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INTRODUCTION
Ascites is one of  the most frequent complications of  
cirrhosis, occurring in more than 50% of  patients within 
10 years of  the diagnosis of  cirrhosis[1-3]. The development 
of  ascites in cirrhosis severely affects patient’s prognosis and 
heralds more severe complications, such as spontaneous 
bacterial peritonitis and the hepatorenal syndrome[1,3]. 
Two factors are of  major importance in the pathogenesis 
of  ascites: sodium retention, leading to extracellular 
fluid volume expansion; and imbalance in Starling’s 
equilibrium in liver sinusoids and splanchnic capillaries, 
which is responsible for translocation of  fluid from the 
intravascular compartment to the abdominal cavity[4,5]. 
The pathogenesis of  sodium retention in cirrhosis is still 
debated. However, there is no doubt that even if  total 
plasma volume is normal or even increased in cirrhosis, 
patients with cirrhosis and ascites have a decreased 
effective arterial blood volume and activation of  the 
renin-angiotensin-aldosterone and sympathetic nervous 
systems, which stimulate the kidney to retain sodium[4-7]. 
Starling’s forces in the splanchnic compartment are altered 
because of  the increased hydrostatic pressure due to 
portal hypertension and the low oncotic pressure due to 
hypoalbuminemia. 

Treatment of  grade 2 (moderate) ascites is based on 
sodium restriction and administration of  an aldosterone 
antagonist, with addition of  a loop diuretic in the non-
responding patients[8]. The same regimen plus paracentesis 
is recommended in patients with grade 3 (tense) ascites[8]. 
At present, the main indications to intravenous albumin 
in cirrhosis are type I hepatorenal syndrome[8,9] and 
spontaneous bacterial peritonitis[8-10].  

In a previously published, controlled study performed 
at our institution[11], administration of  human albumin to 
a series of  patients with ascites improved the response 
rate to low-sodium diet and diuretics and reduced the 
cumulative probability of  developing ascites during a 
20-mo follow-up, but did not affect survival after a mean 
follow-up of  20 mo.
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Abstract 
AIM: To investigate the effects of long-term albumin ad-
ministration on survival, recurrence of ascites and onset 
of other complications.

METHODS: One hundred consecutive patients admitted 
for first-onset ascites were randomized to receive diuret-
ics plus human albumin 25 g/wk in the first year and 25 
g every two wk thereafter (group 1) or diuretics alone 
(group 2). The primary endpoint was survival without 
liver transplantation. Secondary endpoints were recur-
rence of ascites and occurrence of other complications. 

RESULTS: Median follow-up was 84 (2-120) mo. Albu-
min-treated patients had significantly greater cumulative 
survival rate (Breslow test = 7.05, P  = 0.0078) and lower 
probability of ascites recurrence (51% versus  94%, 
P < 0.0001). Chronic albumin infusion resulted in a mean 
increase in survival of 16 mo. 

CONCLUSION: Long-term albumin administration after 
first-onset ascites significantly improves patients’ survival 
and decreases the risk of ascites recurrence. 
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We report herein the results of  an another randomized 
study aimed at investigating the effects of  long-term 
human albumin administration in a series of  consecutive 
cirrhotic patients with first-onset ascites. The primary 
endpoint of  this study was survival without l iver 
transplantation. Secondary endpoints were recurrence of  
ascites and occurrence of  other complications. 

MATERIALS AND METHODS
Patients
The study was performed at the Liver Unit, Department 
of  Internal Medicine, Univers i ty of  Florence, in 
accordance with the Declaration of  Helsinki. It was 
approved by the University of  Florence Ethics Committee 
in October, 1992 and revised periodically thereafter. One 
hundred consecutive cirrhotic patients admitted from 
January 1, 1993 to June 30, 2003 because of  first-onset, 
clinically detectable ascites (i.e., grade 2-3 ascites, according 
to the more recent definition by Moore et al [8]) were 
included in this randomized, unblinded trial. Exclusion 
criteria were: age below 35 or over 70 years; active 
alcohol abuse; previous episode(s) of  grade 2-3 ascites; 
cardiac, respiratory or renal impairment (serum creatinine  
≥1.5 mg/dL); diabetes; refractory ascites; hepatocellular 
carcinoma or other malignancies; present or previous 
hepatic encephalopathy of  any degree; gastrointestinal 
bleeding at admission (endoscopy); infections; intravascular 
coagulation; impossibility or unwillingness to return for 
follow-up; and refusal of  informed, written consent. 
Diagnosis of  cirrhosis was based on history, clinical and 
biochemical data, abdominal ultrasound, gastrointestinal 
endoscopy and liver biopsy, when not contraindicated. 

At admission, eligible patients were randomly assigned 
to either group 1 (albumin) or group 2 using sealed en-
velopes containing the treatment assignments. Allocation 
schedule was generated using a computed random number 
generation system. Patients from both groups received 
low-sodium diet and diuretics in increasing dosage, as 
commonly used at our institution[12] and later recom-
mended by the International Ascites Club[8]. Briefly, they 
received low (80 mEq/d) sodium diet, spironolactone (100 
- 400 mg), frusemide (25-150 mg), as appropriate. Nine-
teen group 1 and 16 group 2 patients had tense ascites at 
admission and had 4 L therapeutic paracentesis without 
plasma volume expansion. After disappearance of  ascites, 
all patients were given low-sodium diet, diuretics and other 
drugs (e.g. β-blockers), as appropriate, to prevent ascites 
accumulation and other complications. In addition, group 
1 patients intravenously received 25 g albumin per wk in 
the first year and 25 g every two wk thereafter. Albumin 
was administered in the outpatient clinic at our institution. 
All patients were followed in the outpatient clinic every 
1-3 mo by members of  the clinical staff  not involved in 
this investigation to monitor the development of  ascites 
or other complications of  cirrhosis and modify therapy, as 
needed. Development of  grade 2 - 3 ascites during the fol-
low-up was assessed by clinical examination and confirmed 
by ultrasound and diagnostic paracentesis. Patients with 
recurrent ascites or other complications received adequate 
treatment at our institution as inpatients or outpatients, 

as indicated. In particular, patients with refractory ascites 
received therapeutic paracenteses of  less than 4 L with no 
intravenous fluid infusion. The following parameters were 
recorded and analyzed: liver transplant-free survival; causes 
of  death; recurrence of  ascites; and onset of  other compli-
cations.

Statistical analysis
The data were analyzed using the SPSS 10 (SPSS Inc., 
Chicago, IL). Being the follow-up loss limited to the first 
month for withdrawing consent to experimental design, 
the per protocol analysis was performed as previously 
described[13]. Student’s t test, Fisher’s exact test and χ2 test 
were employed for the analysis of  data, as appropriate. 
Dependence of  survival from other disease parameters 
besides albumin treatment was analyzed using univariate 
analysis. Survival time was analyzed by the Kaplan-Meier 
method and differences were tested by the Breslow test. 
Data were expressed as median (range). P < 0.05 was con-
sidered statistically significant.  

RESULTS 
Of  the 100 consecutive patients included in this study, 
54 were assigned to group 1 (albumin), the remaining 
46 patients to g roup 2 (no albumin). The cl inical 
characteristics of  patients at the time of  inclusion 
are shown in Table 1. No significant differences were 
observed between the two groups with respect to any of  
the measured biochemical parameters. However, group 
1 (albumin) patients had significantly greater Child-Pugh 
score; as a consequence, significantly more patients in this 
group were in Child-Pugh class C (Table 1). No patient 
died during hospital stay. Nine patients in group 1 and 
eight in group 2 withdrew their consent at discharge or 
were lost at follow-up immediately afterwards. Median 
follow-up was 84 (range 2-120) mo. 

Transplant-free survival 
Among the 100 patients recruited, 81 were still alive at 
2 years and 57 at 5 years, survival rates being 81% at 2 
years and 57% at 5 years. Univariate analysis showed that 
the most important factor affecting survival was albumin 
treatment (R-squared = 0.975) (F = 16.55, P = 0.005), 
followed by Child-Pugh score (F = 6.363, P = 0.021) and 
age (F = 2.783, P = 0.082). Albumin-treated (group 1) 
patients had a significantly greater cumulative survival 
rate than those in group 2 (group 1: median 108, range 
99.55-116.45 mo; group 2: median 36, range 22-50 mo, 
Breslow test = 7.05, P = 0.0079, Figure 1). In particular, 34 
out of  the 54 patients randomized to receive albumin (75%) 
were still alive at 24 mo, 31 (69%) at 48 mo, 28 (62%) at 60 
and 2 (4%) at 120 mo, while the corresponding figures for 
group 2 patients were 26 (68%), 11 (29%), 10 (26%) and 3 
(8%), respectively. 

Causes of death
Fifty-four patients (29 in group 1 and 25 in group 2) died 
during the follow-up. The causes of  death in group 1 and 
group 2 patients are indicated in Table 2. No significant 
differences were observed between the two groups with 
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respect to causes of  death. Liver transplantation was 
performed in one patient in the albumin group because of  
hepatocellular carcinoma, and in three patients in group 
2 because of  progressive hepatic failure (2 patients) and 
chronic encephalopathy. 

Recurrence of ascites
Recurrence of  grade 2-3 ascites was markedly lower 
in group 1 patients (38.88%, 21/54) as compared with 
group 2 patients (84.78%, 39/46, P < 0.0001). In group 
1, 4 patients had 3 episodes and 2 patients 2 episodes 
of  ascites, the total number of  ascitic episodes being 31; 
whereas in group 2, ascites recurred 4 times in 1 patient, 
3 times in 2 and 2 times in 8 patients, the total number 
of  ascitic episodes being 54 (P < 0.001). Five patients in 
each group developed refractory ascites (P > 0.05), while 
3 patients in group 1 and two in group 2 developed SBP 
(P > 0.05). 

Other complications
During the follow-up, there were 19 episodes of  hepatic 
encephalopathy in 11 (20%) patients in group 1 and 15 
episodes in 11 (24%) patients in group 2. Variceal bleeding 

occurred in 5 patients in group 1 and 10 patients in group 
2 and hepatic failure in 5 patients in group 1 and seven 
patients in group 2 (P > 0.05). One patient in the latter 
group received transjugular intrahepatic porto-systemic 
stent shunt (TIPSS) to stop intractable hemorrhage.  
Surgical porto-systemic shunt was performed in 1 patient 
in group 1 and 1 patient in group 2 to control severe 
chronic anemia due to portal hypertensive gastropathy. 

Side effects of albumin
No side effects caused by administration of  albumin were 
observed during the whole study period. 

DISCUSSION 
At the beginning of  the 1940's, when salt-poor albumin 
became available, it was widely used in the management of  
cirrhotic patients with ascites in an attempt to correct the 
unbalanced Starling’s forces in the splanchnic circulation, 
so reducing ascites formation, and to improve circulatory 
and renal function[13,14]. However, few studies investigated 
the role of  albumin in the treatment of  ascites and 
prevention of  its recurrence, however, these investigations 
were uncontrolled and/or included a low number of  
patients. Albumin infusion usually produced a subjective 
feeling of  “well-being”, as also observed in our previous[11] 
and current studies, but had variable effects on ascites and 

Table 1 Clinical data of the 54 group 1 and 46 group 2 patients at recruitment

Parameters	              			            Group  1	                		      Group  2        			               P  value     
				    (diuretics plus albumin)    		     (diuretics alone)

Age (yr)				               63 (44 - 70) 			             63 (47 - 70)				    NS
Sex (M/F)		      		             33/21			             29/17					    NS
Etiology
     HBV 	    			                7				              8					     NS
     HCV		       		             36				            28					     NS
     Alcohol		      		               1				              1					     NS
     Cryptogenic	     		             10				              9					     NS
Child-Pugh score	    		             10 (8 -11)			             9 (8 - 14)	         		                 P < 0.0001
Child class (B/C)     	     		             15/39    	  		            31/15                			                  P < 0.0001
Hematocrit 	   		             0.33 (0.32 - 0.40)			             0.34(0.25 - 0.41)				    NS
Serum albumin (g/L)	      		             30.6 (27.0 - 38.0)			             31.7 (24.0 - 37.0)				    NS
Serum bilirubin (mg/dL)  		             3.15 (1.30 - 4.90) 		             	           2.2 (1.25 - 5.50)				    NS
Prothrombin activity (%)   		             57 (51 - 70)			             62 (30 - 70)				    NS
MAP (mmHg)	      		             95 (93 - 96) 	  		            96 (94 - 98)				    NS
Serum creatinine (mg/dL)		            0.97 (0.93 - 1.00)			             0.98 (0.95 - 0.99)				    NS
Creatinine clearance (mL/min)		            69 (64 - 85)			             71 (65 - 75)				    NS

Continuous data are given as median (range); MAP = mean arterial pressure; NS = not significant. 
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Figure 1 Cumulative survival rate in group 1 (albumin) and group 2 patients. 
Breslow test  = 7.05; P =  0.0079.

Table 2 Causes of death in the 25 group 1 and 29 group 2 
patients who died during the follow-up

Causes of death	           Group  1 	  Group 2	            P  value

Hepatocellular carcinoma	 9	         14		  NS
Other  neoplasms		  2	           0		  NS
Hepatorenal syndrome		 1	           0		  NS
Variceal bleeding		  5	           4		  NS
Liver Failure	                    10	           6		  NS
Heart Failure		  0	           1		  NS
Sepsis			   2	           0		  NS

NS = not significant.
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edema[14-17]. 
With the introduction of  effective diuretics, the use 

of  albumin for the treatment of  ascites in cirrhosis was 
almost totally abandoned at least in the US. At present, 
the AASLD recommends albumin only in patients with 
SBP[18]. Albumin is superior to dextran 70 and polygeline 
in preventing circulatory dysfunction after paracentesis 
involving the removal of  more than 5 liters of  fluid[9] and 
is therefore widely used outside the US; however, rand-
omized studies have shown no significant difference in 
survival between patients treated with albumin and those 
treated with other plasma expanders[19-22]. 

Despite no evidence from randomized studies support 
the long-term administration of  albumin in patients with 
cirrhosis and ascites, this practice is widely used at least 
in Italy, as indicated by a recent study aimed at reaching 
a consensus among Italian hepatologists as to the use of  
albumin in patients with cirrhosis and ascites that involved 
68 hepatology centers[23]. In the opinion of  most experts, 
long-term use of  albumin can help to improve the patient’
s general conditions and well being. Seventy-seven percent 
of  the experts involved in this survey agreed that albumin 
administration can shorten hospital stay or reduce the 
number of  hospital admissions. As a matter of  fact, 79% 
out of  the 39 gastroenterological centers participating to 
a survey organized by the Italian Association of  Hospital 
Gastroenterologists and Endoscopists (AIGO, available 
on the web site of  this association) stated that they usually 
administer albumin to patients with cirrhosis and ascites.

In a previous randomized study from our department, 
which included 81 cirrhotic patients with ascites (38 
treated with diuretics and 43 with diuretics plus human 
albumin), and had a follow-up of  20.0 ± 1.9 (range 6-36) 
mo, patients receiving human albumin had greater rate of  
ascites disappearance (90.5% versus 74.7%, P < 0.05) and 
lower cumulative probability of  developing ascites, but no 
improvement in survival[11].  

In the current investigation, we extended the follow-up 
period up to 62.7 ± 4.2 (mean ± SE) mo. The main result 
of  our study was that human albumin administration to 
patients affected by liver cirrhosis (25 g/wk in the first year 
and 25 g every two wk thereafter) resulted in a significantly 
greater cumulative survival rate. In addition, as in the 
previous investigation, albumin administration markedly 
reduced ascites recurrence. 

The patients in group 1 and group 2 were quite similar 
with respect to arterial pressure and the measured param-
eters of  liver and renal function. However, despite our 
attempt to reduce variability by including only cirrhotics 
with first-onset ascites, patients randomized to receive 
albumin had a slightly greater Child-Pugh score (Table 1), 
with more patients in this group belonging to Child class 
C (39 vs 15). It is conceivable that the effects of  any thera-
peutic intervention, as albumin infusion in the current in-
vestigation, will be quite different in patients with different 
baseline characteristics. This is confirmed by the results of  
univariate analysis, showing that transplant-free survival 
was related to treatment, but also to Child-Pugh score. Al-
bumin administration resulted in a gain of  16 mo of  mean 
survival time (88.63 vs 61.39 mo). 

Other aspects of  this investigation deserve consider-

ation. First, group 2 patients did not receive placebo. This 
was made to avoid the expenses, discomfort and risks of  
coming to the outpatient clinic and receive an unnecessary 
intravenous infusion every 7 - 14 d. On the other hand, pa-
tients not receiving albumin are easily identified since they 
have lower plasma albumin levels. Second, we used the 
same protocol proved effective in reducing ascites recur-
rence in our previous investigation[11]. Whether different 
amounts of  albumin would be equally or even more effec-
tive in all ascitic patients remains to be established.

The mechanisms determining a better survival in 
cirrhotic patients with ascites receiving long-term human 
albumin were not specifically investigated in this study. 
Albumin is responsible for about 70% of  plasma oncotic 
pressure and therefore plays a major role in modulating 
the distribution of  fluid between compartments. In a 
hemodynamic study by Brinch et al[24], acute administration 
of  albumin (40 g) expanded plasma and blood volume in 
cirrhosis, although central blood volume only increased 
in Child class A patients. In addition, arterial compliance 
increased and plasma renin activity decreased in Child C 
patients, indicating that albumin is able to improve the low 
effective arterial blood volume of  cirrhosis, so reducing 
baroreceptor-induced activation of  the renin-aldosterone 
axis and probably of  the other vasoconstriction and 
sodium-retaining factors. Albumin prevented circulatory 
dysfunction in patients submitted to large-volume 
paracentesis[19-21], and circulatory dysfunction was found 
to be related to a shorter survival[22]. It also proved 
valuable in the treatment of  diuretic-induced hepatic 
encephalopathy[25] and hyponatremia[26], improved survival 
in patients with spontaneous bacterial peritonitis and was 
effective in reversing the hepatorenal syndrome when 
administered together with vasoconstrictors[8-10,18]. It is 
tempting to speculate that the favorable effect of  human 
albumin on survival observed in this study could be related 
to its ability to improve the circulatory dysfunction of  liver 
cirrhosis and ascites, so reducing the degree of  activation 
of  the main vasoactive systems and antinatriuretic factors 
that characterize this particular group of  patients and are 
associated with a poor prognosis[8,27]. 

The use of  albumin has been criticized due to its high 
costs. In Italy, one vial of  albumin (10 g) costs € 43.5; so, 
expenses for albumin were € 4 524 per patient in the first 
year and € 2 262 thereafter. However, these charges are 
comparable or even lower than those of  other treatments 
showed to improve survival, such as antiviral treatment 
of  HBV-HCV-related hepatitis, or immunoprophylaxis 
of  HBV reinfection of  liver grafts. The advent of  
recombinant human serum albumin[28] will probably 
overcome these economic considerations.

Whether albumin should be administered to all patients 
with cirrhosis and ascites is a problem related to the 
overall allocation of  available resources. In view of  the 
net gain of  16 mo of  adjusted survival time demonstrated 
in the present investigation, in our opinion albumin can 
be especially useful in patients on waiting list for liver 
transplantation.  

In conclusion, long-term albumin administration 
to patients with cirrhosis after the first ascitic episode 
significantly improves patient survival and decreases the 
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risk of  ascites recurrence. 
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