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The term “ascites” is from the Greek word askites meaning “baglike.” Although most 
commonly due to cirrhosis, severe liver disease or metastatic cancer, its presence 

can be a sign of other significant medical problems, such as Budd-Chiari syndrome. 
Diagnosis of the cause is usually done with blood tests, an ultrasound scan of the 

abdomen, and direct removal of the fluid by a needle or paracentesis (which may also 
be therapeutic). Treatment using medications (diuretics), external drainage, or other 
treatments is clearly defined. In this book, the authors describe the physiopathology 

of the diverse causes of ascites,the types of treatments recommended, the recent 
advances achieved, the complications and the prognosis of the different clinical 

situations that doctors must face.
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Preface

Several pathogenic processes have been implicated in the development of the abdominal ascites.
Portal hypertension, most usually in the context of liver cirrhosis, can explain about 75% of the
cases, whereas infective, inflammatory and infiltrative etiologies can account for the rest.

The use of ascitic amylase and mycobacterial cultures/PCR when there is strong suspicion for tuber‐
culosis and pancreatitis, respectively, helps to achieve a correct diagnosis. Ascitic cytology can be
useful when cancer is suspected and has a good diagnostic yield, if it is performed correctly.

Effective treatment of the cirrhotic ascites is based on the use of a salt-free diet together with the
rational use of diuretics. The most commonly used are the antagonists of aldosterone acting on
the distal tubule and associated in some situations with furosemide that acts on the proximal tub‐
ular part of the kidney inhibiting the sodium reabsorption at this level. When the situation is un‐
responsive to diuretics, other techniques including the performance of a TIPS (Transjugular
Intrahepatic Portosystemic Shunt) can be used. The correct management of ascites permits to ach‐
ieve a great improvement on the quality of life and also on the survival rate.

Common complications of decompensated liver cirrhosis are esophageal varices, hepatic encephal‐
opathy, and ascites. After the onset of complications, the prognosis notably worsens. In patients
with ascites, the 5-year mortality rate is 44%. Furthermore, the presence of hyponatremia, the spon‐
taneous bacterial peritonitis presentation, and the onset of a hepatorenal syndrome, together with
an increase in the liver insufficiency degree, also greatly worsen the prognosis of the patient.

There is a general agreement about the recommendation to use cefotaxime as the first antibiotic of
choice for SBP and large-volume paracentesis for the management of ascites greater than 5L in vol‐
ume. For hepatorenal syndrome, cautious diuresis, volume expansion with albumin, and the use of
vasoactive drugs are usually recommended. Finally, in the refractory ascites associated with ad‐
vanced cirrhosis, the liver transplant performance is the best option to apply in these patients.

The great advances achieved in the last years will help to get an early and clear diagnosis of tu‐
berculous peritonitis, due to a quick response immunological-based analysis that has permitted to
get a better and early treatment for the affected patients.

In carcinomatous peritoneal ascites, there is an increasing evidence supporting an active role of
the own ascites in the progression of ovarian cancer. Although much work is still needed, to fully
understand the contribution of ascites to ovarian cancer aggressiveness, this tumor environment
potentially provides a wealth of opportunities for translational research including biomarker dis‐
covery and novel therapeutic target identification.

I want to thank all the authors for their excellent contributions, InTechOpen editorial team and
especially to Ms. Maja Bozicevic, for her continuous collaboration and kind support in the book
preparation and for maintaining help all the time when needed during the editorial process.

Prof. Luis Rodrigo, MD
Emeritus Full Professor of Medicine, University of Oviedo

Oviedo, Spain
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1. Introduction

The presence of ascites is the commonest complication in patients with cirrhosis. Approximately 
60% of cirrhotics end up exhibiting it during the course of their disease. The development of 
ascites indicates a clear decompensation of the disease and is generally associated with a bad 
prognosis, with an approximately 40% of 1-year mortality [1, 2].

2. Pathophysiology

In patients with cirrhosis of the liver, a circulatory dysfunction is common, characterized 
by a decrease in systemic vascular resistance secondary to splanchnic arterial vasodilatation, 
which occurs as a consequence of portal hypertension.

In the early stages, when cirrhosis is compensated for and patients remain asymptomatic, 
systemic vascular resistance is low and effective blood volume and blood pressure remain 
normal, due to an increased cardiac output.

In more advanced phases of cirrhosis, there is progressive splanchnic vasodilatation, accom-
panied by a marked reduction in the effective arterial volume that can no longer be compen-
sated for by an increase in cardiac output.

In this situation, to maintain an effective blood volume and to maintain blood pressure within 
normal limits, the systemic baroreceptor systems are activated, leading to the activation of 
the vasoconstrictor systems, including the renin-angiotensin-aldosterone system (RAAS), the 
sympathetic nervous system (SNS) and, in later stages, the non-osmotic hypersecretion of 
vasopressin.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Despite these positive effects, these vasoconstricting factors also have negative effects, espe-
cially because they facilitate the retention of sodium and water by the kidneys,  influencing the 
appearance and maintenance of ascites, oedemas and dilutional hyponatraemia.

In the later stages of the disease, intense renal vasoconstriction occurs, leading to a significant 
decrease in glomerular filtration and the development of hepatorenal syndrome (HRS).

At this stage, there is also a notable drop in the cardiac output, probably arising from 
 cirrhosis-associated cardiomyopathy, which further worsens the decrease in effective arterial 
volume (Table 1).

3. Diagnosis

For every patient who attends a consultation with suspected ascites, it is essential to confirm, 
using exploratory paracentesis, that they have a clinical decompensation. This is irrespective 

Table 1. Pathophysiology of ascites and its complications in cirrhosis.

Cirrhosis 

Portal hypertension

Splanchnic arterial vasodilation 

Reduction in effective arterial volume

Activation of Vasoconstrictor Systems

(Renin-Angiotensin, Sympathetic Nervous, Arginine-Vasopressin Systems)

Normalisation of Persistent activation of

vasoconstrictor systems vasoconstrictor systems

Normal excretion Retention           Retention    Renal 

of sodium and water of sodium               of water      vasoconstriction

No ascites                                  Ascites          Hyponatremia   Hepato-renal

syndrome
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of whether it is their first occasion or if they have previously had ascites. The analysis of the 
ascitic fluid makes it possible to rule out other causes of ascites, such as the presence of associ-
ated spontaneous bacterial peritonitis (SBP).

The diagnosis of cirrhosis is usually based on clinical, analytical and ultrasound criteria. 
In case of doubt, the serum albumin/ascites gradient (SAAG) should be determined. When 
this is greater than 1.1 g/dl, it suggests the existence of portal hypertension. Furthermore, 
patients with low concentrations of proteins in the ascitic fluid (<1.5 g/dl) have a worse 
prognosis. Likewise, the polymorphonuclear (PMN) leukocyte count is very useful for rul-
ing out the presence of SBP; in these cases, ascitic fluid cultures must be grown in blood 
culture bottles.

4. Classification

The International Club of Ascites has a three-grade classification:

Grade 1: Ascites can only be detected by abdominal ultrasound, since it comprises only a small 
quantity or is of slight degree and is not accompanied by any clinically evident  abdominal 
distension.

Grade 2: Ascites is usually detected by physical exploration and the patient exhibits moderate 
abdominal distension.

Grade 3: A voluminous ascites is present, giving rise to pronounced abdominal distension.

5. Treatment

In the absence of other, associated complications, patients with uncomplicated ascites can be 
treated on an outpatient basis.

5.1. Grade 1 ascites

In principle, neither dietary nor pharmacological treatments are required.

At present, there is insufficient information about its natural history and possibilities of 
progression.

5.2. Grade 2 ascites

This is the most common form of presentation. There is generally a moderate retention of 
sodium (urinary Na >20 mEq/day), without upsetting the excretion of the solute-free water 
and with normal glomerular filtration.

The main aim of the treatment is to achieve a negative sodium balance, to which end its oral 
intake must be reduced and its elimination increased by using diuretics. There is increased 
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http://dx.doi.org/10.5772/intechopen.70232

5



sodium reabsorption at the level of the distal tubule due to the presence of secondary- associated 
hyperaldosteronism.

Therefore, aldosterone-antagonist diuretics, such as spironolactone, are the drugs of choice 
and are more effective than loop diuretics.

Patients with primary ascitic decompensation should be treated with spironolactone at a dose 
of 50–100 mg/day and, in the event of the failure to respond, the dose should be progressively 
increased week by week until a maximum dose of 400 mg/day is reached.

In patients with recurrent ascites, it is recommended to combine furosemide with aldosterone 
antagonists. The dose of diuretics should be adjusted in order to yield a weight loss of around 
500 g/day in patients who only present ascites and of up to 1 kg/day in those with associated 
oedemas.

As a maintenance treatment, the minimum dose of diuretics necessary to avoid the develop-
ment of complications related to the treatment, such as hyponatraemia, hepatic encephalopa-
thy or renal failure, should be recommended (Table 2).

5.3. Grade 3 ascites

The first-line treatment for patients with voluminous ascites consists of performing periodic 
evacuation paracentesis combined with administering intravenous infusions of albumin at a 
dose of 8 g/l of ascites removed, which is usually carried out under a regime of a short-stay 
admission in the day hospital.

The evacuation of a large quantity of ascitic fluid may be associated with the well-known 
post-paracentesis circulatory dysfunction syndrome. To prevent this, appearing infusions of 
albumin are administered, which reduce the incidence of complications during the following 
month.

After performing evacuation paracentesis with the subsequent replacement of albumin, 
patients must continue with a diuretic treatment of the minimum dose necessary to prevent 
reaccumulation of the ascites. It has been confirmed that intravenous albumin is the most 
effective plasma expander when more than 5 l of ascites is removed [3–5] (Table 3).

- Adhere to a low-sodium diet, with an average content of 80–120 mEq/day

- Initiate diuretic treatment with spironolactone (50–100 mg/day) in a single dose

- Control weight on a daily basis, maintaining a loss of approximately 500 g/day without oedema and 500–1000  
g/day when there is ascites with oedema

- If there is no response, progressively increase the dose of spironolactone week by week, up to a maximum of 400 
mg/day

- In non-responders, add furosemide at an initial dose of 40 mg/day, possibly increasing this up to a maximum of 
160 mg/day

- Once the ascites has been controlled, administer the minimum dose of diuretics necessary to prevent the 
reaccumulation of ascites

Table 2. Treatment of moderate (Grade 2) ascites.

Ascites - Physiopathology, Treatment, Complications and Prognosis6
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6. Refractory ascites

This is defined as the situation in which the ascites cannot be completely eliminated or whose 
frequent recurrence calls for continuous medical treatment. This form accounts for approxi-
mately 10% of cases.

The development of refractory ascites is associated with a poorer short-term prognosis, the 
median survival being about 6 months. For this reason, all these patients, except the very 
elderly or those who have serious associated illnesses that contraindicate it, must be consid-
ered potential candidates for a liver transplant and should be evaluated to determine their 
degree of priority in the waiting list.

6.1. Periodic evacuation paracentesis

The commonest treatment indicated for patients with refractory ascites is to perform periodic 
evacuation paracentesis simultaneously with the administration of intravenous albumin infu-
sions. In most cases, diuretics are not effective under these circumstances, and they must perma-
nently cease to be used in patients who develop complications related to a diuretic treatment.

In the other patients, who maintain a level of urinary excretion of sodium greater than 
30 mEq/day, the diuretic treatment may be maintained in order to delay the reaccumulation 
of the ascites and thereby also the need for periodic evacuation paracentesis to be performed 
so often [6, 7].

6.2. Portosystemic venous shunts (TIPS)

These consist of an anastomosis and an intravascular prosthesis that is introduced percutane-
ously by a medical expert in haemodynamic techniques. This establishes a new route of com-
munication, at the intrahepatic level, between the portal system and the general circulation. 
The insertion is generally achieved by entering through the external jugular vein. This gives 
rise to the term for the prosthesis, the transjugular intrahepatic portosystemic shunt, and its 
acronym, TIPS.

- Adhere to a low-sodium diet, with a content of less than 80 mEq/day

- Perform evacuation paracentesis in conjunction with intravenous administration of albumin at a dose of 8 g/l of 
ascites removed

- If the patient is not already receiving diuretic treatment, start a combined treatment of spironolactone 100 mg/day 
with furosemide 40 mg/day

- If the patient has previously been treated with a diuretic, restart it at a higher dose than the former one

- If there is no response, monitor the intake of sodium and increase the dose of diuretics to a maximum of 
spironolactone 400 mg/day and furosemide 160 mg/day

- Once the ascites has been controlled, maintain a low-sodium diet and the minimum dose of both diuretics to 
prevent its reaccumulation

Table 3. Treatment of severe (Grade 3) ascites.
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After the placement, there is an increase in renal blood flow, accompanied by an increase in 
renal excretion of sodium, consequently giving rise to an improvement in the control of the 
ascites. The method is more effective than performing evacuation paracentesis for controlling 
ascites.

However, the placement of TIPS is associated with a higher incidence of complications, among 
which the most common is the occurrence of episodes of hepatic encephalopathy, as occurs in 
30–50% of cases. The use of TIPS is out of the question for patients with advanced cirrhosis [8].

There are no data concerning improved survival rates, for which reason a second-line treat-
ment is considered. It is considered to be indicated only in patients with preserved hepatic 
function, or when paracentesis is ineffective or has to be performed frequently (Table 4).

7. Hyponatraemia

This is a frequent complication in patients with advanced cirrhosis and is associated with a 
poor prognosis. It is an important factor related to the deterioration in the quality of life of 
these patients.

7.1. Definition and differential diagnosis

Hyponatraemia is defined in an arbitrary manner, by the presence of a serum sodium con-
centration of less than 130 mEq/l. It has a mean prevalence of 22% in patients with cirrhosis 
and ascites. There are two varieties of hyponatraemia: hypovolaemic and hypervolaemic (or 
dilutional). The differential diagnosis between the two types is fundamental, since their treat-
ment and prognosis are completely different.

7.1.1. Hypovolaemic hyponatraemia

In general, its origin is related to the loss of extracellular fluid. Patients show signs of dehydra-
tion, frequently associated with hepatic encephalopathy. Its most frequent causes are very copi-
ous diuresis, secondary to the prolonged or intense administration of diuretics, or the presence 

- Adhere to a low-salt diet, with a sodium content less than 80 mEq/day

- Perform evacuation paracentesis repeatedly, in conjunction with intravenous administration of albumin at a dose of 
8 g/l of removed ascites

- Avoid diuretic treatment, except when no complications arise and when the patient maintains a level of renal 
excretion of sodium of >30 mEq/day

- TIPS can be considered as an alternative treatment for patients with good hepatic function or in whom it is difficult 
to evacuate the ascites by loculation

- A liver transplant will be considered if there are no contraindications and if they are on the transplant waiting list

Table 4. Treatment of refractory ascites.

Ascites - Physiopathology, Treatment, Complications and Prognosis8
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excretion of sodium of >30 mEq/day

- TIPS can be considered as an alternative treatment for patients with good hepatic function or in whom it is difficult 
to evacuate the ascites by loculation

- A liver transplant will be considered if there are no contraindications and if they are on the transplant waiting list

Table 4. Treatment of refractory ascites.
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of digestive losses of fluids, in the form of vomiting or diarrhoea. Its treatment is based on con-
trolling the cause, suspending diuretics and administering saline solutions to solve the problem.

7.1.2. Hypervolaemic hyponatraemia

This is predominant in patients with advanced cirrhosis and is characterized by the marked 
expansion of the extracellular volume. It arises as a direct consequence of the reduction in the 
capacity of the kidneys to eliminate solute-free water and is secondary to the existing circula-
tory dysfunction.

Its origin is probably multifactorial, although the most important factor is the presence of 
a non-osmotic hypersecretion of vasopressin, which acts at the level of the renal collecting 
tubules, causing a significant increase in the retention of free water [9–11].

7.2. Treatment of hypervolaemic or dilutional hyponatraemia

Treatment is based on increasing the excretion of retained free water, for which several 
options are available.

7.2.1. Fluid restriction

This remains the first-line treatment in these patients. Clinical experience indicates that such 
restriction prevents the progressive drop in plasma sodium levels but is not sufficient to 
reverse hyponatraemia.

7.2.2. Administration of saline solutions

Hypertonic saline infusion has been used, but has proved to be of little value. In addition, it 
is associated with two types of problem. First, their effect is of short duration and, second, 
sodium levels fall shortly after the treatment is discontinued. Furthermore, they increase asci-
tes and oedema, so their administration was discontinued rapidly.

7.2.3. Albumin

Infusion of intravenous albumin is usually effective, since, being a good plasma expander, it 
alleviates circulatory dysfunction. However, because there have been few cases, experience of 
this recently established method has been very limited so far. Therefore, more studies, with a 
greater number of patients, are needed to demonstrate its true efficacy [12, 13].

7.2.4. Vaptanes

These are active, orally administered drugs and are selective antagonists of V2 receptors of 
vasopressin. They have the effect of increasing renal excretion of solute-free water. They are 
therefore used in different situations, such as in the treatment of patients with the syndrome 
of inappropriate antidiuretic hormone secretion (SIADH), in cases of heart failure and in liver 
cirrhosis, being effective in 45–80% of cirrhosis cases.
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Its most frequent side effect is thirst. Significant increases in plasma sodium levels should be 
avoided, in order to prevent the appearance of neurological complications, such as central 
pontine myelinolysis, among others.

Tolvaptan was approved in the United States for the treatment of severe hypervolaemic hypona-
traemia (Na <125 mEq/l), whereas in Europe it was only approved for the treatment of SIADH. 
It is mainly indicated only for cirrhotic patients who are on the waiting list for a liver transplant.

However, the US Food and Drug Administration has drawn attention to the potential risk 
of liver injury from tolvaptan and recommends this drug not be used in patients with liver 
disease [14, 15].

8. Spontaneous bacterial peritonitis

This is the most frequent and characteristic bacterial infection of patients with liver cirrhosis 
and associated ascites.

It is defined as the infection of ascitic fluid in the absence of an intra-abdominal focus. The 
most frequently associated bacteria are the enterobacteriaceae (Escherichia coli, Klebsiella pneu-
moniae, etc.) and non-enterococcal streptococci (Streptococcus pneumoniae, S. viridans, etc.).

In its initial stages, the patient may be asymptomatic, but characteristic symptoms, such as 
abdominal pain, fever, nausea, vomiting and diarrhoea, soon appear. Patients may also suffer 
from paralytic ileus, hepatic encephalopathy, digestive haemorrhage or renal failure.

To confirm its diagnosis, it is necessary to perform diagnostic paracentesis and undertake a 
cell count of the ascitic fluid.

The finding of more than 250 polymorphonuclear leukocytes/cm3 of ascitic fluid is considered 
diagnostic of SBP, irrespective of the results obtained from bacterial cultures.

Once the diagnosis has been made, an antibiotic treatment should be instituted as soon as 
possible. Third-generation cephalosporins continue to be the empirical treatment of choice 
for community-acquired SBPs. In nosocomial episodes and potentially in those related to the 
health system, antibiotic coverage should be broader and adapted to the local pattern of resis-
tance. The duration of the treatment is adjusted with respect to the results obtained from the 
paracentesis control diagnostics, continuing for up to 24–48 h after confirmation of the resolu-
tion of the infection (<250 PMN/cm3).

It should also be remembered that patients presenting with renal and/or hepatic dysfunction 
at the time of diagnosis should receive intravenous albumin in order to prevent the develop-
ment of renal failure and to improve short-term survival [16–18].

8.1. Primary SBP prophylaxis

Patients with a low protein concentration in the ascitic fluid (>10–15 g/dl) have a higher risk of 
developing a first episode of SBP, in comparison with those in whom the protein concentration 
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remains high. In the absence of additional risk factors, the probability of developing it during 
the course of 1 year is less than 20%.

Evidence of advanced hepatic impairment (Child-Pugh >9 points), with bilirubin >3 mg/dl, 
or circulatory dysfunction (creatinine >1.2 mg/dl or a plasma sodium level of <130 mEq/l) in 
patients with low levels of proteins in the ascites increases the risk of developing an SBP by 
up to 60%.

Administration of norfloxacin at a dose of 400 mg/day in these patients reduces the prob-
ability of infection to 7%, prevents the development of hepatorenal syndrome and improves 
short-term survival. For this reason, it is appropriate for this subgroup of patients to make 
long-term use of norfloxacin, especially if they are on the waiting list for a liver transplant [19].

9. Hepatorenal syndrome

Hepatorenal syndrome is a frequent cause of renal failure in patients with advanced liver 
cirrhosis and is associated with poor short-term prognosis. It is a functional renal failure that 
develops as a consequence of intense renal vasoconstriction.

9.1. Diagnosis

There are two types of HRS: 1 and 2.

Type 1 HRS presents as rapidly progressing acute renal failure, with blood creatinine values 
increasing sharply to a level greater than 2.5 mg/dl. It is associated with very poor short-term 
prognosis, with a median survival without treatment of only 2 weeks.

Type 2 HRS is characterized by more moderate and stable renal failure, with plasma creati-
nine values generally ranging from 1.5 to 2.5 mg/dl. It typically occurs in patients with refrac-
tory ascites; their median survival is 6 months.

During follow-up, patients with type 2 HRS may develop type 1 HRS, either spontaneously or 
due to the presence of a precipitating factor, usually an associated bacterial infection [20–22].

9.1.1. Differential diagnosis

The diagnosis of HRS involves excluding other causes for the development of renal fail-
ure in a cirrhotic patient, since they can present different causes, such as hypovolaemia, 
bacterial infections, acute tubular necrosis, administration of nephrotoxic drugs (non-
steroidal anti-inflammatory drugs, antibiotics such as gentamicin, etc.) and parenchymal 
nephropathy.

There are no objective variables by which these causes of renal failure can be distinguished, 
which sometimes make differential diagnosis complicated, especially when trying to dis-
criminate between HRS and acute tubular necrosis. Their diagnostic criteria are described 
subsequently [23, 24] (Table 5).
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9.2. Treatment

HRS treatment depends on the severity of renal failure and its associated complications. 
Patients with type 1 HRS who are on a liver transplant waiting list should be treated in an 
intensive or intermediate care unit, with close monitoring to detect any intercurrent complica-
tions at an early stage.

By contrast, patients with type 2 HRS without associated complications can be controlled on 
an outpatient basis. Therefore, we describe the therapeutic options available to patients with 
type 1 HRS.

9.2.1. Vasoconstrictors

The use of vasoconstrictors in conjunction with the intravenous administration of albumin is 
considered the first-line treatment in the management of patients with type 1 HRS.

Vasoconstrictors used include vasopressin analogues, especially terlipressin and alpha-adrenergic 
agonists, such as noradrenaline and midodrine.

Treatment with terlipressin and albumin produces a significant improvement in renal func-
tion in 40–50% of patients and is accompanied by improved survival.

Treatment usually starts at a dose of 1 mg/4 h in the form of intravenous boluses, increasing to 
2 mg/4 h after 3 days if there is no response (defined as a decrease in creatinine by more than 
25% of the baseline level).

Relapse after treatment is infrequent; if it occurs, it is advisable to repeat the same treatment 
[25–27].

Patients being treated with vasoconstrictors and albumin should be monitored closely in 
order to detect the presence of possible side effects. These are mainly of an ischaemic and 
cardiovascular nature and can appear in 10–15% of cases. The treatment is also effective and 
safe in patients with associated bacterial infections.

- Presence of cirrhosis with ascites

- Serum creatinine >1.5 mg/dl

- No improvement in serum creatinine levels, at least 2 days after discontinuing diuretics and then expanding the 
blood volume by infusions of albumin at a dose of 1 g/kg of body weight/day, up to a maximum of 100 g/day

- Absence of shock

- No evidence of recent intake of nephrotoxic drugs

- Absence of renal parenchymal disease as evidenced by the presence of proteinuria (>500 mg/day), microhaematuria 
(>50 red cells/high-magnification field) and/or an abnormal renal ultrasound result.

Table 5. Diagnostic criteria for hepatorenal syndrome.
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9.2.2. Other vasoconstrictors

The wider availability and lower cost of noradrenaline and midodrine, both in combination with 
albumin, make them an attractive alternative to treatment with terlipressin. The efficacy and 
safety of noradrenaline are similar to those of terlipressin in the treatment of patients with type 
1 HRS. The same is true of midodrine, although clinical experience of its use is more limited.

Norepinephrine is given at a dose of 0.5–3.0 mg/h in continuous intravenous infusion, with 
the aim of increasing the mean blood pressure to 10 mm Hg. Treatment is continued until the 
level of blood creatinine drops below 1.5 mg/dl.

9.2.3. TIPS

TIPS may be considered an alternative treatment to that with vasoconstrictors, since it also 
improves renal function in this type of patient. Its clinical application under these circum-
stances is rather limited, since many patients with type 1 HRS present contraindications for its 
implementation, of which the most frequent and serious is advanced liver failure.

9.2.4. Renal substitution therapy (hepatic dialysis)

This treatment modality is only indicated in patients with type 1 HRS who do not respond 
to treatment with vasoconstrictors and albumin, and who develop criteria requiring urgent 
dialysis, such as hypervolaemia, hyperkalaemia, metabolic acidosis, and so on. Fortunately, 
however, these situations are rare in this group of patients.

Other dialysis methods include the use of the molecular adsorbent recirculation system 
(MARS) and Prometheus, a dialysis machine to which a module is added for fractional plasma 
separation and adsorption. However, their usefulness is very limited in these patients.

9.2.5. Liver transplant

Liver transplant is the definitive treatment and therefore the first choice for patients with 
types 1 and 2 HRS. Therefore, every patient who presents an HRS should be referred to a 
reference centre where the operation can be performed.

Its functional nature makes HRS potentially reversible after orthotopic liver transplantation 
(OLT) without associated renal transplantation. Double transplantation (liver and kidney) 
should only be considered in patients who have required prolonged renal support for 6–8 
weeks, because the probability of their HRS reverting is very low.

Patients with type 1 HRS should be prioritized on the transplant waiting list, since they are at 
a high risk of early mortality. The use of the model for end-stage liver disease (MELD) scoring 
method as an organ distribution system has made it possible to prioritize these patients, since 
it includes serum creatinine in the scoring.

It should be noted that although the renal function of patients with type 1 HRS improves 
after treatment with vasoconstrictors, the creatinine used to calculate the MELD score in 

Introductory Chapter: Treatment of Ascites Associated with Cirrhosis and Its Complications
http://dx.doi.org/10.5772/intechopen.70232

13



these patients should be that obtained beforehand, at the beginning of treatment, so that they 
remain as priorities in the waiting list [28].

Treatment with vasoconstrictors and albumin before the liver transplant is recommended, since 
prior improvement of renal function may improve the prognosis during the post-transplant 
period.
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Abstract

Liver cirrhosis is associated with a wide range of systemic and pulmonary vascular 
abnormalities. Cardiac dysfunction also occurs in patients with advanced liver disease 
(cirrhotic cardiomyopathy). The circulation in cirrhosis is hyperdynamic, which is typi-
cally characterized by hypotension resulting from the associated vasodilatation and 
reflex tachycardia. The circulatory dysfunction in cirrhosis is the proposed pathophysi-
ological mechanism leading to sodium and water retention in patients with liver cirrho-
sis. Hyperdynamic circulation is triggered by increased intrahepatic resistance due to 
cirrhosis, leading to a progressive increase in portal venous pressure. As portal hyperten-
sion worsens, local production of vasodilators increases due to endothelial activation, 
leading to splanchnic and systemic arterial vasodilation. Nitric oxide (NO) is considered 
one of the most important vasodilator molecules in the splanchnic and systemic circu-
lation. The reduction in the effective arterial blood volume results in diminished renal 
arterial blood flow and subsequently triggers the rennin-angiotensin-aldosterone system 
(RAAS), antidiuretic hormones (ADHs) and sympathetic nervous system (SNS), leading 
to renal artery vasoconstriction. All these changes lead to sodium retention and volume 
expansion, manifested as ascites and peripheral edema. Furthermore, disease progres-
sion is associated with various degrees of renal dysfunction.

Keywords: cirrhosis, portal hypertension, hyperdynamic circulation, ascites

1. Introduction

Liver cirrhosis is associated with a wide range of systemic and pulmonary vascular abnor-
malities. Cardiac dysfunction has also been described in patients with advanced liver dis-
ease (cirrhotic cardiomyopathy) [1–4]. The circulation in cirrhosis has been described as being 
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hyperdynamic, which is typically characterized by hypotension resulting from the associated 
vasodilatation and reflex tachycardia. These cardiovascular abnormalities play a major role 
in the pathogenesis of multiple life-threatening complications, including ascites, spontane-
ous bacterial peritonitis, hepatorenal syndrome (HRS), esophageal varices and pulmonary 
related complications [5, 6]. The hyperdynamic circulation is triggered by increased intrahe-
patic resistance due to cirrhosis, leading to a progressive increase in portal venous pressure 
[7, 8]. As portal hypertension worsens, there is an increased local production of vasodilators 
due to endothelial activation, leading to splanchnic and systemic arterial vasodilation. Nitric 
oxide (NO) is thought to be one of the most important vasodilator molecules in the splanch-
nic and systemic circulation. NO is overproduced in cirrhosis; measured serum levels are 
significantly elevated in both cirrhotic patients and in animal models [9–11]. The reduction 
in the effective arterial blood volume results in diminished renal arterial blood flow and sub-
sequently triggers the rennin-angiotensin-aldosterone system (RAAS), antidiuretic hormone 
(ADH) and sympathetic nervous system (SNS), leading to renal artery vasoconstriction. All 
these changes lead to sodium retention and volume expansion, manifested as ascites and 
peripheral edema. Furthermore, advanced liver disease is usually associated with various 
degrees of renal dysfunction. In cirrhotic patients with hepatorenal syndrome (HRS), renal 
plasma flow and glomerular filtration rate (GFR) are significantly diminished and may reach 
levels similar to those seen in patients with advanced renal disease [12, 13]. Sodium retention 
usually occurs in association with the inability to excrete a normal water load, resulting in 
increased total body water and dilutional hyponatremia [14, 15]. However, unlike the situa-
tion of end-stage renal disease, no significant histological abnormality is present within the 
kidneys of patients with HRS, and the process is reversible after liver transplantation (LT) 
[16]. The aim of this chapter is to discuss the impact of portal hypertension on the cardiovas-
cular system in cirrhosis, with special emphasis on the pathogenesis of ascites.

2. Ascites

The peritoneum is a serous membrane made up of visceral and parietal layers. The pari-
etal peritoneum lines the coelomic cavity, and the visceral layer of the peritoneum lines the 
surface of organs. The peritoneal cavity is an empty space between the visceral and parietal 
layers of the peritoneum. The potential space of the peritoneal cavity is normally not visible 
on imaging as it contains only a small amount of fluid (approximately 100 mL). The fluid 
is mostly water with electrolytes, antibodies, white blood cells, albumin, glucose and other 
biochemicals [17]. Its main function is to reduce the friction between the abdominal organs 
as they move around during digestion. The word ascites is derived from the Greek word 
“askos,” which means a bag or sack and is defined as pathological fluid accumulation within 
the peritoneal cavity. Ascites is a frequent complication of cirrhosis and portal hypertension 
because of the increase of the sinusoidal hydrostatic pressure. Cirrhosis accounts for over 
75% of episodes of ascites, with all other causes accounting for less than 25% (Table 1) [18]. 
Ascites has been associated with increased morbidity and mortality, with liver transplant-free 
mortality rates ranging from 15 to 20% at 1 year to nearly 50–60% at 5 years from the time of 
diagnosis [19, 20].
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3. The heart (cirrhotic cardiomyopathy)

In 1953, Kowalski and Abelmann described an abnormal circulatory pattern in a group of 
cirrhotic patients. The examined the circulation in 22 alcoholic cirrhotic patients and con-
cluded that these patients had a large stroke volume, prolonged Q-T interval and reduced 
peripheral vascular resistance. They were some of the first researchers to question the impact 
of liver disease on the heart [21]. These findings were then confirmed in multiple experi-
mental models of portal hypertension and in patients with cirrhosis. Initially, it was thought 
that these circulatory manifestations were secondary to alcoholic-related malnutrition; how-
ever, future studies confirmed the same circulatory dysregulation in cirrhotic patients with 
various underlying etiologies [1–4]. In the absence of known cardiac disease, the diagnos-
tic criteria for cirrhotic cardiomyopathy rest on the presence of an attenuated systolic or 
diastolic response to stressful stimuli and are supported by the presence of structural or 
histological changes in cardiac chambers, electrophysiological abnormalities and elevation 
in serum markers suggestive of cardiac stress [22]. In addition to abnormal systolic dys-
function, cirrhotic patients also clearly demonstrate abnormal diastolic dysfunction, espe-
cially in patients with ascites, and it has been shown that paracentesis can improve diastolic 
dysfunction. Left ventricular (LV) diastolic dysfunction manifests as impaired LV relaxation 
secondary to LV wall stiffness, which results in the increase in filling pressure. Glenn et al. 
investigated the role of passive tension regulators—titin and collagen—in the pathogenesis 
of cirrhotic diastolic dysfunction. They showed that alterations in titin modulation, PKA lev-
els, and collagen configuration contributed to the pathogenesis of this condition [23]. Velocity 
of blood flow from the left atrium to the left ventricle during early (E wave) and late (A wave) 
phases of diastole can help in assessing diastolic function. A low E/A ratio indicates a non-
compliant ventricle [24]. This finding was also confirmed in other studies [25, 26]. Multiple 
factors affecting cardiac cell function have been implicated in the pathogenesis of cirrhotic 
cardiomyopathy, including: (a) Down regulation of β-adrenergic receptors, which negatively 

Causes of ascites

Portal hypertension

Infection

Heart failure

Malignancy and hematological disorders

Connective tissue disease

Pancreatic disease

Nephrotic syndrome

Severe malnutrition

Congenital causes

Table 1. Causes of ascites.
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impacts cardiac contractility [27]; (b) Reduction in the cardiac cell membrane fluidity, which 
impairs the function of membrane-bound ion channels, alters control of vascular tone and 
reduces the β-adrenoceptor function [28, 29]; (c) Reduced muscarinic receptor activity, which 
has a negative inotropic effect on the heart [30]; (d) Augmented nitric oxide activity, which 
negatively impacts cardiac contractility [31, 32]; (e) Carbon monoxide (CO) and endocannab-
inoid activity negatively impacts cardiac contractility in cirrhotic patients [33–35]. Multiple 
other studies have demonstrated significant structural cardiac abnormalities in all cardiac 
chambers of cirrhotic patients [36].

4. Systemic and splanchnic circulation

Portosystemic collaterals are formed secondary to cirrhosis-induced portal hypertension, 
which allows gut-derived humoral substances to directly enter systemic circulation without 
detoxification by the liver. Arterial vasodilatation in portal hypertension results from the pre-
dominant production of various vasodilators [37]. NO is thought to be the major vasodilator 
molecule in cirrhotic patients. The intrahepatic microcirculation is altered significantly in 
liver cirrhosis, secondary to both architectural and vasoactive humoral changes, resulting 
in an increase in vasoactive molecules associated with a decrease in intrahepatic NO pro-
duction [38, 39]. On the other hand, multiple studies have documented an elevated serum 
level of NO in the systemic and splanchnic circulation in both cirrhotic patients and in ani-
mal models [40–43]. NO is an endothelial-derived relaxing factor that leads to systemic arte-
rial vasodilatation. Three isoforms of NO synthase (NOS) have been described: endothelial 
(eNOS), inducible (iNOS), and neuronal (nNOS). However, the leading isoform contributing 
to these vascular changes remains obscure [44]. Ferguson and colleagues were the first group 
to use a highly selective iNOS inhibitor to evaluate the role iNOS in the regulation of vascular 
tone in patients with ascites. Forearm blood flow was measured in eight patients with asci-
tes and was compared with eight matched healthy volunteers, during intrabrachial infusion 
of 1400 W (0.1–1 μmol/min), NG-monomethyl-L-arginine (L-NMMA, a non-selective NOS 
inhibitor; 2–8 μmol), and norepinephrine. They showed that iNOS inhibitor causes systemic 
vasoconstriction in patients with ascites only. This supports the role of iNOS in the circula-
tory changes associated with cirrhosis [45]. One major factor that plays an important role in 
promoting NO production is the altered intestinal permeability in patients with advanced 
liver disease. As a result various endotoxins cross the intestine to the systemic circulation 
and stimulate the production of NO [46, 47]. TNF-α is also considered to be a NO inducers. 
Inhibition of TNF-α production resulted in improvement in the hyperdynamic circulation 
in various animal model studies [48, 49]. Endocannabinoids have also been implicated in 
the peripheral vasodilatation of cirrhosis. Activation of endothelial cannabinoid receptors 
by the endogenously produced endocannabinoids causes pronounced vasodilatation in cir-
rhotic rats [50, 51]. Interestingly, multiple studies have shown a potentially important role 
of the central nervous system (CNS) in the pathogenesis of the portal hypertension-induced 
hyperdynamic circulation. The cardiovascular system is controlled by neural influences that 
include the central nervous system (CNS) and peripheral afferent and efferent nerves. Portal 
hypertension activates receptors in the mesenteric area; the signals are relayed to central 
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cardiovascular-regulatory nuclei via afferent nerves. These nuclei then process the inputs 
and send out signals to the cardiovascular system through efferent pathways, leading to car-
diovascular changes [52]. Li and colleagues demonstrated that neonatal capsaicin denerva-
tion in rats prevented the development of hyperdynamic circulation and renal dysfunction 
as well as ascites formation in cirrhosis. These results indicate that intact primary afferent 
innervation is necessary for the development of hyperdynamic circulation and ascites forma-
tion [53]. A recent study revealed reversal of the cirrhosis associated vascular dysregulation 
after afferent denervation in an animal model. Portal vein ligation in cirrhotic rats activates 
a marker protein in the brain stem indicating CNS activation. Furthermore, blocking CNS 
Fos expression in cirrhotic rats resulted in eliminating the development of the hyperdynamic 
circulation [54]. The various potential pathogenic mechanisms leading to cardiovascular dis-
turbance and fluid retention are summarized in Table 2.

5. The lymphatic system

The lymphatic vascular system plays a critical role in ascites formation [55]. Lymphatic ves-
sels remove fluid from the interstitial fluid from various parts of the body and drain it into 
the blood stream. In healthy adult individuals, the lymphatic system returns as much as 
eight liters of interstitial fluid with 20–30 g of protein per liter to venous circulation every 
day. Any disturbance to this process leads to fluid accumulation, manifested as edema 
and ascites [55–58]. As with systemic and splanchnic circulation, the lymphatic system is 
also influenced by nitric oxide, leading to vasodilatation [59]. The development of portal 

Pathogenic mechanisms Cardiovascular effect

Down regulation of β-adrenergic receptors Decreases cardiac contractility

Reduction in the cardiac cell membrane fluidity Alters control of vascular tone and reduces the 
β-adrenoceptor function

Reduced muscarinic receptor activity Negative inotropic effect on the heart

Augmented nitric oxide activity Decreases cardiac contractility

Carbon monoxide Decreases cardiac contractility

Endocannabinoid activity Decreases cardiac contractility

Portosystemic collaterals This allows gut-derived humoral substances to 
directly enter the systemic circulation augmenting the 
hyperdynamic circulation

Systemic nitric oxide Systemic vasodilatation

Central nervous system-gut-axis Denervation prevents the development of 
hyperdynamic circulation and ascites formation

Activation of renin-angiotensin aldosterone system, 
sympathetic nervous system and nonosmotic release of 
antidiuretic hormone

Restores the normal hemodynamics in the setting of a 
hyperdynamic circulation through sodium and water 
retention

Table 2. Pathogenic mechanisms of cardiovascular disturbance in cirrhotic patients.
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hypertension in cirrhosis is associated with an increase in portal lymph flow. Normally, the 
liver produces a large amount of lymph, which is estimated to be over 25% of the lymph 
flowing through the thoracic duct. Barrowman and colleagues demonstrated an increase 
in lymph flows from the intestine and liver in cirrhotic animals by threefold and 30-fold, 
respectively, over values obtained from control animals. They also demonstrated a good 
correlation between intestinal and liver lymph flows and portal venous pressure [60]. In 
portal hypertension, compensatory lymphangiogenic response may initially help to reduce 
the high portal pressure. Oikawa and colleagues used a morphometric analysis to examine 
portal hypertensive-associated changes in lymph vessels and branches of the portal vein, 
with use of immunohistochemical staining for alpha smooth muscle actin, and quantitated 
these changes using an image analysis system. They obtained wedge liver biopsies from 
10 patients with advanced portal hypertension and 10 control samples from patients with 
gastric carcinoma without liver disease. They showed that the proliferation of lymph vessels 
were higher in portal hypertension samples compared to the control samples. On the other 
hand, the number of portal vein branches in portal hypertension samples was not differ-
ent from control samples. They concluded that these alterations in portal hypertension may 
result in a decrease in portal flow associated with an increase in lymph flow resulting in a 
reduction of the high portal vein pressure in idiopathic portal hypertension [61]. With wors-
ening liver fibrosis and ongoing portal hypertension, the lymphatic system fails, resulting in 
buildup of interstitial fluids and ascites formation [55].

6. Renal response

The systemic vasodilation in patients with cirrhosis leads to under filling of arterial vascular 
space and that leads to systemic hypotension. Consequently, baroreceptor-mediated activa-
tion of the renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous system 
(SNS) and nonosmotic release of antidiuretic hormone (ADH) occur to restore normal hemo-
dynamics. This leads to fluid and sodium retention (Figure 1). Sodium retention is the most 
common abnormality of renal function in patients with cirrhosis and ascites [12, 62, 63]. The 
total amount of sodium retained in patients with cirrhosis is dependent on sodium intake, 
non-renal sodium losses and sodium excreted in the urine. Minimizing sodium intake in cir-
rhotic patients may help control ascites. With ongoing hemodynamic disturbance in cirrhosis, 
the equation tips toward sodium retention. Associated with this is an increase in splanchnic 
permeability that, aided by the changes in oncotic pressure, combines to lead to ascites for-
mation [63]. In the initial phases of the disease, this is compensated by an increase in lymph 
return. In fact, the thoracic duct lymph flow, which in normal conditions is lower than 1 liter 
per day, may increase by several folds. When lymph formation overcomes lymph drainage, 
this also results in ascites formation. As a result, renal vasoconstriction persists and results 
in various degrees of renal impairment. The extreme effect would result in severe renal fail-
ure with elevation of blood urea nitrogen and serum-creatinine concentration. The associ-
ated hyponatremia in portal hypertensive ascites carries a bad prognostic value and has been 
linked to mortality [64].

Refractory ascites refers to ascites that cannot be resolved by dietary sodium restriction and 
diuretic treatment. The severity of renal sodium retention increases with the progression of 
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Figure 1. The cascade of changes leading to ascites formation.
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the underlying liver disease and associated portal and systemic hemodynamic disturbance. 
The ongoing activation of the various neurohumoral pathways leads to aggressive renal reab-
sorption of sodium and water. Activation of the neurhormonal pathway also leads to a reduc-
tion in the glomerular filtration rate (GFR) and subsequently leads to a decline in the renal 
function. The enhanced sodium reabsorption at the proximal convoluted tubule leads to a 
significant reduction in the sodium reaching the distal segments of the nephron. This explains 
the failure of loop diuretics and antimineralocorticoid in treating these patients as they work 
predominantly at the distal segments of the nephron. Thus, renal sodium retention mainly 
occurs proximally to the site of action of both antimineralocorticoid and loop diuretics, and 
this can explain why diuretic treatment becomes unsuccessful in some patients. Furthermore, 
when cirrhosis progresses and the arterial vasodilation becomes more marked, the heart can 
no longer keep pace with the marked systemic vasodilatation. This results in an increase in 
the production of endogenous vasoactive compounds, which further increases sodium and 
water retention as a result of this physiological response to the relative arterial underfilling 
[63, 64]. This increased sodium and water retention contributes to increasing ascites, and in 
many cases, to the development of refractory ascites and type 2 HRS. Kraq and colleagues 
investigated the relation between cardiac and renal function in patients with cirrhosis and 
ascites and the impact of cardiac systolic function on survival. Cardiac function was inves-
tigated by gated myocardial perfusion imaging for assessment of cardiac index and cardiac 
volumes. Renal function was assessed by determination of GFR and renal blood flow, and the 
patients were followed up for 12 months. They demonstrated that patients with a low CI had 
a lower GFR and a higher creatinine level. The number of patients who developed type 1 HRS 
within 3 months was significantly higher in the group with low CI than that in the group with 
high CI. They also showed that patients with the lowest CI had significantly poorer survival 
at 3, 9, and 12 months than did those with a higher CI [65].

7. Clinical implications

This circulatory dysfunction in cirrhosis is the proposed pathophysiological mechanism lead-
ing to sodium and water retention in patients with liver cirrhosis. Treatment aimed at revers-
ing this pathophysiological process would likely result in improving the outcome. Albumin 
has been used in clinical trials as a volume expander and, when given with a vasoconstrictor, 
has been shown to improve renal function in the setting of cirrhotic ascites. Martín-Llahí and 
colleagues randomized 46 patients with cirrhosis and HRS to receive terlipressin, a vasopres-
sin analog, and albumin (n = 23) or albumin alone (n = 23) for a maximum of 15 days. They 
monitored renal function closely during the study period. Improvement of renal function 
occurred in 10 patients (43.5%) treated with terlipressin and albumin compared with that 
in two patients (8.7%) treated with albumin alone (P = .017) [66]. Similarly, Guevara and 
colleagues treated 16 patients with HRS with a combination of ornipressin, a potent vaso-
constrictor agent, and albumin to improve the cardiovascular dysfunction. The combined 
treatment was administered for either 3 or 15 days (eight patients each). The shorter treat-
ment duration was associated with normalization of the overactivity of renin-angiotensin 
and sympathetic nervous systems, a marked increase in atrial-natriuretic peptide levels, and 
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has been shown to improve renal function in the setting of cirrhotic ascites. Martín-Llahí and 
colleagues randomized 46 patients with cirrhosis and HRS to receive terlipressin, a vasopres-
sin analog, and albumin (n = 23) or albumin alone (n = 23) for a maximum of 15 days. They 
monitored renal function closely during the study period. Improvement of renal function 
occurred in 10 patients (43.5%) treated with terlipressin and albumin compared with that 
in two patients (8.7%) treated with albumin alone (P = .017) [66]. Similarly, Guevara and 
colleagues treated 16 patients with HRS with a combination of ornipressin, a potent vaso-
constrictor agent, and albumin to improve the cardiovascular dysfunction. The combined 
treatment was administered for either 3 or 15 days (eight patients each). The shorter treat-
ment duration was associated with normalization of the overactivity of renin-angiotensin 
and sympathetic nervous systems, a marked increase in atrial-natriuretic peptide levels, and 
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only a slight improvement in renal function. However, when treatment was administered 
for 15 days outcome was significantly better. Renal function improved dramatically mani-
fested by normalization of serum creatinine associated with an increase in the GFR and a 
persistent suppression in the activity of vasoconstrictor systems [67]. In another study, Ortega 
and colleagues showed that terlipressin therapy reverses HRS, and the effect was augmented 
when coupled with albumin [68]. Patel and colleagues assessed the efficacy of midodrine and 
octreotide as a therapeutic approach to increasing urinary electrolyte-free water clearance 
in advanced cirrhosis. Patients were treated with albumin, midodrine and octreotide within 
the first 24 h. Urinary electrolyte-free water clearance and serum sodium concentration were 
assessed before and 72 h after treatment. The assessments showed a statistically significant 
increase in serum sodium concentration and urinary electrolyte-free water clearance with 
the use of midodrine and octreotide in the treatment of cirrhosis-associated hyponatremia 
[69]. These studies demonstrate the importance of targeting circulatory dysfunction in end-
stage liver disease. A more challenging aspect in managing these patients is the associated 
cirrhotic cardiomyopathy. The development of HRS in the setting of advanced liver disease is 
associated with a drop in the cardiac output, emphasizing the additional role of cirrhotic car-
diomyopathy in the pathogenesis of hepatorenal dysfunction [65]. Other reports suggested a 
possible role of cirrhotic cardiomyopathy in spontaneous bacterial peritonitis [70].

Transjugular intrahepatic portosystemic shunts (TIPS) have been commonly used to treat 
refractory ascites. Following TIPS insertion, a sudden increase in the preload results in further 
hemodynamic disturbance, and therefore, careful cardiovascular evaluation prior to the pro-
cedure is a necessity [71, 72]. The preexisting subclinical diastolic dysfunction becomes clini-
cally obvious with the sudden increase in the right atrial and pulmonary circulation, leading 
to heart failure. In a recent study, Ascha and colleagues investigated if echocardiographic 
and hemodynamic changes at the time of TIPS can provide any prognostic information. After 
evaluating 418 patients, they showed that a change in the right atrial (RA) pressure after TIPS 
predicted long-term mortality [73]. Others showed a possible impact of intra-procedural RA 
pressure on early post-TIPS mortality [74]. Other studies suggested that an E/A ratio of ≤1 was 
predictive of slow ascites clearance and mortality post-TIPS insertion [75, 76].

Liver transplantation results in correction of portal hypertension and reversal of all the patho-
physiological mechanisms that lead to hyperdynamic circulation [77]. We studied the hemo-
dynamics in the immediate post-transplant period and compared patients with alcoholic 
vs. viral cirrhosis. Within the first 24 h, there was a significant decrease in HR and increase 
in MAP; the extent of the change was similar in both groups. The central venous pressure 
(CVP), pulmonary capillary wedge pressure (PCWP), and systemic vascular resistance index 
(SVRI) increased, and changes were more pronounced in the viral group [78]. Navasa and 
colleagues assessed systemic hemodynamics and plasma levels of aldosterone, glucagon and 
plasma renin in 12 patients with advanced cirrhosis before and 2 weeks and 2 months after 
LT. Elevated aldosterone, plasma renin and glucagon levels decreased to near-normal val-
ues 2 weeks after transplantation. This decrease was associated with reversal of the asso-
ciated splanchnic and systemic vasodilation and restoration of normal hemodynamics [79]. 
Following LT, the rapid reversal of systemic vasodilatation and the associated increase in 
blood pressure exposes the previously subclinical cirrhotic cardiomyopathy. Cardiovascular 
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complications are a major cause of postoperative morbidity and mortality after liver trans-
plantation [80]. Fouad and colleagues reviewed 197 liver transplant recipients for post-liver 
transplant-related cardiac complications. Eighty-two patients suffered one or more cardiac 
complications within 6 months after LT. Pulmonary edema was the most common complica-
tion, occurring in 61 patients; other complications included heart failure (7 patients), arrhyth-
mia (13 patients), pulmonary hypertension (7 patients), pericardial effusion (2 patients), and 
cardiac thrombus formation (1 patient). In their study, cardiac causes were the leading cause 
of death (23.8% of all mortality) [81].

LT induces significant cardiovascular stress. Predicting the development of postoperative 
cardiac complications is very difficult. Two-dimensional and dobutamine stress echocardiog-
raphy were utilized to predict the development of adverse cardiac events following liver 
transplantation, and both had a low predictive value [82]. More recently, a study utilizing 
dobutamine stress perfusion, which provides an assessment of both regional systolic and 
diastolic function as well as microvascular perfusion, revealed a better prediction of post-
transplant cardiac outcome [83]. Management at the time of liver transplantation should 
involve careful fluid management. Immediate postoperative care should include continuous 
cardiac and hemodynamic monitoring and early detection of any potential arrhythmia or any 
other cardiac complication.
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Abstract

Tuberculosis (TB) is a highly contagious bacterial infection caused by Mycobacterium 
tuberculosis (MTB), affecting about 1/3rd of the world population and being responsible 
for lot of deaths worldwide, despite the progress achieved in the diagnosis and treat-
ment fields. TB can affect the peritoneum, the TB ascites being a concern for physicians, 
especially when dealing with immunocompromised patients. The clinical presentation of 
TB ascites is challenging, due to nonspecific symptoms that make confusion with other 
diseases and the late results of cultures from ascites. The late diagnosis leads to a delayed 
treatment and high mortality. This manuscript describes recent tools used for early diag-
nosis in TB ascites. Molecular methods based on mycobacterial nucleic acid amplification 
tests (NAATs), polymerase chain reaction (PCR) detecting minimal amounts of bacterial 
DNA, or interferongamma release assays (IGRA) and biochemical methods such as the 
serum-ascites albumin gradient (SAAG) <1.1 g/dL, ratio between lactic dehydrogenase 
(LDH) in ascites fluid/serum total protein (TP) ratio of 0.5 and fluid ascites/serum LDH 
ratio of 0.6, and adenosine deaminase activity (ADA) > 40 UI/ml were recently considered 
more accurate diagnostic procedures. These methods allow a rapid and accurate differ-
ential diagnosis of ascites fluid, making possible the early treatment with appropriate 
drugs.

Keywords: peritoneal tuberculosis, ascites, diagnosis, molecular tests, biochemical tests

1. Introduction

Tuberculosis (TB) is a dangerous infection affecting about one third of the world population 
despite the availability of affordable and effective chemotherapy, remaining one of the major 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



causes of death from a single infectious agent worldwide. The most affected organ is the lung. 
It is preventable through Bacillus of Calmette and Guérin (BCG) vaccination and curable with 
antituberculous drugs.

Tuberculosis is a serious and highly contagious bacterial infection which in humans is usually 
caused by bacteria called Mycobacterium tuberculosis (MTB), a member of the Mycobacteriaceae 
family. This complex also includes M. bovis and M. africanum. M. bovis is more frequently found 
in cattle and other animals, but it’s also responsible for some cases in humans. M. africanum 
is more common in West African countries. Mycobacterial infection is spread through the air 
from one person to another and causes active disease or latent infection [1].

The absolute number of incident cases has been decreasing since the early 2000s. The low-
est incidence rate is found in high-income countries including the United States of America, 
Canada, New Zealand, Western Europe, and Australia. The largest number of incident cases 
is found in low- and middle-income countries. In 2015, 61% of the new cases occurred in Asia, 
followed by 26% new cases in Africa (Figure 1) [2].

The HIV infection is the prevalent risk factor for the development of TB because HIV alters the 
pathogenesis of TB by producing a progressive decline in cell-mediated immunity and raises 
the chances of extrapulmonary involvement [3, 4].

Tuberculosis is a disease which typically involves the respiratory system, being characterized 
by the growth of tubercles in tissues, but it can affect any other organ, in which case it’s called 
extrapulmonary tuberculosis (EPTB) and usually results from hematogenous dissemination, 
being particularly present in immunocompromised patients. In some cases the infection directly 
extends from an adjacent organ. The most common sites of extrapulmonary tuberculosis are the 
lymph nodes, abdomen, bones and joints, pleura, spinal cord, and brain [5, 6].

Figure 1. Worldwide incidence of TB infections.
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Abdominal tuberculosis is a common form of extrapulmonary tuberculosis. The infec-
tion involving M. tuberculosis or M. bovis could be the result of a primary infection or the 
reactivation of a latent focus in immunocompromised patients. The spread of abdominal 
tuberculosis can be hematogenous or can result from direct contact with primary focus 
or ingestion of sputum containing bacilli from the active pulmonary focus. This form of 
EPTB affects the peritoneum, the gut, the abdominal lymph nodes, and sometimes, less 
frequently, the parenchymatous organs in the abdomen like the spleen, liver, and pancreas 
leading to severe complications. There are three types of abdominal tuberculosis: ascitic, 
obstructive, and glandular. Diagnosis can be achieved through different methods: ultra-
sound of the abdomen, CT/MRI scans, biopsies of the suspected organ, endoscopy, and 
various function tests.

Peritoneal tuberculosis is an uncommon site of extrapulmonary infection caused by M. tuber-
culosis. Patients susceptible of developing EPTB are those with malignant diseases, HIV infec-
tion, diabetes, and cirrhosis or patients treated with antitumor necrosis factor (TNF) agents 
or peritoneal dialysis. Peritoneal TB is divided into three types: the wet ascitic type, the fixed 
fibrotic type, and the dry plastic type. The wet ascitic type is more common and is associated 
with large amounts of free or loculated fluid in the abdomen. The high attenuation of the 
ascites in abdominal ultrasound is thought to be due to high protein and cellular content. 
Associated peritoneal enhancement is usually present.

Infection occurs frequently following reactivation of latent tuberculous in the peritoneum from 
hematogenous spread from a primary lung focus. It can also occur via hematogenous spread 
from active pulmonary or miliary TB. Not so often, the organisms enter the peritoneal cavity 
transmurally, from an infected small intestine or contiguously from tuberculous salpingitis. 
Over time, the visceral and parietal peritoneum becomes studded with tubercles [7–9].

2. Definition

Ascites is defined as an abnormal accumulation of fluid in the peritoneal cavity, the presence 
of serous fluid between the visceral and parietal peritoneum. The word ascites is derived from 
the ancient Greek word “askos” meaning a bag or a sack. Under normal circumstances, the 
amount of peritoneal fluid depends on a balance between plasma flowing into and out of the 
blood and lymphatic vessels. This balance, once being disrupted, leads to abnormal accumula-
tion of fluid [10]. Ascites can be a consequence or a complication of infections, malignancy, and 
many severe diseases: cardiac, endocrine, hepatic, or renal. The prognosis is usually poor, but 
it depends on the underlying causes. Laboratory tests of ascitic fluid, clinical, paraclinical, and 
pathological data are required for the differential diagnosis.

Tuberculous ascites, one of the clinical signs of abdominal TB, implies accumulation of fluid 
in the abdomen, a swollen abdomen, and slightly raised tubercles of 1–2 mm all over the peri-
toneum. In EPTB, ascites develops secondary to “exudation” of proteinaceous fluid from the 
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tubercles, similar to the mechanism leading to ascites in patients with peritoneal carcinomato-
sis, and it’s often misdiagnosed in elderly patients. Most patients with tuberculous peritonitis 
have ascites at the time of diagnosis, while the rest present the advanced phase, the dry or 
fibroadhesive form of the disease [11, 12].

3. Clinical manifestations

Tuberculous peritonitis is a subacute disease, and its symptoms evolve over a period of several 
weeks or months.

The insidious onset of this condition and the fact that the diagnosis is rarely suspected explains 
why patients have symptoms for more than 4 months before the diagnosis is established. 
Tuberculous peritonitis should be considered in any patient presenting with several weeks 
of abdominal pain, fever, and weight loss. Systemic and constitutional manifestations are 
common. Symptoms may be mild, with fatigue, abdominal pain, and tenderness, or severe 
enough to mimic acute abdomen [13]. Other clinical manifestations could be:

• Constipation/diarrhea

• Nocturnal hyperhidrosis

• Low-grade fever

• Anorexia

• Malaise

The clinical presentation of TB ascites is challenging, since it is nonspecific and can be con-
fused with a plethora of other infectious or noninfectious diseases, leading to a delayed diag-
nosis and treatment which are major factors that contribute to the high mortality of TB.

Another situation that contributes to a delayed diagnosis is the presence of multiple comor-
bidities such as HIV/AIDS, cirrhosis, uremia, or other chronic conditions. Additional illness 
results in atypical presentation of TB ascites which render the symptoms more difficult to 
identify and distinguish. Moreover, in elderly patients, clinical manifestation is minimal with 
abdominal discomfort, constipation, or fatigue, symptoms that most people tend to ignore as 
minor or non-perilous (Figure 2) [14, 15].

Figure 2. Factors associated with delayed diagnosis.
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4. Diagnosis

Due to the fact that the nature of this disease is insidious, the diagnosis represents a challenge 
for clinicians. With the ever-increasing demographic shifts, more cases are now detected in 
areas where TB was a rarity until present. Unless a high degree of suspicion is maintained, the 
diagnosis can easily be missed or delayed [12].

Diagnostic techniques and procedures include:

• Clinical observation

• Imaging techniques: ultrasound, CT/MRI

• Laboratory tests

• Ascites fluid microbiologic and biochemical analysis

Generally, diagnosis is based on clinical suspicion, imaging of tuberculous infected zone, and 
detection of M. tuberculosis in ascitic fluid using acid-fast bacillus staining or culturing. The sensi-
tivity of standard diagnostic methods such as Ziehl-Neelsen staining of smears and Lowenstein-
Jensen culture done from ascitic fluid is very low for the diagnosis of abdominal TB. Ziehl-Neelsen 
staining of the ascitic fluid for mycobacterial detection is positive in only about 3% of the cases 
with proven TB peritonitis. Detection of mycobacteria requires the presence of more than 5000 
bacilli/mL of specimen. In comparison, for positive culture, the presence of at least 10 organisms 
is considered to be sufficient. For a successful detection, culture methods based on a combination 
of liquid or biphasic media, together with solid media, are necessary [16, 17].

Nucleic acid amplification tests (NAATs) are molecular diagnostic methods based on ampli-
fication of mycobacterial nucleic acid. These are rapid methods that provide results within a 
day, and they are more specific and sensitive than Acid-Fast Bacillus Smear (AFB) smear. Albeit 
NAATs were originally designed for respiratory specimens, they can also be used on speci-
mens from other TB sites like ascitic fluid samples, but this technique is still under evaluation.

Ascites of TB peritonitis obtained through ultrasound-guided paracentesis is an exudative type, 
and macroscopically its appearance is chylous and cloudy or turbid. Biochemically, the serum-
ascites albumin gradient (SAAG) is now considered a more sensitive and specific measure than 
the ascitic total protein concentration which has been used for many years, in differentiating the 
ascites due to portal hypertension from ascites due to other pathophysiological mechanisms, 
such as tuberculous ascites which has a SAAG <1.1 g/dL and total proteins >3–4 g% [18, 19]. 
Combining LDH with total protein analysis has been explored for ascitic fluid. The cutoff val-
ues for three parameters in the ascitic fluid for differentiation between hepatic and non-hepatic 
ascites are as follows: LDH of 400 Sigma units, fluid/serum total protein (TP) ratio of 0.5, and 
fluid/serum LDH ratio of 0.6. The presence of any two of these three findings is usually associ-
ated with TB; the absence of all three indicates a hepatic cause [20].

Glucose concentration in the ascitic fluid, under normal conditions, is similar to that in the 
serum. Ascitic glucose concentration decreases due to consumption by bacteria, white blood 
cells, or cancer cells in the fluid in TB peritonitis. Ascitic glucose concentration is lower than 
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normal in TB ascites, which makes it an indicator in differentiating tuberculosis from other 
diseases, such as cirrhosis. The ascitic/blood glucose ratio is a useful test in differentiating TB 
peritonitis from other causes of ascites [18].

Ascitic fluid adenosine deaminase activity (ADA) is considered a more sensitive and specific 
method used for early diagnosis of TB ascites. Even if the full physiological role of ADA is 
not yet completely understood, it is known that ADA values are notably higher (>40 U/L) in 
patients with TB ascites [21–23].

Non-biochemical tests of ascitic fluid, including cell counts, bacterial culture, and polymerase 
chain reaction (PCR), have an important role in diagnosing the cause of ascites.

The total cell count in tuberculous ascites is 150–4000/μL, and the cytologic examination 
shows over 70–80% lymphocytes and more than 250 leucocytes/mm3 (Table 1).

The sensitivity of direct microscopic smear detection of acid-fast bacilli in the ascitic fluid 
(0–6%) and ascitic fluid mycobacterial culture (20–35%) is low, and because of the delay in 
obtaining the results of mycobacterial cultures of ascitic fluid, the mortality is high, and the 
value of these tests in the differential diagnosis of ascites is limited.

Recently, a new approach to the fast diagnosis of bacterial infections emerged, including 
tuberculosis. The advanced molecular techniques provided a new method represented by 
PCR which can detect minimal amounts of bacterial DNA and improves the rates of bacterial 
identification from 4 to 6 weeks for microbiological cultures to 24 hours. In diagnosing TB 
effusions, PCR appears to be an ideal tool, with 94% sensitivity and 88% specificity, becoming 
a rapid and reliable method for identification of infectious ascites [24].

The tuberculin skin testing (TST or purified protein derivative (PPD) skin test) is controversial, 
despite the high specificity of this test which is between 95 and 99%. Skin testing is currently 
used only for detection of latent infection because of its low sensitivity and low positive predic-
tive value. At the moment, there are no recommendations for using this test to diagnose active 

Type Exudative

Appearance Chylous and cloudy/turbid

Total cell count 150–4000/μL

Leucocytes >250/mm3

Lymphocytes >70–80%

Total proteins >3–4 g%

ADA >40 U/L

LDH >400 SU

Glucose <6 mg/dL

SAAG <1.1 g/dL

Table 1. Characteristics of tuberculous ascites.
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disease like tuberculous peritonitis. At best, tuberculin skin testing can only offer auxiliary 
information. Several studies have reported positivity rates ranging between 24 and 100% with 
no significant difference between high and low endemicity areas. Currently, the recommenda-
tions about the cut point for the induration differ depending on the risk scale. For patients at 
low risk, the cut point is at 15 mm; in cases of moderate risk, the cut point is 10 mm, and for 
those at high risk, the cut point is 5 mm. Generally, about 50% of the patients would have false-
negative reactions to this test, suggesting the fact that it has many potential sources of error. 
In conclusion, anergy testing may yield confusing information and is no longer recommended 
for diagnosis [25].

A great scientific advance has been the development of an IFN-c-based test with an 89% 
sensitivity, which is a quantitative in vitro assay evaluating the cell-mediated immune 
response to M. tuberculosis and has excellent agreement with tuberculin skin testing. The 
principle of this test is that previously sensitized T lymphocytes release IFN-c in response 
to stimulation by purified protein derivative (PPD).

In the past few years, the tuberculin skin test has been replaced by T-cell-based interferon-gamma 
release assay (IGRA) which is more sensitive and more specific. IGRA is an in vitro test used in 
all circumstances in which the TST is currently used, including evaluation of immigrants, sur-
veillance programs, or contact investigations [26]. There are three commercially available IFN-γ 
tests: QuantiFERON-TB Gold assay (QFN-Gold), QuantiFERON-TB Gold In-Tube assay (QFN-
G-IT), and T-SPOT.TB assay. They are rapid immunodiagnostic tests that can detect interferon-γ 
(IFN-γ) produced by lymphocytes in response to Mycobacterium tuberculosis (MTB). T-SPOT.TB 
test is a blood IFN-γ assay that measures the number of IFN-γ-producing T cells by identifying 
IFN-γ release when stimulated by MTB-specific antigens, including early secretory antigenic tar-
get 6 and culture filtrate protein 10, using enzyme-linked immunospot assay. QuantiFERON-TB 
Gold test is the predecessor of QuantiFERON-TB Gold In-Tube test, and they both measure pro-
duction of IFN-γ in culture supernatant using enzyme-linked immunosorbent assay (ELISA). 
This measurement is possible by circulating T cells in whole blood being challenged with M. 
tuberculosis-specific antigens. The advantage of blood IGRA tests over tuberculin skin tests is 
the fact that IGRAs do not cross-react with the Bacillus of Calmette and Guérin (BCG) vaccine 
antigens, but suboptimal results can be possible in diagnosing EPTB because they aren’t able to 
distinguish latent infection from active disease [27]. According to some researches, M. tuberculo-
sis antigen-specific T cells may accumulate at infection sites; therefore, investigating body fluid 
IGRAs may increase the accuracy of EPTB diagnosis [28, 29].

Imaging techniques used for detection of TB ascites are ultrasound and computed tomography. 
These methods also increase the accuracy of several procedures like paracentesis or peritoneal 
biopsies, providing a safer and affordable replacement to diagnostic laparoscopy [30].

Ultrasound is the most sensitive and reliable method of detecting ascites, guiding paracentesis 
and monitoring the effects of therapy. It can detect even small volumes of fluid (as little as 
100 ml of fluid could be detected). Ascites is usually seen as an anechoic space. In TB asci-
tes, particulate matter within the ascitic fluid or fine, mobile strands, representing echogenic 
debris, can be detected. Less commonly, the ultrasound can reveal calcifications in the walls 
of encysted ascitic fluid [12].
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On computed tomography the ascitic fluid has high attenuation values, between 20 and 45 HU, 
and the peritoneum is symmetrically thickened and nodular. Frequently, an early sign of abdom-
inal TB is a thickened mesentery (>15 mm) with mesenteric lymph nodes.

Many studies concluded that ultrasonography and computed tomography are complemen-
tary to each other in detecting TB ascites, as they provide different details. CT focuses on the 
peritoneum and omental and mesentery involvement, and the ultrasound shows fine, mobile 
septations (Figure 3) [31].

However, the only certain way to diagnose TB ascites is the histological examination. Various 
methods that include excision, laparoscopy, needle biopsy and ultrasound-guided biopsies, 
endoscopy, computed tomography (CT), or endoscopic ultrasound are used to establish the 

Figure 3. Circumferential parietal thickness, with an edematous appearance of the appendix, cecum, ascending 
colon, and up to the hepatic flexura, associating stripe thickening of adjacent fat. Multiple adenopathies containing 
calcifications and central necrosis. Fluid accumulation in the peritoneal cavity associating symmetrical, iodophilic 
thickening of parietal peritoneum. Osteolytic areas with an adjacent osteosclerotic reaction in L2, L3, and L4 vertebrae. 
Parafluid accumulation in L2–L3 and L3–L4 intervertebral spaces that reaches the anterior epidural space and the roots 
of L2 and L3 nerves, extending to L3–L4 adjacent smooth tissues, with no visible border toward the right psoas muscle.
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diagnosis. The presence of granulomas is typical for TB ascites [32]. The relative sensitivities 
of different procedures and the potential therapeutic benefits should be considered in mak-
ing the choice of diagnostic approach. In superficial TB lymphadenitis, fine needle aspiration 
(FNA) biopsy of affected lymph nodes is the gold-standard diagnostic technique. Excision 
biopsy has the highest sensitivity, whereas FNA is less invasive and may be useful. If FNA 
examination results are doubtful, excision biopsy may be needed. Laparoscopy with target 
peritoneal biopsy is the current first-line investigation in the diagnosis of peritoneal TB [33, 
34]. Several studies revealed a diagnostic accuracy of 84–96% for TB peritonitis.

Generally, tissue biopsy is superior to fluid aspiration in providing positive culture results. 
The diagnosis is more accurate when the biopsy results and polymerase chain reaction assays 
are combined with culture results [35].

5. Differential diagnosis

The main differential diagnosis is peritoneal carcinomatosis, which can be difficult to distin-
guish, especially in older patients. The nodules of carcinomatosis are larger, usually more 
than 3 mm, more vascular, and more irregular than the tuberculous ones which rarely surpass 
1–2 mm. Carcinomatosis is seen as an irregular peritoneal thickening with nodular implants, 
while TB peritonitis is suggested by the presence of a smooth peritoneum with symmetrical 
thickening, ascites, and enlarged lymph nodes of low attenuation [31].

Other less likely considerations include:

• Ascites in liver diseases: the liver is enlarged and irregular; proteins are lower than 4 g%.

• Nephrotic syndrome: ascites is less marked; proteins are lower than 4 g%.

• Nutritional edema (hypoproteinemia) has many other signs of protein deficiency; proteins 
are also lower than 4 g%.

• Starch peritonitis, sarcoidosis, and Crohn’s disease may resemble the laparoscopic features 
of TB peritonitis, but the presence of caseating granuloma establishes the diagnosis (Table 2) 
[36, 37].

The most important differential diagnosis Less likely considerations

Ascites in liver disease

Nephrotic syndrome

Peritoneal carcinomatosis Hypoproteinemia

Sarcoidosis

Starch peritonitis

Crohn’s disease

Table 2. Differential diagnosis.
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There are a few signs that additionally suggest the diagnosis of TB peritonitis: normal serum 
levels of CA 19–9 and carcinoembryonic antigen (CEA), elevated serum levels of CA 125, fever, 
and lymphocyte-predominant benign ascites, but only biopsies yield the final diagnosis [38, 39].

6. Treatment

Treatment is initiated not only in patients with confirmed diagnosis but also in patients with 
strong suspicion of TB, because a delay in treatment initiation can lead to significant mor-
tality. TB treatment initiation includes also individuals with ascites associated with fever, 
weight loss, imaging signs of TB, personal history of TB, or contact with a tuberculosis case.

Despite the fact that most guidelines on the treatment of tuberculosis suggest that 6 months 
of treatment is sufficient for extrapulmonary tuberculosis (except for the case of bone tuber-
culosis or tuberculous meningitis), most physicians treating peritoneal tuberculosis use anti-
tuberculous therapy for 9 to 12 months [40, 41].

Drug treatment is the most important modality and follows standard regimens and prin-
ciples. There are currently five drugs that are considered first-line medications: isonia-
zid, rifampicin, pyrazinamide, streptomycin, and ethambutol. Second-line drugs are only 
used in case of resistance to first-line therapy (extensively drug-resistant tuberculosis or 
multidrug-resistant tuberculosis), and they are represented by aminoglycosides, fluoro-
quinolones, polypeptides, cycloserine, thioamides, and terizidone. There is also a third-
line therapy with uncertain or unproven efficacy including rifabutin, macrolides, linezolid, 
thioacetazone, thioridazine, arginine, bedaquiline, and vitamin D [42]. Drug-resistant dis-
ease varies substantially in different areas of the world and may occur in cases of poor 
patient management, nonadherence to prescribed regimen, or as a result of malabsorption 
of the antituberculous drugs.

The treatment of TB peritonitis in patients with HIV is usually the same, but because HIV-
infected patients are often taking multiple drugs, some of which may interact with antituber-
culous ones; it is strongly recommended to consult the experts in HIV-related TB.

The “complete response” to antituberculous treatment means complete resolution of symp-
toms and ascites within 6 months; in most cases, laboratory tests return to normal values 
within 3 months. Persistence of ascites means “no response” [43, 44].

7. Conclusions

Peritoneal tuberculosis is still common in areas of the world where TB is prevalent and its 
incidence ratio is likely to increase as a consequence of population migrations.

Ascites can be a complication of an aggregate of diseases, which carries an unfavorable prognosis 
that depends on the causes, the moment of diagnosis, and the start of the treatment.
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Establishing the diagnosis of TB ascites requires a high index of suspicion because of its insid-
ious development. In any patient with several weeks of abdominal pain, weight loss, fever, 
and lymphocytic dominant ascites with SAAG < 1.1 g/L, as well as in patients with ascites 
belonging to special population groups, such as indigenous or older people, or patients with 
ascites as the primary symptom, ascitic TB peritonitis should be considered in differential 
diagnosis. This syndrome behaves clinically like many abdominal diseases that are often 
ignored, leading to a significant impact on morbidity and mortality due to a delayed diag-
nosis and treatment. Older laboratory tests lack sensitivity and specificity in establishing the 
diagnosis. Histological examination, considered the gold-standard diagnosis method, is an 
invasive procedure with high risk of complications. More accurate methods such as molecular 
tests based on mycobacterial nucleic acid amplification tests (NAATs), PCR techniques used 
to detect bacterial DNA, or interferon-gamma release assays (IGRA) and biochemical meth-
ods such as the serum-ascites albumin gradient (SAAG), ratio between LDH in ascites fluid/
serum total protein (TP) ratio and fluid ascites/serum LDH ratio, adenosine deaminase activ-
ity (ADA), and imagistic techniques were recently considered for an efficient positive diagno-
sis of TB ascites, making possible the early treatment with appropriate tuberculostatic drugs.

Author details

Andra-Iulia Suceveanu*, Despina Todescu, Laura Mazilu, Filippos Goniotakis Manousos, 
Roxana Hulea, Felix Voinea, Eugen Dumitru and Adrian Paul Suceveanu

*Address all correspondence to: andrasuceveanu@yahoo.com

Faculty of Medicine, Ovidius University, Constanta, Romania

References

[1] Dye C, Lönnroth K, Jaramillo E, et al. Trends in tuberculosis incidence and their determi-
nants in 134 countries. Bulletin of the World Health Organization. 2009;87:683

[2] Walter ND, Jasmer RM, Grinsdale J, et al. Reaching the limits of tuberculosis prevention 
among foreign-born individuals: A tuberculosis-control program perspective. Clinical 
Infectious Diseases. 2008;46:103. DOI: 10.1086/523733

[3] Canadian Thoracic Society and The Public Health Agency of Canada and Licensors. 
Canadian Tuberculosis Standards. 7th ed. Ottawa: Public Health Agency of Canada; 2013. 
pp. 247-273

[4] Schluger NW, Rom WN. The host immune response to tuberculosis. American Journal 
of Respiratory and Critical Care Medicine. 1998;157:679-691

[5] Mehta JB, Dutt A, Harvill L, Mathews KM. Epidemiology of extrapulmonary tuberculo-
sis. A comparative analysis with pre-AIDS era. Chest. 1991;99:1134

Modern Tools for Diagnosis in Tuberculous Ascites
http://dx.doi.org/10.5772/intechopen.70417

43



[6] Gherasim L. Non-surgical diseases of the peritoneum - Ascites. Internal Medicine. Vol. 
3. Ed. Medicala; 1998. pp. 1159-1176

[7] Lazarus A, Thilagar B. Abdominal Tuberculosis. Disease-a-Month. 2007;53(1):32-38

[8] Dineen P, Homan WP, Grafe WR. Tuberculous peritonitis: 43 years experience in diag-
nosis and treatment. Annals of Surgery. 1976;184:717-722

[9] Sanai FM, Bzeizi KI. Systematic review: Tuberculous peritonitis—presenting features, diag-
nostic strategies and treatment. Alimentary Pharmacology and Therapeutics. 2005;22(8): 
685-700

[10] Lin-Lin H, Harry Hua-Xiang X, Sen-Lin Z. Ascitic Fluid Analysis in the Differential 
Diagnosis of Ascites: Focus on Cirrhotic Ascites. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4521252

[11] Chow KM, Chow VC, Hung LC, Wong SM, Szeto CC. Tuberculous peritonitis-associ-
ated mortality is high among patients waiting for the results of mycobacterial cultures of 
ascitic fluid samples. Clinical Infectious Diseases. 2002;35:409-413

[12] Jain R, Sawhney S, Bhargava DK, Berry M. Diagnosis of abdominal tuberculosis: 
Sonographic findings in patients with early disease. American Journal of Roentgenology. 
1995;165:1391-1395

[13] Bernhard JS, Bhatia G, Knauer CM. Gastrointestinal tuberculosis: An eighteen-patient 
experience and review. Journal of Clinical Gastroenterology. 2000;30:397-402

[14] Al Karawi MA, Mohamed AE, Yasawy MI, et al. Protean manifestations of gastrointes-
tinal tuberculosis: Report on 130 patients. Journal of Clinical Gastroenterology. 1995;20: 
225-232

[15] Gonnella JS, Hudson EK. Clinical patterns of tuberculous peritonitis. Archives of Internal 
Medicine. 1966;117:164-169

[16] Yeager HJ Jr, Lacy J, Smith L, LeMaistre C. Quantitative studies of mycobacterial popu-
lations in sputum and saliva. The American Review of Respiratory Disease. 1967;95: 
998-1004

[17] Gupta S, Kumari S, Banwalikar JN, Gupta SK. Diagnostic utility of the estimation of 
mycobacterial antigen A60 specific immunoglobulins IgM, IgA and IgG in the sera of 
cases of adult human tuberculosis. Tubercle and Lung Disease. 1995;76:418-424

[18] Tarn AC, Lapworth R. Biochemical analysis of ascitic (peritoneal) fluid: What should we 
measure? Annals of Clinical Biochemistry. 2010;47:397-407

[19] Mansour-Ghanaei F, Shafaghi A, Bagherzadeh AH, Fallah MS. Low gradient ascites: A 
seven year course review. World Journal of Gastroenterology. 2005;11:2337-2339

[20] Sevinc A, Sari R, Fadillioglu E. The utility of lactate dehydrogenase isoenzyme pattern in 
the diagnostic evaluation of malignant and nonmalignant ascites. Journal of the National 
Medical Association. 2005;97:79-84

Ascites - Physiopathology, Treatment, Complications and Prognosis44



[6] Gherasim L. Non-surgical diseases of the peritoneum - Ascites. Internal Medicine. Vol. 
3. Ed. Medicala; 1998. pp. 1159-1176

[7] Lazarus A, Thilagar B. Abdominal Tuberculosis. Disease-a-Month. 2007;53(1):32-38

[8] Dineen P, Homan WP, Grafe WR. Tuberculous peritonitis: 43 years experience in diag-
nosis and treatment. Annals of Surgery. 1976;184:717-722

[9] Sanai FM, Bzeizi KI. Systematic review: Tuberculous peritonitis—presenting features, diag-
nostic strategies and treatment. Alimentary Pharmacology and Therapeutics. 2005;22(8): 
685-700

[10] Lin-Lin H, Harry Hua-Xiang X, Sen-Lin Z. Ascitic Fluid Analysis in the Differential 
Diagnosis of Ascites: Focus on Cirrhotic Ascites. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4521252

[11] Chow KM, Chow VC, Hung LC, Wong SM, Szeto CC. Tuberculous peritonitis-associ-
ated mortality is high among patients waiting for the results of mycobacterial cultures of 
ascitic fluid samples. Clinical Infectious Diseases. 2002;35:409-413

[12] Jain R, Sawhney S, Bhargava DK, Berry M. Diagnosis of abdominal tuberculosis: 
Sonographic findings in patients with early disease. American Journal of Roentgenology. 
1995;165:1391-1395

[13] Bernhard JS, Bhatia G, Knauer CM. Gastrointestinal tuberculosis: An eighteen-patient 
experience and review. Journal of Clinical Gastroenterology. 2000;30:397-402

[14] Al Karawi MA, Mohamed AE, Yasawy MI, et al. Protean manifestations of gastrointes-
tinal tuberculosis: Report on 130 patients. Journal of Clinical Gastroenterology. 1995;20: 
225-232

[15] Gonnella JS, Hudson EK. Clinical patterns of tuberculous peritonitis. Archives of Internal 
Medicine. 1966;117:164-169

[16] Yeager HJ Jr, Lacy J, Smith L, LeMaistre C. Quantitative studies of mycobacterial popu-
lations in sputum and saliva. The American Review of Respiratory Disease. 1967;95: 
998-1004

[17] Gupta S, Kumari S, Banwalikar JN, Gupta SK. Diagnostic utility of the estimation of 
mycobacterial antigen A60 specific immunoglobulins IgM, IgA and IgG in the sera of 
cases of adult human tuberculosis. Tubercle and Lung Disease. 1995;76:418-424

[18] Tarn AC, Lapworth R. Biochemical analysis of ascitic (peritoneal) fluid: What should we 
measure? Annals of Clinical Biochemistry. 2010;47:397-407

[19] Mansour-Ghanaei F, Shafaghi A, Bagherzadeh AH, Fallah MS. Low gradient ascites: A 
seven year course review. World Journal of Gastroenterology. 2005;11:2337-2339

[20] Sevinc A, Sari R, Fadillioglu E. The utility of lactate dehydrogenase isoenzyme pattern in 
the diagnostic evaluation of malignant and nonmalignant ascites. Journal of the National 
Medical Association. 2005;97:79-84

Ascites - Physiopathology, Treatment, Complications and Prognosis44

[21] Riquelme A, Calvo M, Salech F, et al. Value of adenosine deaminase (ADA) in ascitic 
fluid for the diagnosis of tuberculous peritonitis: A meta-analysis. Journal of Clinical 
Gastroenterology. 2006;40(8):705-710

[22] Segura RM, Pascual C, Ocana I, et al. Adenosine deaminase in body fluids: A useful 
diagnostic tool in tuberculosis. Clinical Biochemistry. 1989;22:141-148

[23] Blake J, Berman P. The use of adenosine deaminase assays in the diagnosis of tuberculo-
sis. South African Medical Journal. 1982;62:19-23

[24] Schwake L, von Herbay A, Junghanss T, Stremmel W, Mueller M. Peritoneal tuberculo-
sis with negative polymerase chain reaction results: Report of two cases. Scandinavian 
Journal of Gastroenterology. 2003;38:221-224

[25] Arend SM, van Meijgaarden KE, de Boer K, de Palou EC, van Soolingen D, Ottenhoff TH, 
van Dissel JT. Tuberculin skin testing and in vitro T cell responses to ESAT-6 and culture 
filtrate protein 10 after infection with Mycobacterium marinum or M. kansasii. The Journal 
of Infectious Diseases. 2002;186:1797-1807

[26] Pai M, Zwerling A, Menzies D. Systematic review: T cell-based assays for the diagnosis of 
latent tuberculosis infection: An update. Annals of Internal Medicine. 2008;149:177-184

[27] Wagner D, Hörster R, Lange B, Lange C. Evaluation of T-cell interferon-gamma-release 
assays for the diagnosis of latent and active tuberculosis. Deutsche Medizinische 
Wochenschrift. 2008;133:354-357

[28] Sharma SK, Tahir M, Mohan A, Smith-Rohrberg D, Mishra HK, Pandey RM. Diagnostic 
accuracy of ascitic fluid IFN-gamma and adenosine deaminase assays in the diagnosis of 
tuberculous ascites. Journal of Interferon & Cytokine Research. 2006;26:484-488

[29] Greco S, Girardi E, Masciangelo R, Capoccetta GB, Saltini C. Adenosine deaminase and 
interferon measurements for the diagnosis of tuberculous pleurisy: A meta-analysis. The 
International Journal of Tuberculosis and Lung Disease. 2003;7:777-786

[30] Burrill J, Williams CJ, Bain G, et al. Tuberculosis: A radiologic review. Radiographics. 
2007;27(5):1255-1273

[31] Ha HK, Jung JI, Lee MS, et al. CT differentiation of tuberculous peritonitis and perito-
neal carcinomatosis. AJR American Journal of Roentgenology. 1996;167:743-748

[32] Mimica M. The usefulness and limitations of laparoscopy in the diagnosis of tubercu-
lous peritonitis. Endoscopy. 1992;24:588-591

[33] Barry RE, Brown P, Read AE. Physicians use of laparoscopy. British Medical Journal. 
1978;2:1276-1278

[34] Chu CM, Lin SM, Peng SM, et al. The role of laparoscopy in the evaluation of ascites of 
unknown origin. Gastrointestinal Endoscopy. 1994;40:285-289

[35] Bhargava DK, Shriniwas, Chopra P, et al. Peritoneal tuberculosis: Laparoscopic patterns 
and its diagnostic accuracy. The American Journal of Gastroenterology. 1992;87:109-112

Modern Tools for Diagnosis in Tuberculous Ascites
http://dx.doi.org/10.5772/intechopen.70417

45



[36] McHutchison JG. Differential diagnosis of ascites. Seminars in Liver Disease. 1997;17:191-202

[37] Alexandrakis MG, Moschandrea JA, Koulocheri SA, Kouroumalis E, Eliopoulos 
GD. Discrimination between malignant and nonmalignant ascites using serum and 
ascitic fluid proteins in a multivariate analysis model. Digestive Diseases and Sciences. 
2000;45:500-508

[38] Louhimo J, Finne P, Alfthan H, Stenman UH, Haglund C. Combination of HCG beta, CA 
19-9, and CEA with logistic regression improves accuracy in gastrointestinal malignan-
cies. Anticancer Research. 2002;22:1759-1764

[39] Xiao W, Liu Y. Elevation of serum and ascites cancer antigen 125 levels in patients with 
liver cirrhosis. Journal of Gastroenterology and Hepatology. 2003;18:1315-1316

[40] Treatment Duration for Abdominal Tuberculosis. July, 2015. Available from: https://
clinicaltrials.gov/ct2/show/NCT01124929 [Accessed 2 March 2016]

[41] World Health Organization. Guidelines on the Management of Latent Tuberculosis 
Infection. Geneva: WHO; 2015. Available from: http://www.who.int/tb/publications/ltbi_
document_page/en/[Accessed 2 March 2016]

[42] Lonnroth K, Castro KG, Chakaya JM, Chauhan LS, Floyd K, Glaziou P, Raviglione 
MC. Tuberculosis control and elimination 2010-50: Cure, care, and social development. 
Lancet. 2010;375:1814-1829

[43] Lonnroth K, Uplekar M. Invest in breaking the barriers of public-private collaboration for 
improved tuberculosis care. Bulletin of the World Health Organization. 2005;83:558-559

[44] Mendez A, Raviglione MC, Laszlo A, Binkin N, Rieder HL, Bustreo F,Cohn DL, 
Lambregts-vanWeezenbeek CS, Kim SJ, Chaulet P, et al. Global surveillance for antitu-
berculosis-drug resistance, 1994-1997. World Health Organization-International Union 
against Tuberculosis and Lung Disease Working Group on Anti-Tuberculosis Drug 
Resistance Surveillance. The New England Journal of Medicine. 1998;338:1641-1649

Ascites - Physiopathology, Treatment, Complications and Prognosis46



[36] McHutchison JG. Differential diagnosis of ascites. Seminars in Liver Disease. 1997;17:191-202

[37] Alexandrakis MG, Moschandrea JA, Koulocheri SA, Kouroumalis E, Eliopoulos 
GD. Discrimination between malignant and nonmalignant ascites using serum and 
ascitic fluid proteins in a multivariate analysis model. Digestive Diseases and Sciences. 
2000;45:500-508

[38] Louhimo J, Finne P, Alfthan H, Stenman UH, Haglund C. Combination of HCG beta, CA 
19-9, and CEA with logistic regression improves accuracy in gastrointestinal malignan-
cies. Anticancer Research. 2002;22:1759-1764

[39] Xiao W, Liu Y. Elevation of serum and ascites cancer antigen 125 levels in patients with 
liver cirrhosis. Journal of Gastroenterology and Hepatology. 2003;18:1315-1316

[40] Treatment Duration for Abdominal Tuberculosis. July, 2015. Available from: https://
clinicaltrials.gov/ct2/show/NCT01124929 [Accessed 2 March 2016]

[41] World Health Organization. Guidelines on the Management of Latent Tuberculosis 
Infection. Geneva: WHO; 2015. Available from: http://www.who.int/tb/publications/ltbi_
document_page/en/[Accessed 2 March 2016]

[42] Lonnroth K, Castro KG, Chakaya JM, Chauhan LS, Floyd K, Glaziou P, Raviglione 
MC. Tuberculosis control and elimination 2010-50: Cure, care, and social development. 
Lancet. 2010;375:1814-1829

[43] Lonnroth K, Uplekar M. Invest in breaking the barriers of public-private collaboration for 
improved tuberculosis care. Bulletin of the World Health Organization. 2005;83:558-559

[44] Mendez A, Raviglione MC, Laszlo A, Binkin N, Rieder HL, Bustreo F,Cohn DL, 
Lambregts-vanWeezenbeek CS, Kim SJ, Chaulet P, et al. Global surveillance for antitu-
berculosis-drug resistance, 1994-1997. World Health Organization-International Union 
against Tuberculosis and Lung Disease Working Group on Anti-Tuberculosis Drug 
Resistance Surveillance. The New England Journal of Medicine. 1998;338:1641-1649

Ascites - Physiopathology, Treatment, Complications and Prognosis46

Chapter 4

Ascitic Fluid in Ovarian Carcinoma – From
Pathophysiology to the Treatment

Radomir Živadinović, Aleksandra Petrić,
Dane Krtinić, Sonja Pop-Trajković Dinić and
Biljana Živadinović

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70476

Provisional chapter

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

DOI: 10.5772/intechopen.70476

Ascitic Fluid in Ovarian Carcinoma – From 
Pathophysiology to the Treatment

Radomir Živadinović, Aleksandra Petrić, 
Dane Krtinić, Sonja Pop-Trajković Dinić and 
Biljana Živadinović

Additional information is available at the end of the chapter

Abstract

Due to low symptomatology, a lack of screening, and relatively complicated diagnostic 
procedures of ovarian carcinoma, more and more women are believed to visit their doc-
tors in advanced stage of the disease, complicated with ascitic fluid. There is an increasing 
evidence that peritoneal cytology is a subjective assessment with certain percentage of 
false-positive and false-negative results that may cause application of unnecessary che-
motherapy or nonapplication of necessary chemotherapy. Maximal cytoreductive surgery 
followed by intraperitoneal or systemic chemotherapy remains to be the gold standard 
in preventing ascites. Ascites is not only a symptom of a disease, but a specific microen-
vironment for formation and mediation of protumorigenic signals that control ovarian 
cancer progression, proliferation, invasion, anti-apoptosis, chemoresistance and tumor 
heterogeneity. Acellular cytokines and immunological factors influence ovarian cancer 
progression and its ability to prevent immune responses of the body and tumor reaction 
to chemotherapy. Ascites contributes to disease dissemination, changing its course and 
final outcomes. Management of patients with ascites and ovarian carcinoma is complex 
and often the goal of the treatment is to target palliative procedures. Multidisciplinary 
approach is necessary in the management of these patients. Further investigations of new 
drugs and immunomodulators are needed aiming at prolonged periods between relapses.

Keywords: ovarian carcinoma, ascitic fluid, treatment, cytological findings, 
immunohistochemical markers

1. Introduction

Ascitic fluid is the presence of large volumes of fluid accumulated in the abdominal cav-
ity. Normally, several liters of peritoneal fluid are produced and it is not accumulated, but 
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effectively absorbed. This fluid continuously circulates in a clockwise direction helping in the 
lubrication of intestines.

Malignant ascites accounts for about 10% of all cases of ascites [1]. Causes of nonmalig-
nant ascites are: liver diseases (cirrhosis), congestive heart failure, and occlusion of the 
inferior vena cava or the hepatic vein occlusion, as well as benign tumors of the genital 
tract (ovarian fibromas). Malignant ascites are most commonly found with gynecologi-
cal neoplasms (primarily ovarian and endometrial cancer), gastrointestinal malignancies, 
and breast cancer. In 15–30% of cases, the ascites is associated with carcinomatosis of the 
endometrium [2].

According to traditional classification, ascites is divided into exudative and transudative 
types. Ninety percent of ascitic fluids are transudates resulting from nonmalignant condi-
tions, such as congestive heart failure or liver cirrhosis. Physical characteristics include clear 
appearance of the fluid with the presence of few cells (acellular) and low albumin level. On 
the other hand, exudates are most commonly malignant (ovarian carcinoma), with usually 
cloudy appearance of fluid, increased cellular count, and higher albumin level in comparison 
to transudates [3].

A new term used to assist in determining such a classification is the serum-ascites albumin 
gradient (SAAG).

This gradient is defined like the difference between albumin concentration of serum and 
ascitic fluid. If the gradient is >1.1, it indicates transudates due to portal hypertension, cir-
rhosis, hepatic congestion, portal vein thrombosis, etc. If SAAG <1.1, it indicates exudates 
not related to portal hypertension, but mostly malignant etiology (ovarian carcinoma), peri-
toneal carcinomatosis, chronic peritoneal infection, nephrotic syndrome, or hypoalbumin-
emia [4].

Besides protein concentrations, ascitic fluid may additionally be analyzed by macroscopic 
and microscopic testing.

Macroscopic testing means the analysis of appearance and color of ascites. Cloudy physical 
characteristics indicate the presence of leukocytes, infection, or malignancy. Yellow color is 
more common in liver diseases, greenish results from the bile, and reddish color may indicate 
the presence of hemorrhage.

Chemical tests, in addition to albumin concentration, include glucose level concentration 
(lower with infection), amylase (increased with pancreatitis), and lactate dehydrogenase 
(increased in carcinomas). If an infection is suspected, Gram stain analyses may be performed, 
as well as bacterial culture testing, viral testing, and microbacterial testing (tuberculosis).

Microscopic examination is performed if infectious or malignant ascites is suspected. Total 
cell count or leukocyte counting and differentiation are performed to determine infectious 
etiology more precisely. If malignant etiology is suspected, the most important thing is to 
determine the presence or absence of the cells with atypical morphological characteristics or 
malignant cells.
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2. Pathophysiology

The pathophysiology of malignant ascites is multifactorial and is related to a combination of 
two basic pathogenic mechanism, increased vascular permeability and obstructed lymphatic 
drainage.

Five microscopic barriers prevent movement of proteins away from vascular space: capil-
lary endothelium, capillary basement membrane, interstitial stroma, mesothelial basement 
membrane, and mesothelial cells. In 1922, Putnam described the peritoneal membrane as a 
living, dynamic membrane through which the electrolytes pass between the peritoneum and 
serum. The movement of colloid solutions from serum is not clear enough and presents the 
relative impermeability through intercellular spaces based on Starling’s law of osmotic gra-
dient. The exchange of fluid between the plasma and interstitium is based on the hydraulic 
and osmotic pressure. Oncotic pressure is based on fluid reabsorption from the interstitial 
space and edema prevention. Macromolecules, proteins and cells that accumulate in the 
peritoneal cavity may return to the systemic circulation by means of peritoneal lymphatic 
system and lymphatic stomata to lymphatics that lead to the diaphragm and the thoracic 
duct [5].

In 1953, Holm and Nielson demonstrated the importance of lymphatic obstruction in patho-
genesis of malignant ascites. The basic characteristics of malignant ascites include increased 
ascitic fluid protein concentration, increase of lactate dehydrogenase, large number of leuko-
cytes, and positive cytology regarding the presence of malignant cells. High protein concen-
tration in the peritoneal cavity results from vascular permeability due to increased vascular 
endothelial growth factor (VEGF) levels. The concentration of VEGF is significantly higher in 
malignant ascites than in nonmalignant ascites (cirrhosis). Splanchnic hyperemia and tumor 
necrosis factor dominate in nonmalignant ascites.

The complete pathogenic mechanism of malignant ascites is still not well understood. The 
events that are definitely happening and that we are familiar with include an increase of net 
filtration and accumulation of ascitic fluid resulting from increased capillary permeability, 
increased surface area for filtration, increased hydraulic pressure difference, and decreased 
oncotic pressure difference [6].

A two-way permeability of blood vessels is necessary for tissue normal supply with nutri-
ents, gases, minor proteins, and waste removal. It can be basal, acute vascular (a conse-
quence of short exposure to VEGF) and chronic, characteristic of pathological (malignant) 
angiogenesis.

Apart from the most important aforementioned VEGF that stimulates vascular permeability, 
other factors responsible for stimulation include basic fibroblast growth factor (bFGF), angio-
genin, transforming growth factors (TGF α and β), and interleukin-8. All these factors lead 
to neovascularization and angiogenesis, starting with endothelium stimulation and resulting 
in hyperpermeability and degradation of endothelial membrane, followed by migration and 
proliferation of endothelial cells and the development of new capillaries. VEGF has been iden-
tified in ovary tumor cells, with its overexpression reported in ovarian carcinoma.
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Neoangiogenesis and an increase of peritoneal blood vessels in size and number result not 
only in increased permeability but also in increased overall surface area for filtration. The 
next pathogenic mechanism of malignant ascites is increased hydrostatic pressure difference 
as a result of minor elevation of portal venous pressure in patients with ovarian cancer (portal 
veins compression by tumor mass and metastases). On the other hand, the oncotic pressure 
difference is reduced since the albumins that are responsible for osmotic intravascular pres-
sure (reabsorbs fluid from the interstitial space) degrade into smaller peptides or amino acids 
(increased production of metalloproteinase).

Of all of these pathogenic mechanisms, it can be concluded that the main cause of ascites is 
not tumor, but peritoneal surface by indirect action of cytokine mediators (VEGF, etc.).

3. Clinical manifestation and ascites as a prognostic factor

Ascites is the most common symptom in patients with ovarian carcinoma and the reason 
for visiting a doctor. In 54% of patients with peritoneal carcinomatosis, ascites was the first 
detectable sign of malignancy [7].

Unfortunately, the presence of ascites most commonly reveals an advanced stage of the dis-
ease, since ascites are produced in only 7% in I and II stages of the disease and in 89% in stages 
III and IV. The amount of ascetic fluid is in correlation with the stage of the disease, for stages 
I and II its presence is < 0.5 L, but in more than 66% of cases with stages III and IV its presence 
is > 0.5 L.

More than 2/3 of patients report to their doctors in stages III and IV that when ascites increased 
abdominal size and abdominal distension, dyspnea, weight gain, lower extremity edema, 
nausea and vomiting, the phenomenon of fluid wave, and shifting dullness occur. Survival 
rate in advanced stages of the disease (III and IV) is 5–20% [8].

The presence of ascitic fluid less than 100 ml is without symptoms and impossible to detect 
gynecologically. In 14% of cases, such as small amounts of ascites are not detected by ultra-
sound examination either. However, ultrasonography is important not only in detecting asci-
tes but also in its quantification and localization in paracentesis.

CT scans have an important role in detection and are potent in showing peritoneal carci-
nomatosis, omental involvement, and peritoneal ischemia. Paracentesis, laparoscopy, and 
laparotomy assist in final determination of the amount, biochemical, and cytological origin 
of ascitic fluid, as well as primary localization of tumor that caused the production of ascitic 
fluid (immunohistochemistry and markers).

Ascites is a grave prognostic marker. The presence of malignant ascites in malignomas of 
other location (pancreas, stomach, large intestine, breasts) is a poor prognostic parameter, 
with survival rate of 7–13 weeks from the time of detection. In ovarian carcinoma, survival 
rate is longest, more than 19 weeks. Unfavorable prognostic parameter is depressed serum 
albumin, as well as depressed serum ascites albumin (transudate) [9].
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4. Cytology, biochemistry, and immunohistochemistry of ascitic fluid

The first report on peritoneal fluid cytology aimed at detecting subclinical metastases was 
published in 1950. FIGO introduced peritoneal washing cytology in staging of ovarian car-
cinoma in 1973. Positive cytological finding is important for substaging of I and II stages 
of the disease (I and II c stages) and is an important predictive prognostic and recurrence 
factor. However, more and more studies show that morphologic examination of cytological 
samples, associated with therapeutic and prognostic implications, is not a diagnostic tool 
with high sensitivity. Malignant cells may be few in number and hardly recognized among 
numerous mesothelial cells and macrophages. On the other hand, mesothelial cells exhibit-
ing reactive changes (with enlarged hyperchromatic nuclei and cytoplasmic alterations) may 
be misinterpreted as neoplastic cells, thus resulting in stage upgrading and unnecessary 
chemotherapy.

Reactive mesothelial cells - enlarged, with dense cytoplasm, enlarged nucleus with nucleolus, 
may be vacuolated, or contain cellular windows. Endosalpingiosis displays organized clus-
ters with uniform and scant basophilic cytoplasm cells, the nucleus with normal membrane, 
a fine chromatin, and small nucleoli. Endometriosis, as another diagnostic error, shows the 
presence of round cells arranged in three-dimensional clusters and layers, round and bean-
shaped nucleus with fine chromatin, and scant and vacuolated cytoplasm. The most sensitive 
finding in endometriosis is the presence of macrophages with hemosiderin.

For all of these reasons, peritoneal cytology may be false positive in even 4.5% of cases. On 
the other hand, the false-negative rate is high and accounts for more than 20%. The factors 
that are responsible for such a false-negative rate may include poor distribution of washings, 
infrequent exfoliation of cells, and interpretive errors [10].

Cytological manifestation of serous carcinoma presents single cells or poorly cohesive irregular 
cell clusters, with large pleomorphic nucleus and prominent nucleolus. Cytological manifesta-
tion of endometrioid carcinoma shows three-dimensional cluster of cells with large eccentric 
and pleomorphic nucleus, coarse chromatin, prominent nucleolus, and abundant cytoplasm.

One of our study showed reliability and limitations of cytological analysis of ascites in ovarian 
carcinoma. The experimental group was composed of 76 cytological findings obtained from 
patients diagnosed with ovarian carcinoma, whereas the control group included 94 cytologi-
cal findings of benign ovarian tumors and ascites in liver cirrhosis. Table 1 shows distribu-
tion of false-negative cytological findings of ascitic fluid with respect to the histological type 
of tumor. Table 2 shows distribution of false-positive peritoneal cytological findings with 
respect to the cause and histological type of tumor. In that study, it was concluded that peri-
toneal cytology of ascitic fluid is highly specific (93.61%) but it has a relatively low sensitivity 
(68.92%). In 30.02%, peritoneal cytology had false-negative results, and in 6.38%, it showed 
false-positive results [11].

The sensitivity of peritoneal cytology according to literature data is as low as 50–60% and 
as high as 97%, depending on the study, the stage of the disease, and the involvement of the 
peritoneum [12].
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In patients with stage Ic and ruptured capsule, cytology is positive in 75% and with peritoneal 
involvement in 94% cases [13]. Cytology sensitivity in peritoneal involvement is 82.9% and 
specificity 98.1% [14]. Some other authors found in their studies that the sensitivity of total 
validity of cytology to be somewhat lower than 60% with almost 100% specificity [15].

Upon the completion of the treatment, the results of secondary cytology are an important and 
independent prognostic marker that highly correlates with optimal effects of surgical treat-
ment, recurrence, and overall survival rate. Thus, in positive secondary cytology, survival rate 
is 13–32 months, and in negative >48 months [16].

In order to improve total validity of peritoneal cytology, as well as cervical cytology, immu-
nohistochemical and biochemical biomarkers are found to be useful. Among other things, 
the concentration of alkaline phosphatase level (in malignant ascites it is > 350 mg/dl), lactate 
dehydrogenase, fibronectin, telomerase, as well as tumor markers CA – 125, CEA, p53, and 
β-HCG plays an important role.

Histological type Total number of histological 
type

Number of positive cytological 
findings

Percentage of false-positive 
findings

Fibroma 9 0 0

Dermoid 11 0 0

Endometrioma 13 2 15.38

Serous 39 2 5.12

Mucinous 20 2 10

Liver cirrhosis 2 0 0

Total 94 6 6.38

Table 2. Distribution of false-positive peritoneal cytology findings with respect to the cause and histological type of 
tumor.

Histological type Total number of histological 
type

Number of negative cytological 
findings

Percentage of false-negative 
findings

Serous 54 15 27.77

Mucinous 6 2 33.33

Endometrioid 4 3 77

Clear cell 6 2 33.33

Anaplastic 4 1 25

Granulocellular 2 0 0

Total 76 23 30.2

Table 1. Distribution of false-negative cytological findings of ascitic fluid with respect to the histological type of 
tumor.
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There is also a specific group of panel antibodies, primarily MOC-31 and Ber-EP4, highly 
effective in distinguishing mesothelial from cancerous cells. This differentiation may be sup-
ported by separation of antibodies into adherent cells (AD) (mesothelial and mesenchymal) 
and nonadherent (NAD) cells [17].

Telomerase has been the most tested biomarker lately. It is an enzyme essential for normal rep-
lication of chromosomes and constant growth of cancer cells (via telomere). In most somatic 
cells, telomerase activity is not expressed. On the other hand, in almost 100% of ovarian car-
cinoma, increased expression of telomerase activity has been proved. A special importance of 
the role of telomerase activity is in predicting the recurrence of the disease and in the post-
treatment follow-up it is aimed at the detection of early recurrence. Contrary to 24–54% of 
cases with diagnosed residual disease, cytology, and second-look surgery negative, telomer-
ase was found to be almost 100% positive [18]. The main limitation of this telomerase (TRAP) 
assay in wide clinical application is the rate of false-positive results in dermoid tumors and in 
some inflammatory processes.

Moreover, a recent study by Zhu et al. explored the values of tumor markers in serum and 
ascites for identifying and diagnosing malignant ascites by analyzing the clinical data of 
patients diagnosed with ascites; their findings suggested that compared to a single index, 
combined detection of tumor markers in the serum and ascites will significantly improve 
diagnostic sensitivity and specificity [19].

5. Ascites as a prognostic marker

Malignant ascites is a sign associated with malignant disease. The presence of ascitic fluid in 
ovarian cancer plays a major, even a key role in further progression of the malignant disease. 
The spread of ovarian cancer and the occurrence of peritoneal and abdominal metastases 
depend on ascitic fluid.

Specific cellular and acellular components of ascites provide tumor-friendly microenviron-
ment, which not only promotes tumor cell growth and motility but also inhibits the positive 
response of chemotherapy, thus directly promoting chemoresistance in tumor cells [20, 21].

Available literature data on the disease progression and recurrence prove that metastases and 
recurrences may be prevented or reduced if the tumor is removed before being exposed to asci-
tes and before tumor cells invade the peritoneum. Thus, for stage I disease, if the tumor is encap-
sulated and confined to the ovary, without ascites and without positive peritoneal washing, 
substage Ia, the recurrence rate accounts for 29%, but for the same stage I, substage Ic, with asci-
tes and peritoneal washing positive for malignant cells, the recurrence rate expected is 59% [22].

Understanding the pathology of formation and reabsorption of ascites is necessary for dem-
onstrating its impact on the disease progression and occurrence of metastases. Two thirds of 
the peritoneal fluid is reabsorbed by the lymphatic channels and reaches the diaphragm and 
the right subclavian vein by the negative intrathoracic pressure. Physiological factors that 
stimulate this flow are gravity, diaphragmatic pressure, organ mobility, and recesses formed 

Ascitic Fluid in Ovarian Carcinoma – From Pathophysiology to the Treatment
http://dx.doi.org/10.5772/intechopen.70476

53



by key anatomical structures [23]. There are three most common sites of ascites reabsorption 
and ovarian cancer metastasis, including the greater omentum, right subphrenic region, and 
pouch of Douglas, areas which have easy access to ascites [24].

On the other hand, the disease recurrence is almost always associated with the development 
of ascites. The most common and almost only therapeutic approach in the treatment of recur-
rences is chemotherapy. Chemoresistance and poor response to chemotherapy, often driven 
by the presence of ascites, directly correlate with survival rate and the disease recurrence. In 
chemoresistant tumors, a 5-year survival rate is less than 27% [25]. Thus, ascites indirectly 
affects a malignant disease prognosis, both by forming a specific microenvironment promot-
ing tumor growth and by developing chemoresistance.

It is believed that future management options will focus more not only on surgical treatment 
of the disease but also on ascitic fluid and secondary malignant deposits treatment and che-
moresistance as well, since the disease will already have spread beyond the ovaries in 75% of 
cases at the time of diagnosis [26].

6. Malignant ascites—immunological factors, cytokines, and acellular 
components

Common features of all malignant processes include hereditary and environmental factors 
and immunological factors as well. A balanced immune response, from immunopresentation 
to immune reaction or immune response, is an important factor of carcinogenesis. An immune 
response has to be timely, specific, and balanced. If early recognition of carcinogenic factors 
and genetic mutations fails and if Th1-, Th2-, and REG-mediated cellular immune response is 
hyporeactive or hyperreactive, then the progression of malignant processes occurs.

A study from 2017 based on a great number of papers from the Medline database showed that 
elevated neutrophil-to-lymphocyte ratio (NLR) could be an important diagnostic parameter 
predicative of poor prognosis for ovarian cancer. Elevation of NLR correlated with advanced 
FIGO stage (OR, 2.32; 95% CI, 1.79–3.00), higher serum level of CA-125 (OR, 3.33; 95% CI, 
2.43–4.58), more extensive ascites (OR, 3.54; 95% CI, 2.31–5.42) as well as less chemotherapeu-
tic response (OR, 0.53; 95% CI, 0.40–0.70) [27].

Inflammatory responses may be evaluated by the changes in leukocyte reaction, as well as 
by C-reactive protein (CRP) measurement. An elevated CPR level is also identified in cancer 
patients, and along with CA 125 tumor marker specific to ovarian cancer, it can be an excellent 
clinical and prognostic marker of a malignant disease [28].

An increase of inflammatory factors can be detected not only in the blood but also in tumor 
tissue and ascitic fluid. The concentration of cancer-associated soluble factors in ascites is 
much higher than in the serum. For all of these reasons, ascites is a specific and useful marker 
for investigating diagnostic, therapeutic, and prognostic factors regarding ovarian cancer.

Natural killer cells (NK) and T lymphocytes have significantly higher concentration in the 
ascites than in the blood in patients with ovarian cancer [29].

Ascites - Physiopathology, Treatment, Complications and Prognosis54



by key anatomical structures [23]. There are three most common sites of ascites reabsorption 
and ovarian cancer metastasis, including the greater omentum, right subphrenic region, and 
pouch of Douglas, areas which have easy access to ascites [24].

On the other hand, the disease recurrence is almost always associated with the development 
of ascites. The most common and almost only therapeutic approach in the treatment of recur-
rences is chemotherapy. Chemoresistance and poor response to chemotherapy, often driven 
by the presence of ascites, directly correlate with survival rate and the disease recurrence. In 
chemoresistant tumors, a 5-year survival rate is less than 27% [25]. Thus, ascites indirectly 
affects a malignant disease prognosis, both by forming a specific microenvironment promot-
ing tumor growth and by developing chemoresistance.

It is believed that future management options will focus more not only on surgical treatment 
of the disease but also on ascitic fluid and secondary malignant deposits treatment and che-
moresistance as well, since the disease will already have spread beyond the ovaries in 75% of 
cases at the time of diagnosis [26].

6. Malignant ascites—immunological factors, cytokines, and acellular 
components

Common features of all malignant processes include hereditary and environmental factors 
and immunological factors as well. A balanced immune response, from immunopresentation 
to immune reaction or immune response, is an important factor of carcinogenesis. An immune 
response has to be timely, specific, and balanced. If early recognition of carcinogenic factors 
and genetic mutations fails and if Th1-, Th2-, and REG-mediated cellular immune response is 
hyporeactive or hyperreactive, then the progression of malignant processes occurs.

A study from 2017 based on a great number of papers from the Medline database showed that 
elevated neutrophil-to-lymphocyte ratio (NLR) could be an important diagnostic parameter 
predicative of poor prognosis for ovarian cancer. Elevation of NLR correlated with advanced 
FIGO stage (OR, 2.32; 95% CI, 1.79–3.00), higher serum level of CA-125 (OR, 3.33; 95% CI, 
2.43–4.58), more extensive ascites (OR, 3.54; 95% CI, 2.31–5.42) as well as less chemotherapeu-
tic response (OR, 0.53; 95% CI, 0.40–0.70) [27].

Inflammatory responses may be evaluated by the changes in leukocyte reaction, as well as 
by C-reactive protein (CRP) measurement. An elevated CPR level is also identified in cancer 
patients, and along with CA 125 tumor marker specific to ovarian cancer, it can be an excellent 
clinical and prognostic marker of a malignant disease [28].

An increase of inflammatory factors can be detected not only in the blood but also in tumor 
tissue and ascitic fluid. The concentration of cancer-associated soluble factors in ascites is 
much higher than in the serum. For all of these reasons, ascites is a specific and useful marker 
for investigating diagnostic, therapeutic, and prognostic factors regarding ovarian cancer.

Natural killer cells (NK) and T lymphocytes have significantly higher concentration in the 
ascites than in the blood in patients with ovarian cancer [29].
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Cancer is a heterogeneous disease with cellular and molecular heterogeneity. Single nucleo-
tide polymorphism (SNP) is also present. Apart from cellular heterogeneity, heterogeneity of 
ascitic fluid content, as well as measurements of inflammatory protein agent quantity, may be 
predictive of an aggressive tumor and serve as a useful prognostic marker. Besides inflamma-
tory parameters, it is important to evaluate the presence or absence of oncogenic and tumor 
suppressive factors that have an impact on final outcome of the disease. Thus, ascites in high-
grade serous ovarian cancer patients has been shown to serve as a protective tumor microen-
vironment against drug-induced apoptosis through induction of survival signaling pathways 
such as PI3K/Akt in tumor cells [30, 31].

Measurements of some enzyme activities that take part in inflammatory processes may be 
useful in differential diagnosis between benign and malignant ascites. Expressions of cyclo-
oxygenase-2 mRNA in benign and malignant ascites of different etiologies (liver, stomach, 
bladder, ovary) showed higher values in malignant than in benign ascites in the ratio of 
42.9%:6.7%. In ovarian cancer, the proportion of this marker in the malignant ascites was the 
highest (57.1%), whereas in malignant ascites of other localizations, it was 33–40% [32].

Apart from measuring immunological and inflammatory reactions in blood, ascites, and tumor 
surroundings and assessing lymphocyte, macrophages, specific enzymes, NK cells, and other 
elements of the immune response, it is also very important to demonstrate cytokines, chemo-
kines, and specific protein factors between the immune system communication and tumor cells. 
Concentration of proinflammatory cytokines in ascites is 40–500 folds higher than in serum [33].

Malignant ascites can be described as a dynamic reservoir of survival factors, including 
cytokines, chemokines, and growth factors, that individually or in combination suppress 
immune response and tumor cell growth and progression. An analysis of the ascites from a 
few epithelial cancers showed increased expression of several factors, including angiogenin, 
angiopoietin, IL-6, IL-6R, IL-8, IL-10, leptin, MCP-1, MIF, NAP-2, osteoprotegerin (OPG), and 
urokinase plasminogen activator receptor (uPAR) [34].

OPG has been known as a product of mesothelial and endothelial cell secretion, promoting 
tumor growth and angiogenesis and inhibiting TRAIL-induced apoptosis of ovarian cancer 
cells induced by TNF [35]. This is what differentiates benign from malignant ascites, since 
mesothelial cells in malignant ascites can produce factors that disable the impact of apop-
totic TNF factor on malignant cells of ovarian cancer. Such a production is genetic in ori-
gin. Further analyses of gene expression in stimulating mesothelial cells of malignant ascites 
showed that 484 genes were upregulated and 165 genes were downregulated. Genes associ-
ated with the regulation of cell growth and proliferation, cell death, and organization have 
higher gene expression. Top networks upregulated by malignant ascites included Akt and 
NF-κB survival pathways.

Leptin is an adipokine predominately produced by adipocytes and promotes ovarian cancer 
cell growth in vitro [36].

Ascites of malignant potential constitutes a microenvironment that stimulates production of 
integrins in epithelial-mesenchymal ovarian cancer cells. These integrins assist the forma-
tion of two invasive phenotypes for migration and formation of malignant cells in spheroid 
structure.
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Out of other already mentioned factors elevated in malignant ascites, IL-10 is worth men-
tioning. This interleukin may help tumor cells to evade host immunological surveillance. Its 
immunological suppressive activity is known to inhibit T helper cell proliferation, impede 
dendritic cell maturation, and inhibit T cells co-stimulatory molecules [37–39].

Consistent with that, ascites-derived ovarian tumor cells have been shown to constitutively 
release CD95 ligand (also known as Fas ligand), which can induce apoptosis in immune cells 
expressing CD95 [40].

The factors presented in the malignant ascites may also have a negative impact on natural 
killer T (NKT) cell activity, since GD3 ganglioside contained in ascites inhibits killer T (NKT) 
cell activity and the interaction of ovarian cancer cells with natural killer cells, thus protecting 
ovarian cancer cells from host immunity [41].

There is also a correlation between regulatory T cells (Treg) (which inhibit tumor-specific 
T-cell immunity) in the ascites and reduced survival in patients with ovarian cancer [42].

Besides aforementioned IL-10, the concentration of other inflammatory cytokines, such as 
IL-1β, IL-6, and IL-8, is significantly higher in the ascites than in the serum. Increased con-
centration of these interleukins due to immunosuppressive and tumorigenic effect correlates 
with poor prognosis and response to therapy or chemoresistance [43, 44].

Special attention should be paid to IL-6 whose increased presence in the malignant ascites pro-
motes tumor growth, migration, and invasion, but facilitates chemoresistance [39, 40] and angio-
genesis. So, high level of IL-6 is an independent predictor of patient’s response to therapy [45–48].

Furthermore, ascites from ovarian cancer patients containing elevated levels of IL-1 was cor-
related with increased overall survival [49].

Hepatocyte growth factor in malignant ascites stimulates the migration of ovarian cancer 
cells [50].

Lysophosphatidic acid (LPA), a bioactive phospholipid present in high levels in the ascites of 
ovarian cancer patients and produced by ovarian cancer cells, with increased transcriptional 
regulation of vascular endothelial growth factor (VEGF), uPA, IL-6, and IL-8 affects mem-
brane permeability and encourages ascites accumulation [51, 52].

The VEGF concentration is significantly higher in the ascites than in the serum, confirming 
increased angiogenic activity of the peritoneal cavity. The role of VEGF in the production of 
ascites is based on the increased permeability of peritoneal membranes and downregulation 
of tight junction protein claudin 5 and on the induction of tyrosine phosphorylation of cad-
herin-catenin complex, resulting in decreased endothelial junctional strength and increased 
permeability of the blood vessels. Neoangiogenesis and increased permeability of the peri-
toneal and endothelial membrane synergistically form the ascites [53, 54]. VEGF increases 
the permeability of venules and small veins for plasma proteins with a potency 10,000 times 
higher than histamine [55]. Besides a role in the pathogenesis of ascites, VEGF results in 
reduced effects of antiapoptotic bcl-2 protein and decreases sensitivity to chemotherapy and 
radiation therapy. Similar effects and chemoresistance are obtained by other vascular endog-
enous factors, such as endothelin-1.
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Of other prognostic factors to be determined in the ascites, concentration of E-cadherin is 
distinguished. Its expression is most commonly lost in metastasis, but it is enhanced in the 
cells from chemoresistant recurrent ovarian tumors, resulting in tumor cells aggregation with 
limited drug penetration and in decreased susceptibility to chemotherapy [56–58].

As for immunological prognostic factors, a CD4/CD8 T cell ratio in ascites and the presence of 
Treg are of considerable importance. High T cell/Treg ratio independently predicts increased 
survival [59].

On the other hand, reduced accumulation of CD3+CD56+ cells (natural killer or natural killer-
like T cells) in the ascites is always correlated with poor prognosis, because it is present in 
patients with increased platinum resistance [60].

Proinflammatory cytokines in ascites are directly associated with tumor cells phenotype 
and promotion of human mesothelial cells. Hepatocyte growth factor (HGF) and epidermal 
growth factor (EGF) are migration mediators of cancer-associated peritoneal mesothelial cells 
by activating cMet and possibly downstream ERK1/2 and Akt pathways. Thus, ascites not 
only stimulates tumor growth but also its migration and metastatic growth [61].

Ascitic fluid has been proven to contain other chemokines and chemokine receptors as well, 
such as CXCR3, that support migration and metastatic progression of malignant cells by 
triggering the migration of cancer cells along the peritoneal cavity. Increased expression of 
this chemokine is associated with a higher stage of the disease and positive lymph nodes. In 
future, this chemokine could be considered a factor of targeted therapy [62].

Besides aforementioned migration factors found in ascites, there is also vascular cell adhesion 
molecule-1 (VCAM-1). Its elevation in the ascites and the serum is associated with increased 
risk of malignant cell metastasis [63].

Ascites may also increase migration and metastatic progression by weakening the factors that 
cause a potential metastatic blockade by affecting TGF-β. Environmental and local factors 
in the ascites promote migration of malignant cells by repressing miRNA-125b. Repression 
of miRNA-125b under the influence of local factors stimulates metastatic progression in the 
ascites by the influence of TGF-β [64].

Some adipokines found in the ascitic fluid can also affect migration and metastatic pro-
gression. Visfatin is a novel adipokine exhibiting high levels in many types of carcinomas. 
Elevated levels of visfatin in ascites are associated with ovarian cancer intraperitoneal dissem-
ination. Some recent studies have shown that ascites-derived visfatin promoted migration 
of ovarian cancer cells through Rho/ROCK signaling-mediated actin polymerization, which 
was required for ovarian cancer intraperitoneal dissemination. These studies are important 
in terms of potential future recommendations regarding ovarian cancer targeted therapy [65].

Immunosuppressive microenvironment in ascites influences not only the number of specific 
lymphocytes and immune response factors but also their functionality as well. A study that 
analyzed functional characteristics of specific lymphocytes, Treg lymphocytes, NK cells, TNF 
cells, and specific cytokines in ascites associated with malignant cells and in ascites without 
malignant cells showed that functional ability of NK cells is reduced in malignant ascites. 
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Functional ability of NK cells was determined indirectly by measuring the concentration of 
CD 107 marker, which shows the degree of degranulation and efficacy of NK cells. In ascites 
with malignant cells compared to ascites without malignant cells, CD 107 concentration is 
lower both with and without direct stimulation by IL 2, due to pronounced immunosuppres-
sive effect of tumor microenvironment. On the other hand, the concentration of local inflam-
matory factors of TNF and TREG cells is greater in malignant ascites [66].

Ascites inhibits T lymphocyte function as well. Inhibition of T-cell receptor-induced nuclear 
factor-kappa B (NF-κB) and nuclear factor of activated T-cell (NFAT) signaling in tumor-asso-
ciated T cells has been proved. This function of T cells is restored in the absence of ascites and 
when there is no contact with T-lymphocytes [67].

Tumor-associated macrophages (TAMs) are essential for cancer progression. The analyses 
of TAM in different ovarian cancers suggest that different activities are associated with 
specific cytokines activation. Activation of IL-6 and IL-10 is associated with increased 
aggressiveness of ovarian cancer, whereas the activation of IFN-γ is able to neutralize 
the suppressive effect of ascites on IL-12 expression, a key determinant of a cytotoxic 
immune response. Cytokines in malignant ascites are generally said to present a mixture 
of protumorigenic and antitumorigenic factors that form a unique microenvironment. 
Protumorigenic cytokines, including IL-6, IL-8, IL-10, IL-15, IP-10, MCP-1, MIP-1β, and 
vascular endothelial growth factor (VEGF), and significantly reduced levels of IL-2, IL-5, 
IL-7, and IL-17 result in the formation of proinflammatory and immunosuppressive tumor 
microenvironment [33].

Of all aforementioned cytokines, IL-6 and IL-10 concentration deserves special attention, since 
increased concentration of these cytokines is a bad prognostic parameter associated with poor 
response to therapy. The concentration of these proinflammatoy cytokines in ascites is 40–500 
folds greater than in serum. IL-6 may be secreted in ovarian cancer cells, tumor-associated 
macrophages, and peritoneal mesothelial cells, which have the highest potential for secretion 
of this interleukin [68, 69].

An algorithm, including the concentration of aforementioned IL-6 and IL-10, as well as the 
concentration of leptin and CA 125 markers, is a good prognostic parameter of tumor pro-
gression and resistance to first-line therapy [28].

A lot of studies have confirmed that the association between the processes of coagulation 
and inflammation can be proved in oncologic patients. In this regard, it has been proved that 
thrombin as a central factor of coagulation may have an important role in the regulation of 
inflammatory response. A lot of studies have confirmed that thrombin-like activity in ovar-
ian cancer-associated ascites may result in modulation of multiple cytokines network. On the 
other hand, the anticoagulant antithrombin reverses and prevents IL-12 inhibition induced by 
ascites. The use of specific thrombin receptors (PAR) agonist peptides has proved that IL-12 
inhibition is thrombin-specific and dependent. These data suggest that there is a relationship 
between IL-12 concentration and coagulation, where thrombin is the key enzyme in IL-12 
inhibition. This inhibition is the most important in forming the tumor microenvironment that 
enables the escape of immune system effects on tumorogenesis [70].
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The acellular fraction of ascitic fluid in ovarian cancer is an environment that promotes de novo 
resistance of tumor cells by producing protective microenvironment that contributes to tumor 
cell growth and disease recurrence. Environmental factors of ascites inhibit drug- and death 
receptor-induced apoptosis. The use of enzyme-linked immunosorbent assay (ELISA) for mea-
suring IL-6 and IL-8 levels in the ascites determined that the level of these cytokines corre-
lates with clinical and pathological parameters and progression-free survival, suggesting that 
elevated IL-6 is an independent predictor of shorter progression-free survival [71].

7. Malignant ascites—cellular factors

The origin and phenotype of the cells in the ascites is poorly understood. Ascites contains a 
complex heterogeneous mixture of resident and nonresident cell populations, each popula-
tion of cells has a specific role and both populations interact with each other through soluble 
mediators. The resident components of the ascites include tumor cells, stromal cells, and 
cancer-associated fibroblasts (CAF), whereas cells recruited from the outside of the tumor 
environment, including infiltrating macrophages/monocytes, bone marrow-derived mesen-
chymal stem cells (MSC), and cytotoxic or Treg, belong to nonresident populations.

Cancer-associated fibroblasts (CAFs) are important in the autocrine-paracrine promotion, 
proliferation, and migration of cancer cells [72].

Similar effect on tumor progression is also attributed to human peritoneal mesothelial cells 
(HPMC) [73, 74]. Lysophosphatidic acid (LPA) produced by HPMC increases adhesion, 
migration, and invasion of ovarian cancer cells [74]. On the other hand, cancer-associated 
mesothelial cells have been proven to produce factors that stimulate chemoresistance in ovar-
ian cancer cells [75]. In a response to exposure to malignant ascites, HPMC also produce 
dipeptidyl peptidase IV and VEGF [76, 77].

Ascitic tumor cells may be presented as individual adherent cells and as aggregates of non-
adherent cells known as spheroids [78]. Spheroids have low levels of E-cadherin, express 
epithelial cell adhesion molecule (EpCAM) and cytokeratin, and have a pronounced ability of 
invasion and recurrence and a more rapid occurrence of ascites. This type of malignant cells 
with the aggregates is chemoresistant due to limited drug penetration through these multi-
cellular cell aggregates [79, 80]. These spheroid cells mimic traits of cancer stem cells (CSC). 
CSCs are cell population resistant to chemotherapy and are a source of proliferating tumor 
cells with progressive differentiation potential.

Further evidence of spheroid aggregates showed that there are two subtypes of adherent 
cells—those with mesenchymal-like and epithelial-like morphology. Both types are similar to 
stem/progenitor cells that have a potential for self-renewal and the expression of cancer stem 
cells, including CD44high, CD24low, and AC133+ [81]. These cells also express genes responsible 
for tumorigenesis and metastasis: BMP-2, BMP4, TGF-β, EGFR, and integrin α2 β1

  [23]. Future 
studies should be directed to these nonadherent spheroidal cell aggregates due to their role in 
carcinogenesis and metastatic progression.
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The stromal cellular components of ascites include fibroblasts, endothelial or mesothelial 
cells, adipocytes, adipose tissue-derived stromal cells, bone marrow-derived stem cells, and 
immune cells [82, 83]. Stromal cells activate angiogenesis and growth factor and play an 
important role in malignant progression.

8. Metabolic and biochemical parameters of communication between 
cellular and acellular factors

The analysis of metabolites, chemical compounds, and metabolic profile in malignant ascites 
in comparison to benign ascites (cirrhosis) showed the difference in fatty acids, cholesterol, 
ceramide, glycerol-3-phosphate, glucose, and glucose-3-phosphate. 2-Hydroxyisovalerate is 
the least present metabolite, but glucose-1-phosphate (G1P) is the dominant metabolite in the 
malignant ascites. 2-Hydroxyisovalerate is a product of amino acids breakdown and is ele-
vated in patients with ketoacidosis. G1P is a product of glycogenolysis suggesting an increase 
of glucose breakdown and increased metabolism.

Furthermore, glucose transporter (GLUT) 1 or GLUT3 and glycolytic enzymes, hexokinase (HK) 
II, are overexpressed in several tumor cells and suggested to be an indicator of poor prognosis 
in different malignancies, including ovarian cancer [84]. Overexpression of hexokinase (HK) 
II is associated with the disease progression and chemoresistance [85]. Additionally, glycolate, 
glucose, furanose, and fructose are significantly decreased, whereas glycerol-3-phosphate, cho-
lesterol, ceramide, and monoacylglycerol (MAG; 18:0/0:0/0:0) are significantly increased in EOC 
patient-derived ascites [86]. Moreover, ceramide, derivatives of fatty acids, and LPA are identi-
fied only in malignant ascites [86].

Biochemical analyses of proteins in ascites of benign etiology identified about 1855 types of 
protein and in malignant ascites 2096 proteins. About 424 proteins were identified as specific 
to malignant ascites [87]. The concentration of pyruvate kinase isozymes M1/M2 (PKM1/2), 
glyceraldehyde phosphate dehydrogenase (GAPDH), and mesothelin (MSLN) was elevated 
in comparison to benign ascites. The most specific differences between these two types of asci-
tes regarding protein occurrence were up to sevenfolds in RNA components.

Malignant ascites also exhibits higher concentration of complex glycans, unlike benign ascites 
that contains simple glycans. A complex N-Glycan analysis of ascitic fluids showed highly 
fucosylated and sialylated complex and hybrid glycans. Other protein components specific to 
malignant ascites include annexin, mucin, and peroxiredoxin families [88].

In malignant ascites also are an abundance of other biochemical components, including N, 
haptoglobin, fibronectin, lumican, fibulin, hemopexin, ceruloplasmin, alpha-1-antitrypsin, 
alpha-1-antichymotrypsin, and clusterin, hemopexin, and fibulin glycopeptides [89].

Exosomes in ascites—Exosomes size in malignant ascites is in the range between 30 and 100 nm 
in diameter. Inward budding of the late endosomal membrane to segregate the cargos, 
including lipids, proteins, and nucleic acids, within the membrane-covered vesicles is 
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responsible for their formation [90]. Molecular signatures of donor cells having the abil-
ity to circulate throughout the body and potentially transferring information between 
cells to alter gene expression in recipient cells have been identified in exosomes [91]. 
Furthermore, it has been determined that exosome-derived molecular cargos contain dis-
tinct subsets of disease-specific biomarkers, including miR-200c, miR-214, CA125, Muc-1, 
and CD24 [92].

The level of 9 of 10 tested agents (CCL2, CXCL1, CXCL5, CXCL8, CXCL12, HGF, PAI-1, TGF-
β1, and VEGF) was found to be the greatest in the fluids from undifferentiated and advanced 
cancers, but the concentration of remaining 2 agents (IL-6 and uPA) was the highest in ascites 
from serous carcinoma [93].

9. Therapeutic approach for the patients with ascites

Primary treatment option in the management of ovarian cancer is cytoreductive surgery and 
platinum-based therapy with an expected response rate of 70%. However, many women 
experience recurrence of the disease within 12–18 months, refractory to standard platinum 
treatment.

Successful treatment of ascites is limited by the fact that the complete pathogenic mechanism 
is still poorly understood, and on the other hand, the advanced stage of the disease limits the 
successful management of the disease and quality of life.

Standard therapy of ascites mainly includes repeated paracentesis in more than 96% of cases. 
This method is effective in rapid control of distressing symptoms, such as dyspnea, orthop-
nea, pain, and peritoneal content.

Paracentesis is the most commonly used treatment modality in more than 98% of cases. This 
method is minimally invasive and may be used under ultrasound control, and the relief 
of symptoms is reported in 78% of cases. First, patients show relief of abdominal bloating 
and anorexia, then dyspnea, insomnia, and fatigue. Paracentesis is performed by inserting a 
14-gauge needle with a 16-gauge catheter. The drainage of more than 9 L increases the risk of 
intravascular pressure, hypotension, hypovolemia, hypoproteinemia, and electrolytic imbal-
ance [94].

However, this method has its limitations, since more than 5 L of ascitic fluid removal may 
affect plasma volume and renal function. For these reasons, 5% dextrose infused simulta-
neously with paracentesis has been advocated. Possible complications of this method also 
include hypoproteinemia, hypotension, secondary peritonitis, perforation, and pulmonary 
embolism [95, 96]. In order to prevent possible complications and homeostatic imbalance, 
it is necessary to perform blood tests control, focusing on protein and electrolyte levels, 
and the catheter needle should not stay in one site longer than 24 hours. In order to reduce 
the risk of infection, antibiotic therapy is sometimes used during the first week of treat-
ment after puncture. Courtney et al. [97] reported their results regarding the use of pleurx 

Ascitic Fluid in Ovarian Carcinoma – From Pathophysiology to the Treatment
http://dx.doi.org/10.5772/intechopen.70476

61



catheter that could be kept in a patient for 70 days, reducing the incidence and the risk of 
septic complications.

Serial paracentesis not only provide relief of symptoms but also promote loss of proteins, 
hypovolemia, and potential spread of cancer cells to site of drainage.

Complications may include pain, perforation, peritonitis, frequent hospitalizations, and cor-
rections of hypoproteinemia and hypoalbuminemia.

Diuretic therapy in the management of the ascites is rarely performed (61% of all ascites) and 
is less effective than paracentesis (45%) [98]. Unlike benign ascites (liver cirrhosis and conges-
tive heart failure), malignant ascites respond poorly to the therapy including fluid and salt 
restrictions and diuretics that may cause complications such as a decrease in volume, electro-
lytic imbalance, and renal dysfunction.

Pockros et al. proved in his paper that renin levels were elevated in patients with hepatic 
metastases, whereas normal renin levels were confirmed in carcinomatosis without hepatic 
metastases [99]. Patients without hepatic metastases and with diuretic use had 1 kg/d in 
weight loss without hypotension, and those without metastases and in carcinomatosis group 
had 0.5 kg/d in weight loss with hypotension and renal dysfunction.

The most common medical therapeutic approach includes diuretics therapy. Diuretic drugs 
used in the management of the disease are aldosterone antagonist such as spironolactone at a 
dose of 100–200 mg daily and furosemide at an initial dosage of 40–80 mg per day [100]. The 
use of these drugs increases the risk of hypovolemia, hypotension, and renal failure [101], so 
their usage is allowed, but with a time limit. Contraindications are hyponatremia <125 mmol/l, 
hepatorenal-related decrease of sodium excretion to <30 mmol/day, renal insufficiency with 
serum creatinine >1.5 mg/dl, acute encephalopathy, and acute bacterial infection [102]. The 
use of diuretics also increases the risk of thromboembolic complications due to chemotherapy 
drug concentrations, and possible additional symptoms include gynecomastia, renal tubular 
acidosis, and hyperkalemia.

Another palliative attempt to moderate the symptoms of ascites is the application of chemo-
therapeutics into the peritoneal cavity. This treatment aims at delivering higher concentra-
tions of drugs to the target site and minimizing resorption toxic effects. The intraperitoneal 
application of cisplatin and paclitaxel cytostatic drugs is most commonly used in the treat-
ment. Complications of this method include infections, pain, blockage or leaks, and abdomi-
nal pain. Limiting factors are short-term effects and a maximum of 5 mm penetration into a 
tumor deposit with limiting effects to existing adhesions. Other side effects include abdomi-
nal pain, ileus, peritonitis, abscess, and necrosis.

The attempts to increase the cytotoxicity of cisplatin and paclitaxel in intraperitoneal 
application resulted in utilization of hyperthermic medium (40.5–43°C). This procedure 
is called hyperthermic intraperitoneal chemotherapy (HIPEC). The method was approved 
by Japanese National Insurance in 1981. The results of HIPEC treatment regarding overall 
survival rate are better in comparison to reduction of ascitic fluid, but without statistically 
significant difference [101].
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Chemotherapy in the management of ascites can be systemic and intraperitoneal. Intraperi-
toneal chemotherapy has local cytotoxicity 2–3 times higher than systemic one without sys-
temic absorption or cytotoxicity. Hyperthermia (over 39°) increases local cytotoxic effects by 
inhibiting replication and repair. The best results are achieved directly after the surgery (com-
plete cytoreduction) since fibrin depositions and adhesion formations are thin at that time. 
Combined modality treatment of surgical procedure and intraperitoneal chemotherapy using 
cisplatin, bleomycin, and mitomycin C prevents recurrence of ascites in 75% of patients. The 
fact that patients without positive peritoneal cytology do not develop ascites suggests that cyto-
static therapy administration can prevent formation of ascites [103].

Besides intraperitoneal application of cytostatics, other drugs can be used intraperitoneally, 
such as intraperitoneal tumor necrosis factor (TNF), interferon, vascular endothelial growth 
factor, and other immunomodulators.

TNF at 0.08–0.014 mg/m2 diluted in 5% human albumin is applied into the abdomen for 24–48 
hours, and the procedure is repeated on the 8th day.

Improvements regarding reduction of ascitic fluid can be seen after three doses, but improve-
ments in mucinous ovarian cancer have not been reported [104].

Intraperitoneal interferon-α (IFN-α) 2b application was described in studies by Sartori et al. 
[105]. Complete response was achieved in 29.3%, a partial response in 36.6%, and no response 
in 34.1%. Ovarian cancer patients had the highest global response (65%).

Clinical importance of immunomodulator OK-432 application has been studied. It is a lyophi-
lized powder of Streptococcus pyogenes, showing effects only in patients with malignant ascites 
associated with gastrointestinal-related cancer. Studies of ascites and ovarian cancer are not 
available [101].

One of the surgical methods used in palliative treatment of ascites is peritoneovenous shunt-
ing. Surgical options in treating ascites include peritoneovenous shunts and radical peri-
tonectomy. The first data on peritoneovenous shunts date back to 1974 when LeVeen first 
introduced it. A modified Denver shunt was developed later. The benefits of this method in 
comparison to paracentesis include reduced need for repeated paracentesis and maintenance 
of normal serum albumin concentrations. In malignant ascites, reduction and control of asci-
tes are achieved in 75% of shunts [106]. Patients selected for shunt placement should undergo 
cardiac and respiratory evaluations.

Faught et al. [107] evaluated some possible complications of this method, such as fever, coagu-
lopathy, infection, and tumor embolization [101]. Contraindications are loculated ascites, por-
tal hypertension, coagulation disorders, elevated bilirubin levels, advanced cardiac or renal 
failure, hemorrhagic ascites, or fluid protein >4.5 g/l. The study has not proven increased prob-
ability of disseminating malignant cells by this treatment modality. What is important is that 
the application of this shunt showed better clinical results for ascites in ovarian cancer patients 
than in gastrointestinal cancer patients, in relation 50:15%, respectively. However, the applica-
tion of shunts is indicated only for patients who cannot benefit from any other treatment and 
who can profit from it if their life expectancy is long enough. The median survival ranged in 
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the different studies from 52 to 266 days, reflecting the high heterogeneity of patients, and 
possible fatal complications are pulmonary edema or emboli [96, 108].

Finally, other surgical therapeutic procedures include radical peritonectomy. It is an extensive 
surgical intervention involving complete removal of the peritoneum combined with intra-
peritoneal chemotherapy. This is an extensive operation with significant morbidity, although 
initial results appear to demonstrate that it decreases the production of ascites.

A modern, innovative approach in treating malignant ascites is monoclonal antibody therapy, 
directed at one of the basic etiological factors of ascites—neoangiogenesis. In that respect, 
the drugs used, such as anti-vascular endothelial vascular factor (VEGF), may have potential 
tumor-suppressive effects.

Bevacizumab (Avastin®; Genentech, Inc., South San Francisco, CA) is a recombinant human-
ized monoclonal antibody to VEGF composed of human IgG1 framework regions and anti-
gen-binding complementarity-determining regions from a murine antibody that blocks the 
binding of human VEGF to its receptors [109].

Bevacizumab is a humanized monoclonal antibody directed against VEGF-A as target ther-
apy [110]. After its initial approval by the Food and Drug Administration (FDA) in 2004 for 
unresectable colorectal cancer, its indication for the treatment of different cancers has been 
accepted [111, 112]. The trials GOG-0218 and ICON7 reported benefits of this therapy com-
bined with platinum therapy in patients with ovarian cancer. The AURELIA trial studied 
bevacizumab in combination with non-platinum chemotherapy and proved its success in 
platinum-resistant ovarian cancer [113]. In 2014, FDA approved bevacizumab for use only 
in recurrent, platinum-resistant ovarian cancer [114]. In 2016, this drug also received FDA 
approval for platinum-sensitive recurrent ovarian cancer, based on findings of a large GOG-
0213 trial.

Therapeutic application of bevacizumab has also demonstrated significant benefits in patients 
with recurrent disease and ascites. Most common side effects are neutropenia and thrombo-
cytopenia. Other serious, but rare side effects include gastrointestinal bleeding, thromboem-
bolic events, hypertension, and proteinuria.

The studies analyzing quality of life and the recurrence of the disease in patients with ascites 
treated with repeated paracentesis and monoclonal anti-vascular drugs have shown that pal-
liative treatment of malignant ascites using paracentesis or combined paracentesis and intra-
peritoneal chemotherapy negatively impacts patients’ health-related quality of life (HRQL) 
and shortens the disease-free interval. Monoclonal antibody treatment results in better quality 
of life and in a longer disease-free interval. The median puncture-free survival with catumax-
omab is 46 days versus 11 days in the group with paracentesis [115].

Complications of the procedure may be local: shunt occlusion and infections and systemic: 
DIC (due to coagulation factor dilution, introduction of collagen into the bloodstream), pul-
monary edema (9.5–12%), pulmonary embolism (5–7%), and tumor emboli by direct infusion 
of malignant cells into the bloodstream (3–7%) [116].
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Other new therapeutic approaches to be pointed out include immunotherapy with interferon, 
tumor necrosis factor, Corynebacterium parvum, and Streptococcal preparation OK-432 [117].

10. Conclusion

Due to low symptomatology, a lack of screening, and relatively complicated diagnostic pro-
cedures of ovarian carcinoma, more and more women are believed to visit their doctors in 
advanced stage of the disease, complicated with ascitic fluid.

Cytological findings of ascitic fluid determine the stage of the disease. On the other hand, 
there is an increasing evidence that peritoneal cytology is a subjective assessment with certain 
percentage of false-positive and false-negative results that may cause application of unneces-
sary chemotherapy or nonapplication of necessary chemotherapy. Utilization of available and 
the development of new immunohistochemical markers should help in increasing sensitivity 
and specificity of ascitic fluid cytology.

Ascites has unfavorable outcomes and detrimental effects on overall quality of life in affected 
patients.

The pathophysiology of the incidence of ascites is unclear, complex, and is a combination of 
increased vascular permeability and obstructed lymphatic drainage.

Because the mechanism of ascites formation is poorly understood, there are no validating 
guidelines for preventing the formation of ascites. Maximal cytoreductive surgery followed 
by intraperitoneal or systemic chemotherapy remains to be the gold standard in preventing 
ascites formation.

Ascites is not only a symptom of a disease but also a specific microenvironment for formation 
and mediation of protumorigenic signals that control ovarian cancer progression, including 
proliferation, invasion and anti-apoptosis, chemoresistance, and tumor heterogeneity. Acellular 
cytokines, protein, and immunological factors influence ovarian cancer progression and its abil-
ity to prevent immune responses of the body and tumor reaction to chemotherapy. On the other 
hand, ascites contributes to disease dissemination, changing its course, and final outcomes.

Management of patients with ascites and ovarian carcinoma is complex, with additional 
recurrences, and often the goal of the treatment is to target palliative procedures that neces-
sitate hospital environment.

Multidisciplinary approach is necessary in the management of patients and includes not only 
a gynecologist but also an anesthesiologist, gastroenterologist, surgeon, oncologist, chemo-
therapist, palliative care doctor, and an oncology pharmacist.

In order to improve overall quality of life and survival of these patients, further investiga-
tions of new drugs, monoclonal antibodies, and immunomodulators are needed aiming at 
prolonged periods between relapses.
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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].

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

83



 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 

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

85



 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 
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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].
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Abstract

Ascites refer to accumulation of fluids in the peritoneal cavity. Ascites is caused by mul-
tiple causes, among which liver cirrhosis is the commonest. Confirming the etiology is 
the first and most important step toward proper management. Assuming that ascites 
is always caused by cirrhosis can lead to unnecessarily sending patients with different 
etiologies for liver transplantation, particularly patients with non-cirrhotic portal hyper-
tension. Calculating serum albumin ascitic gradient is important in differentiating ascites 
due to portal hypertension from other etiologies. The first-line therapy for ascites in cir-
rhosis is low salt diet and diuretics. It is important to avoid nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and nephrotoxic medications in these patients.

Keywords: ascites, treatment, pharmacological therapy, liver cirrhosis

1. Introduction

Even though liver disease remains the main cause of ascites, there are several other 
causes including renal diseases, infections (tuberculosis), malignancies, and heart disease 
(Table 1).

It is important to diagnose the etiology of ascites in order to properly treat it.

Detailed history, physical examination, laboratory blood test, abdominal ultrasound, and 
serum albumin ascitic gradient are important in narrowing the differential diagnosis of 
ascites.

Cirrhosis is the eighth leading cause of death in the United States [1]. Ascites is one of the 
most common complications of cirrhosis that leads to hospital admissions [2]. It occurs due 
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to portal hypertension and is primarily related to an inability to excrete an adequate amount 
of sodium into urine, leading to positive sodium balance leading to fluid retention [3]. Many 
patients are referred for liver transplantation after development of ascites. Evidence suggests 
that arterial splanchnic vasodilation leads to renal sodium and water retention in patients 
with cirrhosis. This permits dropping in effective arterial blood capacity with stimulation of 
arterial as well as cardiopulmonary volume receptors, in addition to homeostatic stimula-
tion of vasoconstrictor and sodium-retaining systems (i.e., the RAAS (renin-angiotensin-
aldosterone system) as well as the sympathetic nervous system). Renal sodium preservation 
causes extension of the extracellular fluid volume and accumulation of ascites and edema 
[4, 5]. The occurrence of ascites is directly linked to worse prognosis and compromised life 
quality; therefore, patients should be turned over to liver transplant center for evaluation 
[6]. Nearly 75% of the patients with ascites in Western Europe or the United States have cir-
rhosis as the primary cause. The remaining 25% of the ascites is caused by malignancy, heart 
failure, tuberculosis, pancreatic disease, or other miscellaneous causes [7].

Determining the cause of ascites is very important for appropriate management. The serum-
ascites albumin gradient (SAAG) can be helpful for both diagnostic and therapeutic purposes. 
Patients with a high SAAG (≥1.1 g/dL) have portal hypertension and usually are responsive 
to diuretic therapy measures [8].

1.1. First-line treatment

One of the most important steps in treating ascites in this setting is to treat the underly-
ing liver disease. In patients with alcoholic liver disease, abstinence from alcohol intake can 
result in dramatic improvement in the reversible component of alcoholic liver disease. This 
measure alone can lead to an around 75% 3-year survival. If the patient does not succeed 
in refraining from alcohol intake, they may die within 3 years [9]. Abstinence from alcohol 
intake alone may lead to either complete resolution of ascites or at least a better response to 
medical therapy.

Ascites in decompensated hepatitis B virus infection-related cirrhosis and autoimmune hepatitis 
can also have a great response to specific drug therapy, although liver disease is unlikely to be 
revisable by the time ascites is manifested (Table 2) [10].

High SAAG ascites (>1.1) Low SAAG ascites (<1.1)

Liver cirrhosis Tuberculosis

Budd-Chiari syndrome Malignancy

Sinusoidal obstructive syndrome Pancreatic

Heart failure (high protein) Renal

Alcoholic hepatitis Serositis

Acute liver failure

Table 1. Causes of ascites.
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2. Diet and diuretics

The first-line treatment of patients with cirrhosis and ascites includes (1) dietary sodium restric-
tion (2000 mg/day [88 mmol/day]) and (2) oral diuretics [11]. Evidence suggests that renal 
sodium retention in these patients is mainly caused by increased proximal as well as distal 
tubular sodium reabsorption instead of reduction of filtered sodium load [12, 13]. Although the 
mechanism by which enhanced proximal tubular reabsorption of sodium occurs has not been 
fully established, the increased reabsorption of sodium along the distal tubule is mainly due 
to hyperaldosteronism [14]. Therefore, aldosterone antagonists are considered the treatment of 
choice and are more effective than loop diuretics. Amiloride (with doses of 10–40 mg/day), a 
diuretic acting in the collecting duct, is less effective than the active metabolite spironolactone 
and much more expensive and should be used as an alternative only in those patients who 
develop side effects with aldosterone antagonists (e.g., tender gynecomastia) [15]. There has 
been a long argument, whether aldosterone should be administered alone or coupled with loop 
diuretics. Two studies have assessed both approaches. The first used aldosterone antagonists in a 
stepwise increase every 7 days (up to 400 mg/day) in combination with furosemide (40–160 mg/
day, in 40 mg/day steps) considered only in patients not exhibiting proper response to maxi-
mum doses of aldosterone antagonists versus joint treatment of aldosterone antagonists and 
furosemide from the commencement of treatment (100 in addition to 40 mg/day with the option 
to build the dose in a stepwise manner every 7 days in view of lack of response up to 400 and 
160 mg/day) [16, 17]. The results of the two studies were inconsistent with each other probably 
due to differences in patient populations, in particular, with regard to the percentage of patients 
with the first episode of ascites [17]. Initiation of both drugs appears to be the favored approach 
in attaining quick natriuresis and preserving normokalemia. Single morning dosing enhances 
adherence. Dosing more than once daily decreases adherence and may lead to nocturia.

The maximum doses are 400 mg/day of spironolactone and 160 mg/day of furosemide [8, 11]. 
Furosemide can be suspended for a short period of time in patients with hypokalemia, which 
is very common in the setting of alcoholic hepatitis.

Other diuretics including triamterene, metolazone, and hydrochlorothiazide have also been 
used to treat ascites [11].

Treatment of ascites due to liver cirrhosis

1. Treatment of the underlying cause: stop alcohol, treat AIH, and HBV

2. Low-salt diet and diuretics

3. Water restriction if sodium <120 mmol

4. Vaptans (not effective)

5. Albumin and colloid replacement

6. Avoid nephrotoxic medications

Table 2. Treatment of ascites due to liver cirrhosis.
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Eplerenone is a newer aldosterone antagonist that has been used in heart failure [18]. There 
is only one study evaluating the use of eplerenone in ascites with comparable results to alda-
ctone [19]. It could also serve as substitute of spironolactone in patients who develop tender 
gynecomastia [20].

Other loop diuretics, such as torasemide and bumetanide, are currently not being used as 
they did not seem to demonstrate superiority to the current agents, let alone their cost.

It’s important to mention though, in all patients, diuretic therapy should aim to achieve 
weight loss of no more than 0.5 kg/day if peripheral edema is absent and 1 kg/day in those 
with peripheral edema to avoid diuretic-related renal failure and/or hyponatremia which is 
mainly due to intravascular volume depletion [7]. Other complications of diuretic therapy 
include hepatic encephalopathy, electrolyte disorders, gynaecomastia, and muscle cramps 
[13, 21–37]. If cramps are severe, diuretic dose should be decreased or stopped, and albumin 
infusion [37], baclofen, and l-carnitine may relieve symptoms [23–27, 37].

3. Fluid restriction

Fluid restriction is not necessary in treating most patients with cirrhosis and ascites unless 
sodium is less than 120. The chronic hyponatremia commonly observed in cirrhotic ascites 
patients is occasionally fatal if not corrected. One study with 997 cirrhotic patients with ascites 
showed that the serum sodium is ≤120 mmol/L in 1.2% of the patients and ≤ 125 mmol/L in 
only 5.7%. Rapidly correcting serum sodium with hypertonic saline in this setting makes the 
patients prone to more complications rather than the hyponatremia itself.

4. Vaptans

Vaptans are “vasopressin receptor antagonists” and have been studied, mainly in heart failure 
and in the setting of cirrhosis [38, 39]. Their value in treating hyponatremia and in reduc-
ing fluid overload has been investigated. They appear to be useful in treating mild hypona-
tremia. However, correction of hyponatremia solely may not associate with more important 
clinical outcomes. The intravenous agent conivaptan has been approved for use for treat-
ment of euvolemic and hypervolemic hyponatremia in hospitalized patients [38]. The manu-
facturer advises clinician to exercise extra precaution as rapid correction of hyponatremia 
can have serious/irreversible clinical outcomes, i.e., central pontine myelinolysis. An oral 
formulation—tolvaptan—increases serum sodium in patients who have baseline values of 
<130 mmol/L [40]. Of note, correction of sodium is not permanent, and hyponatremia may 
return when medication is stopped [41].

Recently, satavaptan was particularly investigated to define its effectiveness in managing 
ascites rather than hyponatremia, was found to be “not clinically beneficial” in the controlling 
of ascites in cirrhosis, and was linked with higher mortality compared to placebo [42]. It is 
also more expensive than first-line therapy.
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5. Intravenous albumin

An open-label, randomized controlled trial in patients with new onset ascites demonstrates 
that weekly 25 g infusions of albumin for 1 year followed by infusions every 2 weeks improved 
survival and decreased the risk of ascite recurrence compared to diuretics alone [43].

In patients who undergo large-volume paracentesis (LVP) > 5 L secondary to refractory asci-
tes, the administration of albumin prevents post-paracentesis circulatory dysfunction (PPCD) 
[44]. Circulatory homeostasis has detrimental effects in cirrhotic patients as it leads to rapid re-
buildup of ascites [45]. Around 20% of these patients develop dilutional hyponatremia second-
ary to hepatorenal syndrome and/or water retention. The portal pressure usually rises in patients 
developing circulatory dysfunction after LVP, probably due to a raised intrahepatic resistance 
due to the action of vasoconstrictor systems on the hepatic vascular bed [46–54]. Finally and 
most importantly, circulatory dysfunction is usually linked to decreased survival [44, 53].

LVP coupled with albumin infusion is more effective than diuretics and significantly cuts the 
length of hospital stay. It also has lower frequency of hyponatremia, renal impairment, and 
hepatic encephalopathy when compared with diuretics. However, there were no differences 
between the two approaches with respect to hospital readmission or survival [45, 55].

Albumin has shown to be more effective than dextran-70 and polygeline (other plasma 
expanders) for the stoppage of PPCD [44]. If <5 L of ascites are eliminated, dextran-70 (8 g/L 
of ascites removed) and polygeline (150 mL/L of ascites removed) show effectiveness compa-
rable to that of albumin. Nevertheless, albumin has higher efficacy than these other plasma 
expanders if in the case of removal of more than 5 L of ascetic fluid [44]. In spite of that, 
randomized trials did not show survival advantage in patients treated with albumin versus 
those treated with other plasma expanders [44, 53, 56]. To demonstrate survival benefit of 
albumin, larger trials are warranted. Of note, a published meta-analysis included 17 trials 
involving 1225 patients, demonstrating a lessening in mortality with an odds ratio of death of 
0.64 (95% CI, 0.41–0.98) in the albumin group [57, 58]. Albumin was superior to other plasma 
expanders in which a mean volume of ascetic fluid removed was 5.5–15.9 L [58]. Studies have 
administered between 5 and 10 g of albumin per liter of fluid removed; 6–8 g/L have been the 
most frequently used doses [58]. Another study compared albumin doses in 70 patients; the 
4 g/L group had comparable PPCD and renal impairment to the 8 g/L group [46, 59].

Albumin is usually infused throughout and/or shortly after the paracentesis. In Europe, only a 
20% intravenous solution is available. While in the United States, 5% and 25% intravenous solu-
tions are available, all are isotonic. Using the 5% solution increases the sodium load five times.

6. Drugs to be avoided or used with caution

Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers should be 
avoided in patients with cirrhosis and ascites even in low doses as they can induce arterial 
hypotension and renal failure [60, 61]. If used, blood pressure and renal function must be 
monitored carefully [7].
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The administration of nonsteroidal anti-inflammatory drugs (NSAIDs), such as indomethacin, 
ibuprofen, and aspirin, in patients with cirrhosis and ascites is associated with a high risk of 
development of acute renal failure and hyponatremia and lowers the effect of diuretics [7]. 
This occurs primarily due to inhibition of renal prostaglandin synthesis leading to deficiency 
in glomerular filtration rate, which is due to a reduced renal perfusion [62]. Cyclooxygenase-2 
(COX-2) inhibitors may provide an alternative for short term as preliminary data show that 
short-term administration of celecoxib does not impair renal function and does not alter 
response to diuretics [62].

Beta-blockers have been shown to reduce survival in patients with refractory ascites [63, 64]. 
This has been linked to their undesirable effect on blood pressure and the increase in the rate 
of paracentesis-induced circulatory dysfunction [63, 64].

Both blood pressure and renal function should be monitored closely in patients who have 
refractory ascites with consideration not to initiate or discontinue beta-blockers in such setting.

7. Colloid replacement

Colloid replacement therapy remains as a contentious issue in therapeutic paracentesis. One 
study compared the use of albumin (10 g/L of fluid removed) versus no albumin in 105 patients 
with tense ascites, following therapeutic paracentesis [65]. The no-albumin group had statisti-
cally significantly more changes in electrolytes, plasma renin, and serum creatinine, but no 
more clinical morbidity or mortality compared to the albumin group [65]. There are no stud-
ies that demonstrate decreased survival in patients without plasma expander compared to 
patients given with albumin after paracentesis [44].

Polygeline (plasma expander) is no longer used in many countries because of the possible risk 
of transmission of prions. Some evidence suggest that the use of saline is not linked to a high 
risk to develop PPCD after small-volume paracentesis [53]; there are no randomized controlled 
studies comparing saline versus albumin in patients who require paracentesis of less than 
5 L. The use of starch as a plasma expander has been addressed in few studies in patients with 
cirrhosis and grade 3 ascites treated with LVP, revealing some concerning issues regarding the 
likelihood for starch to induce renal failure and hepatic accumulation of starch [66, 67].

On the other hand, a health economic analysis model suggested that it is more cost-effective 
to use albumin after LVP compared with alternative cheaper plasma volume expanders. This 
finding was mainly attributed to the fact that the administration of albumin post-paracentesis 
is associated with a smaller number of liver-related complications within the first 30 days 
which leads to increased total health cost [56].

8. Other treatment options

Activation of neurohumoral systems with sodium and water retention plays a major role in the 
pathogenesis of refractory ascites; thus, drugs that may improve circulatory and renal function, 
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principally vasoconstrictors, have been investigated. Vasoconstrictors such as the α1-adrenergic 
agonist midodrine or terlipressin improve circulatory and renal function in patients with and 
without refractory ascites. Terlipressin is given in intravenous boluses (1 mg at onset of para-
centesis, 1 mg at 8 h and 1 mg at 16 h) in addition to oral midodrine (for 72 h post-paracentesis), 
which appear to be as good as albumin in suppressing plasma renin elevation in randomized 
trials; terlipressin is not commercially offered in the United States [51, 68, 69].

9. Spontaneous bacterial peritonitis (SBP)

Ascitic fluid infection is common (12% in older series) and is associated with mortality rate 
that surpassed 90% [70–72]. This mortality rate can be reduced to 20% with early diagnosis 
and treatment [6, 73]. The diagnosis of spontaneous bacterial peritonitis (SBP) is made in 
the presence of raised ascitic fluid absolute polymorphonuclear leukocyte (PMN) count (i.e., 
≥250 cells/mm3 [0.25 × 109/L]). Treatment of SBP is a separate topic; we will discuss the impor-
tance of albumin and other therapies in addition to antibiotic use.

10. Empiric treatment

Empiric antibiotic therapy should be initiated in patients with ascitic fluid PMN counts greater 
than or equal to 250 cells/mm3 (0.25 × 109/L). About 60% of the patients present with culture-
negative ascites. If cultures are positive, however, the most common pathogens include Gram-
negative bacteria (GNB), usually Escherichia coli and Gram-positive cocci (mainly streptococcus 
species and enterococci) [71, 74]. The epidemiology of bacterial infections differs between com-
munity-acquired (in which GNB infections predominate) and nosocomial infections (in which 
Gram-positive infections predominate).

Moderately broad-spectrum therapy is necessary in patients with suspected ascitic fluid infec-
tion unless otherwise indicated by culture and sensitivity when available. In a controlled trial, 
cefotaxime, a cephalosporin from the third generation, is shown to be superior to ampicillin plus 
tobramycin [75]. Cefotaxime or a similar third-generation cephalosporin seems to be the best 
therapeutic option for anticipated SBP; it is used to cover 95% of the flora including the three 
most common isolates: E. coli, Klebsiella pneumoniae, and Streptococcus pneumoniae [75]; usually, 
a 5-day treatment is as effective as 10 days in the treatment [76]. To achieve ascetic fluid levels 
that are 20-fold above the killing power after 1 dose of cefotaxime, 2 g intravenously every 8 h is 
required [77]. In neutrocytic ascites, a 5-day course of ceftriaxone 1 g intravenously twice per day 
was sufficient in treating culture-negative ascites [78].

Amoxicillin/clavulanic acid, intravenously and then orally, has comparable outcomes with 
respect to SBP resolution and mortality, compared with cefotaxime [79] and at reduced cost.

Another antibiotic that produces a similar SBP resolution rate and hospital survival compared 
with cefotaxime is ciprofloxacin. Ciprofloxacin is administered as either for 7 days intravenously 
or for 2 days intravenously followed by 5 days orally. Nevertheless, the cost is higher compared 
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with cephalosporin-based options [80]. However, the use of intravenous antibiotic at the start, 
followed by oral step-down administration with ciprofloxacin, is more cost-effective than intra-
venous cefotaxime [81]. Ofloxacin also has produced similar results to intravenous cefotaxime 
when given orally in uncomplicated SBP, without renal failure, hepatic encephalopathy, gastro-
intestinal bleeding, ileus, or shock [82].

It is important to mention that, if ascitic fluid neutrophil count does not decrease to less than 
25% of the pretreatment value after 48 h of antibiotic treatment, there is a high likelihood of 
failure to respond to therapy [83, 84]. In such scenarios antibiotic therapy should be broaden 
to cover more resistant pathogens.

11. Secondary prophylaxis of spontaneous bacterial peritonitis

The ideal prophylactic agent should be safe, affordable, and effective at decreasing the epi-
sodes of SBP while preserving the protective anaerobic flora (selective intestinal decontami-
nation) [73]. Given the high cost and the risk of developing resistant organisms, the use of 
prophylactic antibiotics must be strictly restricted to patients with the following risk factors: 
(1) patients with acute gastrointestinal hemorrhage, (2) patients with low total protein content 
in ascitic fluid and no prior history of SBP (primary prophylaxis), and (3) patients with a pre-
vious history of SBP (secondary prophylaxis).

The cumulative recurrence rate at 1 year is approximately 70% in patients who survive an epi-
sode of SBP with survival rate of up to 30–50% and falls to 25–30% at 2 years [73]. Several anti-
microbial regimens have been proposed as secondary prophylaxis. Norfloxacin was studied 
in a randomized, double-blind, placebo-controlled trial of (400 mg/day orally) in patients who 
had a previous episode of SBP [85, 86]. Norfloxacin was found to reduce the likelihood of SBP 
recurrence from 68 to 20% and the likelihood of SBP due to Gram-negative bacteria from 60 to 
3%. Other studies evaluated the impact of ciprofloxacin, trimethoprim-sulfamethoxazole, and 
norfloxacin on SBP recurrence, but they included patients with and without previous episodes 
of SBP. All studies showed a reduced incidence of SBP with antibiotic prophylaxis [87–89].

The emergence of resistant, extended-spectrum Β-lactamase-producing Enterobacteriaceae has 
occurred as a result of the extensive use of quinolones to prevent SBP [90–92].

Alternatively, ofloxacin, dosed at 400 mg bid for about 8 days, was found to be as good as par-
enteral cefotaxime in the treatment of SBP in patients without vomiting, shock, grade II (or 
higher) hepatic encephalopathy, or serum creatinine greater than 3 mg/dL [82]. A more cost-
effective choice when compared to intravenous ceftazidime in a randomized trial would be 
the administration of intravenous ciprofloxacin followed by oral administration in patients 
who had not received quinolone prophylaxis [93]. Patients’ flora may become resistant to 
quinolone prophylaxis, and hence treatment with alternative agents is warranted.

Reduction in mortality was reported in one trial when patients with SBP were random-
ized to receive cefotaxime alone versus cefotaxime plus 1.5 g albumin per kg body weight 
within 6 h of enrollment and 1.0 g/kg on day 3. A reduction in mortality from 29 to 10% was 
described [93]. Another study has revealed that albumin must be administered when the 
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serum creatinine is >1 mg/dL, total bilirubin >4 mg/dL, or blood urea nitrogen >30 mg/dL. If 
the patient does not meet these prerequisite criteria, then albumin is not indicated [94–97]. 
Albumin is superior to hydroxyethyl starch in spontaneous bacterial peritonitis [98].
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Abstract

Aims: The vasopressin V2 receptor antagonist, tolvaptan, has been reported to be effec-
tive in cirrhotic patients with ascites. Here, we evaluated predictors of the response to 
tolvaptan. Methods: A total of 97 patients with cirrhosis (60 males; median age, 63 years) 
who had been treated for ascites with oral tolvaptan were enrolled. Tolvaptan efficacy 
was defined as urine volume increase of ≥500 mL or a urine volume ≥2000 mL/day on the 
day following treatment. Normalization of the serum sodium (Na) level after 1 week of 
treatment and the posttreatment survival rate was analyzed. Results: Tolvaptan therapy 
resulted in effective urination in 67% of patients. A multivariate analysis revealed that 
the blood urea nitrogen/creatinine (BUN/Cr) ratio and urinary Na/potassium (Na/K) 
ratio were predictive of the tolvaptan response (p <0.05). The serum Na level was 135 
(121–145) mEq/L, and normal levels were recovered in 50.0% of the patients with an 
initial Na level of <135 mEq/L. The posttreatment survival rate was significantly higher 
in patients who responded to tolvaptan therapy (p <0.05). Conclusions: The combination 
of the initial BUN/Cr and urine Na/K ratios and a normalized serum Na level after 1 
week was predictive of a favorable outcome to tolvaptan therapy.

Keywords: vasopressin V2 receptor antagonist, tolvaptan, blood urea nitrogen/creatinine 
ratio, urine sodium/potassium ratio, serum sodium

1. Introduction

Ascites accumulation is commonly observed in decompensated liver cirrhosis [1]. The symptoms 
of ascites lead to a poor quality of life and prognosis [2]. Recently, the vasopressin V2 receptor 
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antagonist tolvaptan has been used for ascites treatment of cirrhosis in addition to spironolac-
tone ± furosemide [3, 4]. The Japanese Society of Gastroenterology published evidence-based 
clinical practice guidelines in 2015 [5]. Tolvaptan is recommended for use before ascites drainage 
or administration of albumin because of its high efficacy irrespective of the serum albumin level 
[6]. While the serum sodium (Na) level is low in cirrhosis, it is increased in tolvaptan-treated 
patients because of free water clearance without accompanying Na elimination. In contrast, con-
ventional diuretics promote hyponatremia and impair renal function. Thus, tolvaptan has ben-
efits for the treatment of cirrhosis.

The mechanism underlying refractory ascites caused by liver cirrhosis has been hypoth-
esized as one or more of the following [7, 8]: (1) hypo-osmotic pressure due to hypoalbumin-
emia; (2) a response to mesenteric and systemic vasodilation, accompanied by development 
of portal hypertension, which decreases the effective circulatory volume and depletes renal 
flow, leading to increased arginine vasopressin (AVP) release; increased AVP results in an 
increase in renin-angiotensin-aldosterone system activity; and (3) postsinusoidal obstruc-
tion and lymphatic edema. These multiple causative factors are associated with ascites 
accumulation.

Approximately 70% of tolvaptan-treated patients exhibit increased urination and achieve a 
reduction in body weight within 7–14 days [9, 10]. In addition to this short-term efficacy, 
tolvaptan also exerts long-term effects [11]. However, factors that predict the response to 
tolvaptan and its effect on prognosis are unclear. In this study, we focused on predictors of 
the tolvaptan response and the outcome of tolvaptan therapy.

2. Patients and methods

2.1. Patients

This was a single-center, retrospective observational study performed between September 
2013 and March 2016. We enrolled a total of 97 Japanese cirrhotic patients (60 males, 62%) 
who received tolvaptan 3.75–7.5 mg/day (Samsca™; Otsuka Pharmaceutical Co. Ltd., 
Tokyo, Japan) after hospitalization for ascites treatment. They were treated with conven-
tional diuretics.

2.2. Method

The patients were classified as responders or nonresponders to tolvaptan therapy. Tolvaptan 
efficacy was defined as a urine volume increase of ≥500 mL or a urine volume ≥2000 mL/
day on the day following tolvaptan treatment, as described by Ohki et al. with slight modi-
fications [12]. The baseline characteristics of patients, including age, sex, medications, and 
laboratory parameters, were evaluated. We investigated the changes in body weight and the 
serum Na level after 1 week of treatment and evaluated laboratory parameters. Tolvaptan 
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was not used in patients with severe renal dysfunction (estimated glomerular filtration rate 
<15 mL/min/1.73 m2 or a serum creatinine [Cr] level >3.5 mg/dL) or a hepatic coma scale 
score >II.

This study was conducted according to the principles of the Declaration of Helsinki, and 
the Institutional Review Board of Tokyo Women’s Medical University Hospital (Tokyo, 
Japan) approved the study protocol (no. 3258-R). The results of this study, including fig-
ures and tables, were published in Hepatology Research [13] and were transferred with 
permission.

2.3. Statistical analysis

Data are presented as medians with minimum and maximum values. Significant differ-
ences between the two groups were assessed using the Mann–Whitney U-test and χ2 test. 
The Statistical Package for the Social Sciences software (SPSS Institute, 11.01.J, Chicago, 
IL, USA) was used for the statistical analyses. Statistical significance was considered at 
p < 0.05.

3. Results

3.1. Response to tolvaptan according to urination and body weight parameters

The median age of the 97 patients (62% male) receiving tolvaptan treatment was 63 years 
(range, 22–90 years; Table 1). The underlying liver diseases and frequency of other ascites 
treatments did not differ significantly. The median increase in urine volume on the day 
after treatment was 690 mL (range: −530 to +3490 mL), while the median urine volume was 
1675 mL/day (range: 195–6630 mL/day). The distributions of urination and body weight 
changes and their correlations with the tolvaptan response are shown in Figure 1(a). The 
change in body weight after 1 week of treatment was −1.5 kg (−17.2 to +6.2 kg). A total 
urine volume ≥2000 mL was achieved in 40% of cases and an increase in the urine volume 
in ~50% of cases (Figure 1b). Approximately 40% of cases achieved a ≥2.0 kg body weight 
reduction after 1 week of treatment. Overall, 67% of the cases achieved the desired level 
of urination. In cases who responded to tolvaptan, the platelet count, urine Na level, and 
urine Na/potassium (K) ratio were higher, and the blood urea nitrogen (BUN)/Cr ratio was 
lower (Table 2). The serum Na level was 135 (121–145) mEq/L, and 39.2% of cases had an 
Na level of <135 mEq/L.

3.2. Urination-based predictors of the response to tolvaptan

Multivariate analysis revealed that the BUN/Cr ratio (odds ratio [OR], 1.08; 95% confidence 
interval [CI], 1.006–1.174; p < 0.05) and urine Na/K ratio (OR, 0.59; 95% CI, 0.366–0.855; p < 0.01) 
were predictors of the tolvaptan response (Table 3). In particular, patients who satisfied both 
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Figure 1. Urine volume and body weight response after tolvaptan treatment. (a) Distributions of urine volume after 
1 day, and change in body weight after 1 week, of tolvaptan treatment. Circle, responder; cross, nonresponder. (b) 
The percentage of urination and body weight reduction responded to a tolvaptan therapy. Urine volume 1 day after, 
and change in body weight 1 week after, tolvaptan treatment was correlated with the tolvaptan response (a). A body 
weight reduction of ≥2.0 kg was found in 40% of cases, and a urine volume ≥2000 mL and a urine volume increase ≥500 
mL were found in 67% of patients in response to tolvaptan therapy (b).

Total (n = 97) Responder (n = 65) Nonresponder (n = 32) p-value

Age (years) 63 (22–90) 62 (22–90) 63 (37–84) 0.21

Sex (% of males) 62 66 53 0.21

Underlying hepatitis 
(%) (viral/metabolic/
PBC)

37/39/9 32/43/11 47/31/6 0.29

Complication (%) 
(varices/HCC/hepatic 
encephalopathy)

67/35/23 71/35/18 59/34/31 0.37

Diuretics

Furosemide dose (mg/
day)

20 (0–160) 20 (0–160) 20 (0–80) 0.96

Spironolactone dose 
(mg/day)

50 (0–400) 50 (0–400) 50 (0–400) 0.97

BCAA (%) 90 89 91 0.11

Administration of 
albumin (%)

62 63 59 0.65

CART or drainage (%) 41 38 47 0.43

Prognosis; death or 
transplantation (%)

45 37 63 0.03

Notes: PBC, primary biliary cholangitis; HCC, hepatocellular carcinoma; BCAA, branched-chain amino acid; CART, 
cell-free and concentrated ascites reinfusion therapy.

Table 1. Baseline characteristics of the patients.

Ascites - Physiopathology, Treatment, Complications and Prognosis128



Figure 1. Urine volume and body weight response after tolvaptan treatment. (a) Distributions of urine volume after 
1 day, and change in body weight after 1 week, of tolvaptan treatment. Circle, responder; cross, nonresponder. (b) 
The percentage of urination and body weight reduction responded to a tolvaptan therapy. Urine volume 1 day after, 
and change in body weight 1 week after, tolvaptan treatment was correlated with the tolvaptan response (a). A body 
weight reduction of ≥2.0 kg was found in 40% of cases, and a urine volume ≥2000 mL and a urine volume increase ≥500 
mL were found in 67% of patients in response to tolvaptan therapy (b).

Total (n = 97) Responder (n = 65) Nonresponder (n = 32) p-value

Age (years) 63 (22–90) 62 (22–90) 63 (37–84) 0.21

Sex (% of males) 62 66 53 0.21

Underlying hepatitis 
(%) (viral/metabolic/
PBC)

37/39/9 32/43/11 47/31/6 0.29

Complication (%) 
(varices/HCC/hepatic 
encephalopathy)

67/35/23 71/35/18 59/34/31 0.37

Diuretics

Furosemide dose (mg/
day)

20 (0–160) 20 (0–160) 20 (0–80) 0.96

Spironolactone dose 
(mg/day)

50 (0–400) 50 (0–400) 50 (0–400) 0.97

BCAA (%) 90 89 91 0.11

Administration of 
albumin (%)

62 63 59 0.65

CART or drainage (%) 41 38 47 0.43

Prognosis; death or 
transplantation (%)

45 37 63 0.03

Notes: PBC, primary biliary cholangitis; HCC, hepatocellular carcinoma; BCAA, branched-chain amino acid; CART, 
cell-free and concentrated ascites reinfusion therapy.

Table 1. Baseline characteristics of the patients.

Ascites - Physiopathology, Treatment, Complications and Prognosis128

Total (n = 97) Responder (n = 65) Nonresponder (n = 32) p value

Albumin (g/dL) 2.5 (1.5–4.2) 2.5 (1.5–4.2) 2.4 (1.9–3.5) 0.88

Total bilirubin (mg/dL) 1.8 (0.3–52.4) 1.5 (0.5–33.0) 2.2 (0.3–52.4) 0.73

Platelet count (×104 μL−1) 8.6 (1.5–42.4) 9.0 (1.5–42.4) 6.4 (2.1–23.9) 0.05

Prothrombin time (%) 54.5 (16.3–90.3) 54.5 (16.3–90.3) 52.6 (22.6–89.0) 0.70

Ammonia (mg/dL) 69 (25–269) 70 (25–269) 63 (29–212) 0.97

α-Fetoprotein (ng/mL) 4 (1–29,292) 4 (1–4510) 6.5 (1–29,292) 0.36

DCP (mAU/mL) 75 (3–4994) 42 (3–4994) 324 (10–1788) 0.61

BUN (mg/dL) 23.4 (5.5–125.3) 21 (5.5–63.3) 27 (12.0–125.3) 0.02

Creatinine (mg/dL) 1.07 (0.20–3.30) 1.00 (0.42–2.12) 1.17 (0.50–3.30) 0.13

eGFR (mL/min/1.73 m2) 50.0 (15.0–250.6) 50.3 (18–250.6) 46.2 (15.0–108.6) 0.15

Serum Na (mEq/L) 135 (121–145) 136 (122–145) 133 (121–144) 0.06

Serum K (mEq/L) 4.2 (2.8–6.1) 3.9 (2.8–5.3) 4.3 (3.1–6.1) 0.06

Serum osmolarity 
(mOsm/L)

281 (100–317) 283 (100–317) 279 (256–299) 0.68

Urine osmolarity 
(mOsm/L)

404 (116–938) 405 (116–938) 388 (233–715) 0.63

Urinary Na (mEq/L) 61 (7–256) 69.5 (10–256) 39 (7–108) <0.01

Urinary K (mEq/L) 21 (6–72) 20 (6–72) 22 (13–48) 0.72

24 h creatinine clearance 
(mL/min)

51.2 (7.6–124.0) 52.8 (12.4–124.0) 44.1 (7.6–92.9) 0.12

BUN/creatinine ratio 22.5 (6.83–138.5) 21 (5.5–138.5) 23.7 (14.4–48.3) 0.01

Urine Na/K ratio 2.53 (0.22–25.6) 3.31 (0.35–25.6) 2.01 (0.22–5.13) <0.01

Child-pugh score 10 (7–14) 10 (7–13) 10 (8–14) 0.23

Model for end-stage liver 
disease score

14 (7–31) 14 (7–31) 16 (8–31) 0.37

Notes. DCP; des-γ-carboxy prothrombin, BUN; blood urea nitrogen; eGFR, estimated glomerular filtration rate; Na/K; 
sodium/potassium.

Table 2. Laboratory data at initiation of tolvaptan treatment.

Parameter Odds ratio 95% confidence interval p-value

BUN/Cr ratio 1.08 1.006–1.174 <0.05

Urine Na/K ratio 0.59 0.366–0.855 <0.01

Serum K 1.41 0.537–3.893 n.s

Serum Na 0.96 0.854–1.080 n.s

Platelet count 0.95 0.839–1.051 n.s

Notes. Na/K, sodium/potassium; n.s, not significant.

Table 3. Multivariate analysis of parameters predicting a urination response to tolvaptan therapy.
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Urine Na/K ratio

<3.09 (n= 47) ≥3.09 (n = 30)

BUN/Cr ratio <17.5 (n = 23) 10/12 (83.3%) 8/8 (100.0%)

≥17.5 (n = 64) 13/33 (39.4%) 19/22 (86.3%)

Notes. BUN/Cr, blood urea nitrogen/creatinine; Na/K, sodium/potassium.

Table 4. Response to tolvaptan according to BUN/Cr and urine Na/K ratios.

Figure 2. Distributions of the BUN/Cr ratio and urinary Na/K ratio and changes in urine volume and body weight.  
(a) Distributions of the BUN/Cr ratio and urinary Na/K ratio according to the tolvaptan response. Circle, responder, 
cross, nonresponder; framed square, BUN/Cr ratio ≥17.5, and urine Na/K ratio <3.09. Changes in (b) urine volume and (c) 
body weight in patients with and those without a BUN/Cr ratio ≥17.5 and urine Na/K ratio <3.09. Patients without a BUN/
Cr ratio ≥17.5 and urine Na/K ratio <3.09 showed greater reductions in urine volume after 1 day (b) and in body weight 
after 1 week of treatment (c). BUN/Cr, blood urea nitrogen/creatinine; Na/K, sodium/potassium, *p < 0.01, **p < 0.05.

Ascites - Physiopathology, Treatment, Complications and Prognosis130



Urine Na/K ratio

<3.09 (n= 47) ≥3.09 (n = 30)

BUN/Cr ratio <17.5 (n = 23) 10/12 (83.3%) 8/8 (100.0%)

≥17.5 (n = 64) 13/33 (39.4%) 19/22 (86.3%)

Notes. BUN/Cr, blood urea nitrogen/creatinine; Na/K, sodium/potassium.

Table 4. Response to tolvaptan according to BUN/Cr and urine Na/K ratios.

Figure 2. Distributions of the BUN/Cr ratio and urinary Na/K ratio and changes in urine volume and body weight.  
(a) Distributions of the BUN/Cr ratio and urinary Na/K ratio according to the tolvaptan response. Circle, responder, 
cross, nonresponder; framed square, BUN/Cr ratio ≥17.5, and urine Na/K ratio <3.09. Changes in (b) urine volume and (c) 
body weight in patients with and those without a BUN/Cr ratio ≥17.5 and urine Na/K ratio <3.09. Patients without a BUN/
Cr ratio ≥17.5 and urine Na/K ratio <3.09 showed greater reductions in urine volume after 1 day (b) and in body weight 
after 1 week of treatment (c). BUN/Cr, blood urea nitrogen/creatinine; Na/K, sodium/potassium, *p < 0.01, **p < 0.05.

Ascites - Physiopathology, Treatment, Complications and Prognosis130

criteria of a BUN/Cr ratio <17.5 and urine Na/K ratio ≥3.09 achieved high tolvaptan response 
rates (n = 8, 100%; Table 4). In contrast, patients with a BUN/Cr ratio ≥17.5 and urine Na/K ratio 
<3.09 exhibited an extremely poor response (Figure 2a, framed area). In those patients who did 
not meet these criteria, urination and body weight reductions were observed (Figure 2b and c).

3.3. Prognosis after tolvaptan treatment

Regarding the mortality rate, 44 subjects died (45.4%). The survival rate was higher in patients 
who responded to tolvaptan therapy, as estimated by the Kaplan–Meier analysis (Figure 3a, 
p < 0.01). Patients with a BUN/Cr ratio <17.5 or urine Na/K ratio ≥3.09 showed a significantly 
higher survival rate than that of those who did not meet these criteria (Figure 3b, p < 0.05).

After 1 week of treatment, 70.1% of the patients achieved a normal serum Na level. These patients 
showed a significantly higher survival rate (p < 0.05). Among the patients with an initial Na level 
of <135 mEq/L (n = 38), 50.0% achieved a normal Na level after tolvaptan therapy and showed 
a significantly higher survival rate than that of patients without normalized Na levels (p < 0.05).

4. Discussion

The results suggest that the initial BUN/Cr and urine Na/K ratios and a normalized serum Na 
level after 1 week of treatment is predictive of a tolvaptan response in cirrhosis patients. The 

Figure 3. Survival rate of patients with and without a response to tolvaptan and the BUN/Cr and urine Na/K ratios. 
Patients who responded to tolvaptan therapy (a) and who did not have a BUN/Cr ratio ≥17.5 or urine Na/K ratio <3.09 
(b) showed a significantly higher survival rate compared with nonresponders. BUN/Cr, blood urea nitrogen/creatinine; 
Na/K, sodium/potassium, *p < 0.01, **p < 0.05.
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patients showing a response to tolvaptan in terms of increased urination or serum Na level 
had prolonged survival and a better prognosis.

Representative factors predicting a response to tolvaptan are shown in Table 5. Free water 
clearance [14], aquaporin-2/AVP [15], and urinary Na excretion [16] were reported to be pre-
dictors of a tolvaptan response in patients with cirrhosis. The combination of BUN/Cr and 
urine Na/K ratios was the first reported predictor of a tolvaptan response.

Regarding prognosis, tolvaptan reduced the rate of inhospital mortality [17] and evidenced 
longer mortality same as other diuretics in heart failure patients [18], although no study has 
assessed these parameters in cirrhotic patients. In our study, patients with a BUN/Cr <17.5 
or urine Na/K ≥3.09 showed high response rates. Approximately 50.0% of tolvaptan-treated 
patients reached a normal serum Na level after 1 week of tolvaptan therapy. Patients who 
responded to tolvaptan exhibited prolonged survival compared with those who did not. 
Tolvaptan may improve the prognosis.

Tolvaptan has been reported to delay the onset of end-stage renal disease and to be associated 
with a low rate of renal function deterioration [19, 20]. Therefore, early initiation of tolvaptan 
is recommended to protect renal function and improve prognosis.

However, our study had limitations because hepatocellular carcinoma (HCC) affects the mor-
tality rate of patients with cirrhosis. Therefore, HCC cases must be excluded from prognostic 
analyses.

Author Journal Year Predictor Disease

Imamura et al. [21] Circ J. 2013 Urine osmolality and 
percentage decrease in 
urine osmolarity

Heart failure

Imamura et al. [22] Circ J. 2014 Urine aquaporin-2 
(AQP2)/plasma arginine 
vasopressin

Heart failure

Okayama et al. [23] Am J Cardiovasc 
Drugs

2015 Blood urea nitrogen/
creatinine (BUN/Cr) ratio

Heart failure

Shimizu et al. [24] Nephrology (Carlton) 2015 Urine urea nitrogen/BUN 
ratio

Heart failure

Iwatani et al. [25] Nephron 2015 Urine osmolarity Chronic kidney 
disease

Miyaaki et al. [14] Biomed Rep. 2015 Free water clearance Liver cirrhosis

Nakanishi et al. [15] J Gastroenterol. 2016 Urinary AQP2/Cr ratio Liver cirrhosis

Chishina et al. [26] Dig Dis. 2016 Serum BUN and serum Cr Liver cirrhosis

Imamura et al. [27] Int J Mol Sci. 2016 Urine AQP2 Heart failure

Kogiso et al. [13] Hepatol Res. 2016 Serum BUN/Cr and urine 
sodium/potassium ratios

Liver cirrhosis

Table 5. Representative predictors of the response to tolvaptan therapy.
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5. Conclusion

In addition to the combination of an initial BUN/Cr ratio <17.5 and urine Na/K ratio ≥3.09, a 
normalized serum Na level after 1 week of tolvaptan therapy was predictive of a favorable 
outcome in cirrhotic patients with hyponatremia and ascites treated with tolvaptan.

Author details

Tomomi Kogiso*, Kuniko Yamamoto, Mutsuki Kobayashi, Yuichi Ikarashi, Kazuhisa Kodama, 
Makiko Taniai, Nobuyuki Torii, Etsuko Hashimoto and Katsutoshi Tokushige

*Address all correspondence to: kogiso.ige@twmu.ac.jp

Department of Internal Medicine, Institute of Gastroenterology, Tokyo Women’s, Medical 
University, Shinjuku-ku, Tokyo, Japan

References

[1] Ginés P, Quintero E, Arroyo V, Terés J, Bruguera M, Rimola A, Caballería J, Rodés J, 
Rozman C. Compensated cirrhosis: Natural history and prognostic factors. Hepatology. 
1987;7:122-128

[2] Planas R, Montoliu S, Ballesté B, Rivera M, Miquel M, Masnou H, Galeras JA, Giménez 
MD, Santos J, Cirera I, Morillas RM, Coll S, Solà R. Natural history of patients hospi-
talized for management of cirrhotic ascites. Clinical Gastroenterology and Hepatology. 
2006;4:1385-1394. DOI: 10.1016/j.cgh.2006.08.007

[3] Pérez-Ayuso RM, Arroyo V, Planas R, Gaya J, Bory F, Rimola A, Rivera F, Rodés J. 
Randomized comparative study of efficacy of furosemide versus spironolactone in 
nonazotemic cirrhosis with ascites. Relationship between the diuretic response and the 
activity of the renin-aldosterone system. Gastroenterology. 1983;84:961-968

[4] Sherlock S, Senewiratne B, Scott A, Walker JG. Complications of diuretic therapy in 
hepatic cirrhosis. Lancet. 1966;1:1049-1052

[5] Fukui H, Saito H, Ueno Y, Uto H, Obara K, Sakaida I, Shibuya A, Seike M, Nagoshi S, 
Segawa M, Tsubouchi H, Moriwaki H, Kato A, Hashimoto E, Michitaka K, Murawaki 
T, Sugano K, Watanabe M, Shimosegawa T. Evidence-based clinical practice guidelines 
for liver cirrhosis 2015. Journal of Gastroenterology. 2016;51:629-650. DOI: 10.1007/
s00535-016-1216-y.

[6] Sakaida I, Nakajima K, Okita K, Hori M, Izumi T, Sakurai M, Shibasaki Y, Tachikawa S, 
Tsubouchi H, Oka H, Kobayashi H. Can serum albumin level affect the pharmacologi-
cal action of tolvaptan in patients with liver cirrhosis? A post hoc analysis of previous 
clinical trials in Japan. Journal of Gastroenterology. 2015;50:1047-1053. DOI: 10.1007/
s00535-015-1052-5.

Predictors of the Response to Tolvaptan Therapy and Its Effect on Prognosis in Cirrhotic Patients...
http://dx.doi.org/10.5772/intechopen.69849

133



[7] Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodés J. Peripheral arterial 
vasodilation hypothesis: A proposal for the initiation of renal sodium and water reten-
tion in cirrhosis. Hepatology. 1988;8:1151-1157

[8] Grace JA, Herath CB, Mak KY, Burrell LM, Angus PW. Update on new aspects of the 
renin-angiotensin system in liver disease: Clinical implications and new therapeutic 
options. Clinical Science (London). 2012;123:225-239. DOI: 10.1042/CS20120030

[9] Okita K, Sakaida I, Okada M, Kaneko A, Chayama K, Kato M, Sata M, Yoshihara H, Ono 
N, Murawaki Y. A multicenter, open-label, dose-ranging study to exploratively evaluate 
the efficacy, safety, and dose-response of tolvaptan in patients with decompensated liver 
cirrhosis. Journal of Gastroenterology. 2010;45:979-987. DOI: 10.1007/s00535-010-0240-6

[10] Sakaida I, Yamashita S, Kobayashi T, Komatsu M, Sakai T, Komorizono Y, Okada 
M, Okita K; ASCITES 14-Day Administration Study Group. Efficacy and safety of 
a 14-day administration of tolvaptan in the treatment of patients with ascites in 
hepatic oedema. The Journal of International Medical Research. 2013;4:835-847. DOI: 
10.1177/0300060513480089

[11] Kogiso T, Tokushige K, Hashimoto E, Ikarashi Y, Kodama K, Taniai M, Torii N, Shiratori 
K. Safety and efficacy of long-term tolvaptan therapy for decompensated liver cirrhosis. 
Hepatology Research. 2016;46:E194-E200. DOI: 10.1111/hepr.12547

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

[13] Kogiso T, Yamamoto K, Kobayashi M, Ikarashi Y, Kodama K, Taniai M, Torii N, 
Hashimoto E, Tokushige K. Response to tolvaptan and its effect on prognosis in cirrhotic 
patients with ascites. Hepatology Research. 2016. In press. DOI: 10.1111/hepr.12822.

[14] Miyaaki H, Nakamura Y, Ichikawa T, Taura N, Miuma S, Shibata H, Honda T, Nakao K. 
Predictive value of the efficacy of tolvaptan in liver cirrhosis patients using free water 
clearance. Biomedical Reports. 2015;3:884-886. DOI: 10.3892/br.2015.521

[15] Nakanishi H, Kurosaki M, Hosokawa T, Takahashi Y, Itakura J, Suzuki S, Yasui Y, Tamaki 
N, Nakakuki N, Takada H, Higuchi M, Komiyama Y, Yoshida T, Takaura K, Hayashi T, 
Kuwabara K, Sasaki S, Izumi N. Urinary excretion of the water channel aquaporin 2 
correlated with the pharmacological effect of tolvaptan in cirrhotic patients with ascites. 
Journal of Gastroenterology. 2016;51:620-627. DOI: 10.1007/s00535-015-1143-3

[16] Uojima H, Kinbara T, Hidaka H, Sung JH, Ichida M, Tokoro S, Masuda S, Takizawa S, 
Sasaki A, Koizumi K, Egashira H, Kako M. Close correlation between urinary sodium 
excretion and response to tolvaptan in liver cirrhosis patients with ascites. Hepatology 
Research. 2017;47:E14-E21. DOI: 10.1111/hepr.12716

[17] Yoshioka K, Matsue Y, Kagiyama N, Yoshida K, Kume T, Okura H, Suzuki M, Matsumura 
A, Yoshida K, Hashimoto Y. Recovery from hyponatremia in acute phase is associ-
ated with better in-hospital mortality rate in acute heart failure syndrome. Journal of 
Cardiology. 2016;67:406-411. DOI: 10.1016/j.jjcc.2015.12.004

Ascites - Physiopathology, Treatment, Complications and Prognosis134



[7] Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodés J. Peripheral arterial 
vasodilation hypothesis: A proposal for the initiation of renal sodium and water reten-
tion in cirrhosis. Hepatology. 1988;8:1151-1157

[8] Grace JA, Herath CB, Mak KY, Burrell LM, Angus PW. Update on new aspects of the 
renin-angiotensin system in liver disease: Clinical implications and new therapeutic 
options. Clinical Science (London). 2012;123:225-239. DOI: 10.1042/CS20120030

[9] Okita K, Sakaida I, Okada M, Kaneko A, Chayama K, Kato M, Sata M, Yoshihara H, Ono 
N, Murawaki Y. A multicenter, open-label, dose-ranging study to exploratively evaluate 
the efficacy, safety, and dose-response of tolvaptan in patients with decompensated liver 
cirrhosis. Journal of Gastroenterology. 2010;45:979-987. DOI: 10.1007/s00535-010-0240-6

[10] Sakaida I, Yamashita S, Kobayashi T, Komatsu M, Sakai T, Komorizono Y, Okada 
M, Okita K; ASCITES 14-Day Administration Study Group. Efficacy and safety of 
a 14-day administration of tolvaptan in the treatment of patients with ascites in 
hepatic oedema. The Journal of International Medical Research. 2013;4:835-847. DOI: 
10.1177/0300060513480089

[11] Kogiso T, Tokushige K, Hashimoto E, Ikarashi Y, Kodama K, Taniai M, Torii N, Shiratori 
K. Safety and efficacy of long-term tolvaptan therapy for decompensated liver cirrhosis. 
Hepatology Research. 2016;46:E194-E200. DOI: 10.1111/hepr.12547

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

[13] Kogiso T, Yamamoto K, Kobayashi M, Ikarashi Y, Kodama K, Taniai M, Torii N, 
Hashimoto E, Tokushige K. Response to tolvaptan and its effect on prognosis in cirrhotic 
patients with ascites. Hepatology Research. 2016. In press. DOI: 10.1111/hepr.12822.

[14] Miyaaki H, Nakamura Y, Ichikawa T, Taura N, Miuma S, Shibata H, Honda T, Nakao K. 
Predictive value of the efficacy of tolvaptan in liver cirrhosis patients using free water 
clearance. Biomedical Reports. 2015;3:884-886. DOI: 10.3892/br.2015.521

[15] Nakanishi H, Kurosaki M, Hosokawa T, Takahashi Y, Itakura J, Suzuki S, Yasui Y, Tamaki 
N, Nakakuki N, Takada H, Higuchi M, Komiyama Y, Yoshida T, Takaura K, Hayashi T, 
Kuwabara K, Sasaki S, Izumi N. Urinary excretion of the water channel aquaporin 2 
correlated with the pharmacological effect of tolvaptan in cirrhotic patients with ascites. 
Journal of Gastroenterology. 2016;51:620-627. DOI: 10.1007/s00535-015-1143-3

[16] Uojima H, Kinbara T, Hidaka H, Sung JH, Ichida M, Tokoro S, Masuda S, Takizawa S, 
Sasaki A, Koizumi K, Egashira H, Kako M. Close correlation between urinary sodium 
excretion and response to tolvaptan in liver cirrhosis patients with ascites. Hepatology 
Research. 2017;47:E14-E21. DOI: 10.1111/hepr.12716

[17] Yoshioka K, Matsue Y, Kagiyama N, Yoshida K, Kume T, Okura H, Suzuki M, Matsumura 
A, Yoshida K, Hashimoto Y. Recovery from hyponatremia in acute phase is associ-
ated with better in-hospital mortality rate in acute heart failure syndrome. Journal of 
Cardiology. 2016;67:406-411. DOI: 10.1016/j.jjcc.2015.12.004

Ascites - Physiopathology, Treatment, Complications and Prognosis134

[18] Suzuki S, Yoshihisa A, Yamaki T, Sugimoto K, Kunii H, Nakazato K, Abe Y, Saito T, 
Ohwada T, Suzuki H, Saitoh S, Kubota I, Takeishi Y. Long-term effects and progno-
sis in acute heart failure treated with tolvaptan: The AVCMA trial. BioMed Research 
International. 2014;2014:704289. DOI: 10.1155/2014/704289

[19] Kimura K, Momose T, Hasegawa T, Morita T, Misawa T, Motoki H, Izawa A, Ikeda U. 
Early administration of tolvaptan preserves renal function in elderly patients with acute 
decompensated heart failure. Journal of Cardiology. 2016;67:399-405. DOI: 10.1016/j.
jjcc.2015.09.020

[20] Mori T, Ohsaki Y, Oba-Yabana I, Ito S. Diuretic usage for protection against end-organ 
damage in liver cirrhosis and heart failure. Hepatology Research. 2017;47:11-22. DOI: 
10.1111/hepr.12700

[21] Imamura T, Kinugawa K, Minatsuki S, Muraoka H, Kato N, Inaba T, Maki H, Shiga T, 
Hatano M, Yao A, Kyo S, Komuro I. Urine osmolality estimated using urine urea nitro-
gen, sodium and creatinine can effectively predict response to tolvaptan in decompen-
sated heart failure patients. Circulation Journal. 2013;77:1208-1213

[22] Imamura T, Kinugawa K, Fujino T, Inaba T, Maki H, Hatano M, Yao A, Komuro I. 
Increased urine aquaporin-2 relative to plasma arginine vasopressin is a novel marker of 
response to tolvaptan in patients with decompensated heart failure. Circulation Journal. 
2014;78:2240-2249

[23] Okayama D, Suzuki T, Shiga T, Minami Y, Tsuruoka S, Hagiwara N. Blood urea nitrogen/
creatinine ratio and response to tolvaptan in patients with decompensated heart failure: 
A retrospective analysis. American Journal of Cardiovascular Drugs. 2015;15:289-293. 
DOI: 10.1007/s40256-015-0121-8

[24] Shimizu K, Doi K, Imamura T, Noiri E, Yahagi N, Nangaku M, Kinugawa K. Ratio of 
urine and blood urea nitrogen concentration predicts the response of tolvaptan in con-
gestive heart failure. Nephrology (Carlton). 2015;20:405-412

[25] Iwatani H, Kawabata H, Sakaguchi Y, Yamamoto R, Hamano T, Rakugi H, Isaka Y. Urine 
osmolarity predicts the body weight-reduction response to tolvaptan in chronic kidney 
disease patients: A retrospective, observational study. Nephron. 2015;130:8-12. DOI: 
10.1159/000381859

[26] Chishina H, Hagiwara S, Nishida N, Ueshima K, Sakurai T, Ida H, Minami Y, Takita M, 
Kono M, Minami T, Iwanishi M, Umehara Y, Watanabe T, Komeda Y, Arizumi T, Kudo 
M. Clinical factors predicting the effect of tolvaptan for refractory ascites in patients with 
decompensated liver cirrhosis. Digestive Diseases and Sciences. 2016;34:659-664. DOI: 
10.1159/000448828

[27] Imamura T, Kinugawa K. Urine aquaporin-2: A promising marker of response to the argi-
nine vasopressin type-2 antagonist, tolvaptan in patients with congestive heart failure. 
International Journal of Molecular Sciences. 2016;17(105):1-7. DOI: 10.3390/ijms17010105

Predictors of the Response to Tolvaptan Therapy and Its Effect on Prognosis in Cirrhotic Patients...
http://dx.doi.org/10.5772/intechopen.69849

135





Chapter 8

Non-pharmacological Treatment of Ascites

Asma Alnajjar, Faisal Abaalkhail, Tala Beidas,
Mohamed R. Abdelfattah and Hussien Elsiesy

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70511

Provisional chapter

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

DOI: 10.5772/intechopen.70511

Non-pharmacological Treatment of Ascites

Asma Alnajjar, Faisal Abaalkhail, Tala Beidas, 
Mohamed R. Abdelfattah and  
Hussien Elsiesy

Additional information is available at the end of the chapter

Abstract

Diuretics are considered the first-line pharmacological treatment option for ascites. 
Diuretic treatment begins with spironolactone and furosemide. Non-pharmacological 
options include salt restriction, large-volume paracentesis (LVP), transjugular intrahe-
patic portosystemic shunt (TIPS), and peritoneovenous shunt. Ascites can be mobilized 
if renal sodium excretion tops 78 mmol daily (88 mmol–10 mmol daily) after restrict-
ing sodium intake to 88 mmol/day (about 2000 mg/day). The majority of patients with 
cirrhotic ascites respond to a combination of sodium restriction and diuretics such as 
spironolactone and furosemide (90%). Ascites that does not respond to sodium restric-
tion and high-dose diuretic treatment (400 mg/day of spironolactone and 160 mg/day 
of furosemide) or following paracentesis is labeled refractory. Refractory ascites can be 
managed with large-volume paracentesis or transjugular intrahepatic portosystemic 
shunt. Peritoneovenous shunting is considered as a third-line treatment option after all 
other measures such as diuretics, large-volume paracentesis, or transjugular intrahepatic 
portosystemic shunt deemed unsuccessful or contraindicated. It has a high rate of shunt 
obstruction.

Keywords: ascites, treatment, TIPS, paracentesis, non-pharmacological

1. Introduction

According to the European Association for the Study of the Liver [1], management of ascites 
is based on grading and the patient’s clinical presentation. Grade 1 ascites (mild ascites iden-
tified by ultrasound) require no treatment. Grade 2 ascites (moderate ascites with moderate 
abdominal distention) require sodium restriction and diuretics. Grade 3 ascites (gross ascites 
with marked abdominal distention) necessitate large-volume paracentesis (LVP) followed 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



by both sodium restriction and diuretics. In addition, treatment depends on the underlying 
cause. Ascites with high serum-ascites albumin gradient (SAAG) is caused by portal hyper-
tension and is managed with sodium restriction and diuretics [2]. On the contrary, treatment 
of ascites with low SAAG is achieved by managing the causative pathology [2]. In this chap-
ter, the role for non-pharmacological therapeutic options such as sodium restriction, paracen-
tesis, transjugular intrahepatic portosystemic shunt (TIPS), and peritoneovenous shunt (PVS) 
in the management of ascites will be discussed (Table 1).

2. Dietary sodium restriction

In ascites, the decreased sodium excretion leads to a positive sodium balance [3]. Dietary sodium 
restriction, along with diuretics, is considered the first-line treatment options for patients with 
cirrhotic ascites [2]. Limiting sodium intake to 88 mmol/day (about 2000 mg/day) is recom-
mended [4]. Cirrhotic patients without fever or diarrhea have about less than 10 mmol of 
non-renal sodium excretion daily [5]. Ascites can be mobilized if renal sodium excretion tops 
78 mmol daily (88 mmol–10 mmol daily) [2]. Adherence to dietary sodium restriction can be 
assessed by 24-hour urinary sodium, random urinary sodium concentrations, or urine sodium/
potassium ratio [2]. A urine sodium/potassium ratio >1 with no evidence of weight loss indicates 
nonadherence [6]. Unfortunately, only 10–20% of the patients improve with sodium restriction, 
necessitating the additional use of diuretics for better mobilization of ascites [3]. Moreover, strict 
limitations of sodium intake may exacerbate the already existing state of malnutrition these 
patients already have [7].

3. Large-volume paracentesis

Nearly 90% of patients with cirrhotic ascites respond to a combination of sodium restriction 
and diuretics (spironolactone and furosemide) [8]. About 5–10% become refractory to the 
abovementioned treatment [9]. Ascites that does not respond to sodium restriction and high-
dose diuretic treatment (400 mg/day of spironolactone and 160 mg/day of furosemide) or 

Treatment Comment

1 Salt restriction • First-line therapy along with diuretics

2 LVP • Needs albumin infusion to prevent PICD

3 TIPS •  Encephalopathy is the main complication

•  High patency rate with PTFE-coated stent

•  Proper selection prevents hepatic decompensation

4 PVS •  Very limited use in clinical practice

•  High occlusion rate

Table 1. Non-pharmacological therapy for ascites due to liver cirrhosis.

Ascites - Physiopathology, Treatment, Complications and Prognosis138
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following paracentesis is labeled refractory [10]. Patients who require more than three admis-
sions annually have recurrent ascites [11]. Moreover, patients with refractory ascites have a 
low average survival rate of about 6 months [12]. Patients with either refractory ascites or 
grade 3 ascites require LVP [12]. LVP is a procedure performed in the office-based setting by 
inserting a needle in the left iliac fossa or by inserting a peritoneal drain for duration of 3 days 
[12, 13]. Of notice, there is no increased risk of spontaneous bacterial peritonitis (SBP) with 
the latter method [14]. Quintero et al. concluded that removal of 5 l of ascites by paracentesis 
in patients with pitting edema caused the fluid to shift from the periphery and redistribute 
[15]. Moreover, both Gentile et al. [16] and Pinto et al. [17] agreed on the safety of tapping 5 l 
of ascetic fluid without the hemodynamic changes that follow the procedure, such as a drop 
in diastolic pressure, aldosterone release, and decreased sodium excretion. With large-volume 
paracentesis alone, decreased blood volume more than 3 hours after paracentesis is expected 
to happen as right atrial pressure, Pulmonary capillary wedge pressure (PCWP), and cardiac 
output markedly drop [18]. Removing a considerable amount of ascetic fluid increases the 
risk for paracentesis-induced circulatory dysfunction (PICD) [19]. PICD is associated with 
increased mortality rate at 6 months [20]. Administering 8 g of intravenous albumin/liter of 
ascetic fluid removed prevents paracentesis-induced circulatory dysfunction (PICD) follow-
ing drainage of more than 5 l of ascetic fluid [1, 6, 21]. Gines et al. evaluated the role of IV 
albumin administration in patients who underwent LVP. Only 2% of patients who received 
IV albumin experienced renal dysfunction and hyponatremia in contrast to those who did not 
receive IV albumin (21%) [21]. In PICD, vasodilation leads to activation of the renin-angio-
tensin system in an attempt to restore systemic vascular resistance [22]. Renal dysfunction, 
vasopressin release and water retention, hypervolemic hyponatremia, and underfilling are 
consequences [22]. Interestingly, using 4 g (half the dose) of IV albumin in prevention of PICD 
was as effective as using 8 g [23]. Studies also reported the role of terlipressin, a V1 receptor 
agonist, as a vasoconstrictor in preventing the neurohumoral responses following paracente-
sis [24, 25]. Moreau et al. compared the actions of both IV albumin and terlipressin in inhib-
iting arterial vasodilation, and both were found to be effective [24]. In contrast to albumin, 
terlipressin is much cheaper [24].

4. Transjugular intrahepatic portosystemic shunt

TIPS could be a substitute for LVP in patients who require more than three LVPs monthly or 
those with recurrent ascites [12]. In TIPS, a communication is created between the portal and 
outflow hepatic veins, aiming at lowering portal venous pressure and subsequent activation of 
renin-angiotensin system [26]. Ascites usually resolves without the need for diuretics or sodium 
restriction following TIPS insertion, as patients easily excrete sodium; however, diuretics may be 
needed for few months after TIPS placement [27–29]. Moreover, norepinephrine, plasma renin, 
and aldosterone activities decrease following TIPS insertion, leading to improved renal func-
tion in patients with cirrhosis [27–29]. The main indication for TIPS in cirrhotic patients is acute 
variceal bleeding not responding to endoscopic and medical therapy, refractory ascites, or for 
secondary prevention of gastric variceal bleeding [2]. Several studies compared the role of TIPS 
to LVP with IV albumin infusion. Unfortunately, the results of the studies showed that patients 
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with TIPS insertion had a worse prognosis in patients with refractory ascites [30–33]. This may 
be explained by poor patient selection for TIPS. However, patients who have TIPS insertion with 
polytetrafluoroethylene (PTFE)-covered stents had better outcomes and stent patency compared 
to those with bare-metal stents [34, 35]. Model for end-stage liver disease (MELD) is a scoring sys-
tem for evaluating the severity of chronic liver disease. It was developed initially to predict the 3 
months of mortality in patients who had undergone a TIPS procedure [36] and was subsequently 
adopted for prioritizing receipts on the waiting list for liver transplantation [37, 38].

High MELD score [39] and bilirubin levels >3 mg/dl [40, 41] increase mortality rates in patients 
who had TIPS placement; therefore, good selection of candidates for TIPS is very important 
for good outcome. Hepatic encephalopathy is the main complication encountered in 25–30% 
of patients who undergo TIPS, especially older patients [41, 42]. TIPS is contraindicated in 
patients with severe pulmonary hypertension, portal thrombosis, heart failure, and advanced 
liver disease (Child-Pugh class C) [3].

5. Peritoneovenous shunts

PVS can be used in the treatment of refractory ascites that needed multiple LVPs or patients 
who cannot have TIPS placement or liver transplantation [13, 43]. In PVS, a one-way valve 
tube is created to allow movement of ascites from the positively pressured peritoneum 
to the superior vena cava through the internal jugular vein in the negatively pressured 
chest cavity [44]. If central venous pressure gets elevated, the flow is hindered [3]. Most 
common complication encountered with PVS is obstruction of the shunt [45]. Coagulation 
disorders, severe cardiac or kidney failure, and loculated ascites are contraindications 
for PVS [13]. Moreover, PVS is not frequently used due to lack of survival benefit and 
low shunt patency rate [46, 47]. In addition, sepsis and SBP prompt shunt removal [43]. 
The abovementioned leaves PVS with very limited use in clinical practice as a treatment 
option after all other measures such as diuretics, LVP, and TIPS deemed unsuccessful or 
 contraindicated [43, 48, 49].
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Abstract

Until recently, ovarian cancer research has mainly focused on the tumor cell themselves 
ignoring for the most part the surrounding tumor environment. However, one of the 
major conceptual advances in oncology over the last few years has been the appreciation 
that major aspects of cancer biology are influenced by the tumor environment. Malignant 
ascites accumulates in the peritoneal cavity during ovarian cancer progression and con-
stitutes a unique pro-inflammatory tumor environment providing a framework that 
orchestrates cellular and molecular changes contributing to aggressiveness and disease 
progression. The composition of ascites, which includes cellular and acellular compo-
nents, constantly adapts during the course of the disease in response to various cellular 
cues originating from both tumor and stromal cells. Increasing evidence now supports 
an active role of ascites in the progression of ovarian cancer. Although much work is still 
needed to fully understand the contribution of ascites to ovarian cancer aggressiveness, 
this tumor environment potentially provides a wealth of opportunities for translational 
research including biomarker discovery and novel therapeutic target identification. In 
this review, we discuss recent advances in our understanding of ascites pathophysiology, 
the characterization of its cellular and acellular contents, the intercellular crosstalks, and 
how these data can be used to improve the outcome of ovarian cancer.

Keywords: ascites, cytokines, ovarian cancer, progression, metastasis

1. Introduction

Epithelial ovarian cancer (EOC) is the fifth leading cause of cancer-related death among women 
in the Western world [1]. Early stage diseases are difficult to detect because of the location and 
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size of ovaries and fallopian tubes, the lack of specific symptoms and the absence of reliable 
screening methods. Consequently, most women with EOC display advanced diseases (stage 
III/IV) with metastases throughout the pelvic and peritoneal cavities, as well as large amount 
of ascites, when they seek medical care [2, 3]. The presence of large volume of ascites correlates 
with poor prognosis and pelvic and peritoneal metastases [4, 5]. EOC encompasses five histo-
pathological subtypes with unique characteristics: high-grade serous carcinoma (HGSC), low-
grade serous carcinoma (LGSC), endometrioid carcinoma (EC), mucinous carcinoma (MC), and 
clear cell carcinoma [6, 7]. High-grade serous ovarian carcinoma (HGSOC) is by far the most 
common subtype and development of malignant ascites during the course of the disease is par-
ticularly common with this subtype [3]. Due to the accumulation of large volume, ascites can 
be debilitating for patients causing pain, early satiety and respiratory distress [8]. The standard 
of care for women with high-grade serous ovarian carcinoma (HGSOC) consists of debulk-
ing surgery together with platinum-based combination chemotherapy resulting in a median 
progression-free survival (PFS) of 16–22 months and a 5-year survival rate of 10–30% [1, 9]. 
This high mortality rate results from the biologic complexity of EOC, from the difficulty of 
resecting multiple peritoneal tumor implants and from the frequent occurrence of drug resis-
tance, whether intrinsic (primary) or acquired (secondary), the latest being the most frequently 
observed. Treatment options for women with resistant diseases remain very limited and relaps-
ing diseases are almost always incurable. In contrast, women with localized disease (tumor 
limited to the primary site) have a 95% 5-year survival [3]. Therefore, it is essential to gain a 
better understanding of the mechanisms involved in EOC dissemination and how the tumor 
environment participates to this process in order to develop novel therapeutic approaches that 
target crucial steps involved in cancer dissemination that could improve long-term survival.

In most human cancers, the tumor microenvironment is heavily altered compared to its normal 
counterpart [10, 11]. The importance of the tumor microenvironment in cancer progression is 
now well appreciated. Indeed, bidirectional communications between tumor cells and their sur-
rounding environment influence disease initiation and progression and patient prognosis [12]. 
In response to evolving environmental conditions and signals from tumor and stromal cells, the 
surrounding tumor environment is continually changing over the course of cancer progression, 
underscoring the need to understand how the environment drives the metastatic process. As 
opposed to the surrounding microenvironment in solid tumors, malignant ascites constitutes a 
unique form of environment. Recent evidence suggest that ascites plays a major role in tumor 
progression, emphasizing the necessity to understand its pathophysiology and its impact on the 
biology of tumor cells, including its role in drug resistance, spheroid formation, tumor dissemi-
nation and progression. Here, we discuss the recent advances in our understanding of the role of 
ascites in ovarian cancer progression. In particular, we address its effects on spheroid formation, 
dissemination, chemoresistance and metastasis. Pinpointing key molecules in ascites that pro-
mote EOC dissemination and progression will provide new strategies to improve EOC survival.

2. What is the tumor environment of ascites

As previously mentioned, EOC progression is characterized by the progressive accumulation 
of peritoneal fluids, which presumably provides a supportive local environment. Because of its 
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size of ovaries and fallopian tubes, the lack of specific symptoms and the absence of reliable 
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large volume (up to 10 L), its high cell density and lack of anchorage support for cells, the accu-
mulation of peritoneal effusions occurring during EOC progression can be seen as a particu-
lar environment. The pathophysiology of ascites accumulation involves decreased clearance of 
peritoneal fluids, blockade of lymphatic channels drainage, increased permeability of capillaries 
due in large part to vascular endothelial growth factor (VEGF) [13, 14], decreased protein lev-
els in blood, and decreased hepatic clearance. Ascites is characterized by cellular and acellular 
fractions. The cellular fraction is populated by a heterogeneous mixture of tumor and stromal 
cells, which includes mesothelial-derived cells, adipocytes, endothelial and immune cells. These 
stromal cells account for >99% of the cellular composition of ascites which contrast with the 
stromal content of tumor tissue which has a median relative proportion of 50% [15]. In solid 
tumors, stromal cells significantly contribute to malignant progression. In particular, cancer-
associated fibroblasts (CAFs) promote cell survival, growth and progression by expressing a 
pro-inflammatory gene signature leading to secretion of a number of growth factors, including 
transforming growth factor-β1 (TGF β1), IL-6, CSCL1, and CXCL2 among others [16]. By anal-
ogy, stromal cells found in malignant ascites could play a similar role in ovarian cancer progres-
sion. Indeed, recent studies suggest that stromal cells in ascites facilitate tumor growth, survival 
and invasion [17–19].

The acellular fraction of ascites constitutes a dynamic reservoir of cytokines, growth factors, 
bioactive lipids and extracellular matrix (ECM) components that may have either pro- or anti-
tumorigenic effects [20–25]. A number of factors in ascites, including CCL18, HGF, LPA and 
VEGF, have been shown to promote cell migration, invasion and tumorigenesis [20, 26–29].

3. Cellular contents: contribution to EOC metastasis

The origin and phenotype of the stromal cells in ascites is still not well understood. However, 
ascites is characteristically populated by mesothelial cells [30]. Mesothelial cells exfoliate from 
the peritoneal lining and accumulate in ascites [31]. Upon sustained inflammation, mesothe-
lial cells lose their epithelial-like characteristics, including dissolution of cell-cell junctions 
and their apical-basolateral polarity, and acquired a mesenchymal phenotype (mesothelial-
to-mesenchymal transition (MMT) giving rise to myofibroblastic-like cells, which are char-
acterized by increased migration and invasion capacities [32]. Lineage-tracing experiments 
suggest that a sizeable subpopulation of cancer-associated fibroblasts (CAFs) found in asci-
tes probably originates from mesothelial cells through MMT [33]. Mesothelial-derived CAFs 
share characteristics with myofibroblasts, such as the expression of alpha-smooth muscle 
actin (αSMA), fibroblast activation protein-α (FAPα) and fibroblast-specific protein 1 (FSP1) 
[33]. TGF-β has been implicated in mesothelial cell activation leading to MMT [34]. In EOC 
ascites, myofibroblastic-like cells are present in aberrantly high numbers and are different 
from normal mesothelial cells. Once these cells accumulate in ascites they can be “educated” 
by growth factors and cytokines in the surrounding environment to support tumor growth 
[19]. Upon stimulation by ascites, myofibroblastic-like cells have been shown to produce 
dipeptidyl peptidase IV [35], which is a multifunctional protein that have been associate with 
tumor growth in some context [36]. Exposure of myofibroblastic-like cells to ascites increased 
the secretion of VEGF and other pro-survival soluble factors [19, 37]. Furthermore, data from 
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Figure 1. Model for myofibroblast cell interactions with tumor cells and spheroid formation. In response to extracellular 
cues in the local environment, particularly TGF-β1, mesothelial cells lining the peritoneum undergo a mesothelial-to-
mesenchymal transition (MMT) characterized by dissolution of cell-cell junctions, actin reorganization and stress fiber 
formation. This mesenchymal phenotype is characterized by increased migration and invasion. MMT enables cells 
to exfoliate from the peritoneum into the existing peritoneal fluid. Unpublished results from our laboratory suggest 
that, upon exposure to malignant ascites, myofibroblastic-like cells aggregate to form very compact spheroids. These 
myofibroblastic-like cell aggregates interact with exfoliated tumor cells to form heterotypic multicellular spheroids. 
Mesothelial cells located in the center of spheroids may provide initial matrix support for EOC cells to avoid anoikis. 
Extracellular cues from the surrounding environment can induce the secretion of prosurvival factors in mesothelial cells.

our laboratory suggest that ascites stimulates the expression and release of MUC16 from the 
mesothelial cell membranes [38]. MUC16 is an oncogenic high molecular weight mucin that 
promotes EOC progression [39–42] and regulates the formation of multicellular spheroids 
[43]. Therefore, through ascites exposure, myofibroblastic-like cells become a major source of 
secreted factors, which in turn, further contribute to the evolution of the tumor environment. 
This dynamic interaction between the surrounding environment and stromal cells provides 
favorable conditions for tumor progression.

In addition to the complex nature of stromal cells present in ascites, this environment also 
appears to contain distinct populations of tumor cells displaying different phenotypic char-
acteristics. A population of non-adherent tumor cells in 2D cultures expressing E-cadherin, 
EpCAM, CA125, Oct4 and STAT3 were particularly associated with diseases recurrence [44]. 
Tumor cells are shed from the primary tumor and aggregate in ascites. Exfoliated tumor cells 
will form free-floating multicellular spheroids in ascites, which range from 50 to 750 μM 
in size [45]. These multicellular spheroids probably represent the invasive and metastasis-
forming intermediate [46]. In addition, aggregation of tumor cells is essential for anchorage-
independent growth and survival. Indeed, once suspended in the peritoneal fluid, cancer 
cells must resist anoikis, a specialized form of apoptosis triggered by a lack of attachment to 
other cells or to the extracellular matrix (EMC). Recently, we have characterized multicellular 
spheroids from HGSOC ascites. Interestingly, we found that these spheroids contained one 
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our laboratory suggest that ascites stimulates the expression and release of MUC16 from the 
mesothelial cell membranes [38]. MUC16 is an oncogenic high molecular weight mucin that 
promotes EOC progression [39–42] and regulates the formation of multicellular spheroids 
[43]. Therefore, through ascites exposure, myofibroblastic-like cells become a major source of 
secreted factors, which in turn, further contribute to the evolution of the tumor environment. 
This dynamic interaction between the surrounding environment and stromal cells provides 
favorable conditions for tumor progression.

In addition to the complex nature of stromal cells present in ascites, this environment also 
appears to contain distinct populations of tumor cells displaying different phenotypic char-
acteristics. A population of non-adherent tumor cells in 2D cultures expressing E-cadherin, 
EpCAM, CA125, Oct4 and STAT3 were particularly associated with diseases recurrence [44]. 
Tumor cells are shed from the primary tumor and aggregate in ascites. Exfoliated tumor cells 
will form free-floating multicellular spheroids in ascites, which range from 50 to 750 μM 
in size [45]. These multicellular spheroids probably represent the invasive and metastasis-
forming intermediate [46]. In addition, aggregation of tumor cells is essential for anchorage-
independent growth and survival. Indeed, once suspended in the peritoneal fluid, cancer 
cells must resist anoikis, a specialized form of apoptosis triggered by a lack of attachment to 
other cells or to the extracellular matrix (EMC). Recently, we have characterized multicellular 
spheroids from HGSOC ascites. Interestingly, we found that these spheroids contained one 
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or more cores of myofibroblastic-like cells encased in a shell of tumor cells suggesting that 
free-floating tumor and stromal cells in peritoneal effusions can interact with each other to 
form heterotypic spheroids (Figure 1). The analysis of multicellular spheroid cell components 
isolated from EOC ascites revealed that myofibroblastic-like cells were present in all spher-
oids studied [47]. Based on data derived from a 3D in vitro model, the interaction between 
myofibroblastic-like cells and tumor cells is mediated, at least in part, by β1-integrin [45, 47]. 
In addition, β-catenin-regulated ALDH1A1, a known cancer stem cell marker, has also been 
implicated in the formation of multicellular spheroids [48]. Recent studies suggest that tumor 
cells possess varying capacity for spheroid formation [45, 47, 49]. A positive correlation has 
been reported between compact spheroid formation and a mesenchymal phenotype of tumor 
cells [47, 49]. Therefore, aggressive cancer cell populations (mesenchymal phenotype) could 
gain a survival advantage through their propensity to form more compact spheroids. Recent 
data suggest that the presence of myofibroblasts in multicellular spheroids promotes the inva-
sion of tumor cells [50]. These data suggest that spheroid-associated myofibroblasts may play 
an important role in EOC progression. In addition, these stromal cells may play a role in 
the early steps of spheroid formation before peritoneal implantation. Myofibroblasts located 
within the center of spheroids may provide initial matrix support for tumor cells to avoid 
anoikis. Spheroid-associated myofibroblasts may also secrete factors within the microenvi-
ronment of the spheroids that induce signaling events in tumor cells to further inhibit anoikis. 
Recent data suggest that tumor-associated macrophages (TAMs) may promote spheroid for-
mation and tumor growth in a mouse model [51]. This group found that nearly 80% of mac-
rophages infiltrated in the peritoneal cavity were detected in spheroids. Spheroid-associated 
TAMs were shown to secrete large amounts of epidermal growth factor (EGF), which leads to 
upregulation of integrin and ICAM-1 expression in tumor cells to form a positive autocrine 
feedback loop [51].

4. Cell-free ascites: biomarkers and EOC progression

As mentioned above, the presence of ascites is correlated with poor prognosis. In a study 
limited to patients with stage III/IV EOC, women without ascites had a 5-year survival rate 
of 45% compared to 5% for those with ascites [52]. The composition of cell-free ascites is 
also a major predictor of clinical prognosis. For example, EOC patients with ascites contain-
ing high IL-6 levels (>2662 pg/ml) at diagnostic had a worse outcome [53]. In that study, 
IL-6 was found to be an independent factor for progression-free survival. Patients with EOC 
and higher IFN-γ expression levels in ascites have shorter disease-free progression and over-
all survival [54]. Measuring cytokines in ascites may also provide a novel approach to dis-
criminate patients with intrinsic resistance to first-line therapy [55]. The authors found that 
the combination of serum CA125 and ascites leptin levels was a strong predictor of clinical 
resistance to first-line therapy. The biochemical composition of ascites, particularly the levels 
of chemokines, chemokines receptors and growth factors, including CCL2, CXCL1, CXCL5, 
CXCL8, CXCL12, HGF, TGF-β1 and VEGF, in undifferentiated tumors could explain, to some 
extent, the aggressive behavior of this histotype [56]. Ascites is therefore an attractive bio-
fluid for biomarker discovery as it is easy and minimally invasive to obtain. There is indeed 
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 growing evidence showing that proximal fluids such as ascites are valuable sources for bio-
marker discovery as they reflect events in ovarian tumorigenesis earlier than in peripheral 
blood circulation [57, 58]. The concentration of soluble factors is usually much higher in asci-
tes compared to serum, which increases the likelihood of detecting low abundance proteins 
[24, 57]. In that context, proteomic/peptidomic profiling of ascites has been employed for bio-
marker discovery [59–61]. Different experimental approaches were used leading to the iden-
tification of various sets of biomarkers all of which requiring further validation to determine 
their true potential. Nonetheless, ascites profiling represents a potentially new approach for 
much needed new biomarkers in the context of EOC.

Beyond the contribution of specific cell types in ascites, extracellular cues from cell-free 
ascites have the potential capacity to drive disease progression. Cytokine profiling of EOC 
ascites has demonstrated elevated levels of various pro-tumorigenic cytokines including 
adiponectin, CXCL1, CXCL10, CCL2, CCL4, ICAM-1, IL-6, IL-8, IL-10, IL-15, PDGF-BB, 
RANTES and VEGF [24, 25]. Theses cytokines contribute to create an inflammatory environ-
ment that sustains chronic inflammation. Chronic inflammation, in turns, promotes tumor 
growth and peritoneal spread [62]. IL-6 is probably the best studied cytokine in that context. 
IL-6 signaling is known to be associated with specific immune and metabolic alterations that 
lead to cancer cachexia, which is often seen with advanced diseases. IL-6 plays an impor-
tant role in the development of ascites as well as the spread of EOC through, at least in 
part, its induction of tumor angiogenesis [63]. In support for the role of IL-6, we found that 
IL-6 and sIL-6R are significantly higher in ascites obtained from women with advanced dis-
eases compared to women with stage I/II EOC (Table 1). VEGF is a well-established factor 
that increases vascular permeability. VEGF binding to its receptor activates focal adhesion 
kinase (FAK) which localizes to the cytoplasmic tail of VE-cadherin at endothelial cell-cell 
junctions. FAK phosphorylates β-catenin, which destabilizes the cell-cell junctions, resulting 
in increased vascular permeability [64]. Metabolome profiling of ascites has revealed sig-
nificant differences in fatty acids, cholesterol, ceramide, glycerol-3-phosphate, glucose and 
glucose-3-phosphate compared to non-cancerous peritoneal effusions [65]. Whether these 
changes directly contribute to oncogenic signaling or they merely reflect upregulation of 
pathways of the fatty acid synthesis associated with increased metabolic activity in tumor 
cells remains to be determined.

There is extensive cellular crosstalks and signaling events between the surrounding envi-
ronment and tumor cells during EOC dissemination and progression. As a result, asci-
tes is constantly adapting in response to the different cues. In order to characterize the 
changes in ascites during EOC progression, we have performed cytokine profiling of 
stage I/II and III/IV serous ascites. As shown in Table 1, 29 cytokines/chemokines/growth 
factors out of 120 tested were present at significantly higher levels in stage III/IV ascites 
supporting the idea that ascites evolve during EOC progression. Consistent with the criti-
cal role of IL-6 in EOC progression, we found several components of the IL-6 trans-signal-
ing system, including IL-6, IL-6 receptor (IL-6R), and soluble glycoprotein 130 (sgp130), 
elevated in ascites of women with advanced diseases. Factors such as CCL2 have been 
implicated in CAFs activation [12]. As mentioned above, once stimulated myofibroblas-
tic-like cells in ascites provide a source of secreted factors that support tumorigenesis. 
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Cytokines Serous Stage I–II RFUa 
(SEM) (n = 2)

Serous Stage III–IV RFU 
(SEM) (n = 5)

Fold change p

IL-6 1352 (302) 14183 (10619) 10.5 <0.0001

Angiopoietin-2 6293 (4081) 14683 (11235) 9.8 0.0076

IL-10 457 (45) 4220 (3752) 9.2 0.0003

Leptin 561 (102) 4991 (5849) 8.9 0.0031

sTNF RI 828 (260) 5238 (2768) 6.3 <0.0001

uPAR 1092 (488) 6417 (3387) 5.9 <0.0001

CXCL1 2569 (1386) 14926 (12569) 5.8 0.0003

HGF 1017 (212) 5504 (4708) 5.4 0.0004

OPG 978 (394) 3493 (1606) 3.6 <0.0001

CCL2 1918 (480) 8032 (5439) 4.2 0.0001

Fit-3 ligand 739 (129) 3092 (2119) 4.2 0.0001

CCL16 593 (146) 2313 (1713) 3.9 0.0003

CCL7 630 (119) 2366 (2184) 3.8 0.0021

IL-1 R4/ST2 709 (188) 2194 (2078) 3.1 0.0049

CCL22 776 (131) 2301 (1246) 3.0 <0.0001

ICAM-1 4107 (861) 11832 (4961) 2.9 <0.0001

EGFR 871 (239) 2514 (1937) 2.9 0.0013

IGFBP-6 1274 (594) 3668 (1537) 2.9 <0.0001

IL-16 654 (106) 1814 (1738) 2.8 0.0077

CXCL13 679 (98) 1851 (1477) 2.7 0.0022

Axl 1039 (412) 2578 (856) 2.5 <0.0001

CXCL9 773 (103) 1903 (1308) 2.1 0.0017

sTNF RII 2393 (759) 5301 (1694) 2.5 0.0011

Fas 1487 (557) 3779 (3301) 2.5 0.0067

IL-3 734 (191) 1720 (1058) 2.4 0.0006

CCL4 1312 (369) 2739 (1704) 2.2 <0.0001

CCL19 797 (184) 1712 (1521) 2.2 0.0155

IGFBP-1 2827 (1092) 6007 (4692) 2.1 0.0091

IL-6 R 3602 (1009) 7160 (4835) 2.0 0.0048

MIF 2920 (916) 5460 (3396) 1.9 0.0051

sgp130 1510 (359) 2510 (852) 1.7 0.0002

TIMP-1 1189 (233) 1669 (833) 1.5 0.0268

SEM: standard error of the mean.
a Relative fluorescent unit.

Table 1. Levels of cytokines in stage I/II versus stage III/IV ovarian cancer ascites.
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Figure 2. Model for EOC dissemination. CAFs in the primary tumor become educated by the tumor cells to acquire 
pro-tumorigenic functions. CAFs then in turns secrete a plethora of factors that enable tumor cells to exfoliate from 
the primary tumor. Once in the peritoneal fluid, tumor cells aggregate with free-floating mesothelial cells to form 
multicellular heterotypic spheroids, which enables tumor cells to avoid anoikis and gain a more invasive phenotype. 
Multicellular spheroids then attach to the mesothelial lining using various cell adhesion molecules. Mesothelial cells 
lining the peritoneum dissociate which enables tumor cells to invade to mesothelium lining.

Therefore, disrupting specific factors in cell-free ascites may provide an additional level 
of therapeutic intervention.

5. How does the tumor environment affect EOC dissemination?

One of the reasons for unsuccessful EOC treatment is its insidious nature, resulting from an 
unusual mechanism of dissemination. In contrast to other tumors that spread predominantly 
through lymph and bloodstream, EOC has a distinct tendency for metastasizing via shedding 
of cancer cells from the primary tumor site into the peritoneal cavity and implanting onto 
the mesothelial lining of the peritoneal cavity. The current admitted model for pelvic and 
peritoneal metastasis involves the shedding of tumor cells from the primary tumor into the 
abdominal cavity, wherein they survive and travel as free-floating multicellular spheroids to 
disseminate at distant sites where they adhere onto the mesothelial lining of the peritoneum 
and disaggregate to form metastatic outgrowth (Figure 2). Although not clearly define, each 
of these steps must require adaptive changes in tumor and/or stromal cells to progress to the 
next step.

Ascites - Physiopathology, Treatment, Complications and Prognosis152



Ascites Tumor cells
Mesothelial cells or CAFs

Epigenetic 
changes

Aggregation & survival

Primary tumor site
(ovary or 

fallopian tube)

CAFs 
crosstalk with 

shedding
promote 

tumor cells to 

shedding 
Tumor cells

Shedded 

cells
myofibroblastic 

Mesothelial lining

Multiple 
tumor 

implants

Immune 
evasion

Adhesion & Invasion

multicellular
Heterotypic 

spheroid

Aggregation

Aggregation of tumor cells
with shedded myofibroblastic cell
aggregates enabled tumor cells

to avoid anoikis 

Figure 2. Model for EOC dissemination. CAFs in the primary tumor become educated by the tumor cells to acquire 
pro-tumorigenic functions. CAFs then in turns secrete a plethora of factors that enable tumor cells to exfoliate from 
the primary tumor. Once in the peritoneal fluid, tumor cells aggregate with free-floating mesothelial cells to form 
multicellular heterotypic spheroids, which enables tumor cells to avoid anoikis and gain a more invasive phenotype. 
Multicellular spheroids then attach to the mesothelial lining using various cell adhesion molecules. Mesothelial cells 
lining the peritoneum dissociate which enables tumor cells to invade to mesothelium lining.

Therefore, disrupting specific factors in cell-free ascites may provide an additional level 
of therapeutic intervention.

5. How does the tumor environment affect EOC dissemination?

One of the reasons for unsuccessful EOC treatment is its insidious nature, resulting from an 
unusual mechanism of dissemination. In contrast to other tumors that spread predominantly 
through lymph and bloodstream, EOC has a distinct tendency for metastasizing via shedding 
of cancer cells from the primary tumor site into the peritoneal cavity and implanting onto 
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disseminate at distant sites where they adhere onto the mesothelial lining of the peritoneum 
and disaggregate to form metastatic outgrowth (Figure 2). Although not clearly define, each 
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A single mesothelial cell layer lines the pelvic and peritoneal organs including the diaphragm, 
bowel serosa, omentum and entire peritoneum. This mesothelial layer is highly receptive to 
ovarian cancer seeding [66]. Implantation of spheroids on the peritoneum involves interactions 
between cancer cells and the mesothelium. Adhesion of ovarian cancer cells to the mesothelial 
layer is facilitated by the expression of matrix metalloproteinase such as MMP-2 and MMP-9, 
and by fibronectin and vitronectin as well as their integrin receptors [67–69]. Once tumor cells 
have attached to the peritoneal surface, they gain access to the submesothelial environment by 
exerting force on the mesothelial lining, driving migration and clearance of the mesothelial cells 
[70]. Tumor cells undergo epithelial-to-mesenchymal transition (EMT) during the process [71].

Cells shed from the primary tumor aggregate to form free-floating multicellular spheroids in 
ascites, which initially spread to adjacent organs such as uterus, contralateral adnexa, bladder 
and rectum (stage II). After extension to the pelvic cavity, EOC will disseminate through-
out a transcoelonic route to the peritoneal cavity forming multiple tumor implants (stage 
III), which are often difficult to remove completely at the time of the cytoreductive surgery 
and, substantially contribute to the high morbidity associated with this cancer. Metastasis 
can also occur beyond the abdominal cavity (stage IV). Whether the metastatic characteristics 
are already inherent in the primary tumor or are present only in subclone of metastatic cells 
within the primary tumor mass or occur in response to environmental cues remains unclear. 
This process of transcolonic seeding could be a continuing metastatic adaptive behavior or 
a passive process, in which exfoliated tumor cells that have already acquired all the neces-
sary metastatic characteristics are merely transported via ascites into the peritoneal cavity 
to new sites. Comparative genomic studies showed similar genetic alterations in primary 
ovarian tumors and their respective metastasis supporting a passive transcolonic dissemina-
tion. However, transcriptomic analysis of matched primary tumors and peritoneal metastasis 
demonstrated the upregulation of certain pathways in metastatic lesions which suggest that 
the heterogeneity of tumor cells found in EOC is imposed, at least in part, by the nature of 
their surrounding environment [72]. The same group identified versican as a key upregulated 
gene in CAFs associated with the primary tumor, which promoted the motility and invasion 
of EOC cells by activating the nuclear factor-κB (NF-κB) signaling pathway and upregulating 
CD44, MMP-9, and hyaluronan-mediated motility receptor expression in cancer cells [73]. 
Versican expression was modulated by the activation of TGF-β signaling in CAFs induced 
by TGF-β ligands secreted by cancer cells. Therefore, these data further support the idea that 
ascites play an active, rather than a passive, role in EOC dissemination.

6. What are the effects of ascites on tumor cells?

The observation that ascites is often associated with the most invasive malignant tumors indi-
rectly supports the notion that ascites is involved in the progression of EOC. Although different 
soluble factors in ascites have been implicated in EOC cell migration and invasion, the com-
bined effect of the various factors found in cell-free ascites is also important to assess. Puiffe and 
colleagues have assessed the effect of 54 distinct ascites on growth, invasion and spheroid for-
mation in comparison to serum in a single cell line [23]. They showed that ascites fell into one of 
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two categories: stimulatory or inhibitory. The mechanisms or factors responsible for these oppo-
site effects were not further investigated. Consistent with the results of Puiffe et al., Lane et al. 
showed that not all EOC ascites tested (2/6) promoted cancer cell migration [29]. In this study, 
the authors found that CCL18 was one of the factors in ascites implicated in ascites-induced cell 
migration. As such, CCL18 might represent a potentially new target in EOC treatment.

HGSOC ascites possess pro-survival properties. Ascites inhibits drug and TRAIL-induced 
apoptosis in EOC cells. Unsurprisingly, given the heterogeneity of ascites, the magnitude 
of the effects varies depending on the cell line and ascites tested [74, 75]. Multiple signaling 
pathways are activated by ascites in cancer cells, including up-regulation of anti-apoptotic 
protein Mcl-1 through ERK1/2-Elk-1 [76], up-regulation of anti-apoptotic protein c-FLIP 
[74], and activation of Akt through αvβ5/FAK signaling [75, 77], all of which contributing 
to the pro-survival effect of ascites. Collectively, these data support the notion that ascites 
is a tumor environment enriched with pro-tumorigenic molecules. A considerable effort is 
required however to gain a comprehensive understanding of how the different factors in 
ascites may alter the properties of tumor and stromal cells. The complexity of these processes 
requires the development of models that reflect the in vivo conditions as close as possible.

7. How can we exploit ascites for developing new therapeutic strategies?

More effective therapies to combat metastatic disease are urgently required for EOC, particu-
larly in the context where early detection of this disease remain a difficult goal to achieve. Since 
the prognosis of patients with peritoneal metastases is directly correlated with optimal surgi-
cal cytoreduction [78], and widespread metastases are not often entirely amenable to surgery, 
the development of novel strategies to limit or stop metastatic progression is imperative. In that 
context, novel strategies that target interactions between cancer cells and their environment and 
inflammation-driven modifications are likely to be broadly applicable to cancers that metastasize 
within the abdominal cavity. In addition, as stromal cells are genetically more stable compared 
to tumor cells, targeting stromal cells rather than tumor cells would be less prone to the develop-
ment of resistance. Thus, targeting the tumor environment may be a more compelling option.

Based on our increasing knowledge of the role of ascites and its components, a number of targeted 
specific therapies have been developed to improve EOC outcome. Bevacizumab, an anti-VEGF 
targeted therapy, is probably the most studied VEGF-targeting agent in EOC patients in the set-
ting of front-line, maintenance or salvage therapy [79]. Although VEGF-targeting agents have 
yielded promising results in EOC in the settings of front-line and salvage treatment, the efficacy 
of these agents has yet to be clarified. Therapies taking advantage of the immune system could 
represent another potential avenue. For example, intra-peritoneal infusion of Catumaxomab, 
an anti-epithelial cell adhesion molecule (EpCAM), provided a significant improvement of asci-
tes-related signs and symptoms [80]. Catumaxomab mediates a T-cell-induced lysis of tumor 
cells. Abagovomab is a murine monoclonal anti-idiotypic antibody that mimics parts of CA125. 
It is designed to act as an active immunogen aimed at breaking immune tolerance to the anti-
gen. Unfortunately, abagovomab showed no improvement in progression-free or overall sur-
vival in a phase III clinical trial [81]. Another anti-CA125 antibody, Oregovomab, also failed 
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to show improved outcome in EOC patients [82]. Anti-IL6 chimeric antibody Siltuximab has 
been assessed in phase II clinical trial but has shown very limited clinical benefits [83]. Other 
emerging strategies include the concept of neutralizing tumor-associated chronic inflammation 
as ascites in a highly pro-inflammatory environment [84].

8. Conclusions and future directions

There is an increasing interest for understanding the role of the tumor environment in the 
context of ovarian cancer. Recent studies have revealed new biological concepts and iden-
tified new therapeutic strategies to target the ascites. As illustrated by the limited clinical 
success obtained thus far, many challenges remain, including how to identify and target 
susceptible molecules given the complexity and heterogeneity of the tumor environment. 
Although the heterogeneity of ascites is a potential limitation, it also provides a unique 
opportunity for the development of personalized medicine based on the patient’s character-
istics. In that context, the profiling of the cell-free ascites components could guide clinical 
decision making for patient management. An important aspect to overcome limitations to 
unsuccessful clinical trials is the development and implementation of suitable in vitro and 
in vivo pre-clinical models that accurately mirror the clinical situation. For example, mount-
ing evidence suggests that cell behavior in 3D cultures differs from monolayer cultures and 
better reflects the in vivo situation.

The accessibility of ascites translates into a readily available source of proximal fluids. In that 
context, ascites is a milieu from which we could potentially derive diagnostic and prognostic 
biomarkers. With the advances in our understanding of the crosstalk between the different 
cellular components of ascites and the various cues that cells receive from the surrounding 
environment, it is anticipated that reliable biomarkers will become available in the near future.
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