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Abstract

Ascites is the most common complication in patients with cirrhosis. It can lead to several 
life-threatening complications resulting in a poor long-term survival outcome. Ascites is 
due to the loss of compensatory mechanism to maintain effective arterial blood volume sec-
ondary to splanchnic arterial vasodilatation in the progression of liver disease and portal 
hypertension. Refractory ascites, spontaneous bacterial peritonitis (SBP),  hyponatremia, 
and hepatorenal syndrome (HRS) are complications that can occur with ascites, all of them 
leading to a worse quality of life and short-term mortality. When complication appears, 
liver transplantation as a definitive and curative treatment should be considered. Other 
common therapeutical approaches to control ascites such as diet, sodium restriction, or 
the use of diuretics are needed to avoid these complications, although some patients will 
require further treatments when ascites becomes refractory to standard treatment. This 
chapter will review the complex treatment of ascites, and its related complications.

Keywords: ascites, hepatorenal syndrome, hyponatremia, portal hypertension, spontaneous  
bacterial peritonitis

1. Introduction

Decompensated cirrhosis is the end stage of chronic liver disease of any etiology. It has a wide 

range of different clinical manifestations that are secondary to portal hypertension and/or liver 
insufficiency. Ascites is the most frequent decompensation, and it is usually the first  manifestation 
of the disease in the majority of the patients [1]. Ascites is the accumulation of liquid inside of 

the peritoneal cavity, and it is developed in 60% of patients with compensated  cirrhosis within 

10 years during the natural course of their liver disease [1]. Hippocrates of Kos described asci-
tes a long time ago (ca. 460–ca. 310 BC), and its treatment with large paracentesis was already 
 performed since the ancient Greek physicians. It is still a very common problem in patients 
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with liver cirrhosis, malignancy, or cardiovascular disease today. As in Western Europe and the 

United States of America, liver cirrhosis is the main cause of ascites (75–85%), and we will focus 
on this disease [2, 3].

The development of ascites is the consequence of the action of several complex mechanisms 
secondary to severe portal hypertension (i.e., hepatic venous pressure gradient (HVPG) >12 
mm Hg) giving place to an impairment of hepatic, circulatory, and renal function. Portal 
hypertension induces the activation of the endogenous vasoactive systems, which prevent the 

renal excretion of an adequate amount of sodium, leading to a positive sodium balance [4]. 

Large evidence suggests that renal sodium retention in patients with cirrhosis is secondary to 

arterial splanchnic vasodilation. This causes a decrease in effective arterial blood volume with 
activation of arterial and cardiopulmonary volume receptors, and homeostatic activation of 

vasoconstrictor and sodium retaining systems (i.e., renin-angiotensin-aldosterone, vasopres-

sin, and the sympathetic nervous systems). Renal sodium retention leads to expansion of 
the extracellular fluid volume and increases intestinal capillary pressure. The latter is further 
increased due to both portal hypertension and splanchnic arterial vasodilatation, which also 
disrupts the intestinal capillary permeability, and thereby contributes to the accumulation of 
fluid in the abdominal cavity [5]. In addition, certain polymorphisms of the aquaporin-1 gene 

could predispose to water retention [6].

The development of ascites is associated with a poor prognosis and impaired quality of life in 
patients with cirrhosis [7]. The probability of survival at 1 and 5 years after decompensation 
by ascites is about 50 and 20%, respectively [8]. Because of the poor survival, and other com-

plications that will be explained later, patients with ascites should generally be considered for 
referral for liver transplantation [3].

2. Evaluation and initial investigations

2.1. History and physical examination

The first step in the management of every patient with a new-onset ascites is to reveal its 
underlying cause. A thorough history and physical examination will help narrow the dif-

ferential diagnosis and reveal factors that might have been implicated in the development of 
ascites (e.g., nonsteroidal anti-inflammatory drugs (NSAIDs)). Risk factors for liver disease 
such as alcohol abuse, metabolic syndrome, or family history of hemochromatosis should be 
sought. Patients should also be questioned about past history of cancer, heart failure, renal 
disease, or tuberculosis as they may all be responsible for the development of ascites [3].

The main complaint of patients with ascites is an increase in abdominal girth, often accompa-

nied by lower-extremity edema. Other common manifestations include dyspnea due to increas-

ing abdominal distension and/or accompanying pleural effusions, abdominal pain, anorexia, 
nausea, and fatigue [9]. The accuracy of the physical examination to detect ascites is highly 
dependent on the amount of ascites and on the physical constitution of the patient. Accordingly, 

patients must have approximately 1500 mL of fluid for ascites to be detected reliably by physical 
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examination and the presence of obesity greatly reduces its diagnostic accuracy [3]. Several signs 
support the presence of ascites such as the shifting dullness, fluid wave, and puddle signs. The 
former has 83% sensitivity and 56% specificity in detecting ascites. It is also less cumbersome 
and performs better than the latter two [3, 10]. The clinician should also look for other physical 
signs that suggest the presence of a liver disease (e.g., spider angiomas, Dupuytren contracture, 
palmar erythema, gynecomastia, parotid gland enlargement, or testicular atrophy) or an extra-

hepatic disease (e.g. jugular venous distension related to heart failure) as the cause of ascites.

2.2. Initial investigations

The essential investigations that should follow the anamnesis and physical examination to 
confirm the cause of ascites include an abdominal ultrasound (to screen for morphologic evi-
dence of cirrhosis and portal hypertension, tumors, portal vein thrombosis, and hepatic vein 
thrombosis), laboratory assessment of liver function, renal function, serum and urine elec-

trolytes, and abdominal paracentesis. The latter is compulsory in order to confirm the cause 
of the ascites and to rule out complications such as spontaneous bacterial peritonitis (SBP). 
Thus, it should always be performed in a new episode of ascites grades 2 or 3, in patients 
hospitalized for any complication of the disease or because of worsening of ascites [2, 11]. 

It is a safe procedure, even in patients with prolonged prothrombin time and low platelets. 
Indeed, the policy of some physicians to give blood products (fresh frozen plasma and/or 
platelets) routinely in these patients is not data-supported [3]. Growing evidence from the 

last two decades has demonstrated that most patients with liver cirrhosis remain in a tenous 

but balanced state of hemostasis [12]. Accordingly, in a study of 1100 large volume paracen-

tesis, there were no hemorrhagic complications despite no prophylactic correction of platelet 

counts as low as 19,000 cells/mm3 (54% < 50,000) and of prolonged international normalized 
ratios for prothrombin time as high as 8.7 (75% > 1.5 and 26.5% > 2.0) [13]. The most common 
site for paracentesis is the left lower quadrant of the abdominal wall (3 cm cephalad and 3 cm 
medial to the anterior superior iliac spine), as in this location the wall is thinner and with a 
larger pool of fluid than the midline. Visible collateral must be avoided, and in patients with 
obesity or loculated ascites, an ecoguided paracentesis is commonly needed [3].

The analysis of the ascitic fluid includes cell count and differential, culture, biochemical anal-
ysis, and cytology. Current guidelines recommend to routinely perform only cell count and 
differential, ascitic fluid protein and albumin, and note the gross appearance of the fluid (i.e., 
water-clear, bilious, purulent, bloody, or chylous) [2, 3]. The former enables to discard SBP or 
suspect the presence of other type of infection (e.g., high lymphocyte count in patients with 
tuberculosis). Albumin measurement on the same day in serum and ascitic fluid allows the 
calculation of the serum-ascites albumin gradient (SAAG), which properly differentiates asci-
tes due to portal hypertension from ascites due to other causes. If the SAAG is greater than or 
equal to 1.1 g/dL, ascites is ascribed to portal hypertension with an approximate 97% accuracy 
[14]. Importantly, SAAG accuracy is not influenced by fluid infusion and diuretic use and also 
remains greater or equal to 1.1 g/dL in patients with both portal hypertension and a second 
cause for ascites formation [3]. Measurement of SAAG is, therefore, of utmost importance in 
patients with new-onset ascites, but its repeated measurement is usually not needed in other 
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scenarios (e.g., worsening or refractory ascites) [3]. Table 1 shows the etiological classification 
of ascites according to the SAAG value. Further ascitic testing should be done depending on 
clinical judgment [3]. In patients in whom a peritoneal carcinomatosis is suspected, an ascitic 

fluid cytology must be performed, as it has a sensitivity as high as 96.7% if three samples from 
different paracentesis procedures are analyzed [15]. Bacterial culture is mandatory if infection 
is suspected. Cultures should be done in aerobic and anaerobic blood cultures inoculated (10 
mL) at the bedside to increase their profitability (80% by this method). The utility of lactate 

SAAG Diseases Diagnosis

≥1.1 Liver cirrhosis Compatible image test and biopsy, known etiology of liver disease, HVPG > 10 
mm Hg, liver stiffness >15 Kpa, proteins in ascites <2.5 g/L

Budd-Chiari syndrome Imaging test, proteins in ascites >2.5 g/L

Sinusoidal obstruction 

syndrome

Appropriate clinical context (e.g. hemotopoietic stem cell transplantation), 
proteins in ascites >2.5 g/L

Portal thrombosis Imaging test, usually associated with a clinical trigger such as variceal bleeding

Right heart failure Right heart failure confirmed by echocardiogram, serum BNP >364 pg/mL, 
dilated suprahepatic veins, proteins in ascites >2.5 g/L

Acute liver failure Appropriate clinical context

Massive liver metastases Imaging test, proteins in ascites <2.5 g/L

Myxedema Clinical and laboratory findings of severe hypothyroidism

“Mixed” ascites* Imaging or other test according to clinical suspicion

<1.1 Peritoneal carcinomatosis Positive citology, proteins in ascites >2.5 g/L, WBC >500 with PMNs<250, image 
test to find primary tumor (most frequent ovarian, gastric, and pancreatic origin)

Peritoneal tuberculosis WBC > 500 with PMNs<250 and predominance of lymphocytes, proteins in 
ascites >2.5 g/L, ADA >40 UI/L, positive culture or PCR, peritoneal biopsy

Pancreatic ascitis Ascitic amylase level usually >2000 UI/L, protein concentration in ascites 
variable, but normally >2.5 g/L, PMN > 250, imaging test to diagnose the 
underlying disease

Bilious ascites Elevated ascitic bilirubin levels and higher than serum, imaging test to diagnose 
the underlying disease

Chylous ascites Ascitic triglyceride level >110–200 mg/dL or higher than serum, imaging test to 
diagnose the underlying disease

Nephrotic syndrome Appropriate clinical context, proteins in ascites <2.5 g/L

Protein-losing enteropathy Diarrhea and other clinical symptoms due to the underlying disease, proteins in 

ascites <2.5 g/L

Serositis related to 

connective tissue diseases

Rare manifestación of systemic lupus erythematosus, polyarteritis nodosa and 

Schölein-Henoch purpura. Appropriate clinical context

Intestinal ischemia or 

obstruction

Imaging test

*Patients with cirrhosis and other cause (one or more) of ascites formation. Abbreviations: SAAG: serum-ascites albumin 
gradient; HVPG: hepatic venous pressure gradient; WCC: white blood cell; PMN: polymorphonuclear leukocyte; ADA: 
adenosine deaminase; PCR: polymerase chain reaction.

Table 1. Etiological classification of ascites according to the serum-ascites albumin gradient value.
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dehydrogenase and glucose determination in ascitic fluid to assist in differentiating sponta-

neous from secondary bacterial peritonitis is supported by limited data and the European 
Association for the Study of the Liver (EASL) does not recommend its performance [2]. On 
the contrary, an ascitic fluid carcinoembryonic antigen >5 ng/mL or ascitic fluid alkaline phos-

phatase >240 units/L has been shown to be accurate in detecting gut perforation into ascitic 
fluid [16]. Other tests, such as amylase, triglycerides, and polymerase chain reaction (PCR) 
and culture for mycobacteria should be done only when there is a clinical suspicion of pancre-

atic disease, chylous ascites, and tuberculosis, respectively. Finally, it is worth mentioning that 
serum cancer antigen 125 levels are increased in patients with ascites of any cause. Therefore, 
its measurement is not recommended to guide the differential diagnosis [3].

3. Treatment of ascites

Current guidelines follow the classification of ascites from the International Ascites Club, 
which divides patients into three groups on the basis of a quantitative criterion. Each group 
is also linked to a specific treatment strategy (see Table 2) [3, 17]. Accordingly, only patients 

with ascites grade 2 or more should be treated, and they can be treated as outpatients unless 
they have other complications [2]. The aim of the treatment of ascites is to induce negative 
sodium balance by reducing sodium intake and increasing sodium excretion by the adminis-

tration of diuretics.

3.1. Sodium restriction

In approximately 10–20% of patients with cirrhosis and ascites, we can obtain a negative 
sodium balance only by reducing dietary sodium intake, particularly in those presenting with 
their first episode of ascites [18]. No predictive factors of response to low sodium diet have 
been detected. Although the level of dietary restriction should be applied according to the 
baseline urinary sodium excretion, a moderate restriction of salt intake is generally recom-

mended (intake of sodium of 80–120 mmol/day, which corresponds to 4.6–6.9 g of salt/day). 
This is generally equivalent to a no-added salt diet with avoidance of preprepared meals. 
A more severe reduction in dietary sodium content is considered unnecessary and even 

Severity and definition Treatment and strategy

Grade 1 or mild

Diagnosed exclusively by 
ultrasonography.

No treatment is necessary.

Grade 2 or moderate

Clinically evident.
Dietary sodium restriction and diuretics. (first spironolactone 50–100 mg/day 
to reach weight loss: 300–500 mg/day, if needed, add furosemide 20–40 mg/day 
and increase both every 7 days up to 400 and 160 mg/day, respectively)

Grade 3 or large

Clinically evident or tense.
Large-volume paracentesis plus albumin 8 g/L of ascites removed in first 
place and later dietary sodium restriction (90 mmol/day) and diuretics.

Table 2. Ascites classification and treatment [17].
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 potentially deleterious since it may impair nutritional status [2, 3]. Fluid restriction is not nec-

essary unless patients have hypovolemic hyponatremia (serum sodium <130 mEq/L together 
with ascites and/or edema). Fluid loss and weight change are directly related to sodium bal-
ance in these patients. It is sodium restriction, not fluid restriction, which results in weight 
loss, as fluid follows sodium passively [2].

3.2. Diuretics

Evidence demonstrates that renal sodium retention is mainly due to increased proximal as 

well as distal tubular sodium reabsorption rather than due to a decrease of filtered sodium 
load [2, 19]. The increased reabsorption of sodium along the distal tubule is mostly related to 
hyperaldosteronism. As previously mentioned, patients with ascites grade 2 require diuretic 

treatment if there is no contraindication. The goal of treatment is to achieve an average weight 
loss of no more than 500 g/day in patients without peripheral edema and no more than 800–
1000 g/day in those with peripheral edema.

The efficacy of diuretic therapy in the control of ascites is approximately 90% in patients without 
renal dysfunction [2, 19]. The diuretics most frequently used are aldosterone antagonists, mainly 
spironolactone, which selectively antagonizes the sodium-retaining effects of aldosterone in the 
renal collecting tubules, and loop diuretics, especially furosemide, that inhibit the Na + −K + 
–2Cl – cotransporter in the loop of Henle. It has been extensively debated whether both types of 
diuretics should be combined from the beginning or use aldosterone antagonists in a stepwise 
increase every 7 days with furosemide added only in patients not responding to high doses of 
aldosterone antagonists. It can be concluded that a diuretic regime based on the combination of 
aldosterone antagonists and furosemide is the most adequate approach for patients with recur-

rent ascites but not for patients with a first episode of ascites. These latter patients respond 
well to spironolactone 50–100 mg/day [2]. Those with recurrent episodes of ascites or peripheral 
edema should receive a combination of spironolactone 100 mg/day with furosemide 40 mg/day 
[2, 19]. If there is no response, adherence to a low sodium-diet and diuretic treatment should be 
confirmed through a good anamnesis and a 24-hour urine sodium excretion measurement. An 
ascites that is not controlled despite a natriuresis greater than 80–110 mmol/day suggests a non-

adherence to a low-sodium diet [3]. Given that full-day collections are cumbersome, the mea-

surement of urine creatinine helps determine if the collection of the 24-hour specimen has been 
complete. Men with cirrhosis should excrete more than 15 mg of creatinine/kg of body weight 
per day, and women should excrete more than 10 mg/kg/day. Less creatinine is indicative of an 
incomplete collection [3]. A random “spot” urine sample is also useful to assess natriuresis and 

is the preferable test to adjust diuretic treatment in certain scenarios such as the emergency unit. 
A sodium concentration that is greater than the potassium concentration correlates well with a 

24-hour sodium excretion. When the urine sodium/potassium ratio is >1, the patient should be 
responding to the treatment. The higher the ratio, the greater the urine sodium excretion [20]. In 

compliant patients with poorly controlled ascites, diuretics may then be increased every 7 days 
by doubling doses (1:1 ratio) to a maximal dose of spironolactone (400 mg/day) and a maximal 
dose of furosemide (160 mg/day). Unfortunately, diuretics can also have side effects and cause 
fluid and electrolytes balance disturbances such as hyponatremia, dehydration, renal impair-

ment, hyperkalemia, or hypokalemia and subsequently, hepatic encephalopathy. For all these 
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reasons, patients should be closely followed after the onset of diuretic treatment. Thus, a clinical 
evaluation and measurements of serum and urine electrolytes must be performed within the 
first 2 weeks after starting or modifying their dose. When any of the abovementioned side effects 
appear, diuretics should be stopped or their dose reduced. A particular side effect of spironolac-

tone is tender gynecomastia and muscle cramps in some patients. Amiloride, a diuretic acting 

in the collecting duct, is less effective than aldosterone antagonists and should be used only in 
those patients who develop severe side effects with aldosterone antagonists [2].

3.3. Other general measures

Treatment of the underlying disease whenever possible is of great importance as dramatic 
responses have been described after alcohol abstinence, antiviral, and immunosuppressive 
therapies in patients with alcoholic, viral and autoimmune liver diseases, respectively [3]. 

Nutritional therapy can ameliorate nutritional status in cirrhotic patients, reduce infection 
rates, and decrease perioperative morbidity [11]. Some drugs must be avoided or use with 
caution in patients with ascites such as NSAID due to the high risk of developing further 
sodium retention, hyponatremia, and renal failure. In a recent case control study, 37% of the 
NSAIDs-associated acute kidney injury (AKI) cases were severe and persistent with a very 
poor short-term outcome [21]. Interestingly, Metamizol use was more common in patients 

with persistent AKI than in those with transient AKI, and therefore, this drug should also 
be used with caution. Likewise, angiotensin converting enzyme inhibitors, angiotensin II 
antagonists, or a1-adrenergic receptor blockers should generally not be used in patients 
with ascites because of increased risk of renal impairment [2]. Bed rest was previously 
recommended on the basis that the upright posture could aggravate the already elevated 
plasma renin levels of patients with liver cirrhosis and ascites. However, it is no longer 
advocated as there is insufficient evidence to support its use as part of ascites treatment 
[2]. There is an ongoing debate about the use of nonselective betablockers in patients with 
refractory ascites. The current guidelines from the American Association for the Study of 
Liver Diseases recommend to avoid high doses of these drugs (over 160 mg/day of pro-

pranolol or over 80 mg/day of nadolol), and in patients with concomitant severe circulatory 
dysfunction [i.e., systolic blood pressure <90 mm Hg, serum sodium <130 mEq/L, or hepa-

torenal syndrome (HRS)], their dose should be decreased or the drug temporarily held [22]. 

Finally, in unblinded randomized clinical trials (RCTs), the long-term albumin infusion (25 g 

weekly for one year and 25 g every two weeks thereafter) improved survival in patients 
with new onset ascites [23]. However, further studies are needed before this treatment can 
be advocated [3].

4. Complications, prognosis, and treatment

Despite the fact that patients with ascites constitute a heterogeneous population with dif-

ferent prognosis depending on the degree of liver insufficiency and circulatory dysfunction, 
the development of ascites is an ominous sign. The probability of survival at one and five 
years after the diagnosis of ascites is approximately 50 and 20%, respectively, and long-term 
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 survival of more than 10 years is very rare [8]. In addition, mortality rises up to 80% within 
6–12 months in patients who also develop kidney failure [1]. Patients with cirrhosis and asci-
tes are also at high risk for other life-threatening complications of liver disease, including 

refractory ascites, SBP, respiratory distress, worsening of nutritional status, hyponatremia, 
or HRS. Accordingly, current guidelines recommend that every patient with ascites should 
be generally considered for referral for liver transplantation, especially when quality of life 
is impaired due to refractory ascites, or in the presence of SBE and HRS [2, 3]. Since 2002, 
the model of end-stage liver disease (MELD) score is used for patient priority in liver trans-

plantation. However, MELD does not reflect the impact of some complications (the so-called 
Exceptions to MELD score) such as refractory ascites. Indeed, in some patients with this com-

plication the latter score does not accurately reflect their poor prognosis (median survival is 
approximately 6 months) and their prioritization in the list should be assessed [24].

4.1. Refractory ascites

A nonnegligible number of patients with ascites (10%) develop refractory ascites due to 
severe sodium retention that cannot be mobilized pharmacologically either because there 
is no response to high diuretic dose (resistant ascites) or because side effects appear with 
the use of diuretics (intractable ascites). The term “recurrent ascites” defines an ascites that 
requires more than three admissions per year because of reaccumulation of ascites [25]. In 

these patients other therapeutical approaches must be used.

4.1.1. Large volume paracentesis (LVP)

Current guidelines recommend LVP as the first-line treatment in patients with refractory ascites, 
unless it is loculated [2, 3]. In order to minimize the number of paracentesis (LVP is  usually per-
formed every 2–4 weeks), total paracentesis is preferred and diuretic therapy can be maintained 
if the urine sodium is >30 mmol/day. It is a safe procedure with a complicate rate similar to diag-

nostic paracentesis, and it can be performed in the outpatient setting [2, 3]. LVP is defined as a 
volume above 5 L. Although Kao et al. arbitrarily selected this threshold in 1985 based upon the 
volume required to “adequately decompress the distended abdomen,” the intra-individual neu-

rohormonal changes induced by the removal of different ascitic volumes have not been examined 
[26, 27]. These neurohormonal changes reflect the physiopathological background of the main 
complication of LP, i.e., postparacentesis circulatory dysfunction (PPCD). Indeed, the removal of 
large volumes of ascites fluid can further decline the effective circulating volume by causing a 
significant drop in peripheral vascular resistance by mechanisms not fully elucidated. This hemo-

dynamic derangement is demonstrated by a pronounced reactivation of renin-angiotensin-aldo-

sterone and sympathetic nervous systems that can persist for months. An increase in plasma renin 

activity of 50% or greater is usually used to define PPCD [27, 28]. Although frequently asymp-

tomatic, PPCD has been associated with significant detrimental effects such as re-accumulation of 
ascites, development of HRS and dilutional hyponatremia, and shortened survival [2]. It was first 
demonstrated in the 1980s that adjunctive albumin infusion can prevent PPCD occurrence and 
since the early 1990s, less costly alternatives to albumin have been sought, such as artificial colloid 
volume expanders and vasoconstrictors [28]. Despite initial uncertain results, a meta-analysis of 
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17 trials with a total 1225 patients demonstrated that albumin infusion after LVP is more effective 
than other plasma expanders (i.e., hypertonic saline, hydroxyethyl starch, and dextran-70, poly-

geline) for the prevention of PPCD and showed a trend to increased survival. The rate of PPCD 
was 73% after paracentesis without any re-expansion, 38% when combined with an infusion of 
dextran or gelatin solutions and only 15–17% when taps were combined with albumin administra-

tion. Doses of albumin infusion ranged between 5 and 10 g of albumin per liter of fluid removed 
[28]. Current guidelines recommend 8 g/L as this has been the dose most commonly used [2, 3]. 

It is usually administered during or after the paracentesis. Whether lower doses could be used is 
currently debated as one study comparing doses of 4 vs. 8 g/L showed similar efficacy in prevent-
ing PPCD and renal impairment [29]. When less than 5 L of ascites are removed, artificial plasma 
expanders, saline, and albumin are equally effective [2]. The latter meta-analysis also compared 
albumin with vasoconstrictors (i.e., midodrine, norepinephrine, and terlipressin). The results were 
more variable in this subgroup (OR from 0.30 to 5.54) due to the small size of the five included tri-
als and therefore, no definitive conclusions can be made [28]. Further studies that target survival 
as the primary end-point in patients with truly refractory ascites are needed to fully demonstrate 

whether albumin or vasoconstrictors can improve survival.

4.1.2. Transjugular intrahepatic portosystemic shunt (TIPS)

Another treatment option for patients with refractory ascites is transjugular intrahepatic porto-

systemic shunt (TIPS). It is a procedure in which an intrahepatic stent is inserted between the 
hepatic and portal veins with intent for portal decompression to avoid the recurrence of ascites 

[30]. The optimal portal pressure gradient (PPG) that needs to be obtained to adequately control 
ascites is not clear, but might be lower than the well-validated 12 mm Hg threshold for the preven-

tion of rebleeding from esophageal varices [30]. Most of randomized clinical trials (RCTs) aimed 
to reduce PPG below 12 mm Hg by dilating 10-mm diameter stents to 6–8 mm with subsequent 
calibration up to 10 mm, depending on post-PPG and clinical response [31–34]. By this approach, 
marked reductions in PPG are avoided, which may be associated with an increased risk of hepatic 
encephalopathy and liver failure. Until today, seven RCT [31–37] and six meta-analysis [38–43] 

have assessed the efficacy and safety of TIPS in patients with refractory and recurrent ascites. They 
have consistently demonstrated that TIPS is effective in the management of this complication, but 
is associated with higher risk of hepatic encephalopathy compared to LVP. Thus, about 64% (range 
of 38–84%) had their ascites controlled (although its resolution was slow and most patients required 
continued administration of diuretics and salt restriction), and hepatic encephalopathy occurred in 
approximately 51% of patients (39% severe) treated with TIPS. This latter complication is known to 
increase the rate of mortality and hospitalization and to significantly affect the quality of life [30]. 

TIPS dysfunction due to pseudointimal hyperplasia within the parenchymal tract or within the 
outflow hepatic vein was another major drawback in these studies. Indeed, a significant propor-
tion of patients (from 30 to 87%) needed TIPS revision due to malfunction. It must be emphasized 
that all, but one clinical trial [34], used bare stents instead of the politetrafluoroethylene-covered 
stents that are used today. These covered-stents have greatly improved shunt patency rates and 
have also reduced the incidence of hepatic  encephalopathy after TIPS placement [30]. There is 
great controversy over the survival benefit of TIPS in refractory ascites. At the time current guide-

lines were published, studies had not convincingly proved that TIPS improved survival compared 
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to repeated LVP, and consequently, it was left as a second-line therapy that had to be considered in 
patients with very frequent requirement of LVP or with loculated ascites [2, 3]. Among the five tri-
als that had been published at that time, transplant-free survival was significantly improved in two 
(in one of them only in the multivariate analysis) [33, 36], decreased in one (probably due to techni-
cal disability) [35], and not affected in the other two [31, 37]. These discrepancies among studies 
were likely due to patient selection and data analysis biases. These RCTs excluded patients with 
advanced liver disease (as defined by serum bilirubin > 5–6 mg/dL, INR > 2, current or chronic HE 
> 2 by West-Heaven scale), and renal failure (as defined by serum creatinine >3 mg/dL) and thus, 
only 48% (median, 21–77%) of the screened patients could be included in the RCTs. Meta-analysis 
also contributed to this controversy. Four conventional meta-analysis did not show any benefit 
in survival [38–41], whereas a meta-analysis of individual patient data from four RCT showed a 
significant improvement in transplant-free survival at 1 and 2 years between TIPS and LVP (63 and 
49% vs. 53 and 35%, p = 0.035) [42]. After the publication of the current guidelines, two RCT [32, 34] 

and another meta-analysis [43] have been published and concluded that TIPS is more effective in 
controlling ascites than repeated LVP and improved transplant-free survival in these patients. The 
RCT of Narahara et al. included 60 patients with refractory ascites treated with bare metal TIPS 
or LVP. The selection criteria were stricter than the previous RCT and included patients with bet-
ter preserved renal and hepatic function [32]. The last RCT was recently published and included 
patients with recurrent ascites treated with covered-stents or LVP with inclusion criteria similar 
to the former RCT [34]. It can be concluded that pending further RCT with  covered stents, TIPS 
can be recommended in patients with refractory ascites and preserved liver function (Child–Pugh 
score <13, MELD score <18, bilirubin <5 mg/dL, platelet count >75,000, serum sodium >130 mEq/L), 
aged <70, no previous episodes of hepatic encephalopathy, and neither central or large hepatocel-
lular carcinoma nor cardiopulmonary disease [19]. In fact, some authors and scientific associations 
recommend TIPS as the primary therapy for refractory ascites [44–46].

4.1.3. Automated low flow pump system (Alfapump System)

The alfapump is a subcutaneous battery-operated pump to move ascites from the peritoneum to 
the urinary bladder. One catheter connects the pump to the peritoneal cavity, and another con-

nects it to the urinary bladder. Every 5–10 min small volumes of ascites (generally 5–10 mL) are 
pumped into the urinary bladder, ranging the daily volume that can be removed between 500 
mL and 2.5 L. In order to improve patient’s comfort it is deactivated at night. The pump battery 
is charged via a charging device (Smart Charger, Sequana Medical AG, Zürich, Switzerland) 
that is placed over the area of the pump twice daily during no more than 20 min. It is at this 

time when pump function parameters (e.g., volumen transported, pressures in the bladder and 
abdominal cavity) are automatically transmitted to the charger. This information is forwarded 
to a central databank and communicated, if needed, to the treating physician, who can remotely 
program the system to the patient’s needs or contact the patient because of possible technical 
issues. The current price of the device is 22,500 Euros [47].

The alfapump was conceived as an alternative treatment for refractory ascites, especially in those 
patients who are not candidates for TIPS [47, 48]. This system also requires a good selection pro-

cess, in which issues such as compliance of the patient, nutritional status, previous abdominal 
surgery, urinary outlet obstruction, or local skin infections should be carefully evaluated before its 
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implantation [47]. An initial multicenter, prospective, uncontrolled study (PIONEER) evaluated 
its safety and efficacy in 40 patients over a period of 6 months. It showed that the pump removed 
90% of the ascites and reduced the median number of LVP, but with a significant rate of complica-

tions mainly due to infections and catheter dislodgement [49]. However, the number of complica-

tions was reduced along the study after including some changes recommended by the data safety 
monitoring board (i.e., antibiotic prophylaxis with norfloxacin, strict avoidance of NSAID, and 
the intravenous administration of albumin if ascites was aspired during the surgical intervention) 
[47]. A recent RCT compared the safety and efficacy of the alfapump system in comparison with 
LVP in 58 cirrhotic patients with refractory ascites over a 6-month period [48]. The alfapump was 
more effective reducing and, in many cases, eliminating (more than 50%) the need for paracente-

sis. It also improved the quality of life and nutritional status of the patients. Survival was similar 
in both groups, despite the occurrence of more adverse events (96.3 vs. 77.4%, p = 0.057), which 
were also more frequently severe (85.2% vs. 45.2%, p = 0.002) in the group treated with alfapump. 
Adverse events consisted predominantly of AKI in the immediate post-operative period, and re-
intervention for pump-related issues. Device deficiencies accounted for seven re-interventions, 
which are an improvement compared to the results of the PIONEER study and may reflect the 
continual technological improvements to the alfapump system since commercialization in 2011. 

After the postoperative period (>7 days), the incidence of AKI and hyponatremia was similar 
in both groups, but more of these events required hospitalization in the alfapump group. The 
underlying mechanism for this renal dysfunction and hyponatremia remains unclear. In a recent 

prospective study that included ten patients with refractory ascites treated with the alfapump 

system, a marked activation of endogenous vasoconstrictor systems and impairment of kidney 

function after the device insertion was observed. This finding led the authors to hypothesize that 
treatment with alfapump might impair effective arterial blood volume mimicking a postparacen-

tesis circulatory dysfunction syndrome and suggested a potential role of albumin in counteract-
ing these effects [50]. Supporting this hypothesis, the authors of the RCT observed an increase in 
plasma renin activity at 3 months. Finally, total median cost (including implantation procedure 
and device, scheduled visits, lab test, medications and treatment of adverse events) was signifi-

cantly higher in the alfapump group (£36970 vs. £12660, p < 0.0001). The difference was primarily 
due to the statistically higher cost of implantation procedure and adverse effects [48]. It can be 
concluded that further refinements in patient selection, patient care algorithms (including regular 
albumin administration), and modifications in device design are needed before the alfapump can 
become a truly alternative treatment for patients with refractory ascites.

4.1.4. Vaptans

Vaptans are V2 vasopressin receptor antagonists acting on the kidney and promoting 
solute-free water diuresis. In patients with cirrhosis, they have been studied in the  setting 
of dilutional hyponatremia (see below section 6) and ascites. In patients with both uncom-

plicated and refractory ascites, satavaptan did not have a clinical benefit in controlling 
ascites and even increased mortality, which was related with known complications of liver 

cirrhosis [51, 52]. Consequently, the drug was withdrawn from development. Tolvaptan 
has also been used in patients with liver cirrhosis and refractory ascites. Most of the 
data come from observational studies in which tolvaptan seemed to improve  control of 
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ascites [53–57]. Two RCT also showed that tolvaptan was more effective than placebo for 
the treatment of ascites-related clinical symptoms. However, in both trials, the drug was 
given for only 7 days and the follow-up period was no longer than 3 weeks [58, 59]. Both 
issues are of great concern, given that its efficacy is lost after the discontinuation of the 

drug [60] and that a black-box warning by the Food and Drug Administration determined 
that tolvaptan should not be used for longer than 30 days, and limited its use in patients 
with underlying liver disease. The latter warning came from an increased risk of liver 
injury in a recent large clinical trial evaluating tolvaptan for a new use in patients with 

autosomal dominant polycystic kidney disease [61]. Therefore, the use of vaptans in cir-

rhotic patients with uncomplicated or refractory ascites cannot be recommended at pres-

ent and required further RCT with a longer follow-up [3, 11].

4.1.5. Vasoconstrictors

Since arterial splanchnic vasodilation plays a major role in the pathogenesis of ascites forma-

tion, the use of vasoconstrictors has been evaluated in the treatment of patients with refrac-

tory or recurrent ascites. In two preliminary studies both the acute and 7-day administration of 
Midodrine, an alfa-1-adrenergic agonist, in nonazotemic cirrhotic patients with ascites improved 

systemic hemodynamics and sodium excretion [62, 63]. Similarly, in another study, the addi-
tion of midodrine corrected the deleterious effects on renal function of octreotide and improved 
systemic hemodynamics [64]. The first study evaluating its effect on patients with refractory or 
recurrent ascites was a RCT in which 40 patients were randomized to oral midodrine (7.5 mg 
every 8 h) plus standard medical therapy (sodium restriction plus diuretics) or to standard medi-
cal therapy alone. Midodrine significantly improved systemic hemodynamics without significant 
complications and was superior for the control of ascites at 3 months, but not at 1 and 6 months 
after therapy. Moreover, the mortality rate in the standard medical therapy group was signifi-

cantly higher than that in the midodrine group (p < 0.046) [65]. A recent pilot study evaluated 

the efficacy and safety of midodrine in combination with tolvaptan in 50 cirrhotic patients with 
refractory or recurrent ascites. Their combination controlled ascites significantly better than stan-

dard diuretic treatment alone and more rapidly than midodrine alone [66].

Clonidine, a centrally acting α2-agonist and sympatholytic agent, has also been evaluated as 
an adjunct treatment in patients with cirrhosis and refractory ascites. In two pilot studies, its 

addition to spironolactone increased natriuresis and body weight loss more efficiently than 
spironolactone alone in patients with cirrhosis and ascites and activated sympathetic nervous 

system [67, 68]. Years later, the same group performed a first RCT that included patients with 
cirrhosis, ascites, and a plasma norepinephrine level of >300 pg/mL. Oral clonidine (0.075 mg 
b.i.d.) led to an earlier duretic response and was associated with fewer diuretic requirements 
and complications [69]. A later RCT using the same dose of clonidine for 3 months  evaluated 
its efficacy in 270 patients with refractory ascites. The response rate to the association of 
clonidine and diuretics was 55–60%. The highest efficacy was obtained in patients who had 
high serum levels of norepinephine and the presence of two specific polymorphisms of the 
G-protein and α2-adrenergic receptor gene [70]. The efficacy of the combination of clonidine 
and midrodine was evaluated in a RCT that included 60 patients with refractory and recurrent 
ascites. Their combination controlled ascites significantly better than standard diuretic treat-
ment alone over a 1-month period, but was not superior to midodrine or clonidine alone [71].
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Finally, there is very limited data available with terlipressin. In a small RCT that included 15 
patients with nonrefractory ascites and 8 with refractory ascites without HRS, 2 mg of intra-

venous terlipressin improved renal function and natriuresis in both types of ascites. However, 
a clinical effect on weight or abdominal girth was not recorded [72]. In a prospective study in 

which 26 patients with refractory ascites without HRS were treated with maximum diuretic 
treatment plus albumin and terlipressin, complete and partial response were observed in 62 
and 23% of the patients, respectively [73].

With the available evidence, the American Association for the Study of Liver Diseases recommends 
that the use of oral midodrine should be considered in patients with refractory ascites [3]. On the 
other hand, the European Association for the Study of the Liver considers that larger RCT with lon-

ger follow-up are needed before these drugs can be routinely recommended in the management 
of these patients [2]. The authors of this chapter are in agreement with this last recommendation.

Figure 1 depicts the pathophysiological rationale for the treatment of patients with ascites 

and other related complications.

Figure 1. Physiopathology and treatment of patients with ascites and other related complications. Splanchnic 
vasodilatation driven by portal hypertension leads to an arterial underfilling that is counteracted by the activation of 
antinatriuretic and vasoconstrictor factors (RAAS, SNS, and AVP) that may lead to development of ascites, dilutional 
hyponatremia, and hepatorenal syndrome. Current therapies act at different levels of this pathophysiological cascade. 
Abbreviations: TIPS: transjugular intrahepatic portosystemic shunt; RAAS: renin-angotensin-aldosterone system; 
sympathetic nervous system; AVP: arginine vasopressin.
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5. Spontaneous bacterial peritonitis (SBP)

Compared to general population, patients with cirrhosis have an increased risk of develop-

ing bacterial infections and sepsis, for this reason, SBP has a remarkable importance. SBP is a 
common infection of ascitic fluid developed in patients in the absence of an intra-abdominal 
genesis of infection. SBP was described for the first-time long time ago, approximately in the 
1970s by Harold Conn [74], who pointed out the high in-hospital mortality in patients with this 

complication. The mechanisms leading to SBP include bacterial translocation, the reduced gut 
motility giving place to intestinal bacterial overgrowth, altered structure, and function of the 
intestinal mucosal barrier, and shortage in local immune response systems [75]. Patients with 
cirrhosis and SBP frequently develop an exaggerated inflammatory response with a severe 
impairment in renal, cardiovascular, or other organs functions. This syndrome is called acute 
or chronic liver failure and implies a high rate of hospital mortality [76].

SBP is the most frequent bacterial infection in hospitalized patients with cirrhosis [77]. It occurs 

in approximately 15–30% of hospitalized patients. Approximately 70% of the episodes of SBP 
is present when patients are admitted to the hospital, and the rest, 30%, is acquired during 
hospitalization [78]. The clinical manifestations in patients with SBP are usually symptoms 
such as abdominal pain, diarrhea, fever, chills, and hepatic encephalopathy, but in approxi-
mately 25% of cases of SBP, there are no apparent symptoms. Subclinical manifestations could 
occur as, for example, deterioration in renal function without other cause or development of 

tense and refractory ascites in a patient previously responsive to diuretics.

The prognosis in patients with SBP is very poor. The mortality during hospitalization is still 
remarkably high (20–40%) and is due to other complications that could appear because of the 
advanced liver disease. The most determinant prognostic factor in patients with SBP is the 
development of HRS [79]. The development of type-1 HRS and the poor short-term prognosis 
in these patients mostly depends on the degree of liver and renal impairment at diagnosis 

of SBP. There are several related-factors to an increased risk of type 1 HRS in patients with 
SBP; serum bilirubin levels ≥4 mg/dL, serum creatinine levels ≥1 mg/dL, and BUN ≥30 mg/dL 
[80–83]. In addition, SBP may trigger severe life-threatening complications, as for example, 
renal impairment, gastrointestinal bleeding, and deterioration of hepatic insufficiency, which 
are responsible for the associated high mortality.

The importance of an early diagnosis and the use of an adequate treatment are crucial in the 
survival. As previously mentioned, its diagnosis requires a polymorphonuclear leukocyte count 

greater than 250 cells/mm3 [2]. The most common organisms isolated in SBP are Escherichia coli, 

Klebsiella pneumoniae, and Streptococcus pneumoniae [19]. The organism responsible for the infec-

tion is isolated in 60–70% of the cases. The remaining cases without the isolation of the organism 
are considered to have a culture-negative SBP and are treated in the same way as those with a 
positive culture. In the diagnostic procedure of SBP, must be a differentiation between SBP and 
secondary peritonitis. Secondary peritonitis is defined because it follows a primary abdominal 
infection such as gallbladder infection, diverticulitis, or gut perforation. Patients’ general condi-
tions rapidly deteriorates in those with secondary peritonitis, for this reason, the diagnosis must 

be quick, and can be confirmed by a laboratory workup, showing at least two of the  following 
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conditions: low glucose concentration levels in ascitic fluid (<50 mg/mL), ascites lactate dehy-

drogenase higher than serum lactate dehydrogenase, and finally, ascites concentration of pro-

teins >1.5 g/dL. Other typical characteristics in secondary peritonitis are positive cultures with 
different bacteria, very high count of neutrophils in blood and ascitic fluid. When these condi-
tions appear, a CT scan is recommended to localize the source of the infection [84, 85].

Current guidelines recommend the onset of the empirical treatment immediately after the diag-

nosis of the infection, and it should be performed with broad-spectrum antibiotics such as a 
third-generation cephalosporin [2, 3]. Until the last 10 years, the use of third-generation cepha-

losporins has been shown to be highly effective in the treatment of SBP. Gram-negative bacteria 
(particularly enterobacteriaceae) were responsible for the majority of the episodes of SBP [86]. 

However, the etiology and epidemiology in patients with cirrhosis and SBP have changed in the 
last years, and the efficacy of the third-generation cephalosporins as well as that of alternative 
therapies such as amoxicillin-clavulanic or quinolones has decreased [78]. It has been speculated 
that prophylaxis with norfloxacin and invasive procedures could have caused these changes [87].

Patients with nosocomial SBP have a high incidence of multidrug resistant (MDR) bacteria 
and have a poor response to third-generation cephalosporin in up to 25–66% of cases [78, 88]. 

Patients with an ineffective first-line treatment for SBP have been associated with very poor 
survival [86]. A group of experts suggested in 2014 a modification of the current guidelines 
in patients with nosocomial SBP by using a broader-spectrum of antibiotics, but it was not 
until last year, when a randomized controlled trial of 32 patients in Padua compared differ-

ent antibiotic treatment of nosocomial SBP. Patients were randomized to receive meropenem 
plus daptomycin vs. cetazidime. After 48 hours of treatment, a paracentesis was performed 
and if the neutrophil count of the ascitic fluid decreased less than 25% compared to pretreat-
ment value, it was considered a treatment failure. The main outcome was the resolution of 
SBP after 7 days of treatment. The arm with the combination of meropenem plus daptomycin 
was markedly more effective than the arm of only the third-generation cephalosporin (87 vs. 
25%, respectively) with a p value of <0.001. In the study, 90-day transplant-free survival was 
also evaluated without significantly different values between both arms of treatment, and the 
last important issue to be described of the study, in the multivariate analysis of 90-day trans-

plant-free survival. The independent predictive factors or survival were ineffective response 
to first-line treatment (hazard ratio: 20.6; p < 0.01), development of AKI throughout the hos-

pitalization (HR: 23.2; p < 0.01), and baseline mean arterial pressure (HR: 0.92; p < 0.01) [89].

Different broad-spectrum of antibiotics have been proposed, but carbapenems should be used 
in order to widely cover the spectrum of Gram-negative MDR bacteria. Regarding Gram-
positive bacteria, linezolid, lipo, or glycopeptides should be used, but there are some concerns 
about the high risk of nephrotoxicity and the high rate of vancomycin-resistant enterococci 
in patients with cirrhosis and nosocomial infections treated with glycopeptides. Duration of 

therapy should be a minimum of 5–7 days. In patients who develop renal impairment, it is 
recommended to use intravenous albumin (1.5 g/kg at diagnosis, followed by 1 g/kg on day 3) 
along with ceftriaxone [90]. The SBP resolution rate ranges between 70 and 90%. Despite the 
resolution of the infection, patients recovering from an episode of SBP should be considered 
as potential candidates for liver transplantation.
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In patients who have had one episode of SBP, the recurrence rate within 1 year is 70% [91]. 

Long-term norfloxacin administration (400 mg/day p.o) decreases the recurrence within the 
first year after SBP from 68% in the placebo group to 20% in the treated group. Therefore, with 
these results, all patients with a previous episode of SBP should be treated with norfloxacin 
indefinitely until liver transplantation, death, or resolution of ascites [90, 92].

Prevention of SBP should always be considered especially in high-risk patients, including those 
with acute gastrointestinal hemorrhage, low ascitic fluid protein concentration (<10–15 g/L), 
survivors of a previous episode of SBP, and advanced cirrhosis [2]. A RCT showed that the 
administration of primary prophylaxis with norfloxacin in patients with low protein ascites 
(<15 g/L), advanced liver disease (Child Pugh score ≥9, serum bilirubin ≥ 3 mg/dL), or deterio-

ration of kidney function (serum creatinine ≥1.2 mg/dL or serum sodium <130 mEq/L) signifi-

cantly reduce several complications such as 1 year probability of developing SBP (from 61 to 
7%), HRS (from 41 to 28%), and improved 3-month survival (from 62 to 94%) [83]. In addition, 

Soriano et al. demonstrated that intestinal decontamination with norfloxacin was useful to pre-

vent SBP in hospitalized patients with low ascitic fluid protein levels (23 vs. 0%) [91]. Although 

prophylaxis strategies are beneficial in several aspects, long-term administration of antibiotics 
leads to the emergence of MDR bacteria as previously explained. However, due to the problem 
of antibiotic resistance, clinical judgment must guide the use of antibiotic prophylaxis [93]. 

Rifaximin has been recently proposed as a possible alternative treatment in prophylaxis of SBP. 
A case control study published many years ago showed that rifaximin was beneficial in the 
prevention of SBP in patients with hepatic encephalopathy [94]. Since then two studies have 
compared the efficacy of rifaximin vs. conventional prophylaxis (i.e., norfloxacin) and have 
provided contradictory results. In a prospective study including patients with and without 

previous SBP, rifaximin did not lead to a reduction of SBP occurrence in hospitalized patients 
with advanced liver disease, despite a greater proportion of patients with previous SBP in the 
norfloxacin group (89 vs. 15%, p < 0.001) [95]. Conversely, in a RCT including 260 patients with 
ascites and a previous episode of SBP, rifaximin was more effective than norfloxacin in reduc-

ing the recurrence of SBP (3.9% vs. 14.1%; p = 0.04) and even improved survival (13.7% vs. 
24.4%; p = 0.044) during an 18 month of follow-up [96].

6. Hyponatremia

Furthermore, ascites is very often complicated by a disability of solute-free water excretion. 
In this setting, the antinatriuretic pathway involves the oversecretion of arginine vasopressin 
(AVP) that enhances the function of the vasopressin 2 (V2) receptors in the renal distal collect-
ing tubules, inhibiting solute-free water excretion [97]. In this scenario, the AVP production 
is increased, and there is a lack of clearance of AVP due to cirrhosis itself. In addition, V2 is 
excessively bound by AVP, triggering more free water retention in kidney tubules by the 
creation of more aquaporin-2 channels to retain more water. Therefore, these patients can-

not remove enough water and results in worsening serum dilution and hypoosmolarity [98]. 

All this mechanism gives place to dilutional hyponatremia, which is the commonest form of 

hyponatremia in patients with cirrhosis.
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In patients hospitalized with cirrhosis and ascites, the prevalence of hyponatremia, defined 
by sodium <135 mEq/L, is about 22%, which rises to 49% if the cut-off point is 130 mEq/L. The 
presence of hyponatremia implies a poor prognosis. It has been demonstrated that hyponatre-

mia is an independent predictive factor to have an increased morbidity and mortality and has 
been added to the MELD score (Sodium-MELD) for liver donor allocation in the United States 
[99]. When there is a decrease of 1 unit of sodium below 135 mEq/L, the mortality risk increases 
by over 10% in patients who are in the list for liver transplant [100]. In addition, it has been 
demonstrated that hyponatremia is a common event in patients with cirrhosis that may lead to 

hepatic encephalopathy, with implies a significant decline in quality of life and increased neu-

rological complications throughout liver transplantation. Several transplant centers require 
correction of hyponatremia prior to liver transplantation, but there is no standard algorithm.

There are several types of hyponatremia. On the one hand, hypervolemic or dilutional 
hyponatremia as explained previously, and on the other hand, hypovolemic hyponatremia, 

which is usually secondary to excessive fluid losses from the kidney (overdiuresis secondary 
to diuretic treatment) or from gastrointestinal tract due to diarrhea. If there is an evidence 
of dehydration or prerenal azotemia, the treatment in these patients consists in solving the 

cause with fluid volume expansion replacement. Otherwise, if there is a hypervolemic hypo-

natremia in the setting of volume overload, it is much more difficult to correct the hypona-

tremia and for patients to tolerate properly the correction. The therapy consists mainly in 
water restriction and the increase of free water renal excretion. Daily dietary fluid restriction 
is recommended to 1.5 L, particularly when the serum sodium is below 130 mEq/L. The main 
drawback of this strategy is the poor patient’s compliance and low response. Another point in 
the treatment is the diuretic adjustment or withdrawal if it is required.

A study of 997 patients with cirrhosis and ascites demonstrated that serum sodium is less 
than or equal to 120 mmol/L in only 1.2% of patients and less than or equal to 125 mmol/L 
in only 5.7% [101]. Attempts to rapidly correct hyponatremia in this setting with hypertonic 
saline can lead to more complications than the hyponatremia itself [2]. Fluid restriction (i.e., 
1–1.5 L of water per day) is seldom effective in improving hyponatremia, but prevents a fur-

ther decrease in sodium levels [2, 3].

There are other strategies under investigation such as increasing the effective arterial blood 
volume with intravenous albumin with or without vasoconstrictors as, for example, mido-

drine. These studies are nonrandomized, and there is a need of further studies before their 
incorporation into clinical practice [102]. Another interesting treatment option for dilutional 

hyponatremia is the use of vaptans. They induce the release of solute-free water into urine and 
improve hyponatremia in patients with cirrhosis [103, 104]. Vaptans result useful and effective 
in improving sodium levels in 45–82% of patients with dilutional hyponatremia. However, the 
effect is short and goes back to baseline hyponatremia after the withdrawal of the drug, and 
they do not improve survival. The side effects of this drug are dehydration, thirst, AKI, and 
overcorrection of sodium levels. Experts in the issue recommend the use of vaptans for a short 

period of time in patients with hyponatremia below 125 mEq/L who are hospitalized waiting 
for a liver transplant. Although they have been approved by the Food and Drug Administration 
and the European Medication Agency for the management of hypervolemic hyponatremia, 

their widespread use in cirrhosis warrants further long-term studies [2].
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7. Hepatorenal syndrome (HRS)

Finally, the last important complication related with ascites is the development of a harmful 
event such as HRS. HRS is a late manifestation of extreme circulatory dysfunction with a marked 
vasoconstriction of the kidney arteries trying to compensate splanchnic vasodilatation second-

ary to portal hypertension. HRS usually appears in patients with cirrhosis and advance stage 
of liver dysfunction, and it is always accompanied by ascites and usually hyponatremia [105].

HRS may appear with or without precipitating factors, and there are several predictive factors 
for the development of HRS. The development of bacterial infections, particularly SBP, is the 
most important risk factor for HRS (30%) [106]. Other important causes include infections, 
hypovolemia, paracentesis, and bleeding and nephrotoxic medication. HRS is a potentially 
reversible functional renal impairment in patients with cirrhosis. It may be rapidly progres-

sive (type I HRS) or may develop gradually (type II HRS), which is usually associated with 
refractory ascites [106]. HRS is diagnosed with clinical and analytical data and its definition 
has been updated recently. Since the first definition of HRS type 1 in 1994, there have been 
slight changes, the last one being in 2015 in the revised consensus recommendations of the 
International Club of Ascites (ICA) [93]. This last change has been made adopting the concept 
of AKI originally developed in general critically ill patients and has removed the high cut-off 
value of serum creatinine (2.5 mg/dL or 220 μmol/L) to start pharmacological treatment with 
vasoconstrictors. HRS type 1 is defined when AKI stage 2 or more is fulfilled with the rest of 
HRS criteria (see Table 3) [80]. In this way, vasoconstrictors and albumin can be administrated 
earlier and thus potentially achieving a better efficacy. Although this new definition could 
have benefits in the efficacy, there is still a lack of biomarkers to differentiate between HRS and 
parenchymal kidney disease such as acute tubular necrosis. The adequate differentiation could 
select patients with a real functional damage to start the correct treatment as soon as possible. 
Recently, there are several urine biomarkers under study, trying to help in this hard work.

The prognosis of HRS remains poor, with an average median survival time of nearly 3 months. 
High MELD scores and type 1 HRS are associated with very poor prognosis. Median survival 
of patients with untreated type 1 HRS is approximately 1 month [107]. Current guidelines 
from the European Association for the Study of the Liver emphasize the early detection and 
treatment of HRS and give priority to liver transplantation [2].

• Diagnosis of cirrhosis with the presence of ascites

• Acute kidney injury stage 2 or more following the International Ascites Club—Acute kidney criteria

• No response to the withdrawal of diuretics and albumin expansion for 48 h

• Absence of shock

• Absence of nephrotoxic drugs in the recent days

• Absence of structural kidney damage evaluated with hematuria >50 hematites/camp, proteinuria >500 mg/day, 
and normal kidney ultrasonography

Table 3. Hepatorenal syndrome criteria [93].
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7.1. Clinical and pharmacological treatment

7.1.1. Terlipressin and norepinephrine

Diuretics should be removed and albumin expansion (1 g/kg) for 48 hours must be adminis-

trated if there is no contraindication. If there is no response and the rest of HRS criteria are 
fulfilled, these patients should be admitted to an intensive care unit. Fluid balance, arterial 
pressure, vital signs, and central venous pressure are ideally required to prevent volume over-

load. Current standard treatment involves the use of vasoconstrictors therapy: Terlipressin 
(1 mg/4–6 hours intravenous bolus) with albumin (20–40 g/day) should be considered as the 
first-line treatment, and if not available, norepinephrine is a valid alternative. A recent study 
demonstrated that the administration of terlipressin in continuous infusion instead of boluses 
had the same rate of response and less side effects [108]. Seventy-eight patients were ran-

domly assigned to receive either continuous intravenous infusion (2 mg/day) or intravenous 
boluses (0.5 mg/4 h), and if there was no response, the dose was progressively increased to 
a final dose of 12 mg/day in both groups. The rate of side effects was lower in the infusion 
than in the boluses (35.29 vs. 62.16%, respectively, p < 0.025). The rate of HRS reversal (total 
and partial) was not significantly different in both groups (76.47 vs. 64.85%). This standard 
treatment with vasoconstrictor and albumin is effective in 40–50% approximately, although 
in the last study explained previously it was about 70%. The recurrence of HRS after stop-

ping the vasoconstrictor is about 40%. There are a few studies assessing independent pre-

dictive factors of response to terlipressin, and these studies showed a relationship between 
the improvement in systemic hemodynamics and the effectiveness of treatment. In a study 
performed in Barcelona, patients with an increase in mean arterial pressure (MAP) of at least 
5 mm Hg at day 3 after the beginning of terlipressin, had a higher rate of response. In addi-
tion to the improvement in hemodynamics, the degree of liver dysfunction, evaluated with 

bilirubin greater than 10 mg/dL, was related to a poor response to terlipressin [109]. Another 

study performed in United States showed that baseline serum creatinine before the beginning 
of terlipressin predicted the resolution of HRS, and with this information they suggested that 
an earlier start of treatment would be more effective [110].

A recent RCT compared norepinephrine with terlipressin and demonstrated that reversal of 
HRS was similar to terlipressin (43 vs. 39%, respectively). Furthermore, there was no statisti-
cal difference in survival in both arms: 39% in norepinephrine group and 48% in terlipressin 
group (p = 0.461) [111]. In addition, a recent meta-analysis of 152 patients suggested that nor-

epinephrine is also an effective option for the treatment of HRS as good as terlipressin, when 
is used in combination with albumin [112].

7.1.2. Midodrine and octreotide

Other therapeutic option is the combination of midodrine and octreotide plus albumin. This 
therapeutic option has been used widely in countries where terlipressin is not available. A 
RCT has demonstrated a worse response rate in patients treated with midodrine and octreo-

tide compared to the arm treated with terlipressin (5 vs. 56%, respectively. p < 0.001). Ninety-
day survival was also lower in the midodrine and octreotide group (29 vs. 56%, p < 0.06) [113].
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To summarize all these data, although norepinephrine requires an intensive care unit for its 
use, it is an effective alternative to terlipressin for the treatment of HRS. On the other side, the 
combination of midodrine and octreotide is not an effective treatment.

7.1.3. Transjugular intrahepatic portosystemic shunt (TIPS)

Transjugular intrahepatic portosystemic shunt (TIPS) may be considered as a second-line 
therapy, although there is weak evidence to support its use in this complication [2]. TIPS is 
usually contraindicated in patients with HRS because the syndrome appears in the setting of 
advanced liver dysfunction. Few small trials have shown renal function improvement and a 
decrease in renin, aldosterone, and norepinephrine levels after the TIPS insertion [114, 115]. 

However, data is not strong enough to recommend its use in clinical practice.

7.1.4. Renal replacement therapy

Renal replacement therapy is recommended in guidelines when everything fails, but implies 
an even worse prognosis [2, 3, 107]. In clinical practice, it is used in patients awaiting liver 

transplantation, whose renal function did not respond to vasoconstrictor treatment.

7.1.5. Molecular adsorbent recirculating system (MARS)

Liver support with molecular adsorbent recirculating system (MARS) has been used in stud-

ies with small sample size in patients who did not respond to standard treatment and it was 

not effective in changing systemic hemodynamics and kidney function [116]. Only one trial 
showed a decrease in serum creatinine and bilirubin levels in the arm treated with MARS in 
comparison to hemodialysis arm [117].

All these invasive treatments are controversially recommended to use in patients without 

the possibility of liver transplantation and should only be assessed in patients awaiting liver 
transplant.

7.2. Prevention of HRS

As previously, HRS can be avoided in several situations. The first situation that HRS could be 
avoided is in large volume paracentesis (LVP). We must give 6-8g of albumin/liter of ascites 
removed. This action will prevent worsening of circulatory dysfunction, and second, renal 
impairment, in addition, it also improves survival [2].

The second situation to prevent HRS is in the scenario of SBP. It could be prevented with primary 
prophylaxis with norfloxacin. Fernandez et al. showed that norfloxacin administration reduced 
the development of HRS (28 vs. 41%, p < 0.001) and 3-month mortality (94 vs. 62%, p = 0.003). In 
addition, norfloxacin administration reduced the 1-year probability of developing a SBP (7 vs. 
61%, p < 0.001) compared to placebo [83]. Therefore, primary prophylaxis with norfloxacin has 
an outstanding impact in the clinical course of patients with cirrhosis, reduces the incidence of 

SBP, delays de development of HRS, and improves survival. This effect is probably secondary to 
the reduction of bacterial products in the gut, and hence reducing bacterial translocation.
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As explained previously, SBP can trigger a kidney failure, which implies a fatal prognosis. 
In this situation, the utilization of intravenous albumin infusion may improve the effect on 
circulatory dysfunction in this setting. The study in the Hospital Clinic of Barcelona showed a 
better 3-month-survival (41 vs. 22%, p = 0.03) and lower incidence of kidney failure in patients 
treated with albumin. (10 vs. 33%, p = 0.002). There are ongoing studies, and others done pre-

viously recommending the use of albumin expansion in patients with other infections differ-

ent from SBP, but there is no enough evidence to recommend it in the current guidelines [118].

Author details

Patricia Huelin, Jose Ignacio Fortea, Javier Crespo and Emilio Fábrega*

*Address all correspondence to: digfge@humv.es

Gastroenterology and Hepatology Department, Marqués de Valdecilla University Hospital, 
Infection, Immunity and Digestive Pathology Group, Research Institute Marqués de Valdecilla 
(IDIVAL), Grupo Clínico Vinculado al Centro de Investigación Biomédica en Enfermedades 
Hepáticas y Digestivas (CIBEREHD), Santander, Spain

References

[1] Gines P, Quintero E, Arroyo V, Teres J, Bruguera M, Rimola A, et al. Compensated cir-

rhosis: Natural history and prognostic factors. Hepatology. 1987;7(1):122-128. DOI: 
10.1002/hep.1840070124

[2] European Association for the Study of the Liver. EASL clinical practice guidelines on the 
management of ascites, spontaneous bacterial peritonitis, and hepatorenal syndrome 
in cirrhosis. Journal of Hepatology. 2010;53(3):397-417. DOI: 10.1016/j.jhep.2010.05.004

[3] Runyon BA. Introduction to the revised American Association for the Study of Liver 
Diseases Practice Guideline management of adult patients with ascites due to cirrhosis 
2012. Hepatology. 2013;57(4):1651-1653. DOI: 10.1002/hep.26359

[4] Ripoll C, Groszmann R, Garcia-Tsao G, Grace N, Burroughs A, Planas R, et al. Hepatic 
venous pressure gradient predicts clinical decompensation in patients with compen-

sated cirrhosis. Gastroenterology. 2007;133(2):481-488. DOI: 10.1053/j.gastro.2007.05.024

[5] Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodes J. Peripheral arterial 
vasodilation hypothesis: A proposal for the initiation of renal sodium and water reten-

tion in cirrhosis. Hepatology. 1988;8(5):1151-1157. DOI: 10.1002/hep.1840080532

[6] Fabrega E, Berja A, Garcia-Unzueta MT, Guerra-Ruiz A, Cobo M, Lopez M, et al. Influence 
of aquaporin-1 gene polymorphism on water retention in liver cirrhosis. Scandinavian 
Journal of Gastroenterology. 2011;46(10):1267-1274. DOI: 10.3109/00365521.2011.603161

Ascites: Treatment, Complications, and Prognosis
http://dx.doi.org/10.5772/intechopen.70384

99



[7] Tandon P, Garcia-Tsao G. Bacterial infections, sepsis, and multiorgan failure in cirrhosis. 
Seminars in Liver Disease. 2008;28(1):26-42. DOI: 10.1055/s-2008-1040319

[8] Arroyo V, Gines P, Planas R, Panes J, Rodes J. Management of patients with cirrhosis 
and ascites. Seminars in Liver Disease. 1986;6(4):353-369. DOI: 10.1055/s-2008-1040617

[9] Cardenas A, Arroyo V. Management of ascites and hepatic hydrothorax. Best Practice 
& Research Clinical Gastroenterology. 2007;21(1):55-75. DOI: 10.1016/j.bpg.2006.07.012

[10] Cattau EL Jr, Benjamin SB, Knuff TE, Castell DO. The accuracy of the physical examina-

tion in the diagnosis of suspected ascites. JAMA. 1982;247(8):1164-1166. DOI: 10.1001/
jama.1982.03320330060027

[11] Pose E, Cardenas A. Translating our current understanding of ascites management 
into new therapies for patients with cirrhosis and fluid retention. Digestive Diseases. 
2017;35(4):402-410. DOI: 10.1159/000456595

[12] Northup PG, Caldwell SH. Coagulation in liver disease: A guide for the clinician. Clinical 
Gastroenterology and Hepatology. 2013;11(9):1064-1074. DOI: 10.1016/j.cgh.2013.02.026

[13] Grabau CM, Crago SF, Hoff LK, Simon JA, Melton CA, Ott BJ, et al. Performance stan-

dards for therapeutic abdominal paracentesis. Hepatology. 2004;40(2):484-488. DOI: 
10.1002/hep.20317

[14] Runyon BA, Montano AA, Akriviadis EA, Antillon MR, Irving MA, McHutchison JG. 
The serum-ascites albumin gradient is superior to the exudate-transudate concept in the 
differential diagnosis of ascites. Annals of Internal Medicine. 1992;117(3):215-220. DOI: 
10.7326/0003-4819-117-3-215

[15] Runyon BA, Hoefs JC, Morgan TR. Ascitic fluid analysis in malignancy-related ascites. 
Hepatology. 1988;8(5):1104-1109. DOI: 10.1002/hep.1840080521

[16] Wu SS, Lin OS, Chen YY, Hwang KL, Soon MS, Keeffe EB. Ascitic fluid carcinoembry-

onic antigen and alkaline phosphatase levels for the differentiation of primary from 
secondary bacterial peritonitis with intestinal perforation. Journal of Hepatology. 
2001;34(2):215-221. DOI: 10.1016/S0168-8278(00)00039-8

[17] Moore KP, Wong F, Gines P, Bernardi M, Ochs A, Salerno F, et al. The management of 
ascites in cirrhosis: Report on the consensus conference of the International Ascites Club. 
Hepatology. 2003;38(1):258-266. DOI: 10.1053/jhep.2003.50315

[18] Bernardi M, Laffi G, Salvagnini M, Azzena G, Bonato S, Marra F, et al. Efficacy and 
safety of the stepped care medical treatment of ascites in liver cirrhosis: A random-

ized controlled clinical trial comparing two diets with different sodium content. Liver. 
1993;13(3):156-162. DOI: 10.1111/j.1600-0676.1993.tb00624.x

[19] Salerno F, Guevara M, Bernardi M, Moreau R, Wong F, Angeli P, et al. Refractory ascites: 
Pathogenesis, definition and therapy of a severe complication in patients with cirrhosis. 
Liver International. 2010;30(7):937-947. DOI: 10.1111/j.1478-3231.2010.02272.x

[20] El-Bokl MA, Senousy BE, El-Karmouty KZ, Mohammed Iel K, Mohammed SM, Shabana 
SS, et al. Spot urinary sodium for assessing dietary sodium restriction in cirrhotic ascites. 
World Journal of Gastroenterology. 2009;15(29):3631-3635. DOI: 10.3748/wjg.15.3631

Ascites - Physiopathology, Treatment, Complications and Prognosis100



[21] Elia C, Graupera I, Barreto R, Sola E, Moreira R, Huelin P, et al. Severe acute kidney 
injury associated with non-steroidal anti-inflammatory drugs in cirrhosis: A case-control 
study. Journal of Hepatology. 2015;63(3):593-600. DOI: 10.1016/j.jhep.2015.04.004

[22] Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding in cir-

rhosis: Risk stratification, diagnosis, and management: 2016 practice guidance by the 
American Association for the study of liver diseases. Hepatology. 2017;65(1):310-335. 
DOI: 10.1002/hep.28906

[23] Romanelli RG, La Villa G, Barletta G, Vizzutti F, Lanini F, Arena U, et al. Long-term albu-

min infusion improves survival in patients with cirrhosis and ascites: An unblinded ran-

domized trial. World Journal of Gastroenterology. 2006;12(9):1403-1407. DOI: 10.3748/
wjg.v12.i9.1403.

[24] EASL Clinical Practice Guidelines: Liver transplantation. Journal of Hepatology. 
2016;64(2):433-485. DOI: 10.1016/j.jhep.2015.10.006

[25] Lenz K, Buder R, Kapun L, Voglmayr M. Treatment and management of ascites and hep-

atorenal syndrome: An update. Therapeutic Advances in Gastroenterology. 2015;8(2):83-
100. DOI: 10.1177/1756283x14564673

[26] Kao HW, Rakov NE, Savage E, Reynolds TB. The effect of large volume paracentesis on 
plasma volume – a cause of hypovolemia? Hepatology. 1985;5(3):403-407. DOI: 10.1002/
hep.1840050310

[27] Annamalai A, Wisdom L, Herada M, Nourredin M, Ayoub W, Sundaram V, et al. 
Management of refractory ascites in cirrhosis: Are we out of date? World Journal of 
Hepatology. 2016;8(28):1182-1193. DOI: 10.4254/wjh.v8.i28.1182

[28] Bernardi M, Caraceni P, Navickis RJ, Wilkes MM. Albumin infusion in patients under-

going large-volume paracentesis: A meta-analysis of randomized trials. Hepatology. 
2012;55(4):1172-1181. DOI: 10.1002/hep.24786

[29] Alessandria C, Elia C, Mezzabotta L, Risso A, Andrealli A, Spandre M, et al. Prevention 
of paracentesis-induced circulatory dysfunction in cirrhosis: Standard vs. half albumin 
doses. A prospective, randomized, unblinded pilot study. Digestive and Liver Disease. 
2011;43(11):881-886. DOI: 10.1016/j.dld.2011.06.001

[30] Boyer TD, Haskal ZJ. The role of Transjugular Intrahepatic Portosystemic Shunt (TIPS) 
in the Management of Portal Hypertension: Update 2009. Hepatology. 2010;51(1):306. 
DOI: 10.1002/hep.23383

[31] Gines P, Uriz J, Calahorra B, Garcia-Tsao G, Kamath PS, Del Arbol LR, et al. Transjugular 
intrahepatic portosystemic shunting versus paracentesis plus albumin for refractory asci-
tes in cirrhosis. Gastroenterology. 2002;123(6):1839-1847. DOI: 10.1053/gast.2002.37073

[32] Narahara Y, Kanazawa H, Fukuda T, Matsushita Y, Harimoto H, Kidokoro H, et al. 
Transjugular intrahepatic portosystemic shunt versus paracentesis plus albumin in patients 
with refractory ascites who have good hepatic and renal function: A prospective random-

ized trial. Journal of Gastroenterology. 2011;46(1):78-85. DOI: 10.1007/s00535-010-0282-9

Ascites: Treatment, Complications, and Prognosis
http://dx.doi.org/10.5772/intechopen.70384

101



[33] Salerno F, Merli M, Riggio O, Cazzaniga M, Valeriano V, Pozzi M, et al. Randomized 
controlled study of TIPS versus paracentesis plus albumin in cirrhosis with severe asci-
tes. Hepatology. 2004;40(3):629-635. DOI: 10.1002/hep.20364

[34] Bureau C, Thabut D, Oberti F, Dharancy S, Carbonell N, Bouvier A, et al. Transjugular 
intrahepatic portosystemic shunts with covered stents increase transplant-free survival 

of patients with cirrhosis and recurrent ascites. Gastroenterology. 2017;152(1):157-163. 
DOI: 10.1053/j.gastro.2016.09.016

[35] Lebrec D, Giuily N, Hadengue A, Vilgrain V, Moreau R, Poynard T, et al. Transjugular 
intrahepatic portosystemic shunts: Comparison with paracentesis in patients with 
cirrhosis and refractory ascites: A randomized trial. French Group of Clinicians 
and a Group of Biologists. Journal of Hepatology. 1996;25(2):135-144. DOI: 10.1016/
S0168-8278(96)80065-1

[36] Rossle M, Ochs A, Gulberg V, Siegerstetter V, Holl J, Deibert P, et al. A comparison 
of paracentesis and transjugular intrahepatic portosystemic shunting in patients with 

ascites. The New England Journal of Medicine. 2000;342(23):1701-1707. DOI: 10.1056/
nejm200006083422303

[37] Sanyal AJ, Genning C, Reddy KR, Wong F, Kowdley KV, Benner K, et al. The North 
American study for the treatment of refractory ascites. Gastroenterology. 2003;124(3):634-
641. DOI: 10.1053/gast.2003.50088

[38] Albillos A, Banares R, Gonzalez M, Catalina MV, Molinero LM. A meta-analysis of tran-

sjugular intrahepatic portosystemic shunt versus paracentesis for refractory ascites. 

Journal of Hepatology. 2005;43(6):990-996. DOI: 10.1016/j.jhep.2005.06.005

[39] D'Amico G, Luca A, Morabito A, Miraglia R, D'Amico M. Uncovered transjugular intra-

hepatic portosystemic shunt for refractory ascites: A meta-analysis. Gastroenterology. 
2005;129(4):1282-1293. DOI: 10.1053/j.gastro.2005.07.031

[40] Deltenre P, Mathurin P, Dharancy S, Moreau R, Bulois P, Henrion J, et al. Transjugular 
intrahepatic portosystemic shunt in refractory ascites: A meta-analysis. Liver 
International. 2005;25(2):349-356. DOI: 10.1111/j.1478-3231.2005.01095.x

[41] Saab S, Nieto JM, Lewis SK, Runyon BA. TIPS versus paracentesis for cirrhotic patients 
with refractory ascites. The Cochrane Database of Systematic Reviews. 2006(4):Cd004889. 
DOI: 10.1002/14651858.CD004889.pub2

[42] Salerno F, Camma C, Enea M, Rossle M, Wong F. Transjugular intrahepatic por-

tosystemic shunt for refractory ascites: A meta-analysis of individual patient data. 
Gastroenterology. 2007;133(3):825-834. DOI: 10.1053/j.gastro.2007.06.020

[43] Bai M, Qi XS, Yang ZP, Yang M, Fan DM, Han GH. TIPS improves liver transplanta-

tion-free survival in cirrhotic patients with refractory ascites: An updated meta-anal-
ysis. World Journal of Gastroenterology. 2014;20(10):2704-2714. DOI: 10.3748/wjg.v20.
i10.2704

[44] Rossle M. TIPS: 25 years later. Journal of Hepatology. 2013;59(5):1081-1093. DOI: 
10.1016/j.jhep.2013.06.014

Ascites - Physiopathology, Treatment, Complications and Prognosis102



[45] Fagiuoli S, Bruno R, Debernardi Venon W, Schepis F, Vizzutti F, Toniutto P, et al. 
Consensus conference on TIPS management: Techniques, indications, contraindications. 
Digestive and Liver Disease. 2017;49(2):121-137. DOI: 10.1016/j.dld.2016.10.011

[46] Smith M, Durham J. Evolving Indications for Tips. Techniques in Vascular and 
Interventional Radiology. 2016;19(1):36-41. DOI: 10.1053/j.tvir.2016.01.004

[47] Stirnimann G, Banz V, Storni F, De Gottardi A. Automated low-flow ascites pump for 
the treatment of cirrhotic patients with refractory ascites. Therapeutic Advances in 
Gastroenterology. 2017;10(2):283-292. DOI: 10.1177/1756283x16684688

[48] Bureau C, Adebayo D, de Rieu MC, Elkrief L, Valla D, Peck-Radosavljevic M, et al. 
Alfapump system vs. large volume paracentesis for refractory ascites: A multicenter 
randomized controlled study. Journal of Hepatology. 2017. In press

[49] Bellot P, Welker MW, Soriano G, von Schaewen M, Appenrodt B, Wiest R, et al. 
Automated low flow pump system for the treatment of refractory ascites: A multi-cen-

ter safety and efficacy study. Journal of Hepatology. 2013;58(5):922-927. DOI: 10.1016/j.
jhep.2012.12.020

[50] Sola E, Sanchez-Cabus S, Rodriguez E, Elia C, Cela R, Moreira R, et al. Effects of alfapump 
system on kidney and circulatory function in patients with cirrhosis and refractory asci-

tes. Liver Transplantation. 2017;23(5):583-593. DOI: 10.1002/lt.24763

[51] Wong F, Gines P, Watson H, Horsmans Y, Angeli P, Gow P, et al. Effects of a selective 
vasopressin V2 receptor antagonist, satavaptan, on ascites recurrence after paracente-

sis in patients with cirrhosis. Journal of Hepatology. 2010;53(2):283-290. DOI: 10.1016/j.
jhep.2010.02.036

[52] Wong F, Watson H, Gerbes A, Vilstrup H, Badalamenti S, Bernardi M, et al. Satavaptan 
for the management of ascites in cirrhosis: Efficacy and safety across the spectrum of 
ascites severity. Gut. 2012;61(1):108-116. DOI: 10.1136/gutjnl-2011-300157

[53] Sakaida I, Yamashita S, Kobayashi T, Komatsu M, Sakai T, Komorizono Y, et al. Efficacy 
and safety of a 14-day administration of tolvaptan in the treatment of patients with asci-
tes in hepatic oedema. Journal of International Medical Research. 2013;41(3):835-847. 
DOI: 10.1177/0300060513480089

[54] Zhang X, Wang SZ, Zheng JF, Zhao WM, Li P, Fan CL, et al. Clinical efficacy of tolvap-

tan for treatment of refractory ascites in liver cirrhosis patients. World Journal of 
Gastroenterology. 2014;20(32):11400-11405. DOI: 10.3748/wjg.v20.i32.11400

[55] Akiyama S, Ikeda K, Sezaki H, Fukushima T, Sorin Y, Kawamura Y, et al. Therapeutic 
effects of short- and intermediate-term tolvaptan administration for refractory ascites 
in patients with advanced liver cirrhosis. Hepatology Research. 2015;45(11):1062-1070. 
DOI: 10.1111/hepr.12455

[56] Ohki T, Sato K, Yamada T, Yamagami M, Ito D, Kawanishi K, et al. Efficacy of tolvaptan 
in patients with refractory ascites in a clinical setting. World Journal of Hepatology. 
2015;7(12):1685-1693. DOI: 10.4254/wjh.v7.i12.1685

Ascites: Treatment, Complications, and Prognosis
http://dx.doi.org/10.5772/intechopen.70384

103



[57] Chishina H, Hagiwara S, Nishida N, Ueshima K, Sakurai T, Ida H, et al. Clinical factors 
predicting the effect of tolvaptan for refractory ascites in patients with decompensated 
liver cirrhosis. Digestive Diseases. 2016;34(6):659-664. DOI: 10.1159/000448828

[58] Sakaida I, Kawazoe S, Kajimura K, Saito T, Okuse C, Takaguchi K, et al. Tolvaptan for 
improvement of hepatic edema: A phase 3, multicenter, randomized, double-blind, pla-

cebo-controlled trial. Hepatology Research. 2014;44(1):73-82. DOI: 10.1111/hepr.12098

[59] Okita K, Kawazoe S, Hasebe C, Kajimura K, Kaneko A, Okada M, et al. Dose-finding 
trial of tolvaptan in liver cirrhosis patients with hepatic edema: A randomized, double-
blind, placebo-controlled trial. Hepatology Research. 2014;44(1):83-91. DOI: 10.1111/
hepr.12099

[60] Cardenas A, Gines P, Marotta P, Czerwiec F, Oyuang J, Guevara M, et al. Tolvaptan, an 
oral vasopressin antagonist, in the treatment of hyponatremia in cirrhosis. Journal of 
Hepatology. 2012;56(3):571-578. DOI: 10.1016/j.jhep.2011.08.020

[61] Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Grantham JJ, Higashihara E, et 
al. Tolvaptan in patients with autosomal dominant polycystic kidney disease. The New 
England Journal of Medicine. 2012;367(25):2407-2418. DOI: 10.1056/NEJMoa1205511

[62] Angeli P, Volpin R, Piovan D, Bortoluzzi A, Craighero R, Bottaro S, et al. Acute effects 
of the oral administration of midodrine, an alpha-adrenergic agonist, on renal hemody-

namics and renal function in cirrhotic patients with ascites. Hepatology. 1998;28(4):937-
943. DOI: 10.1002/hep.510280407

[63] Kalambokis G, Fotopoulos A, Economou M, Pappas K, Tsianos EV. Effects of a 7-day 
treatment with midodrine in non-azotemic cirrhotic patients with and without ascites. 

Journal of Hepatology. 2007;46(2):213-221. DOI: 10.1016/j.jhep.2006.09.012

[64] Kalambokis G, Economou M, Fotopoulos A, Al Bokharhii J, Pappas C, Katsaraki A, et al. 
The effects of chronic treatment with octreotide versus octreotide plus midodrine on sys-

temic hemodynamics and renal hemodynamics and function in nonazotemic cirrhotic 

patients with ascites. The American Journal of Gastroenterology. 2005;100(4):879-885. 
DOI: 10.1111/j.1572-0241.2005.40899.x

[65] Singh V, Dhungana SP, Singh B, Vijayverghia R, Nain CK, Sharma N, et al. Midodrine 
in patients with cirrhosis and refractory or recurrent ascites: A randomized pilot study. 
Journal of Hepatology. 2012;56(2):348-354. DOI: 10.1016/j.jhep.2011.04.027

[66] Rai N, Singh B, Singh A, Vijayvergiya R, Sharma N, Bhalla A, et al. Midodrine and 
tolvaptan in patients with cirrhosis and refractory or recurrent ascites: A randomised 
pilot study. Liver International. 2017;37(3):406-414. DOI: 10.1111/liv.13250

[67] Lenaerts A, Van Cauter J, Moukaiber H, Meunier JC, Ligny G. Treatment of refractory 
ascites with clonidine and spironolactone. Gastroentérologie Clinique et Biologique. 
1997;21(6-7):524-525. DOI: 10.1016/S1879-8551(16)49558-8

[68] Lenaerts A, Codden T, Van Cauter J, Meunier JC, Henry JP, Ligny G. Interest of the 
association clonidine-spironolactone in cirrhotic patients with ascites and activation of 

sympathetic nervous system. Acta Gastro-Enterologica Belgica. 2002;65(1):1-5

Ascites - Physiopathology, Treatment, Complications and Prognosis104



[69] Lenaerts A, Codden T, Meunier JC, Henry JP, Ligny G. Effects of clonidine on diuretic 
response in ascitic patients with cirrhosis and activation of sympathetic nervous system. 

Hepatology. 2006;44(4):844-849. DOI: 10.1002/hep.21355

[70] Yang YY, Lin HC, Lee WP, Chu CJ, Lin MW, Lee FY, et al. Association of the G-protein 
and alpha2-adrenergic receptor gene and plasma norepinephrine level with clonidine 

improvement of the effects of diuretics in patients with cirrhosis with refractory ascites: 
A randomised clinical trial. Gut. 2010;59(11):1545-1553. DOI: 10.1136/gut.2010.210732

[71] Singh V, Singh A, Singh B, Vijayvergiya R, Sharma N, Ghai A, et al. Midodrine and cloni-
dine in patients with cirrhosis and refractory or recurrent ascites: A randomized pilot study. 
The American Journal of Gastroenterology. 2013;108(4):560-567. DOI: 10.1038/ajg.2013.9

[72] Krag A, Moller S, Henriksen JH, Holstein-Rathlou NH, Larsen FS, Bendtsen F. 
Terlipressin improves renal function in patients with cirrhosis and ascites without hepa-

torenal syndrome. Hepatology. 2007;46(6):1863-1871. DOI: 10.1002/hep.21901

[73] Fimiani B, Guardia DD, Puoti C, D'Adamo G, Cioffi O, Pagano A, et al. The use of terli-
pressin in cirrhotic patients with refractory ascites and normal renal function: A multi-
centric study. European Journal of Internal Medicine. 2011;22(6):587-590. DOI: 10.1016/j.
ejim.2011.06.013

[74] Conn HO. Spontaneous peritonitis and bacteremia in laennec’s cirrhosis caused by 
enteric organisms. A relatively common but rarely recognized syndrome. Annals of 
Internal Medicine. 1964;60:568-580. DOI: 10.7326/0003-4819-60-4-568

[75] Berg RD. Bacterial translocation from the gastrointestinal tract. Advances in Experimental 
Medicine and Biology. 1999;473:11-30. DOI: 10.1016/S0966-842X(00)88906-4

[76] Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-chronic liver 
failure is a distinct syndrome that develops in patients with acute decompensation of cir-

rhosis. Gastroenterology. 2013;144(7):1426-1437. e1-9. DOI: 10.1053/j.gastro.2013.02.042

[77] Follo A, Llovet JM, Navasa M, Planas R, Forns X, Francitorra A, et al. Renal impairment 
after spontaneous bacterial peritonitis in cirrhosis: Incidence, clinical course, predictive 
factors and prognosis. Hepatology. 1994;20(6):1495-1501. DOI: 10.1002/hep.1840200619

[78] Fernandez J, Acevedo J, Castro M, Garcia O, de Lope CR, Roca D, et al. Prevalence and 
risk factors of infections by multiresistant bacteria in cirrhosis: A prospective study. 
Hepatology. 2012;55(5):1551-1561. DOI: 10.1002/hep.25532

[79] Moore KP, Aithal GP. Guidelines on the management of ascites in cirrhosis. Gut. 
2006;55(Suppl 6):vi1-vi12. DOI: 10.1136/gut.2006.099580

[80] Sort P, Navasa M, Arroyo V, Aldeguer X, Planas R, Ruiz-del-Arbol L, et al. Effect of intra-

venous albumin on renal impairment and mortality in patients with cirrhosis and spon-

taneous bacterial peritonitis. The New England Journal of Medicine. 1999;341(6):403-409. 
DOI: 10.1056/nejm199908053410603

[81] Arroyo V, Fernandez J. Management of hepatorenal syndrome in patients with cirrhosis. 
Nature Reviews Nephrology. 2011;7(9):517-526. DOI: 10.1038/nrneph.2011.96

Ascites: Treatment, Complications, and Prognosis
http://dx.doi.org/10.5772/intechopen.70384

105



[82] Guarner C, Sola R, Soriano G, Andreu M, Novella MT, Vila MC, et al. Risk of a first com-

munity-acquired spontaneous bacterial peritonitis in cirrhotic with low ascitic fluid pro-

tein levels. Gastroenterology. 1999;117(2):414-419. DOI: 10.1053/gast.1999.0029900414

[83] Fernandez J, Navasa M, Planas R, Montoliu S, Monfort D, Soriano G, et al. Primary 
prophylaxis of spontaneous bacterial peritonitis delays hepatorenal syndrome and 
improves survival in cirrhosis. Gastroenterology. 2007;133(3):818-824. DOI: 10.1053/j.
gastro.2007.06.065

[84] Akriviadis EA, Runyon BA. Utility of an algorithm in differentiating spontaneous from 
secondary bacterial peritonitis. Gastroenterology. 1990;98(1):127-133.

[85] Soriano G, Castellote J, Alvarez C, Girbau A, Gordillo J, Baliellas C, et al. Secondary 
bacterial peritonitis in cirrhosis: A retrospective study of clinical and analytical char-

acteristics, diagnosis and management. Journal of Hepatology. 2010;52(1):39-44. DOI: 
10.1016/j.jhep.2009.10.012

[86] Ariza X, Castellote J, Lora-Tamayo J, Girbau A, Salord S, Rota R, et al. Risk factors for 
resistance to ceftriaxone and its impact on mortality in community, healthcare and nos-

ocomial spontaneous bacterial peritonitis. Journal of Hepatology. 2012;56(4):825-832. 
DOI: 10.1016/j.jhep.2011.11.010

[87] Fernandez J, Navasa M, Gomez J, Colmenero J, Vila J, Arroyo V, et al. Bacterial infections 
in cirrhosis: Epidemiological changes with invasive procedures and norfloxacin prophy-

laxis. Hepatology. 2002;35(1):140-148. DOI: 10.1053/jhep.2002.30082

[88] Piano S, Romano A, Rosi S, Gatta A, Angeli P. Spontaneous bacterial peritonitis due 
to carbapenemase-producing Klebsiella pneumoniae: The last therapeutic challenge. 
European Journal of Gastroenterology & Hepatology. 2012;24(10):1234-1237. DOI: 
10.1097/MEG.0b013e328355d8a2

[89] Piano S, Fasolato S, Salinas F, Romano A, Tonon M, Morando F, et al. The empirical anti-
biotic treatment of nosocomial spontaneous bacterial peritonitis: Results of a random-

ized, controlled clinical trial. Hepatology. 2016;63(4):1299-1309. DOI: 10.1002/hep.27941

[90] Gines P, Rimola A, Planas R, Vargas V, Marco F, Almela M, et al. Norfloxacin prevents 
spontaneous bacterial peritonitis recurrence in cirrhosis: Results of a double-blind, pla-

cebo-controlled trial. Hepatology. 1990;12(4 Pt 1):716-724. DOI: 10.1002/hep.1840120416

[91] Soriano G, Guarner C, Teixido M, Such J, Barrios J, Enriquez J, et al. Selective intes-

tinal decontamination prevents spontaneous bacterial peritonitis. Gastroenterology. 
1991;100(2):477-481. DOI: 10.5555/uri:pii:001650859190219B

[92] Jalan R, Fernandez J, Wiest R, Schnabl B, Moreau R, Angeli P, et al. Bacterial infections 
in cirrhosis: A position statement based on the EASL Special Conference 2013. Journal of 
Hepatology. 2014;60(6):1310-1324. DOI: 10.1016/j.jhep.2014.01.024

[93] Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis and manage-

ment of acute kidney injury in patients with cirrhosis: Revised consensus recommendations 
of the International Club of Ascites. Gut. 2015;64(4):531-537. DOI: 10.1136/gutjnl-2014-308874

Ascites - Physiopathology, Treatment, Complications and Prognosis106



[94] Bass NM, Mullen KD, Sanyal A, Poordad F, Neff G, Leevy CB, et al. Rifaximin treatment 
in hepatic encephalopathy. The New England Journal of Medicine. 2010;362(12):1071-
1081. DOI: 10.1056/NEJMoa0907893

[95] Lutz P, Parcina M, Bekeredjian-Ding I, Nischalke HD, Nattermann J, Sauerbruch T, et 
al. Impact of rifaximin on the frequency and characteristics of spontaneous bacterial 
peritonitis in patients with liver cirrhosis and ascites. PLoS One. 2014;9(4):e93909. DOI: 
10.1371/journal.pone.0093909

[96] Elfert A, Abo Ali L, Soliman S, Ibrahim S, Abd-Elsalam S. Randomized-controlled trial 
of rifaximin versus norfloxacin for secondary prophylaxis of spontaneous bacterial 
peritonitis. European Journal of Gastroenterology & Hepatology. 2016;28(12):1450-
1454. DOI: 10.1097/meg.0000000000000724

[97] Gines P, Guevara M. Hyponatremia in cirrhosis: Pathogenesis, clinical significance, and 
management. Hepatology. 2008;48(3):1002-1010. DOI: 10.1002/hep.22418

[98] Lizaola B, Bonder A, Tapper EB, Mendez-Bocanegra A, Cardenas A. The changing role 
of sodium management in cirrhosis. Current Treatment Options in Gastroenterology. 
2016;14(2):274-284. DOI: 10.1007/s11938-016-0094-y

[99] Biggins SW, Rodriguez HJ, Bacchetti P, Bass NM, Roberts JP, Terrault NA. Serum 
sodium predicts mortality in patients listed for liver transplantation. Hepatology. 
2005;41(1):32-39. DOI: 10.1002/hep.20517

[100] Londono MC, Guevara M, Rimola A, Navasa M, Taura P, Mas A, et al. Hyponatremia 
impairs early posttransplantation outcome in patients with cirrhosis  undergoing liver 
transplantation. Gastroenterology. 2006;130(4):1135-1143. DOI: 10.1053/j.gastro.2006. 
02.017

[101] Angeli P, Wong F, Watson H, Gines P. Hyponatremia in cirrhosis: Results of a patient 
population survey. Hepatology. 2006;44(6):1535-1542. DOI: 10.1002/hep.21412

[102] McCormick PA, Mistry P, Kaye G, Burroughs AK, McIntyre N. Intravenous albumin 
infusion is an effective therapy for hyponatremia in cirrhotic patients with ascites. Gut. 
1990;31(2):204-207. DOI: 10.1136/gut.31.2.204

[103] Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis JG, Czerwiec FS, et al. Tolvaptan, a 
selective oral vasopressin V2-receptor antagonist, for hyponatremia. The New England 
Journal of Medicine. 2006;355(20):2099-2112. DOI: 10.1056/NEJMoa065181

[104] Wong F, Blei AT, Blendis LM, Thuluvath PJ. A vasopressin receptor antagonist (VPA-
985) improves serum sodium concentration in patients with hyponatremia: A multi-
center, randomized, placebo-controlled trial. Hepatology. 2003;37(1):182-191. DOI: 
10.1053/jhep.2003.50021

[105] Gines P, Schrier RW. Renal failure in cirrhosis. The New England Journal of Medicine. 
2009;361(13):1279-1290. DOI: 10.1056/NEJMra0809139

[106] Cardenas A, Gines P, Uriz J, Bessa X, Salmeron JM, Mas A, et al. Renal failure after upper 
gastrointestinal bleeding in cirrhosis: Incidence, clinical course, predictive  factors, and 
short-term prognosis. Hepatology. 2001;34(4 Pt 1):671-676. DOI: 10.1053/jhep.2001.27830

Ascites: Treatment, Complications, and Prognosis
http://dx.doi.org/10.5772/intechopen.70384

107



[107] Cavallin M, Piano S, Romano A, Fasolato S, Frigo AC, Benetti G, et al. Terlipressin given 
by continuous intravenous infusion versus intravenous boluses in the treatment of hep-

atorenal syndrome: A randomized controlled study. Hepatology. 2016;63(3):983-992. 
DOI: 10.1002/hep.28396

[108] Martin-Llahi M, Pepin MN, Guevara M, Diaz F, Torre A, Monescillo A, et al. 
Terlipressin and albumin vs. albumin in patients with cirrhosis and hepatorenal syn-

drome: A randomized study. Gastroenterology. 2008;134(5):1352-1359. DOI: 10.1053/j.
gastro.2008.02.024

[109] Nazar A, Pereira GH, Guevara M, Martin-Llahi M, Pepin MN, Marinelli M, et al. Predictors 
of response to therapy with terlipressin and albumin in patients with cirrhosis and type 1 
hepatorenal syndrome. Hepatology. 2010;51(1):219-226. DOI: 10.1002/hep.23283

[110] Boyer TD, Sanyal AJ, Garcia-Tsao G, Blei A, Carl D, Bexon AS, et al. Predictors of response 
to terlipressin plus albumin in hepatorenal syndrome (HRS) type 1: Relationship of 
serum creatinine to hemodynamics. Journal of Hepatology. 2011;55(2):315-321. DOI: 
10.1016/j.jhep.2010.11.020

[111] Singh V, Ghosh S, Singh B, Kumar P, Sharma N, Bhalla A, et al. Noradrenaline vs. 
terlipressin in the treatment of hepatorenal syndrome: A randomized study. Journal of 
Hepatology. 2012;56(6):1293-1298. DOI: 10.1016/j.jhep.2012.01.012

[112] Nassar Junior AP, Farias AQ, D'Albuquerque LA, Carrilho FJ, Malbouisson LM. 
Terlipressin versus norepinephrine in the treatment of hepatorenal syndrome: A sys-

tematic review and meta-analysis. PLoS One. 2014;9(9):e107466. DOI: 10.1371/journal.
pone.0107466

[113] Cavallin M, Kamath PS, Merli M, Fasolato S, Toniutto P, Salerno F, et al. Terlipressin plus 
albumin versus midodrine and octreotide plus albumin in the treatment of hepatorenal 
syndrome: A randomized trial. Hepatology. 2015;62(2):567-574. DOI: 10.1002/hep.27709

[114] Guevara M, Gines P, Bandi JC, Gilabert R, Sort P, Jimenez W, et al. Transjugular intra-

hepatic portosystemic shunt in hepatorenal syndrome: Effects on renal function and 
vasoactive systems. Hepatology. 1998;28(2):416-422. DOI: 10.1002/hep.510280219

[115] Rossle M, Gerbes AL. TIPS for the treatment of refractory ascites, hepatorenal syn-

drome and hepatic hydrothorax: A critical update. Gut. 2010;59(7):988-1000. DOI: 
10.1136/gut.2009.193227

[116] Lavayssiere L, Kallab S, Cardeau-Desangles I, Nogier MB, Cointault O, Barange K, et al. 
Impact of molecular adsorbent recirculating system on renal recovery in type-1 hepa-

torenal syndrome patients with chronic liver failure. Journal of Gastroenterology and 
Hepatology. 2013;28(6):1019-1024. DOI: 10.1111/jgh.12159

[117] Wong F, Raina N, Richardson R. Molecular adsorbent recirculating system is ineffective in 
the management of type 1 hepatorenal syndrome in patients with cirrhosis with ascites who 

have failed vasoconstrictor treatment. Gut. 2010;59(3):381-386. DOI: 10.1136/gut.2008.174615

[118] Guevara M, Terra C, Nazar A, Sola E, Fernandez J, Pavesi M, et al. Albumin for bacterial 
infections other than spontaneous bacterial peritonitis in cirrhosis. A randomized, con-

trolled study. Journal of Hepatology. 2012;57(4):759-765. DOI: 10.1016/j.jhep.2012.06.013

Ascites - Physiopathology, Treatment, Complications and Prognosis108


