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Abstract: Ascites is a term that describes a pathological accumulation of fluid in a peritoneal cavity. It is
generally a rare occurrence in a pediatric population and is most commonly associated with liver failure and
cirrhosis. In that case, a diuretic treatment is usually implemented to relieve the ascites as it forms in the
mechanism of water retention and water leakage from the portal venous system due to portal hypertension. It
is important to note however that many other issues may cause ascites in children. Those require a catered
approach suited to the pathomechanism of ascites formation in those underlying conditions. That is why a
complex diagnostic process ought to be run in pediatric patients with ascites to correctly identify a condition
causing it and provide the patient with adequate and thorough care.
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1. Introduction

Ascites is a term describing a pathological accumulation of fluid within a peritoneal cavity [1].
It is a common complication of cirrhosis [2] but especially in the paediatric population the etiology
might be very different in various age groups. What is more, the constitution of the ascitic fluid varies
greatly between different etiologies. The literature distinguishes three stages of ascites severity: mild,
moderate and large. It also defines uncomplicated and complicated ascites and the latter being broken
down further into infected and refractory ascites. The term refractory ascites covers both diuretic-
resistant and diuretic-intractable ascites [3].

Table 1. Severity of ascites [3], [4].

Grade 1 (mild) Grade 2 (moderate) Grade 3 (large)
only detectable by causing moderate symmetrical causing marked
ultrasound distension of the abdomen abdominal distension

Portal hypertension together with sodium and fluid retention are the main elements in the
pathophysiology of ascites. Because of that salt restriction and pharmacological therapy consisting of
diuretics are key in the management of ascites. Based on the response to the diuretic therapy and the
presence of complications, a distinction between uncomplicated and refractory ascites has been made
(table 2). Diagnostic paracentesis should be performed in every patient with new onset ascites and in ascitic
patients when complications such as spontaneous bacterial peritonitis (SBP) are suspected [3], [5].

Table 2. Division of ascites based on the etiology [6].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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hepatic cirrhotic causes —> ascites as the complication of cirrhosis

bile duct trauma or perforation

congenital hepatic fibrosis

hepatic non-cirrhotic

cystic fibrosis
causes

Budd-chiari syndrome

sinusoidal-obstruction syndrome (SOS)

tuberculosis

peritoneal infection Cytomegalovirus

Epstein-Barr Virus

Crohn’s disease

intestinal atresia

intestinal
meconium ileus
eosinophilic enteropathy
pancreatic acute pancreatitis

systemic inflammatory systemic lupus erythematosus

I Henoch- Schonlein purpura
non-hepatic non-
cirrhotic cardiac heart failure
nephrotic syndrome
obstructive uropathy
genitourinary disorders posterior urethral valves
bladder rupture
ureterocele
thoracic duct trauma or ligation
chylous ascites intestinal lymphangiectasia
total parenteral nutrition extravasation
malignancy lymphoma, Wilms’ tumor,germ cell tumors,

neuroblastoma

celiac disease

pseudo-ascites cystic mesothelioma

omental cyst
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ovarian cyst

lymphocele

2. Etiology of ascites.

Paediatric population is unique in its relationship between the most common causes of
conditions and the patient’s age. Regardless of age cirrhosis is by far the most common cause of
ascites [2]. Because of that, we can divide all the conditions that result in ascites into three categories:
hepatic cirrhotic, hepatic non-cirrhotic and non-hepatic non-cirrhotic.

3. Cirrhotic ascites

When confronted with the patient with ascites the diagnostic process is usually directed to the
liver. And rightfully so as liver cirrhosis is by far the most common cause of ascites in both adult and
pediatric populations. In adults, cirrhosis is responsible for 85% of ascites with heart failure or
malignancy causing together 5% of cases [6], [7].

Ascites is a common complication of cirrhosis, especially in younger children and is usually
associated with poor prognosis [8] as it indicates inefficiency of the body’s compensatory
mechanisms. The main causes of cirrhosis in neonates and infants are biliary atresia and genetic
metabolic diseases. In older children, cirrhosis is most commonly caused by acquired conditions such
as chronic viral hepatitis and autoimmune diseases [8]. With the increasing prevalence of obesity
among children and adolescents, as 18% of this population being overweight or obese in 2018 [9], we
must also consider fatty liver disease as the cause of cirrhosis in the paediatric population.

The main mechanisms that contribute to the formation of ascites in cirrhosis are portal
hypertension and retention of sodium and water [3] with subsequent vasodilatation and
hyperaldosteronism [7]. Advancing hepatic fibrosis in cirrhosis causes elevation of intrahepatic
resistance and sinusoidal pressure which also correlates with decreased production of NO by the
cirrhotic liver, vasoconstriction and further elevation of portal pressure. Nitrous oxide’s
ambidextrous role in ascites formation cannot be overlooked as increased portal pressure stimulates
its systemic production together with other vasodilatators pushing the body into the state of
“effective hypovolaemia” [10]. It causes splanchnic arterial vasodilatation [3] and a drop of
intravascular plasma volume and systemic arterial pressure. In response, RAAS is activated in order
to rebalance blood pressure causing the development of hyperaldosteronism and excessive water and
sodium retention. That replenishes intravascular plasma volume and increases systemic blood
pressure but also exacerbates portal hypertension as NO production in the liver is still insufficient.
That closes the loop of ascites formation that, once started, is difficult to stop. That explains the poor
prognosis of cirrhotic patients as ascites formation indicates failure of compensation mechanisms.
That is especially significant taking into account that cirrhosis as the disease tends to start with an
asymptomatic period [8] and the diagnosis is often made only after the ascites has already developed.
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Figure 1. Pathomechanism of cirrhotic ascites. [5]

3.1. Treatment

Before applying any treatment non-hepatic reasons of ascites must be ruled out [11]. These
require a catered approach and will be discussed later in this paper together with these causes
themselves.

Understanding the mechanism of creation of cirrhotic ascites the main issues that must be
targeted are sodium and water retention [7]. It is also important to remember that ascites is treated
mainly symptomatically and proposed ways of treatment do not target the cirrhosis responsible for
this condition.

3.1.1. Sodium restriction

In patients with cirrhosis but without ascites there is no evidence that would support sodium
restriction as a way of preventing ascites [3]. Moreover, even in presence of ascites rigorous sodium
restriction is not recommended as this diet is difficult to follow, can result in complications and there
is not enough research to support its effectiveness in ascites control [12]. What is recommended in all
cirrhotic patients is a moderately salt-restricted diet with no added salt, avoidance of pre-cooked
meals and overall daily consumption of sodium being less than 5-6,5 grams [3]. Other sources restrict
it even further, to 1-2 g of sodium per day or 1-2 mEq sodium/kg/day if well tolerated. In exclusively
breastfed infants no dietary restrictions or changes are necessary. In formula-fed infants low sodium
formula is recommended [6].

3.1.2. Diuretic treatment

The golden standard of ascites treatment remains symptomatic in a form of diuretics [3].
Recommendations favor spironolactone for not only promoting negative sodium balance and water
excretion but also countering hyperaldosteronism [3] [6] as a competitive inhibitor of aldosterone in
a distant renal tubule. In infants, dosage is 0.5-1 mg/kg/day and in older children 1-3 mg/kg/day with
a maximum of 100mg/day [7]. It has a long elimination half-life allowing once-a-day dosing [3] [6].
Monotherapy is oftentimes semi-effective so spironolactone is frequently used in combination with
a loop-diuretic such as furosemide [3]. It should be noted that spironolactone being the potassium-
saving diuretic may cause severe hyperkalemia and loop-diuretics may cause hyponatremia and
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metabolic alkalosis [6], especially in patients with pre-existing renal dysfunction. That is why a
gradual approach to diuretic therapy is recommended as it helps to minimize the adverse effects of
these medications [7]. All patients should be monitored for adverse effects as almost half of them
require dose reduction or discontinuation of treatment with the most severe complications being
hepatic encephalopathy and renal function impairment [3].

Hyponatremia accompanying ascites is associated with a higher percentage of SBP, hepatic
encephalopathy and mortality [3] [6]. It can be both hypovolemic and hypervolemic. Hypervolemic
hyponatremia is more prevalent in cirrhosis and is a result of vasopressin hypersecretion due to
effective hypervolemia. It requires a negative water balance as the actual amount of sodium in the
body is accurate and serum sodium levels will normalize after the excess water is filtered out.
Literature supports moderate fluid restriction [8] with consumption of 1-1,51/day in severe cases but
more as a way of stopping the progression of hyponatremia rather than resolving it [3]. It is sodium
restriction that prevents further water retention and combined with diuretic treatment resolves the
hypervolemia. Hypovolemic hyponatremia is oftentimes a complication of prolonged diuretic
therapy causing loss of extracellular fluid combined with dietary sodium restriction.

Uncomplicated ascites in most cases can be managed with sodium restriction and diuretics [8].
The most efficient and objective way of tracking the progression of ascites treatment in children is by
measuring their body weight [6].

3.1.3. Supplemental albumin

In discussing cirrhotic ascites we must consider other issues linked to the decompensation of
liver disease such as hypoalbuminemia which often leads to or exacerbates already existing ascites
[6]. In cases of serum albumin levels <2.5g/dl, intravenous albumin supplementation is recommended
with 25% albumin solution dosed at 1g/kg up to three times a day until 2.5g/dl serum albumin
concentration is achieved [7].

3.1.4. Invasive treatment

e  Large-volume paracentesis is a standard procedure in management of large volume ascites and
is especially effective in diuretic-resistant ascites [3]. It has been proven as a safe method and
has become a standard procedure in adults [7] but is not well studied in children. It can be
beneficial as a symptomatic relief in children with rapidly developing ascites. It can cause
respiratory distress and consequences of increased abdominal pressure as the abdominal wall
does not have time to gradually accommodate to the large volume of ascitic fluid [7]. There are
also discussions about the need for intravenous albumin supplementation as large-volume
paracentesis can cause protein depletion.

e  Peritoneovenous shunting creates connection for the fluid in the peritoneum to return to the
vascular space, usually through a one-way pressure sensitive valve to the jugular vein.
Complications are frequent and serious what limits the use of this method in the pediatric
population to palliative care [7]. The risk of complications occurring can be decreased by using
ultrasound guidance during the procedure [3].

e  TIPS's (transjugular intrahepatic portosystemic shunting) main benefit and purpose is
lowering the portal pressure and therefore stopping the cycle of ascites formation. That makes
it a commonly used method of preventing complications of portal hypertension [6]. The
complications, however, are frequent and include worsening of liver function [7]so in the adult
population it is mostly used in patients awaiting liver transplant [6]]. In the pediatric
population TIPS use is limited by high cost, limited availability, high risk of complications and

small size of the patient.
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3.2. Diagnostic process

Ascites can present itself accompanying numerous different conditions and diseases so their
correct identification is crucial in order to provide a patient with adequate and thorough care. A
visible abdominal distension in children should always raise suspicion of ascites and the diagnostic
process begins with taking detailed patient history together with physical examination. Patients
should be questioned about weight gain, peripheral edema, risk factors for liver or heart disease and
any symptoms that are concerning to the patient or their guardian [13]. It is also important to
remember that abdominal distension can be caused not only by ascites but also by organomegaly,
gas accumulation or pathological masses in the abdomen. Therefore altered abdomen percussion in
a physical examination may point a physician toward a particular differential diagnosis [13].

3.2.1. Abdominal ultrasound

Abdominal ultrasound being non-invasive, low-cost and widely accessible is the first-line
diagnostic imaging to detect ascites and assess its quantity [13]. It is also the only way of detecting
mild ascites as it does not cause abdominal distension. Because of that it is oftentimes found
accidentally during the abdominal ultrasound performed for a completely different reason [3]. It is
possible to initially determine the reason of abdominal distension as it can differentiate between gas,
fluid, organomegaly or pathological masses. Moreover, it provides information about signs of portal
hypertension or other possible causes of ascites [13]. It cannot, however, tell if the fluid is collected in
a closed space or free-flowing in the peritoneal cavity [13]. If there is only a small amount of fluid,
the patient is obese or there is a question of whether the fluid collected is, in fact, ascites, abdominal
CT is decisive [3].

3.2.2. Diagnostic paracentesis

Abdominal paracentesis is a golden standard and the most important step in the diagnostic
process [13]. It is recommended that every patient with a new-onset ascites undergo this procedure
as it allows collection of the ascitic fluid for testing [3]. It is also recommended if an infection is
suspected or the patient’s state worsens [5]. Fluid analysis should always include cell count and
calculation of SAAG [14]. Based on probable diagnosis, analysis testing for amylase, glucose,
cytology, lactate dehydrogenase, lactates, triglycerides and cholesterol should also be considered [3].
Also the macroscopic appearance of the fluid is significant as it can differentiate the characteristic
types of ascites.

Table 3. Macroscopic appearance of ascetic fluid and its implication on possible etiology [5].

appearance of . .
. . type of ascites disorder
ascitic fluid

cirrhosis, congestive heart

clear or pale portal hypertensive failure

bladder rupture, nephrotic
syndrome

pale yellow or

urinary ascites
yellow Y

Henoch-Schonlein purpura,

bloody or blood bleeding to the peritoneal cavity or abdominal trauma,

stained to the pre-existing ascitic fluid .
malignancy
milky, opaque cirrhosis, thoracic duct injury,
Y, opaq chylous . VLY
white lymphatic malformations

cloudy peritonitis SBP or infectious ascites
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acute pancreatitis, pancreatic

black pancreatic .
injury
gallbladder or biliary
brown or green- . e . . .
hiperbilirubinemia or biliary perforation, bowel
brown .
perforation

3.2.3. Ascitic fluid analysis.

e SAAG (serum albumin ascites gradient) is currently the best diagnostic tool for determining
whether ascites is portal hypertensive or non-portal hypertensive with 97% accuracy [5]. SAAG
= (serum albumin value) - (ascitic fluid albumin value). SAAG has some limitations as it is
dependent on serum albumin levels and can be falsely low if serum albumin is low. It may be
also falsely high in chylous ascites because of lipids disturbing laboratory albumin counting [5].
Literature acknowledges these limitations but still recommends the use of SAAG as a marker of
portal hypertension in both British and American guidelines [14].

Table 4. Correlation between SAAG and mechanism of ascites occurrence [5], [14].

SAAG >=1.1g/dl (high gradient) SAAG <1.1g/dl (low gradient)

portal hypertensive portal non-hypertensive

cirrhosis, congestive heart failure, hepatic | peritoneal malignancy, tuberculosis,

metastases (compress intrahepatic veins and | nephrotic syndrome, pancreatic ascites,

cause portal hypertension) biliary ascites, chylous ascites

e Glucose. Glucose concentration in ascitic fluid corresponds with serum levels as glucose freely passes
through membranes. Decreased ascitic glucose levels indicate that it is being metabolized either by
bacteria or leukocytes. Literature reports decreased glucose in malignancy and spontaneous
peritonitis, and significantly decreased in tuberculous peritonitis. As a marker however, ascitic fluid
glucose level has low both sensitivity and specificity but can be used as a supportive test especially
if tuberculous ascites is suspected [14].

e Amylase. Amylase is not fully but still highly specific marker of pancreatic ascites. Elevated amylase
levels can also result from mesenteric thrombosis, ischaemia and small bowel perforation. The vast
majority of cases however, are caused by leakage of amylase-rich pancreatic juice, either from
pancreatitis, pancreatic cysts or rupture of pancreatic duct with 90% of patients presenting with these
conditions having elevated amylase in the ascitic fluid [14].

e  Urea/creatynine. High concentration indicates the presence of urine in the peritoneal cavity [14].
Detection of an elevated creatinine level in the ascitic fluid is diagnostic for uroascites [6].

e Lipids. High concentration of lipids in the ascitic fluid usually goes together with its white milky
appearance and is characteristic of chylous ascites. Triglycerides should be measured and
chylomicrons should be present. Chylous ascites is diagnosed if triglyceride concentration in ascitic
fluid exceeds 2.25 mmol/l and is higher than serum concentration which is possible without the
milky appearance of the fluid [14].

e  Cholesterol and lactate dehydrogenase. Literature reports that cholesterol levels are higher in
malignancy linked ascites and results from increased vascular permeability together with increased


https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

production by neoplastic cells. Similar regularity has been observed with lactate dehydrogenase
which levels are significantly raised in malignancy, tuberculous peritonitis and pancreatic ascites
[14]. Cholesterol together with LD are two of the most effective markers to differentiate hepatic from
malignant ascites [14].

e  Bilirubin. It is not recommended to routinely test ascitic fluid bilirubin concentration. However, if
biliary leak is suspected it has been observed that ascitic bilirubin levels >6mg/I are consistent with a
bile leak diagnosis [14].

e  pH. There is no clear consensus to the use of pH readings as a diagnostic tool. Some studies report
lowering of pH being consistent with SBP or tuberculous peritonitis. However, it has not been proven
as trustworthy enough and some studies advice against the use of pH readings as they might cause
confusion in the diagnostic process [14].

e  Adenosine deaminase. AD levels above 20-40U/L are characteristic of tuberculous ascites [5].

e  Culture. In suspicion of SBP or infectious ascites it is recommended to run ascitic fluid culture with
its main target being accurate antibiotic treatment. As soon as the ascitic fluid is retrieved it should
be inoculated into blood culture bottles [14]. Clinical presentation of culture-positive SBP is very
similar to those with culture-negative SBP [3] as bacterial culture has low sensitivity. In case of
culture-negative peritonitis fungal infection should be considered. It is a rare complication with
prevalence in urinary ascites and is linked to the high mortality rate of 30% [3].

e  Cell count. The white blood cell count is indicative of the infection in the ascitic fluid [3]. Neutrophil
count of >=250 cells/mm3 in the absence of bowel perforation is diagnostic of SBP [5] [3].

e  Cytology. Ascitic fluid cytology is positive in two-thirds of patients with malignant processes in the
peritoneum, as malignant cells shed into the fluid [14]. In the adult population emphasis is placed in
peritoneal metastasis of ovarian cancer as 75% of patients already have them at the moment of
diagnosis [15]. Although 100% specific, this marker has only 60% sensitivity and therefore is not
recommended in the early stages of the diagnostic process [14].

e  Tumour/malignancy markers. When malignancy is suspected it is possible to test ascitic fluid for
malignancy markers such as CA-125, CA19-9, CEA or AFP. Looking at them together with other
markers such as SAAG, cholesterol and LD raises their diagnostic accuracy as some of them eg. CA-
125 can be raised in ascites from any cause [3].

Table 5. Characteristic traits of ascitic fluid in particular disorders [3], [5], [14].

Parameter levels explanation

glucose decreased SBP, malignancy,

tuberculous peritonitis

amylase elevated over 1000U/L or 5x | Pancreatitis, rupture of
serum levels pancreatic cyst or duct
urea/creatinine elevated Uroascites

lipids (triglycerides) elevated (over 2.25 mmol/l) | Chylous ascites
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cholesterol and lactate | elevated malignancy
dehydrogenase
bilirubin elevated (>6mg/l or higher | Biliary ascites

than serum levels)

adenosine deaminase elevated (>20-40 U/1) Tuberculous ascites
neutrophil count count of >=250 cells/mm3 SBP

cytology positive malignancy

culture positive SBP

3.2.4. Probability of diagnosis.

In the diagnostic process it must be taken into account that paediatric population is
epidemiologicaly separate from adult population. Most prevalent causes of ascites in adults are
completely different from those in children and the alcohol consumption being the main reason for
adult ascites is omittable when searching for diagnosis in children [3]. In the diagnostic process we
should consider the age of the patient as in different age groups other causes are more probable than
the others [7].

Table 6. Most common causes of ascites in age groups [1], [7].

Fetal ascites Neonatal ascites Ascites in infants and
children

Meconium peritonitis, | al-antitripsin deficiency, | Cirrhosis, eosinophilic

intestinal ~atresia, cystic | biliary atresia, bladder | enteropathy, viral

fibrosis, CMYV, | perforation, congenital | hepatitis, heart failure

genitourinary disorders hepatic fibrosis

3.3. Complications

It is important to remember that ascites most commonly is a complication of cirrhosis and it
reflects its decompensation. In that case further complications of cirrhosis may occur such as
gastrointestinal bleeding and hepatic encephalopathy [8].

Table 7. Complication and response of ascites to diuretic treatment [3] [4].

complicated
infected ascites refractory
uncomplicated
SBP diuretic-resistant ascites diuretic-intractable
ascites



https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

10
ascites thatis | (spontaneous is refractory to dietary | development of diuretic-
not infected bacterial sodium restriction and induced complications
and which is peritonitis) intensive diuretic disenables the use of
responsive to treatment effective diuretic dosages
diuretic
treatment

3.3.1. Spontaneous bacterial peritonitis (SBP).

Spontaneous bacterial peritonitis is a bacterial infection of ascitic fluid and peritoneum without
intestinal perforation or other intraabdominal source of infection [8]. It is the most common infection
in cirrhosis concerning 10-30% of patients [5] and may further worsen liver function and trigger
another complications [16]. Neutrophil count of >=250 cells/mm3 in the ascitic fluid in the absence of
bowel perforation is diagnostic of SBP [5] [3]. In children SBP is usually caused by a single species
such as Klebsiella spp., E. coli, Enterococcus, Streptococcus pneumonia, and recently, methicillin
resistant Staphylococcus aureus [5]. In bacterial peritonitis secondary to bowel perforation infection
is usually caused by multiply species of bacteria simultaneously [5] [16].

Empiric antibiotic treatment should be started in all patients with elevated neutrophil count in
the ascitic fluid. The antibiotic of choice is cefotaxime as it achieves a good concentration in the ascitic
fluid and is effective against the most common etiologies of SBP. Ceftriaxone and co-amoxiclav are
also effective and can be used [5].

There have been discussions about implementing SBP prophylaxis but so far no consensus or
recommendations have been formed [5] [16].

3.3.2. Refractory ascites.

International Ascites Club defines refractory ascites as “ascites that cannot be mobilized or the
early recurrence of which cannot be satisfactorily prevented by medical therapy” which includes
diuretic-resistant and diuretic-intractable ascites [4].

All patients undergoing diuretic therapy should be monitored for adverse effects as almost half
of them require lowering the dosage or discontinuing the treatment [3]. Main reasons for withdrawal
of diuretic are muscle cramps, renal failure, hyponatremia, hypokalemia and hyperkaliemia [16].

In treatment of refractory ascites Large Volume Paracentesis (LVP) is a first-line option. Albumin
infusion is recommended if more than 5 litres of fluid are removed [16]. Also there are reports of long
term albumin administration reducing morbidity and mortality due to refractory ascites [17] but no
recommendations mention it as a routine procedure.

Refractory ascites correlates with poor prognosis and poor survival and a liver transplant should
be discussed in all patients. TIPS shows better survival results than LVP and additionally dependence
on TIPS is a way of prioritizing patients awaiting a liver transplant. Therefore it should be a first
option in severe cirrhosis [16].

3.3.2. Malnutrition.

Especially in chronic liver disease nutrition status is an important prognostic factor as those
patients need 20-80% more calories in comparison to a healthy children. In cirrhotic patients,
accompanying nausea and lack of appetite make it difficult for the child to meet their energetic needs.
Ascites complicates the situation further as through water retention and organomegaly it makes body
weight an undependable indicator of patient’s nutrition status [8]. Instead, it is recommended to
measure triceps skinfold thickness and arm circumference [18]. In children with liver disease protein
should not be restricted unless hyperammonemia occurs [19]. Lipids should make up 30-35% of all
calories consumed. In children with cholestasis deficiency of fat-soluable vitamins often occurs so
their levels should be monitored and, if needed, supplementation should be implemented [20].


https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

11
4. Other than cirrhosis causes of ascites.
4.1. Hepatic non-cirrhotic causes.

4.1.1. Bile duct trauma or perforation.

Biliary ascites is very rare and results from leakage of bile to the peritoneal cavity [21]. It can
result from gallbladder or bile duct rupture and can be caused by abdominal trauma or happen as a
postoperative complication [22] [6]. The ascitic fluid typically is opaque and green-brown in colour.
The normal range of bilirubin in the ascitic fluid is 0.7 to 0.8 mg/dL. Bilirubin levels of >6 mg/dL
indicate the diagnosis of biliary ascites [23]. Clinically patients present with mild direct
hyperbilirubinemia, abdominal distension and in younger children- feeding difficulties [6]. Biliary
ascites can also be caused by a rare spontaneous perforation of the extrahepatic biliary system [23] or
congenital biliary malformations, which are especially prevalent in neonates [6]. It results in biliary
peritonitis as peritoneum is irritated by biliary enzymes and becomes inflamed. It can present as an
acute abdomen and is potentially fatal [23]. Diagnosis is usually made by ultrasound or MR
cholangiopancreatography [6]. Treatment involves drainage, surgical repair or endoscopic stenting
[21].

4.1.2. Congenital hepatic fibrosis.

Congenital hepatic fibrosis (CHF) is a rare genetic disorder considering portobiliary system with
an unknown pathogenesis. It often coexists with autosomal dominant polycystic kidney disease
(ADPKD), autosomal recessive polycystic kidney disease (ARPKD) or Caroli’s disease. It leads to
portal hypertension, splenomegaly, upper gastrointestinal varices, and ascites. Hepatomegaly is the
most important symptom prevalent in almost all patients. Diagnosis is confirmed by a liver biopsy
[24].

4.1.3. Cystic fibrosis.

Cystic fibrosis (CF) is caused by mutation in the CFTR gene [8] and is one of the most commonly
diagnosed genetic disorders with a prevalence of 1:3200 in Caucasians [25]. With new treatment
options of the pulmonary manifestations of CF and newborn screening programs life expectancy of
the patients has increased. That has increased the role of cystic fibrosis-associated liver disease
(CFLD) in morbidity and mortality due to CF. That early complication usually occurs in the first
decade of life and concerns up to 25% patients with CF. It can be asymptomatic or present with
hepatomegaly, splenomegaly, abnormal liver markers, jaundice, varices, visceral bleeding and ascites
[26].

4.1.4. Budd-Chiari syndrome.

Budd-Chiari syndrome is a rare condition characterised by an obstruction of the hepatic venous
outflow tract. It can be either primary due to thrombosis or phlebitis, or secondary caused by
compression of the hepatic veins or inferior vena cava [27]. It is usually caused by hypercoagulable
states or myeloproliferative disorders. It results in hepatic congestion, portal hypertension and
subsequent hepatic fibrosis. Treatment includes anticoagulation and, in extreme cases, porto-caval
shunting [6].

4.1.5. Sinusoidal obstruction syndrome (SOS).

Also called hepatic veno-occlusive disease, sinusoidal obstruction syndrome is a complication
of cytoreductive therapy prior to hematopoietic stem cell transplant [6] and affects mainly sinusoidal
endothelium [28]. Clinically it presents with jaundice, weight gain, ascites and hepatomegaly.
Diagnosis is made based on liver biopsy which shows occlusion of terminal hepatic venules.
Treatment includes paracentesis and careful fluid management together with pharmaceuticals such
as thrombolytic agents and methylprednisolone. Patients may eventually need a liver transplant [6].
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4.2. Peritoneal infections.

4.2.1. Cytomegalovirus (CMV).

Cytomegalovirus is a herpesvirus that becomes latent for a lifetime after a primary infection [29].
It plays a significant role in infections and mortality in immunocompromised patients [30]. Usually
the infection is asymptomatic and does not cause severe symptoms. The literature reports cases of
CMV-caused ascites in the mechanism of severe hepatitis and following portal hypertension or
peritonitis after gut perforation [30]. The process of ascites creation in CMV induced hepatitis is
linked with portal hypertension and has been described in previous paragraphs in this article.

4.2.2. Ebstein-Barr Virus (EBV).

Ebstein-Barr Virus normally causes fever without other symptoms in early childhood or acute
infectious mononucleosis in older children and young adults. In immunocompromised patients
however, the infection may be unusually serious [31]. There are a few cases reported of EBV causing
hepatitis complicated by ascites [31]. It can also cause ascites indirectly by producing cholecystitis or
nephrotic syndrome [32]. That is why it is worth considering running EBV testing in children with
ascites especially with previous history of infection matching the EBV- infection characteristics.

4.2.3. Tuberculosis.

Tuberculosis in endemic areas can cause in children and infants both congenital and acquired
ascites [6]. It often presents with abdominal pain and fever accompanying abdominal distension.
Paracentesis and ascitic fluid analysis confirms the diagnosis [6] and tuberculous peritonitis is
diagnosed with a peritoneal biopsy [33].

4.3. Intestinal causes.

4.3.1. Crohn’s Disease.

Crohn’s disease is an inflammatory disease of gastrointestinal tract with an increasing
prevalence among both children and adults [7] [34]. It is suspected that westernized diet is
responsible for the increased occurrence in the pediatric population [35]. It usually presents with
diarrhea, abdominal pain, rectal pain, blood in the stool, weight loss, fever and fatique [34]. Ascites
as a primary complication of Crohn’s Disease is extremely rare but is well recognized as a
complication of conditions accompanying CD such as portal hypertension, malignancy or protein
losing enteropathy [36]. There are a few mechanism suspected as to formation of primary ascites in
CD such as transmural bowel inflammation and lymphatic stasis [37]. Regardless of the mechanism,
literature reports that the presence of ascites in Crohn's disease is associated with increased disease
activity and inflammations requiring more aggressive treatment [38]. Diagnosis is made by exclusion
of other causes [6].

4.3.2. Intestinal atresia.

Bowel obstruction is the most common cause of isolated fetal ascites which in itself is a rare
finding [39]. Intestinal atresia is one of the most prevalent reasons for bowel obstruction in neonates
with small bowel obstruction accounting for majority of cases, whereas colonic atresia is quite rare
[40]. Increased pressure in the obstructed bowel may lead to perforation and ascites in the mechanism
of meconium peritonitis. Atresia without perforation may also lead to ascites in transducative
mechanism [1]. Treatment of unperforated intestinal atresia is surgical removal of the obstruction
[40]. Later management is dependent on the outcome of the surgery and might involve nutritional
treatment and further surgical or medical interventions [41].

4.3.3. Meconium ileus (MI).


https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

13

Meconium ileus is one of the earliest manifestations of cystic fibrosis and affect 20% of infants
with CF and 80-90% of children with MI have CF [42]. Due to obstruction and subsequently increased
intraintestinal pressure bowel might perforate and cause ascites in the mechanism of meconium
peritonitis [41]. Moreover, the history of meconium ileus in a patient with cystic fibrosis is a risk factor
of developing cystic fibrosis-associated liver disease which may also lead to ascites later in life [26].

4.3.4.Eosinophilic enteropathy.

Eosinophilic enteropathy is a part of Eosinophilic Gastrointestinal Diseases (EGIDs) and affects
mostly children under the age of five. It may present with a variety of symptoms depending on which
section of intestine is affected. Most common symptoms include nausea, vomiting, abdominal pain,
diarrhea, weight loss and abdominal distention. Ascites develops when disease reaches subserosal
layer of the intestine [43]. Eosinophilic enteropathy should be considered in children presenting with
ascites and intestinal symptoms without portal hypertension [6]. Due to its rare occurrence, there is
no clear consensus about the best treatment protocol but corticosteroids, mast cell inhibitors and
dietary therapy in form of elimination diets are usually applied [43].

4.4. Pancreatic causes.

Pancreatic ascites is relatively rare and effects from leakage of peritoneal secretion due to a
pancreatic duct injury and treatment usually includes creating a shunt directing the fluid from the
peritoneal cavity to the bowel and allowing the tear to heal [44]. It is more common coexisting with
pancreatic cysts and necrosis [45].

In pediatric population another common cause of pancreatic ascites next to trauma is an infection
[6] and literature reports cases of pancreatitis complicated by ascites [46]. In that case a systematic
inflammatory response may occur [6]. Paracentesis and elevated lipase and amylase levels in ascitic
fluid are pathognomonic to the diagnosis of pancreatic ascites [3]. Treatment involves addressing the
underlying cause whether that is injury or pancreatitis and usually includes bowel rest and total
parenteral nutrition [6]. It is also worth mentioning that pancreatic ascites may be complicated by
fluid shifts and peritoneal irritation caused by enzymes contained in the pancreatic juice [7].

4.5. Systemic inflammatory disorders.

4.5.1. Systemic lupus erythematosus (SLE)

Ascites is not characteristic of systemic lupus erythematosus and extremely uncommon as its
standalone presentation. There have been a few cases reported of ascites complicating nephrotic
syndrome, congestive heart failure or portal hypertension caused by SLE with fluid features
consistent with those mechanisms. It can also occur in the mechanism of sterile peritonitis as
serositis happens in 13% of patients with SLE [47]. The pathomechanism of peritonitis in SLE is
unclear but it is probably due to deposition of immune complexes in mesenteric vessels causing
inflammation and fluid secretion to the peritoneal cavity. Diagnosis of sterile peritonitis is usually
made based on analysis of ascitic fluid showing leukocytosis with no signs of malignancy or infection,
especially with already diagnosed SLE [6]. There are no reports of SLE-associated ascites in pediatric
populations but with the tendency of autoimmune diseases to present in progressively younger
patients with greater severity, it should be taken into account in differential diagnosis especially in
patients with juvenile SLE [48].

4.5.2. Henoch-Schonlein purpura

Henoch-Schonlein purpura is the most common vasculitis in children which symptoms are
caused by IgA accumulation in walls of blood vessels, and mostly affects skin, joints, gastrointestinal
system and kidneys [49] with 50-75% of patients presenting gastrointestinal symptoms [50]. There
have been very few cases reported of chylous ascites in the course of Henoch-Schénlein purpura [50]
[51], all in adult patients with a long history of the disease with the mechanism of ascites formation
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remaining unknown. Also hemorrhagic ascites is possible but extremely rare with two cases in adults
and one case in a child reported [52].

4.6. Cardiac ascites.

Heart failure as a reason for ascites is worth mentioning as cardiac disorders are among the three
most common causes of ascites in pediatric population [5]. World Health Organisation (WHO) in its
2009 report recognises congenital malformations, cardiomyopathy and anthracycline toxicity as main
reasons for heart failure in children and adolescents also noting the prevalence of malaria and
malnutrition as causes of serious anemia contributing to pediatric heart failure in lower income
countries [53]. Some studies also show a large role of rheumatic fever and its complication in the form
of rheumatic heart disease in the ethology of HF in children [54]. Clinical presentation of cardiac
ascites is usually consistent with elevated SAAG and high ascites protein levels [55]. It forms in the
mechanism of congestive heart failure, increased blood flow through the liver and passive liver
congestion causing increased portal pressure [7] together with increased permeability of hepatic
sinusoids [3] allowing for leakage of protein rich serum into the peritoneal cavity. It also promotes
hepatic lymph formation and causes the ascitic fluid to mimic that of chylous ascites [7]. Literature
reports cases of low-SAAG cardiac ascites [55] which can be explained by secondary activation of
RAAS and water retention due to congestive heart failure decreasing effective arterial blood pressure
[7]. Low gradient ascites is especially prevalent in patients with low serum albumin levels and long
history of heart failure [55] or with accompanying cirrhosis causing fibrosis of hepatic sinusoids and
blocking protein from entering the ascitic fluid [3]. Literature seems to favor aggressive diuretic
treatment or therapeutic paracentesis as forms of symptomatic treatment of cardiac ascites [55].

4.7. Genitourinary causes of ascites.

Urinary ascites or uroascites is observed when leakage of urine causes its collection in the
peritoneal cavity. Detection of an elevated creatinine level in the ascitic fluid is diagnostic [6]. It is
responsible for almost 30 % of all cases of neonatal ascites with posterior urethral valves (PUV) being
the most prevalent cause [1]. It may be also caused by the perforation of the bladder with over 75 %
of cases being the complication of a difficult umbilical arterial catheterisation [56]. Cases of
spontaneous bladder rupture have also been reported but are quite rare [57].

4.7.1. Obstructive uropathy.

Obstructive uropathy presents itself primarily in bimodal distribution in infants and the elderly.
It also affects males significantly more often than females. In the pediatric population the most
frequent causes are posterior urethral valves although it makes up only 4% of all cases. The treatment
of obstructive uropathy is based around quickly addressing the obstructive process and relieving the
pressure in the bladder [58]. Literature also reports cases of ureterocele causing ascites in the alike
obstructive mechanism [59].

4.7.2. Posterior urethral valves.

Posterior urethral valves have been classified in 1919 into three types with type I being
responsible for 95% of cases [60]. Type 1 is described as sail-like folds along the urethra that obstruct
the flow of the urine. Thanks to the improvement of ultrasonography 30% of the cases are
diagnosed in the neonatal period [61] and 50-70 % within the first year of life [60]. The finding of
dilated posterior urethra, dilated bladder, dilated ureters and hydronephrosis in a male infant
indicate high probability of posterior urethral valves [61].

The main objection in treatment of posterior urethral valves should be preserving bladder and
renal function. It should be achieved by resolving the obstruction and relieving the pressure in the
urinary tract [60]. Usually it takes the form of the simplest solution which is the catheter drainage of
the bladder with monitoring of serum electrolytes levels and renal function. It is advised to
administer oral antibiotics as prevention of catheter-related urinary tract infections. Endoscopic


https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

15

ablation of the valves is usually performed in children weighing over 2000g after the improvement
of their state thanks to the drainage of the bladder. Vesicostomy is sometimes performed in children
too small for ablation as the transitional step. Review of the literature does not support any option
above the others in the uncomplicated cases however vesicostomy may be especially beneficial in
cases of severe reflux as it completely relieves the pressure in the bladder [60].

4.7.3. Nephrotic syndrome.

Ascites is also frequently observed in children with nephrotic syndrome [62]. In this setting
decreased arterial blood volume leads to RAAS activation which causes sodium and water retention.
Moreover the hypoalbuminemia causes low oncotic gradient in hepatic capillaries which together
with hypervolemia has a key role in secretion of fluid into the peritoneal cavity [6]. Because of that
mechanism, the constitution of ascitic fluid is more similar to the fluid in cirrhotic ascites than to that
of uroascites. There have also been a few reports of nephrotic syndrome causing chylous ascites,
usually by obstruction to lymphatics [62].

4.8. Chylous ascites.

Chylous ascites is a rare occurrence in the pediatric population and can develop in three different
ways: lymphatic trauma, malformation or obstruction [6]. It is described as a leakage of lymph into
the peritoneal cavity and usually presents itself as painless abdominal distension [50]. Diagnosis is
made based on clinical presentation and analysis of ascitic fluid [33]. Ascitic fluid from chylous ascites
is very characteristic with its “milky” appearance, high fat concentration, an alkaline pH, high SAAG
and a negative culture [1]. It usually presents with distention of the abdomen that progresses through
weeks and months without pain [33]. The quickly accumulating chylous ascites is a firm indication
of its traumatic origin.

4.8.1. Trauma, obstruction or malformation.

Primary chylous ascites is most frequently caused by congenital lymphatic dysplasia or
malformations [63] eg. in Noonan syndrome [64], but is also the rarest etiology of chylous ascites.
Secondary chylous ascites can happen through disruption of the lymphatic channels by injury or
obstruction. Traumatic chylous ascites is the most prevalent both in adult and pediatric populations
with reportedly 11% of abdominal surgeries in adults being complicated by chylous ascites. In
children, it is also a frequent complication after surgical resection of abdominal malignancies [63].
These are caused by direct injury of lymphatic vessels during the surgical procedures. The indirect
injury to the abdomen can also result in disruption of lymphatic channels. The estimation is that 10%
of all chylous ascites is caused by child abuse. Trauma causes disruption of the lymphatic vessels and
leakage of chyle to the peritoneal cavity [1]. It is also suspected that traumatic chylous ascites can also
be caused in the mechanism of portal hypertension. It is probable that increase in hepatic venous
pressure provokes a significant increase in hepatic lymph production. That raises the pressure in the
lymphatic channels which endothelium is not adapted to, and may therefore rupture and cause
leakage of chyle to the peritoneum [33]. In compliance with that theory every condition existing with
increased hepatic pressure such as right-sided heart failure can cause chylous ascites [63]. Obstruction
to the lymphatic channels usually happens due to increased peritoneal lymphatic pressure. That can
happen in fibrosis of the lymph node, either infectious or linked to malignancy. Prolonged increased
pressure stimulates collagen accumulation in the walls of the lymphatics increasing the pressure even
further [33].

Treatment is rather conservative especially in cases of traumatic chylous ascites with a known
place of rupture [63]. If obstruction is suspected, abdomen CT should be performed together with
cytology of ascitic fluid which in case of positive result has a 97% correlation with presence of
peritoneal carcinomas [33].

4.8.2. Primary intestinal lymphangiectasia (PIL)
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There are also cases reported of chylous ascites as a symptom of primary intestinal
lymphangiectasia (PIL). Dilated intestinal lacteals cause leakage of lymph into a small bowell. It is
usually diagnosed before 3 years of age and usually presents as lower lymph edema but can also lead
to anasarca, pericarditis and chylous ascites [65].

4.8.3. Extravasation of parenteral nutrition.

It is also possible to develop ascites as an adverse reaction to extravasation of parenteral
nutrition even though it is rare. In that case ascites should resolve following the removal of the
catheter [66].

4.9. Malignancy.

In the paediatric population malignancy accounts for less than 5% of cases of ascites [67].
Tumour that is known for its tendency to produce ascites is ovarian cancer [68]. Presence of ascites
in ovarian cancer is connected with a poor prognosis. Ovarian cancer is rare in children, however,
with 1,3% being diagnosed in patients below the age of 20 [69]. There are cases reported of
lymphomas causing chylous ascites both in adults [70]] and in children [71]. What is worth
mentioning is that malignancy is responsible for 17% of asymptomatic chylous ascites [50]. There are
also reports of chylous ascites as a complication Wilms’ tumour or its surgical management [72] [73].
There is also a report of Wilms’ tumour causing ascites indirectly by causing sinusoidal obstruction
syndrome [74]]. Other tumours that tend to cause ascites are neuroblastomas and germ cell tumours
and they do so in the mechanism of peritoneal metastases [75].

Abdominal paracentesis is crucial in the diagnostic process of malignancy linked ascites with
high levels of cholesterol, lactate dehydrogenase and positive cytology pointing towards malignancy
[14].

5. Pseudo-ascites

As the ascites is described as pathological accumulation of fluid in the peritoneal cavity, any
other intraabdominal collection of fluid can be mistaken for ascites [6].

Clinical presentation in physical examination is oftentimes equal to that of ascites with
abdominal distension and altered abdominal percussion. In cases of visible fluid in the abdominal
ultrasonography and doubts whether the fluid is in the peritoneal cavity or some other space,
abdominal computed tomography is decisive [13].

5.1. Celiac disease.

Celiac disease may present in a number of different ways and give a variety of symptoms
especially if diagnosed late. Children traditionally present with poor appetite, diarrhoea, muscle
weakness, abdominal distension and an overall failure to thrive. Inflammation in the intestines may
lead to secretion of fluid and small-bowel distension which may give the clinical image that resembles
ascites [76] [7]. There are also reports of adult or elderly patients with ascites due to severe and
previously undiagnosed celiac disease [77] [78] [79].

In children it is possible to diagnose celiac disease without biopsy if strict conditions are met.
Therefore, children with clear gastrointestinal symptoms or other symptoms suggestive of celiac
disease should be tested for transglutaminase antibodies [76].

5.2. Intraabdominal cysts.

5.2.1. Omental cysts.

Omental cysts are very rare cystic tumors that originate from the omentum and are mostly
benign [80]. They occur predominantly in children with 75% diagnosed under the age of five [81],
more frequently in girls [82]. Usually diagnosed through abdominal ultrasonography and CT most


https://doi.org/10.20944/preprints202306.2262.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2023 doi:10.20944/preprints202306.2262.v1

17

cysts present with abdominal mass pain and distension [80]. A they carry a risk of rupture
complicated by acute abdomen, the treatment is complete resection [81].

5.2.2. Ovarian cysts.

Ovarian cysts are estimated to develop in 5-15% of women in reproductive age [83]. They can
also be congenital diagnosed prenatally, immediately after birth or later in life [84]. Patients may be
asymptomatic or present symptoms due to cyst’s size or rupture and are usually diagnosed through
pelvic ultrasonography [85]. Literature reports a few cases of giant ovarian cysts being misdiagnosed
as ascites [86]. Treatment is usually laparoscopic cystectomy [83].

5.2.3. Lymphocele.

Lymphocele is usually a postoperative complication when a leakage of lymph collects in a cystic
formation. It is usually asymptomatic and self-limiting and therefore does not require surgical
treatment [87]. Spontaneous lymphocele is rare and the treatment depends on size and symptoms
with symptomatic lymphocele requiring fine-needle aspiration, catheter draining or surgical
approach. With no history of previous injury lymphocele poses a diagnostic challenge and, if large
and distending the abdomen, may be misdiagnosed as ascites [88].

5.2.4. Cystic mesothelioma.

Cystic mesothelioma is a rare benign neoplasm that concerns mainly women of reproductive
age and often correlate with endometriosis, ovarian cysts or pelvic inflammatory disease [89]. There
have been 9 cases reported in children [90] with the most common reasons for admission to hospital
being lower abdominal and pelvic pain. There have also been reports of cystic mesothelioma in
different localizations than abdomen such as pericardium and chest. In children en block removal
through laparoscopy or laparotomy is preferred and frequently used [91].

6. Summary.

Ascites in children may pose a diagnostic challenge and requires a calm and systematic approach
from the physician. Understanding the mechanisms leading to its development and conditions linked
to it, will provide the patient with adequate treatment and care.
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