experience ascites mobilization with 500 mg of spirono- 
lactone were then treated with a combined diuretic regimen 
that included spironolactone at a fixed dose (500 mg once daily) 
and furosemide. The initial dose of furosemide was 50 mg once 
daily at 10 A.M. Subsequently, it was gradually increased (100, 
150 and 200 mg once daily) if no response was observed. For 
the study purposes, response to bed rest and salt restriction 
and to spironolactone alone and to the combined diuretic 
treatment was defined as a body weight loss greater than 700 
gm every 3 days until ascites became clinically undetectable. 
No drug known to affect renal function besides diuretics was 
prescribed during the study. 

To detect adverse effects related to the proposed 
stepped-care diuretic treatment, plasma potassium (K) Na and 
Cr and serum urea level were evaluated every 2 days until 
almost complete mobilization of ascites was observed. Hyper- 
kalemia and hypokalemia were defined by plasma K greater 
than 5.5 mmol/L and a plasma K less than 3.5 mmol/L, 
respectively in two consecutive serum samples. Hyponatremia 
was defined as plasma Na less than 130 mmol/L and by plasma 
Na less than 125 mmol/L in two consecutive serum samples 
according to a baseline plasma Na greater than 130 or less than 
130 mmoVL, respectively. Azotemia was defined as a pro- 
gressive increase in serum urea level and plasma Cr. Enceph- 
alopathy and gynecomastia were monitored by careful daily 
clinical examination. Moreover, the plasma ammonia level was 
evaluated every 6 days until almost complete disappearance of 
ascites occurred. 
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TABLE 2. Renal Na handling and hormonal parameters in controls, cirrhotic patients who experienced spontaneous 
diuresis (group A) and who required diuretic treatment (group B) 

~~ 

Parameters Controls (n = 23) Group A (n = 7) Group B (n = 44) P" Pb P' 

RPF (mumin) 
GFR ( d m i n )  
FL Na (pEq/min) 
FE Na (%) 
Li clearance (mumin) 
FE Li (%) 
DD Na (pEq/min) 
DR Na (pEq/min) 
DFR Na 1 (7%) 
DFR Na 2 (7%) 
PRA (ng/ml/hr) 
PA (pdml) 

537 t 121d 
108 f 28 

15,201 i 3,669 
1.33 5 0.58 
27.0 2 7.6 
25.6 t 6.4 

3,779 i 1,013 
3,590 t 981 

24.1 i 6.1 
94.9 i 2.2 
2.34 i 1.64 

55 f 42 

526 % 88 
116 t 27 

15,974 t 3,673 
1.34 f 0.47 
34.9 t 8.2 
32.7 f 6.5 

4,856 c 1,107 
4,513 t 911 

31.4 t 6.2 
96.0 2 1.0 
0.65 t 0.46 

30 c 19 

480 i 173 
101 t 24 

13,677 t 3,456 
0.60 f 0.47 
20.7 i 6.8 
21.2 f 7.1 

2,884 t 963 
2,788 f 935 

20.7 t 7.4 
97.2 t 1.8 
5.13 2 6.43 
304 -t 432 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

< 0.05 
NS 
NS 
NS 

NS 
NS 
NS 

< 0.001 
< 0.01 
< 0.05 
< 0.01 
< 0.025 

NS 
< 0.001 

NS 
< 0.025 

NS 
NS 
NS 

< 0.005 
< 0.001 
< 0.025 
< 0.001 
< 0.01 
< 0.005 

NS 
NS 
NS 

RPF = renal plasma flow; NS = not significant; GFR = glomerular filtration rate; FL Na = filtered Na load; FE Na = fractional sodium 

"Comparison between controls and group A. 
bComparison between controls and group B. 
'Comparison between group A and group B. 
dData expressed as mean i S.D. 

excretion; FE Li = fractional lithium clearance. 

Analytical Methods. Brachial artery pressure was taken 
with a standard mercury sphygmomanometer. Diastolic 
pressure was recorded at the disappearance of Korotkoff 
sounds. Plasma Na, K and Li and urinary Na and Li were 
measured by a flame photometer (Instrumentation Laboratory 
model 143; Instrumentation Laboratory, Paderno Dugnano, 
Italy). CO, specific activity in the expired air was evaluated in 
a p-counter (Packard Tri-Carb 460-CD; Packard Instrument 
Co., Warrenville, IL). Plasma and urinary Cr were determined 
colorimetrically (19), as was PAH concentration in plasma and 
urine (20). PRA was determined by RIA for angiotensin I 
( b n h  Maia Kit; Biodata, Rome, Italy); PA was also deter- 
mined by RIA (Aldosterone Maia Kit; Biodata). 

Calc~lations. The amount of radioactive CO, expired at 
2 hr was expressed as a percentage of the amount admin- 
istered according to a previously reported formula (18). 
Mean arterial pressure was calculated as the diastolic 
pressure + one third of the pulse pressure. Plasma Na, Cr 
and PAH were calculated as the mean of their correspondent 
values at the beginning and end of urine collection. Plasma 
Li was calculated on the basis of the correspondent values 
at the beginning and end of urine collection according to the 
formula proposed by Thomsen (21). Clearance of Na, Cr and 
Li were calculated by the conventional formula CA = 
(UA x V)/PA where CA is clearance of A, UA and PA are 
urine and serum or plasma concentrations of A, respectively, 
and V is the urinary output. Clearance of PAH and Cr were 
used as measures of renal plasma flow and glomerular 
filtration rate, respectively (22, 23). 

Filtered sodium load was then calculated as plasma Na x Cr 
clearance. Fractional urinary excretion of Na and Li were 
calculaM by the ratio of Na and Li clearance to Cr clearance, 
respectively. As previously reported (14), assuming fractional 
urinary Li clearance is an index of fractional distal sodium 
delivery, the following parameters were also evaluated: ab- 
solute distal Na delivery (DD Na) (equal to Li 
clearance x plasma Na in +Eq/min); absolute distal Na reab- 
sorption (DR Na) (equal to DD Na - urinary Na x urinary 
output in pEq/min); distal fractional Na reabsorption 1 (DFR 
Na 1) (equal to DR Na/FL Na %); and distal fractional Na 
reabsorption 2 (DFR Na 2) (equal to DR Na/DD Na %). 

Statistical Analysis. Results were expressed as mean 5 
S.D. Comparison between cirrhotic groups and controls was 
carried out by ANOVA and then by the Bonferroni test. 
Comparison between cirrhotic subgroups was performed by 
ANOVA and then by Student's t test. Differences in propor- 
tions between groups and subgroups of patients were found 
using Fisher's exact test. The 5% probability level was 
regarded as significant. 

RESULTS 
Tables 1 and 2 show the main clinical and biochemical 

parameters of the 51 ascitic cirrhotic patients divided 
into two groups according to  whether they required 
diuretic treatment (group B and group A, respectively). 
Considering cirrhotic patients as a whole, an inverse 
relationship between Li clearance and both Log. PRA 
and Log. PA was found (r = -0.35, p < 0.01 and 
r = - 0.43, p < 0.01, respectively). Such a relationship 
was not found in controls. 

Twenty-five cirrhotic patients (4 women and 21 men) 
from group B (57%) responded to spironolactone alone 
(subgroup C), whereas 19 (3 women and 16 men) (43%) 
did not (subgroup D). 

In Tables 3 and 4, the main clinical and biochemical 
parameters of the two groups are shown. 

It must be pointed out that two patients from 
subgroup D were the only cirrhotic patients who had 
baseline hyponatremia (plasma Na = 126 and 127 
mmoVL, respectively). 

Two patients (11%) who did not respond to the highest 
doses of spironolactone and furosemide were judged to 
have refractory ascites. Individual values of Li clearance 
in controls and in all cirrhotic subgroups are depicted in 
Fig. 1 according to their varied responses to therapy. 
Patients who required 500 mg of spironolactone had 
higher PA values than did those who responded to 150 
to 300 mg of the drug (218 ? 230 pg/ml vs. 111 ? 207 
pg/ml; p < 0.001). 
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TABLE 3. Clinical features and baseline values of nutritional 
statue and liver function tests in cirrhotic patients who 

responded (subgroup C) and not responded (subgroup D) to 
spironolactone alone 

Subgroup C Subgroup D 
Characteristics (n = 26) (n = 19) pValue 

Age (yr) 
Time from first di- 

agnosis of cirrho- 
sis (mo) 

Ascites (first occur- 
rence) 

Ascites (recurrent 
episodes) 

Large ascites 

Moderate or dis- 
crete ascites 

Peripheral edema 
Mean arterial pres- 

sure (mm Hg) 
Heart rate (beatslmin) 
TSF (mm) 
MAMC (cm) 
Plasma Na (mmol/L) 

(130-140 mmol/L)* 
Serum albumin 

( d d l )  (3.5- 
5 d d l Y  

Prothrombin activ- 
ity (%) ( > 76%)* 

Serum bilirubin 
(mg/dl) (0.1- 
1 mg/dlIb 

ABT (% dose) ( > 9.64)* 

56 2 9" 
62 2 46 

56% 

44% 

16% 

84% 

56% 
93 2 9 

75 2 7 
9.3 f 3.3 

23.4 f 2.4 
137 f 4 

3.2 f 0.5 

47 f 10 

2.9 2 1.9 

3.6 f 1.9 

58 f 11 
49 f 48 

37% 

63% 

58% 

42% 

48% 
95 f 12 

80 2 12 
13.2 2 9.8 
23.1 f 1.9 
136 f 4 

3.0 2 0.6 

55 2 18 

2.2 * 1.2 

3.4 2 1.4 

NS 
NS 

< 0.01 

< 0.001 

NS 
NS 

NS 
NS 
NS 
NS 

NS 

NS 

NS 

NS 

NS = not significant; TSF = triceps skin fold test; MAMC = mid- 

"Data expressed as mean f S.D. 
*Normal range in our laboratory. 

arm muscle circumference test; ABT = aminopyrine breath test. 

It must be emphasized that in patients with refrac- 
tory ascites, Li clearance and fractional urinary ex- 
cretion of Li and Na and DD Na, DR NA and DFR NA 1 
were dramatically reduced (12.59% 2 4.9%, 10.84% f 
2.7%, 0.16% f 0.09%, 1,751 f 749 pEq/min, 1,727 f 
759 Eq/min and 10.7% f 2.8%, respectively), whereas 
PRA and PA were dramatically increased (16.92 ? 9.72 
ng/ml/hr and 1,497 f 335 pg/ml, respectively). How- 
ever, even if we exclude the two patients with refractory 
ascites from subgroup D and subsequently compare the 
data of cirrhotic patients who responded to the combined 
diuretic regimen (subgroup E) with cirrhotic patients 
who responded to spironolactone alone (subgroup C), 
the same statistically significant differences in fractional 
urinary excretion of Li and Na and DD Na, DFR Na, PFU 
and PA are found. 

With diuretic treatment, mean body-weight reduc- 
tions of 10.362 f 8.043 kg in 13 ? 7 days and 
6.250 ? 2.202 kg in 10 f 5 days were obtained in 
patients with and without peripheral edema, respec- 
tively. Mean body-weight reductions of 6.728 2 3.978 

TABLE 4. Renal Na handling and hormonal parameters in 
controls and cirrhotic patients who responded (subgroup C) 

or did not respond (subgroup I)) to spironolactone alone 
~~ 

subgroup c SubGup D 
(n = 19) p Value (n = 26) Parameters 

RPF (mumin) 
GFR (ml/min) 
FL Na (pEq/min) 
FE Na (%) 
C Li (mumin) 
FE Li (pEq/min) 
DD Na (pEq/min) 
DR Na (%) 
DFR Na 1 (%) 
DFR Na 2 (%) 
PRA (ng/mVhr) 
PA (pdml) 

491 f 184" 
101 2 26 

13,941 2 3,816 
0.80 f 0.50 
23.0 f 6.9 
23.4 f 7.2 

3,221 f 979 
3,113 f 960 
23.1 f 7.6 
96.6 ? 1.8 

2.5 2 4.7 
136 f 213 

468 f 164 
100 f 26 

13,328 f 2,981 
0.34 2 0.28 
17.8 f 5.5 
18.2 2 5.8 

2,439 f 754 
2,360 * 723 

17.5 f 5.7 
97.9 2 1.4 

8.6 f 6.8 
524 f 542 

NS 
NS 
NS 

< 0.001 
< 0.01 
<0.025 
< 0.01 
c 0.01 
< 0.01 
< 0.01 
< 0.025 
c 0.025 

~~ 

RPF = renal plasma flow; NS = not significant; GFR = glomer- 
ular filtration rate; FL Na = filtered sodium load; FE Na = fractional 
sodium excretion; C Li = lithium clearance; FE Li = fractional 
lithium clearance; DD Na = absolute distal sodium delivery; DR 
Na = absolute distal sodium reabsorption; DFR Na 1 = distal sodium 
reabsorption as a percent of filtered sodium load; DFR Na 2 = distal 
sodium reabsorption as a percent of distal sodium delivery. 

"Data expressed as mean f S.D. 

kgin 10 2 5 days and 11.352 -+ 8.471 kgin 15 f 8 days 
was obtained in cirrhotic patients who responded to 
spironolactone alone and in those who responded to the 
combined diuretic regimen, respectively. 

Electrolyte derangement related to effective diuretic 
therapy was observed in eight patients (19%). Mild 
hyperkalemia occurred in four patients (in two of the 
patients who responded to spironolactone and in two of 
the patients who responded to combined diuretic reg- 
imen). In one patient of the latter group, hyperkalemia 
was associated with hyponatremia. One other patient of 
the latter group and two patients of the former group 
experienced mild hyponatremia. Hypokalemia was ob- 
served in one patient who responded to the combined- 
diuretic regimen. No cases of azotemia, encephalopathy 
or gynecomastia were observed. Five of eight patients 
who experienced adverse effects had peripheral edema. 
No difference in body-weight reduction (10.400 f 7.347 
vs. 8.176 f 6.359 kg; not significant) or in the duration 
of diuretic therapy (12 f 6 days vs. 14 k 6 days; not 
significant) was observed between cirrhotic patients 
with and without electrolyte derangement. 

DISCUSSION 
In our study, complete ascites mobilization was 

achieved with spironolactone alone in 57% of patients. A 
serum Cr level less than 1.3 mg/dl was one of the 
inclusion criteria. It is known that serum Cr may over- 
estimate renal function in cirrhotic patients. However, 
since all our patients had a Cr clearance greater than 
65 ml/min, our results confirm that a discrete propor- 
tion of ascitic cirrhotic patients with preserved renal 
function did not respond to spironolactone, even when 
the drug was given in adequate doses. 

On the basis of our previous observation of increased 
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FIG. 1. Distribution of the individual values of Li clearance (C.Li) in controls (*), in cirrhotic patients who experienced spontaneous diuresis 
(group A; *), in ascitic cirrhotic patients who required diuretic treatment (group B), in ascitic cirrhotic patients who responded to spironolactone 
alone (subgroup C; A ,  V and A = cirrhotic patients who responded to 150,300 and 500 mg/day spironolactone, respectively), in ascitic cirrhotic 
patients who responded to the combined diuretic treatment of spironolactone (500 mg/day) + furosemide (subgroup E; m, m and = cirrhotic 
patients who responded to 50,100 and 150 mg/day furosemide, respectively) and in ascitic cirrhotic patients who did not respond to the combined 
diuretic treatment (refractory ascites; *). Mean values of Li clearance are indicated by bars. 

Na reabsorption in the proximal tubule in a significant 
proportion of nonazotemic cirrhotic patients with as- 
cites, we applied Li clearance, a marker of proximal Na 
reabsorption, to characterize possible pathophysio- 
logical differences in renal Na retention between re- 
sponders and nonresponders to spironolactone. 
However, before any considerations are made on the 
different pathophysiological patterns between re- 
sponders and nonresponders to spironolactone alone, 
some methodological aspects must be exposed. It is 
known that no ideal marker of proximal Na reabsorption 
exists, and that, as discussed elsewhere (14), all proposed 
methods (clearance techniques and phosphate 
clearance) have pitfalls in their application in cirrhotic 
patients with ascites. Certainly, many arguments favor 
Li clearance as a reliable index of proximal Na reab- 
sorption, and the method offers obvious advantages over 
all others for determining delivery from the proximal 
tubule. Nevertheless, some aspects of its accuracy are 
under study (24-26). 

Thus experimental studies disclose that Li is also 
reabsorbed beyond the proximal tubule, in the loop of 
Henle, in the late distal tubule and in the collecting duct 
(27). As previously discussed (14), it has been shown that 
Li reabsorption beyond the loop of Henle occurs much 
less often in humans than in rats and dogs and only 
under conditions of severe sodium restriction, with 
values of FE Na close to 0.10% (28, 29). In addition, in 
contrast to experimental studies, it has been observed 
that an increase in Li clearance after loop diuretic 
administration occurs in humans under conditions of Na 
restriction and that a considerable part is affeded in the 
proximal tubule (27-29). As far as cirrhotic patients with 
ascites are concerned, the accuracy of Li clearance may 
be auestioned. To our knowledze. its assumDtion has not 

yet been proved, and it is still uncertain whether 
conditions such as reduced renal perfusion or increased 
vasopressin activity - which may occur in cirrhotic 
patients-may actually affect distal Li transport. De- 
spite these uncertainties about the method (because FE 
Na in our patients was above 0.10%) we consider Li 
clearance a reliable index of proximal Na reabsorption 
on the basis of observations in normal subjects. In 
cirrhotic patients who required diuretic treatment, renal 
Na retention appears to be the result of increased Na 
reabsorption in the proximal tubule. This finding 
confirms once more our previous observation (14). 
However, it must be emphasized that proximal Na 
reabsorption may be to some extent overestimated in 
our patients because of the limits of Cr clearance in 
the assessment of glomerular filtration rate (22, 23). 
Moreover, when responders and nonresponders to 
spironolactone were considered, despite their similar 
values of renal plasma flow, glomerular filtration rate 
and FL Na, the latter subgroup demonstrated a greater 
reduction of FE Na consequent to markedly enhanced 
Na reabsorption in the proximal tubule. Nonresponders 
to spironolactone also presented higher PA values. 

Thus one may wonder whether 500 @day of spirono- 
lactone was adequate in patients with the highest PA 
level. However, the question seems improper if PA level 
is considered together with all other pathophysiological 
findings. In fact, the finding of a greater reduction in Na 
reabsorption in the distal tubule in nonresponders to 
spironolactone suggests that the role of aldosterone in 
renal Na retention in these patients was limited by 
proximal Na reabsorption. Thus it seems unlikely that 
the proportion of responders would increase by admin- 
istering doses of spironolactone greater than 500 
mddav. We can also hmthesize that the inhibition of 
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Na reabsorption in the ascending limb of Henle’s loop by 
furosemide reset Na delivery to the aldosterone- 
sensitive tubular site to an extent sufficient to restore 
the effectiveness of spironolactone. 

The influence of proximal Na reabsorption on the 
medical therapy of ascites in nonazotemic cirrhotic 
patients appears even more conspicuous if spontaneous 
diuresis and refractory ascites are considered. Compared 
with controls, proximal Na reabsorption was reduced in 
patients with spontaneous diuresis, whereas it was 
dramatically increased in patients with refractory as- 
cites. Thus proximal Na reabsorption seems to be the 
main determinant of the varied response to therapy 
among nonazotemic cirrhotic patients with ascites. The 
finding of a relationship between Li clearance and PRA, 
which is a sensitive index of a reduced “effective” 
plasma volume, in cirrhotic patients but not in controls 
further suggests that different degrees of effective 
hypovolemia may occur in our patients and that it 
consequently may be the cause of their differing re- 
sponses to therapy. 

No differences were found in liver function tests, 
including a quantitative test such as the aminopyrine 
breath test, between the two subgroups. Thus the 
hypothesis of a difference in hepatic spironolactone 
metabolism between the two subgroups of patients 
seems unlikely. 

As far as clinical considerations are concerned, it 
appears according to our results that a stepped-care 
approach to diuretic treatment in ascitic cirrhotic 
patients is effective in 95% of patients. It also appears 
that such an approach is safe, since only mild electrolyte 
derangement was observed. 

In conclusion, in confirming that enhanced Na reab- 
sorption in the proximal tubule seems to be the main 
determinant of renal Na retention in nonazotemic 
cirrhotic patients with ascites who did not undergo 
spontaneous diuresis, our study suggests that the 
resistance to spironolactone in nonazotemic cirrhotic 
patients with ascites is related to markedly enhanced Na 
reabsorption in the proximal renal tubule. 
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