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Abstract
Ascites is one of the major complications of liver cir-
rhosis and is associated with a poor prognosis. It is im-
portant to distinguish noncirrhotic from cirrhotic causes 
of ascites to guide therapy in patients with noncirrhotic 
ascites. Mild to moderate ascites is treated by salt re-
striction and diuretic therapy. The diuretic of choice is 
spironolactone. A combination treatment with furosem-
ide might be necessary in patients who do not respond 
to spironolactone alone. Tense ascites is treated by 
paracentesis, followed by albumin infusion and diuretic 
therapy. Treatment options for refractory ascites include 
repeated paracentesis and transjugular intrahepatic por-
tosystemic shunt placement in patients with a preserved 
liver function. Potential complications of ascites are 
spontaneous bacterial peritonitis (SBP) and hepatorenal 
syndrome (HRS). SBP is diagnosed by an ascitic neu-
trophil count > 250 cells/mm3 and is treated with antibi-
otics. Patients who survive a first episode of SBP or with 
a low protein concentration in the ascitic fluid require an 
antibiotic prophylaxis. The prognosis of untreated HRS 
type 1 is grave. Treatment consists of a combination of 
terlipressin and albumin. Hemodialysis might serve in 
selected patients as a bridging therapy to liver trans-
plantation. Liver transplantation should be considered in 
all patients with ascites and liver cirrhosis. 
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INTRODUCTION
Ascites is one of  the major complications of  liver cir-
rhosis and portal hypertension. Within 10 years of  the 
diagnosis of  cirrhosis, more than 50% of  patients develop 
ascites[1]. The development of  ascites is associated with 
a poor prognosis, with a mortality of  15% at one-year 
and 44% at five-year follow-up, respectively[2]. Therefore, 
patients with ascites should be considered for liver trans-
plantation, preferably before the development of  renal 
dysfunction[1]. This article will give a concise overview 
of  the diagnosis and treatment of  patients with ascites in 
liver cirrhosis and the management of  the most common 
complications of  ascites.

EVALUATION AND DIAGNOSIS
Since 15% of  patients with liver cirrhosis develop ascites 
of  non-hepatic origin, the cause of  new-onset ascites 
has to be evaluated in all patients[3]. The most important 
diagnostic measure is diagnostic abdominal paracente-
sis. Paracentesis is considered a safe procedure even in 
patients with an abnormal prothrombin time, with an 
overall complication rate of  not more than 1%[4]. More 
serious complications such as bowel perforation or bleed-
ing into the abdominal cavity occur in less than one in  
1000 paracenteses[5]. Data supporting cut-off  values for 
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coagulation parameters are not available[6]. One study 
which included 1100 large-volume paracenteses did not 
show hemorrhagic complications despite platelet counts 
as low as 19 g/L and international normalized ratios as 
high as 8.7[7]. The routine prophylactic use of  fresh frozen 
plasma or platelets before paracentesis is therefore not 
recommended[6]. 

Ascitic fluid analysis should include total protein con-
centration, a neutrophil count and inoculation of  ascites 
into blood culture bottles at the bedside. Determination 
of  ascitic protein concentration is necessary to identify 
patients who are at increased risk for the development 
of  spontaneous bacterial peritonitis (SBP), since a pro-
tein concentration below 1.5 g/dL is a risk factor for the 
development of  SBP[8]. Spontaneous bacterial peritonitis 
is defined as an ascitic neutrophil count of  more than  
0.25 g/L (see “treatment of  SBP”) and inoculation of  
ascitic fluid in blood culture flasks at the bedside helps 
to detect bacteria in the ascitic fluid[9]. Additional test are 
only necessary in patients in whom other causes of  ascites 
are in the differential diagnosis[10].

In patients in whom a cause of  ascites different from 
liver cirrhosis is suspected, the determination of  the 
serum-ascites-albumin gradient (SAAG) is useful. The 
SAAG is ≥ 1.1 g/dL in ascites due to portal hypertension 
with an accuracy of  97%[11].

MANAGEMENT OF UNCOMPLICATED 
ASCITES
Uncomplicated ascites is defined as the absence of  com-
plications including refractory ascites, SBP, marked hypo-
natremia or hepatorenal syndrome (HRS)[10].

There are no defined criteria as to when treatment of  
ascites should be initiated. Patients with clinically inap-
parent ascites usually do not require a specific therapy. It 
is recommended that patients with clinically evident and 
symptomatic ascites should be treated.

In patients with alcoholic liver cirrhosis, the most im-
portant measure is alcohol abstinence. In the majority of  
patients with alcoholic liver disease, alcohol abstinence 
results in an improvement of  liver function and ascites[12]. 
Also, decompensated cirrhosis due to chronic hepatitis B 
infection or autoimmune hepatitis often shows a marked 
improvement in response to antiviral or immunosuppres-
sive treatment, respectively[13]. 

Patients with uncomplicated mild or moderate ascites 
do not require hospitalization and can be treated as out-
patients. Patients with ascites have a positive sodium bal-
ance, i.e. sodium excretion is low relative to sodium intake. 
Hence, the mainstay of  ascites therapy is sodium restriction 
and diuretic therapy. Sodium intake should be restricted 
to 5-6 g/d (83-100 mmol/d NaCl)[14-16]. A more stringent 
restriction is not recommended since this diet is distasteful 
and may worsen the malnutrition that is often present in 
patients with liver cirrhosis[16]. A French study showed that 
a more stringent sodium restriction of  21 mmol/d led to a 
faster mobilization of  ascites in the first 14 d, but revealed 

no difference after 90 d[17]. Another study found no benefit 
in patients treated with a strict sodium restriction of  50 
mmol/d compared to patients with a moderate sodium re-
striction of  120 mmol/d[18]. 

Theoretically, upright posture aggravates sodium re-
tention by an increase of  plasma renin activity and has 
led to the recommendation of  bed rest. However, there 
are no clinical studies that provide evidence that bed rest 
actually improves ascites[6].

Therapy of  ascites that is based solely on sodium re-
striction is only applicable in patients with a 24 h sodium 
excretion of  more than 80 mmol (90 mmol dietary intake 
- 10 mmol loss by sweat and feces) since an adequate so-
dium excretion is the requirement for a negative sodium 
balance. Patients with a 24 h sodium excretion less than 
80 mmol/24 h need diuretic therapy.

Hyponatremia is a common finding in patients with 
ascites and liver cirrhosis, but a study including 997 pa-
tients with liver cirrhosis found severe hyponatremia (≤
125 mmol/L) in only 6.9% of  patients[19]. Another study, 
including 753 patients evaluated for liver transplantation, 
found hyponatremia of  less than 130 mmol/L in 8% of  
patients and an increase in the risk of  death as sodium 
decreased to between 135 and 120 mmol/L[20]. Since the 
total body sodium is not decreased in patients with ascites 
and hyponatremia (dilution hyponatremia), rapid correc-
tion of  serum sodium is not indicated but has the risk of  
severe complications[21]. Fluid restriction is recommended 
in patients with severe hyponatremia (120-125 mmol/L)[6], 
but clinical studies that have evaluated the efficacy of  fluid 
restriction, or the extent of  hyponatremia when fluid re-
striction should be initiated, are lacking. 

MEDICAL THERAPY
The activation of  the renin-aldosterone-angiotensin-system 
in patients with liver cirrhosis causes hyperaldosteronism and 
increased reabsorption of  sodium along the distal tubule[22]. 
Therefore, aldosterone antagonists like spironolactone or 
its active metabolite potassium canrenoate are considered 
the diuretics of  choice[23]. Patients with mild to moderate 
ascites are treated with a monotherapy of  spironolactone. 
The starting dose is 100-200 mg/d[24]. A monotherapy with 
a loop diuretic like furosemide is less effective compared to 
spironolactone and is not recommended[23]. If  the response 
to 200 mg spironolactone within the first two weeks is not 
sufficient, furosemide with an initial dose of  20-40 mg/d 
is added. If  necessary, the spironolactone dose is increased 
stepwise up to 400 mg/d and the furosemide dose is in-
creased up to 160 mg/d[22,23,25]. 

The daily weight loss in patients with or without pe-
ripheral edema should not exceed 1000 g or 500 g, respec-
tively[26]. A sufficient diuretic effect is achieved when only 
small amounts of  ascites are left and peripheral edema has 
completely resolved. 

It is generally recommended to apply furosemide orally, 
since intravenous administration bears the risk of  azote-
mia[27,28]. A combination therapy of  spironolactone and 
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furosemide shortens the response time to diuretic therapy 
and minimizes adverse effects such as hyperkalemia[29]. 
Angeli and co-workers compared the sequential therapy 
with potassium canrenoate and furosemide with the initial 
combination therapy of  these two drugs[30]. Patients receiv-
ing the sequential therapy were treated with an initial dose 
of  200 mg potassium canrenoate that was increased to  
400 mg/d. Non-responders to the initial therapy were 
treated with 400 mg/d of  potassium canrenoate and fu-
rosemide at an initial dose of  50 mg/d that was increased 
to 150 mg/d. Patients receiving the combination therapy 
were treated with an initial dose of  200 mg/d potassium 
canrenoate and 50 mg of  furosemide that was increased to 
400 mg/d and 150 mg/d, respectively. A sufficient treat-
ment response was achieved in both treatment groups. 
However, there were more adverse effects of  diuretic 
treatment (e.g. hyperkalemia) in the patients receiving the 
sequential therapy. In contrast to this study, another study 
found no difference comparing sequential and combina-
tion therapy[31]. Possible explanations for these conflicting 
results are the different patient populations included in the 
studies. Angeli et al[30] included patients with recidivant asci-
tes and reduction in the glomerular filtration rate whereas 
in the study of  Santos et al[31], the majority of  patients had 
newly diagnosed ascites. 

An established scheme for an initial combination 
therapy is 100 mg spironolactone and 40 mg furosemide 
per day given in the morning[32]. If  this dosage is not suf-
ficient, a stepwise increase keeping the spironolactone/fu-

rosemide ratio (e.g. 200 mg spironolactone/80 mg furose-
mide) is possible. The combination of  spironolactone and 
furosemide lowers the risk of  a spironolactone-induced 
hyperkalemia.

The combination of  sodium restriction, spironolac-
tone and furosemide achieves a sufficient therapy of  as-
cites in patients with liver cirrhosis in 90% of  cases[18,23,25]. 
Figure 1 shows an algorithm for the diuretic treatment of  
patients with uncomplicated ascites. 

Several studies have evaluated the newer loop-diuretic 
torasemide in patients with liver cirrhosis and ascites[33-35]. 
Torasemide was shown to be at least as effective and safe 
as furosemide and is considered an alternative in the treat-
ment of  ascites[33-35].

Amiloride is an alternative to spironolactone in pa-
tients with painful gynecomastia. Amiloride is given in a 
dose of  10-40 mg/d but is less effective than potassium 
canrenoate[36].

Complications of  diuretic therapy include hepatic 
encephalopathy, renal failure, gynecomastia, electrolyte 
disturbances such as hyponatremia, hypo- or hyperka-
lemia, as well as muscle cramps[22,23,30,31,36]. To minimize 
these complications, it is generally advised to reduce the 
dosage of  diuretic drugs after the mobilization of  asci-
tes. Complications of  diuretic therapy are most frequent 
in the first weeks after initiation of  therapy[30]. 

A common complication of  diuretic therapy is hy-
ponatremia. The level of  hyponatremia at which diuretic 
treatment should be stopped is a subject of  discussion. It 
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Figure 1  Treatment algorithm for the diuretic treatment of patients with uncomplicated ascites.
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is generally agreed that diuretics should be paused when 
the serum sodium is less than 120-125 mmol/L[6]. 

THERAPY OF REFRACTORY ASCITES
Refractory ascites is defined as ascites that does not respond 
to sodium restriction and high-dose diuretic treatment  
(400 mg/d spironolactone and 160 mg/d furosemide) or 
that reoccurs rapidly after therapeutic paracentesis[3]. About 
10% of  patients with cirrhosis and ascites are considered 
to have refractory ascites[6]. The median survival of  patients 
with ascites refractory to medical treatment is approximate-
ly six months[3,37-39].

Possible treatment options for refractory ascites include 
large volume paracentesis (LVP), transjugular intrahepatic 
portosystemic shunt (TIPS) and liver transplantation. 

Large volume paracentesis
Large volume paracentesis is the treatment of  choice for 
patients with tense ascites. It is considered a safe proce-
dure[40] and complication rates are not higher than in di-
agnostic paracentesis[4,7]. The risk of  bleeding is generally 
low and a relationship between the degree of  coagulopa-
thy and the risk of  bleeding is not evident[40]. Hence, there 
are no data that support the prophylactic administration 
of  pooled platelets and/or fresh frozen plasma prior to 
paracentesis. Nevertheless, in patients with severe coagu-
lopathy, paracentesis should be performed with caution. 
Paracentesis is performed under sterile conditions. If  ul-
trasound is available, it should be used to localize the best 
puncture site to minimize the risk of  bowel perforation.

The most important complication following LVP is 
paracentesis-induced circulatory dysfunction (PICD)[41-43]. 
This is caused by a depletion of  the effective central blood 
volume leading to a further stimulation of  vasoconstric-
tor systems. Post-paracentesis circulatory dysfunction is 
characterized by a deterioration of  renal function that can 
ultimately culminate in hepatorenal syndrome in up to 
20% of  patients[42]. A rapid re-accumulation of  ascites[44], 
hyponatremia, as well as an increase in portal pressure[45], 
are additional consequences. PICD is associated with an 
increase in mortality[41].

Paracentesis of  not more than 5 L can safely be con-
ducted without post-paracentesis colloid infusions and 
the risk of  PICD[46]. If  a paracentesis of  more than 5 L is 
performed, the administration of  albumin is advisable[47]. 
However, it has to be kept in mind that albumin is costly, 
and that studies that are large enough to demonstrate 
decreased survival in patients who are given no plasma ex-
pander compared to patients given albumin are lacking[41]. 
There are no studies that have evaluated the appropriate 
dose of  albumin after paracentesis. In the available stud-
ies, 5 to 10 g of  albumin per litre of  removed ascites have 
been given[41,42,47,48]. Hence, a dose of  6-8 g albumin per 
litre of  removed ascites seems appropriate[6]. Dextran-70 
and polygeline as alternative plasma expanders have been 
compared to albumin for the prevention of  PICD after 
LVP but have been shown to be less effective[41]. However, 

a benefit in survival in favor of  albumin over dextran-70, 
polygeline and saline was not shown in three trials[41,49,50]. 
Albumin should be administered slowly after the comple-
tion of  paracentesis to reduce the risk of  a volume over-
load. 

Large volume paracentesis per se does not positively in-
fluence renal sodium and water retention. To prevent the 
re-accumulation of  ascites after LVP, sodium restriction 
and diuretic treatment are necessary[51]. 
 
TIPS
TIPS provides a side-to-side porto-caval shunt. It is usu-
ally placed under local anesthesia by transhepatic puncture 
of  the (usually) right main branch of  the portal vein using 
an approach from a hepatic vein. After the connection be-
tween the hepatic and portal vein is established, the tract 
is dilated and a stent is placed[52]. 

Contraindications for TIPS in the therapy of  recurrent 
ascites include advanced liver disease (bilirubin > 5 mg/dL),  
episodic or persistent hepatic encephalopathy, cardiac or 
respiratory failure and hepatocellular carcinoma[53-57].

TIPS insertion causes an increase in right atrial and pul-
monary artery pressure as well as an increase in cardiac out-
put, a reduction of  systemic vascular resistance, a reduction 
of  effective arterial blood volume and, most importantly, a 
reduction of  portal pressure[52,58-67]. Whereas the effect on 
renal function (increased sodium excretion and increased 
glomerular filtration rate) persists, the increase in cardiac 
output tends to return to pre-TIPS levels[59-63,67]. 

Compared to repeated LVP, TIPS is more effective in 
the therapy of  ascites[53,55,68], but the effect on mortality is 
less clear. Whereas two studies showed no difference in 
mortality comparing paracentesis and TIPS[53,57], another 
two studies revealed decreased mortality in patients receiv-
ing TIPS[55,56]. A meta-analysis based on individual patient 
data from four randomized trials showed that TIPS in 
patients with refractory ascites improved transplant-free 
survival[68]. 

A frequent complication after TIPS insertion is hepatic 
encephalopathy, which occurs in 30%-50% of  patients[69,70], 
but seems to be less frequent in carefully selected patients 
with preserved liver function. Other complications are 
shunt thrombosis and shunt stenosis[69,71]. Shunt thrombo-
sis and shunt stenosis were shown to be less frequent in 
polytetrafluoroethylene (e-PTFE) coated stents compared 
to non-coated stents in one study[72]. A retrospective mul-
ticenter study showed that the use of  e-PTFE covered 
stents is associated with a higher 2-year survival compared 
to non-covered stents[73].

Figure 2 shows an algorithm for the treatment of  re-
fractory ascites.

HEPATORENAL SYNDROME
The occurrence of  renal failure in patients with advanced 
liver disease in the absence of  an identifiable cause of  re-
nal failure is defined as hepatorenal syndrome[3]. Therefore, 
it is essential to rule out other possible causes of  renal fail-
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ure before the diagnosis of  hepatorenal syndrome (HRS) 
is made. In 1994, the International Ascites Club defined 
criteria for the diagnosis of  hepatorenal syndrome[3] that 
were modified in 2007[74]. The modified criteria include: (1) 
cirrhotic liver disease with ascites; (2) a serum creatinine 
> 1.5 mg/dL; (3) no improvement of  serum creatinine 
(decrease to ≤ 1.5 mg/dL) after at least 2 d with diuretic 
withdrawal and volume expansion with albumin (1 g/kg 
body weight/d up to 100 g/d); (4) absence of  shock; (5) 
no current or recent treatment with nephrotoxic drugs; 
and (6) absence of  parenchymal kidney disease[74]. Accord-
ing to the progression of  renal failure, two types of  HRS 
are defined: type 1 is rapidly progressive with a doubling 
of  the initial serum creatinine to > 2.5 mg/dL or a 50% 
reduction of  the initial 24-h creatinine clearance to <  
20 mL/min in less than 2 wk. Patients with HRS type 2 do 
not have a rapidly progressive course[74].

HRS type 1 often develops in temporal relationship 
with a precipitating factor like infection (e.g. spontane-
ous bacterial peritonitis)[75-78] or severe alcoholic hepatitis 
in patients with advanced cirrhosis. The prognosis of  all 
patients with HRS is poor with a median survival of  ap-
proximately three months[79,80]. The prognosis of  patients 
with untreated HRS type 1 is even worse, with a median 
survival of  only one month[81]. 

 Treatment should be initiated immediately after the 
diagnosis is made to prevent further deterioration of  renal 

function. Several treatment options of  HRS are available: 
drug therapy, hemodialysis, TIPS and liver transplantation.

Drug therapy of  HRS consists of  the application of  
vasopressors in combination with albumin. 

One randomized, controlled study compared the effect 
of  noradrenalin as a continuous intravenous infusion in 
combination with albumin vs terlipressin and albumin in 
40 patients with HRS type 1[82]. The study did not reveal a 
significant difference in short-term survival between the 
two groups. Two studies demonstrated that treatment with 
octreotide alone is not successful[83,84] but that a combi-
nation with the vasopressor midodrine is required. Two 
other studies investigated the effect of  octreotide and 
midodrine in combination with albumin[85,86]. One small 
study compared octreotide 200 μg subcutaneously three 
times a day, midodrine up to 12.5 mg/d orally and albumin 
10-20 g/d with dopamine plus albumin[85]. The results in 
the octreotide/midodrine group were superior to those in 
the dopamine group. A larger, retrospective study com-
pared a combination treatment with octreotide/midodrine 
and albumin with a treatment with albumin only[86]. The 
mortality rate of  the patients treated with the combination 
of  octreotide, midodrine and albumin was lower than the 
mortality rate of  the patients treated with albumin alone 
(43% vs 71%, respectively). More data are available with 
regard to the vasoconstrictor terlipressin in the treatment 
of  HRS type 1. Treatment with terlipressin is started with 
an initial dose of  1 mg 4-6 times a day and is given in 
combination with albumin (1 g/kg body weight on day 1, 
followed by 40 g/d)[87]. If  a reduction of  serum creatinine 
of  at least 25% is not achieved after three days of  therapy, 
the dose is increased to a maximum of  2 mg 4-6 times a 
day. The treatment is continued until a reduction of  serum 
creatinine below 1.5 mg/dL is achieved. The median re-
sponse time is around two weeks[88]. Patients with a better 
liver function and an early increase in arterial pressure after 
initiation of  treatment have a higher probability of  treat-
ment response[88]. Treatment with terlipressin is successful 
in 40%-50% of  patients[89,90]. Cardiovascular or ischemic 
complications are the most important adverse effects of  
terlipressin treatment[80,89]. A meta-analysis of  random-
ized trials regarding terlipressin and other vasoactive drugs 
showed an improved short-term survival for the patients 
treated with terlipressin[90]. 

Two small studies evaluated the effect of  terlipressin 
in patients with HRS type 2[91,92]. Both studies showed an 
improvement of  renal function with terlipressin treat-
ment[91,92].

TIPS has been shown to improve renal function in 
HRS type 1 patients in two studies[60,93]. However, the re-
sults of  these studies might be biased since only patients 
with a maintained liver function underwent TIPS inser-
tion. In addition, TIPS insertion is beneficial in patients 
with HRS type 2[53]. 

Few data are available on the role of  hemodialysis in 
patients with HRS type 1[94,95]. Hemodialysis seems to be 
effective, but studies comparing hemodialysis with medi-
cal treatment or TIPS are lacking. Hence, hemodialysis re-
mains a therapy option in selected patients with electrolyte 
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disturbances, severe acidosis or volume overload and as a 
bridging therapy in patients awaiting liver transplantation. 

The treatment option of  choice for patients with HRS 
type 1 and HRS type 2 is liver transplantation[96]. However, 
the survival rate of  65% is low compared to other cir-
rhotic patients who have undergone liver transplantation. 
In addition, the mortality rate on the waiting list for liver 
transplantation of  patients with HRS is higher than for pa-
tients with cirrhosis without HRS. Combined liver-kidney 
transplantation is usually not necessary. Only patients who 
have been on hemodialysis for more than 12 wk might be 
considered for combined liver-kidney transplantation as re-
nal function might irreversibly deteriorate in patients with 
HRS and long-term hemodialysis[97,98].

SPONTANEOUS BACTERIAL PERITONITIS
Spontaneous bacterial peritonitis (SBP) is a bacterial infec-
tion of  the peritoneal cavity in patients with cirrhosis and 
ascites[99-101]. All patients with cirrhosis and ascites are at 
risk of  developing SBP. Symptoms are often unspecific 
and include signs of  peritonitis, clinical and laboratory 
signs of  inflammation, deterioration of  liver function, gas-
trointestinal bleeding and hepatic encephalopathy[102-104]. 
The prevalence in hospitalized patients is approximately 
10% and higher than in outpatients (1.5%-3.5%)[102,103].

The diagnosis of  SBP is based on a positive ascitic 
fluid bacterial culture and an elevated ascitic fluid neu-
trophil count in patients without an evident source of  
infection[105]. Ascitic bacterial culture is negative in more 
than 50% of  patients with suspected SBP and an elevated 
neutrophil count[8,100,101,106]. If  bacteria are found in the cul-
ture, the most common bacteria include E. coli as well as 
streptococcus species and enterococci[99-101,106]. 

A neutrophil count of  more than 250 cells/mm3 (0.25 
× 109/L) is considered diagnostic of  SBP[107]. An ascitic 
neutrophil count ≥ 250 cells/mm3 but with negative 
cultures is termed as culture-negative neutrocytic ascites. 
Several studies were undertaken to investigate the use of  
reagent strips (“dipstick testing”) designed for the use 
in urine in the diagnosis of  SBP. However, a review of  
studies comparing different types of  reagent strips with 
cytobacteriological methods revealed a high rate of  false 
negative results for the reagent strips[108]. 

Patients with an ascitic fluid neutrophil count ≥ 250 
cells/mm3 and clinical signs of  SBP should receive anti-
biotic treatment. Also, cirrhotic patients with ascites and 
signs or symptoms of  infection or unexplained clinical 
deterioration should receive treatment regardless of  a 
neutrophil count below 250 cells/mm3, since it is known 
that bactericides (positive ascitic fluid culture with a neu-
trophil count below 250 cells/mm3) might precede the 
neutrophil response[109]. 

Treatment should be initiated with a broad-spectrum 
antibiotic as long as results of  bacterial culture are not 
available. The treatment of  choice is a third-generation 
cephalosporin. Most data are available for cefotaxime. 
Cefotaxime covers 95% of  the causative bacteria includ-
ing the most common isolates E. coli, Klebsiella pneumoniae 

and pneumococci[110]. In addition, it reaches high concen-
trations in the ascitic fluid[110,111]. In most patients, 5 d of  
treatment is as effective as 10 d of  treatment[112]. Ceftri-
axone was also shown to be effective in the treatment 
of  SBP and is an alternative to cefotaxime[113]. Amoxicil-
lin/clavulanic acid, given as a sequential intravenous/oral 
therapy was shown to be as effective as cefotaxime in a 
small study[114]. Intravenous ciprofloxacin is similarly ef-
fective with respect to survival and SBP resolution rate 
as treatment with cefotaxime, but costs are higher[115]. In 
uncomplicated SBP, oral ofloxacin was shown to be as ef-
fective as cefotaxime[116]. Since patients who have received 
quinolone prophylaxis against SBP may have developed a 
quinolone resistant flora, quinolones should not be used 
in these patients[6]. 

Failure of  the initial antibiotic treatment should be 
considered in patients in whom the initial neutrophil 
count does not decrease below 25% of  the pre-treatment 
value after two days of  treatment[117]. Treatment failure 
might be due to bacteria resistant to the initial treatment 
or secondary peritonitis. Under these circumstances, 
treatment has to be modified according to susceptibility 
testing (if  available) or on an empiric basis.

The addition of  intravenous albumin to cefotaxime 
in the treatment of  SBP has been shown to be effec-
tive in two studies[76,118]. One controlled randomized trial 
compared patients with SBP receiving cefotaxime alone 
vs patients with cefotaxime plus albumin 1.5 g/kg body 
weight at diagnosis, followed by 1 g/kg albumin on day 3. 
The study revealed a decrease in mortality from 29% in 
the cefotaxime group to 10% in the cefotaxime/albumin 
group[76]. The study by Sigal et al[118] found that combina-
tion treatment with albumin is particularly effective in pa-
tients with an impaired liver and kidney function (bilirubin 
> 4 mg/dL and creatinine > 1 mg/dL, respectively) but 
that combination treatment with albumin is not necessary 
in patients who do not fulfil these criteria.

In patients who promptly respond to antibiotic treat-
ment, a follow-up paracentesis and ascitic fluid analysis 
is not necessary[6]. In patients who do not respond to 
treatment or show a delayed response, a follow-up ascitic 
fluid analysis is mandatory for further evaluation[119].

Several subgroups of  patients at high risk for the devel-
opment of  SBP have been identified in the past. Risk factors 
for SBP are ascitic fluid protein concentration < 1.0 g/dL,  
variceal hemorrhage and a prior episode of  SBP[6]. Several 
randomized controlled trials have shown a benefit of  pro-
phylactic antibiotic treatment in these patients[120-126].

Variceal bleeding is a major risk factor for the develop-
ment of  SBP, especially in patients with advanced cirrho-
sis and severe bleeding[120,126-134]. Antibiotic prophylaxis in 
patients with variceal hemorrhage has been shown to not 
only decrease the rate of  SBP[8,101,106] but also decrease the 
risk for rebleeding[135] and hospital mortality[128].

Norfloxacin (400 mg twice daily) for 7 d has been 
widely used for selective intestinal decontamination in cir-
rhotic patients with variceal bleeding[8,101,126]. In patients 
with gastrointestinal bleeding and advanced cirrhosis, 
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intravenous ceftriaxone (1 g/d for 7 d) has been shown to 
be superior to norfloxacin[121].

Low ascitic fluid protein concentration (< 1.0 g/dL) is 
a risk factor for the development of  SBP[123,136-138] and pro-
phylactic antibiotic treatment is advisable in these patients. 
Most data are available for prophylaxis of  SBP using nor-
floxacin[125,139-142]. One randomized trial in which patients 
with low ascitic fluid protein concentration (< 1.0 g/dL) 
or a bilirubin > 2.5 mg/dL were treated with continuous 
norfloxacin or inpatient-only norfloxacin showed that the 
incidence of  SBP was lower in the continuous treatment 
group at the expense of  more resistant flora when they did 
develop infection[141]. These findings were substantiated 
by another randomized trial comparing daily norfloxacin 
(400 mg for twelve months) with placebo in patients with 
low ascitic fluid protein concentration (< 1.5 g/dL) and an 
impaired liver or kidney function[139]. The patients in the 
verum group had a lower incidence of  SBP and hepato-
renal syndrome as well as a survival advantage (after three 
months but not after one year) compared to the patients 
receiving placebo[139]. 

Another randomized, double blind, placebo-controlled 
trial compared ciprofloxacin 500 mg/d for twelve months 
with placebo in patients with ascitic fluid protein con-
centration less than 1.5 g/dL and impaired liver function 
(Child-Pugh score 8.3 ± 1.3 and 8.5 ± 1.5, in the placebo 
and ciprofloxacin group, respectively)[142]. The study re-
vealed a trend towards a lower incidence of  SBP in the 
ciprofloxacin group but the result was not significant. 
Nevertheless, the 1-year survival was higher in the patients 
in the ciprofloxacin group[142]. This might be attributed to 
the fact that the probability of  remaining free of  bacterial 
infections was higher in the ciprofloxacin group[142].

The overall recurrence rate of  SBP in patients sur-
viving the first episode of  SBP is approximately 70% 
in the first year[106] and survival rates are 30%-50% and 
25%-30% in the first and second year after SBP, respec-
tively. Norfloxacin is effective in the secondary prophy-
laxis of  SBP. One randomized, double blind, placebo-con-
trolled multicenter study revealed that prophylactic treat-
ment with 400 mg/d norfloxacin reduced the recurrence 
rate of  SBP from 68% to 20%[122]. Another trial compared 
norfloxacin 400 mg/d with rufloxacin 400 mg/wk and 
did not find a significant difference in the SBP recurrence 
rate between the two treatment groups[143]. The effects 
of  trimethoprim-sulfamethoxazole, ciprofloxacin and 
norfloxacin were assessed in three more studies[124,125,144]. 
All three studies revealed a reduced occurrence of  SBP in 
the patients receiving prophylactic treatment. However, 
the significance of  the studies in the setting of  secondary 
prophylaxis is limited since the studies included patients 
with and without prior episodes of  SBP. There are no 
trials available that have studied for how long secondary 
prophylaxis should be given. 
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