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Core tip: Ascites is an accumulation of fluid most commonly found in cirrhosis with portal hypertension. Ascites can cause or is associated with a number of complications including spontaneous bacterial peritonitis,
hepato-hydrothorax and hepatorenal syndrome. Ascites
itself, and these associated complications are a significant cause of morbidity and mortality in cirrhotic patients. The management of ascites is complex, utilizing
an array of medications and interventional therapies to
maintain appropriate total body volume, prevent multiorgan dysfunction, and manage against increased risk
for associated infections.

Abstract
Ascites is a pathologic accumulation of peritoneal fluidcommonly observed in decompensated cirrhotic states.
Its causes are multi-factorial, but principally involve
significant volume and hormonal dysregulation in the
setting of portal hypertension. The diagnosis of ascites
is considered in cirrhotic patients given a constellation of clinical and laboratory findings, and ultimately
confirmed, with insight into etiology, by imaging and
paracentesis procedures. Treatment for ascites is multimodal including dietary sodium restriction, pharmacologic therapies, diagnostic and therapeutic paracentesis,
and in certain cases transjugular intra-hepatic portosystemic shunt. Ascites is associated with numerous complications including spontaneous bacterial peritonitis,
hepato-hydrothorax and hepatorenal syndrome. Given
the complex nature of ascites and associatedcomplications, it is not surprising that it heralds increased morbidity and mortality in cirrhotic patients and increased
cost-utilization upon the health-care system. This review will detail the pathophysiology of cirrhotic ascites,
common complications derived from it, and pertinent
treatment modalities.
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INTRODUCTION
Ascites is a very common manifestation of decompensated cirrhosis and represents a pathologic accumulation
of fluid within the peritoneal cavity[1-3]. The term “ascites”
is derived from the Greek term “askos” in reference to its
similar appearance to a winebag or sac. This seems rather
appropriate, both in description of presentation and as
an allusion to a main cause of cirrhosis. The term “ascitic
fluid” is also utilized in the literature however it is in a
way redundant. The clinical presentation of ascites has
been described since antiquity, reasonably inferred from
passages in the Egyptian medical text, the Ebers Papyrus c.
1550 BCE[4].
Cirrhotic ascitic fluid accumulation results from a
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number of factors broadly defined in terms of hormonal
and cytokine dysregulation and related volume overload
in the setting of portal hypertension[1]. The manifestation
of ascites is an important landmark in the progression
of cirrhosis: (1) it is the most common cause for hospital admissions and thus contingent costs; (2) it portends
increased 1-year mortality; and (3) functions as a riskstratification marker for orthotopic liver transplantation
(OLT)[1,5-7]. This review will characterize the pathophysiology of cirrhotic ascitic fluid formation, the complications surrounding ascites, and basic medical management
of these processes.

of ascites remains incompletely understood and continues to evolve. A hybrid theory currently prevails, having
arisen out of the “overflow” and “underfill” theories of
the past generation[1,2,5]. A brief sketch of these views
suggests the following: (1) continuous injury to the liver
as a combination of both exogenous factors, e.g., chronic
alcohol or viral or non-alcoholic steatohepatitis (NASH)
injury; (2) in the setting of an appropriate genetic disposition; and (3) continued micro-processes of inflammation, necrosis and collagen deposition/regeneration, all
conspiring to transform the liver from a low-resistance to
a high-resistance system, e.g., a spectrum of fibrosis with
vascular smooth muscle dysfunction[11]. These continued
processes can lead, in aggregate, to increased pressure in
the portal vein, i.e., portal hypertension. The portal vein is
normally approximately 8 cm in length and usually < 13
mm in diameter. It is formed by the union of the splenic
and superior mesenteric vein systems; the inferior mesenteric vein enters one of these vessels, or at their junction,
quite variably. Portal hypertension is defined as being 6
mmHg or greater as measured by the wedged hepatic vein
gradient, and in particular, ascites formation usually occurs at 8 mmHg or greater. For completeness, it is noted
that further clinical decompensation in the form variceal
formation (10 mmHg), increased risk of variceal bleeding (12 mmHg) and risk for recurrent variceal bleeding
(20 mmHg), correlate nicely with these increasing portal
pressures[12-16]. This clinical sequence portends significant
morbidity and mortality and can be interlaced with relatedfurther complications of hepatic encephalopathy (HE),
spontaneous bacterial peritonitis (SBP), hepato-hydrothorax (HHT) and hepatorenal syndrome (HRS)[12].
Thus in the setting of portal hypertension, backflow
and stasis of vasodilatory substances, e.g., nitric oxide,
begin to accumulate[17]. This causes, amongst other results
splanchnic vasodilation with resultant hypoperfusion (although even when globally euvolemic or hypervolemic)
of the renal system. Appropriately in this sense, thereninangiotensin-aldosterone system (RAAS) is activated leading to aggressive fluid retention[18-20]. In brief, renin is
secreted from the renal juxtaglomerular apparatus (JGA)
around the proximal nephrons in response to changes in
vascular pressures, changes in serum sodium, and from
activation of the sympathetic nervous system[17]. It in
turn will convert angiotensinogen (made in the liver) to
angiotensin Ⅰ which is further converted to angiotensin Ⅱ by angiotensin converting enzyme (ACE) in the
lungs[17-19]. Angiotensin Ⅱ has multiple important functions that drive fluid acquisition and retention, including
stimulation of the thirst drive, release of aldosterone
from the zona glomerulosa of the adrenal cortex, and
secretion of vasopressin from the posterior pituitary[17-19].
This excess retained blood volume is thought to leak-out
(filtered in a sense) directly from both the liver surface,
and the mesenteric vessels. This latter mechanism is due
to increased hydrostatics and vascular wall permeability,
and concurrently decreased oncotic (osmotic) fluid retention in the form of absolute or relative hypoalbuminemia.

PATHOPHYSIOLOGY
For the purposes of this discussion, the focus will be on
cirrhotic ascites, in the setting of portal hypertension,
which comprises approximately 85% of all cases[1,2,5].
Other causes of ascites (non-cirrhotic)can be broadly
defined as pre- or post-hepatic in origin. Pre-hepatic
causes might include: portal vein thrombosis, lymphoma,
abdominal lymphatic injury or obstruction, bowel perforation, renal failure, pancreatitis, peritoneal tuberculosis,
or a malignancy with peritoneal implants. Post-hepatic
causes include congestive heart failure usually associated
with pulmonary hypertension, constrictive pericarditis,
the Budd-Chiari syndrome, and stricture/web formation
in the inferior vena cava (IVC)[1,5]. This latter category,
regarding IVC stricture/web formation, is likely to manifest rather slowly overtime as obstruction to critical flow
progresses.
Malignant ascites, which is found in 10% of cases,
can occur as a result of any neoplastic disease having
peritoneal metastasis, but is more common with breast,
bronchus, ovary, gastric, pancreatic or colon cancer. Up
to 20% of cases of malignant ascites have a tumor of
unknown origin. Most cases of malignant ascites have
a high protein content[8-10]. Because there are multiple
potential causes of ascites other than liver disease and/
or portal hypertensive origin, non-hepatic disease processes should be ruled out through clinical history and
by utilizing specific laboratory testing and imaging. As an
example, in the setting of chronic pancreatitis with associated pseudocyst and internal fistulae formation, significant fluid can directly enter into the peritoneal cavity and
manifest as abdominal distension with pain. In particular
an elevated ascitic fluid amylase level, found on diagnostic
paracentesis, is strongly diagnostic for this category. The
physician might be especially sensitive to this diagnosis in
a patient with a significant history of alcohol use, chronic
pancreatitis and steatorrhea. Notably, the serum-ascites
albumin gradient (SAAG) is a useful tool for segregating
ascites-associated disease processes due to portal hypertension, such as cirrhosis, from the many other nonportal hypertensive causes of ascites[11]. A SAAG value ≥
1.1 g/dL strongly supports (97% sensitivity) a diagnosis
of portal hypertension as causal[11].
Despite its well known presentation, the pathogenesis
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These three parameters, as described in the classical Starling equation, overwhelm the reabsorptive capacity of the
peritoneal surface and lymphatic system[17-19].
Normally, the peritoneal cavity is decompressed and
has a pressure of 5-10 mmHg, containing approximately
25-50 mL of serous fluid. This fluid normally provides a
low resistance film over which bowel can move past each
other and further hydrates the serosal surfaces maintaining pliability and integrity. The maximum absorption of
fluid out of the peritoneum is approximately 850 mL/d
in optimal settings. This property of absorption (selective
filtration) provides the theory under which peritoneal dialysis operates[21,22]. It can be observed that alterations in
the properties of the lymphatic system or the peritoneal
surface area, either by inflammatory, infectious or fibrotic/mechanical processes can alter optimal re-absorption.
Thus, continued dysregulation of these parameters can
lead to profound ascitic fluid retention.

the actual amount of volume. Ascites can be of three
severities: gradeⅠ, wherein it is diagnosed by abdominal
ultrasound, which requires approximately 100 mL of
fluid within the peritoneum (recall that normal volume
is approximately 25-50 mL); grade Ⅱ, implying at least
1000 mL of peritoneal fluid, which can be detected with
physical examination through the classic exam findings of
sagging flanks, shifting dullness, fluid-wave, and the more
laborious and rarely utilized Puddle’s sign;grade Ⅲ, manifested as a grossly distended abdomen, implying liters of
ascitic fluid. This final grade can elicit a severe form of
discomfort, and may be described as a tense ascites[1,12,22,24].

PARACENTESIS AND LABORATORY
TESTING
Proper evaluation of ascites rests upon direct assessment
through paracentesis: to characterize the fluid origin,
and whether it is sterile, infectious and/or malignant.
Unfortunately, there has been much lore related to the
contra-indications and complications of this procedure.
As with any procedure, coagulation status is a reasonable
concern, and indeed in cirrhotics with ascites their coagulation status is altered but it is not at all obvious in which
direction (pro- or anti-coagulant)[25]. Certainly there is a
deficiency in the production and/or activity of coagulation compounds as would be indicated by the altered
international normalized ratio (INR), but this parameter
does not measure all coagulation factors, e.g., protein C
- a procoagulant. The idea that these patients are “autoanticoagulated” is not true, and they can in fact be at real
risk for thrombo-embolic disease[26]. Considering this
problematic background, one must look at the empiric
data, and although limited, suggests that paracentesis
has been well-tolerated in patients with platelet counts
below 20000 cells/mm3 and an INR as high as 8.7[27-29].
Complications of wall hematoma requiring transfusion
and infection are remote. A reasonable absolute contraindication would be in disseminated intravascular coagulation[12]. The evidence for requisite transfusions of blood
products, by non-hepatology procedural services, to meet
the arbitrary limits of an INR < 1.5 or platelets > 50000
cells/mm3 is unfounded, wasteful in resources and time,
and itself incurs risks of transfusion reactions.
A diagnostic paracentesis, as opposed to a therapeutic paracentesis (vida infra), requires approximately 30-50
mL, and is mandatory in all cases of new onset ascites or
ascites occurring in an individual with a change in clinical status to include fever, abdominal pain, new onset
or worsening HE and any sign or symptom of infection
generally. Paracentesis may be revealing for SBP even
in hospital admissions not thought related to hepatic
disease, e.g., a presentation of weakness with painless ascites[24,28]. Ascitic fluid analysis in all cases should include
cell counts and differential, albumin and total protein,
and ascitic fluid culture aliquoted at the bedside[28]. Other
studies depending upon the clinical situation or appearance of the ascitic fluid can include lactate dehydogenase

CLINICAL PRESENTATION
Ascites represents a very common manifestation of decompensated cirrhosis and thus on presentation[1,12] if
cirrhosis has not already been defined for the patient, risk
factors for its usual precursors, namely alcoholic use, viral
hepatitis and NASH should be explored[1,12]. The clinical presentation of ascites is variable: it can occur slowly
as observed in common and classical liver diseases, or
suddenly as in new mechanical obstruction to the major
vessels. For instance, hepatic or portal vein thrombosis,
compression of the IVC due to trauma with a hematoma
or infection, or acute hepatic failure. In the setting of
thrombosis, causes for a hypercoaguable state should be
sought: infectious, inflammatory, malignancy or hematologic genetic dispositions.Ascites can be painless, and if
it is associated with abdominal pain may simply represent
discomfort from mechanical distension, or super-imposed
infection as in SBP, or even hepatocellular carcinoma[12,23].
Thus, while ascites represents a natural progression of cirrhosis, its appearance should prompt a careful investigation for other causes and complications as well[12].
An increase in abdominal girth can be due to a few
generic processes. An increase in the width of the abdominal wall itself, i.e., an enlarging panniculus; or it can
represent the accumulation of solid, gas or liquid within
the intestines or peritoneal space. Solid causes can represent retained and accumulating stool in constipation, or a
malignant mass such ovarian cancer. Gaseous distension
can also be observed in those with constipation or small
intestinal bacterial overgrowth. Liquid retention, when
focused, can represent a cystic object or loculated ascites.
When the liquid is distributed uniformly, one certainly
considers non-complicated ascites from liver or other
sources (vida supra). The most common clinical complaints
associated with liver related-ascites are an increase in abdominal girth, abdominal fullness, discomfort or ache,
shortness of breath, early satiation and a sense of reduced
mobility[12,22,24]. These symptoms are sensibly scaled to
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more subtle change in mental status, e.g., HE, to being
totally asymptomatic[12].
Infectious ascitic fluid is analyzed conceptually and
practically through cell count/differential and fluid culture and is configured into four categories, the most
important being SBP, defined as a neutrophil count >
250 cells/mm3 and a positive mono-microbial ascitic culture[12,40]. If the cell count is < 250 cells/mm3 and there is
a positive ascitic culture this is defined as non-neutrocytic
bacterascites (NNBA), whereas a negative ascitic culture
with > 250 cells/mm3 is culture-negative neutrocytic ascites (CNNA). A neutrophil count > 250 cells/mm3 in the
setting of a positive polymicrobial ascitic culture suggests,
usually in the setting of bowel perforation, a secondary
bacterial peritonitis. This diagnosis is supported by ascitic TP > 1 g/dL, glucose < 50 mg/dL and LDH > 225
U/L, the so-called Runyon’s criteria[41]. In practice, with a
positive neutrophil count, while culture results are pending, a provisional diagnosis of SBP will be granted and
antimicrobial treatment initiated (vida infra). Given appropriate clinical indications NNBA and CNNA are treated
in similar fashion to SBP. Secondary bowel peritonitis,
beyond the utilization of antibiotics to include anaerobic
coverage, will necessitate imaging and intervention for
presumed bowel leak and/or perforation.
Standard treatment for SBP involves immediate implementation of third-generation cephalosporin such as iv
ceftriaxone 1-2 g daily for five days, although oral fluoroquinolones have been utilized with success as well[42,43].
Repeat paracentesis is not needed unless there is clinical
indication of failing treatment. Given the risks of renal
dysfunction, specifically HRS (vida infra), in the setting of
alterations in effective circulating volume, iv albumin has
been utilized to maintain oncotic tone and renal perfusion.
Initial studies demonstrated a benefit when iv albumin was
dosed as 1.5 g/kg on day 1 and 1.0 g/kg on day 3, yielding
renal protection and improved mortality[44]. Sub-analysis
of these patients, further prompted by the large cost of iv
albumin, suggested that patients with SBP and blood urea
nitrogen (BUN) > 30 mg/dL and total bilirubin (TB) >
4 mg/mL would best benefit[45]. Ideally, one would seek
for prevention of SBP as opposed to reactive treatment,
and in this regard three groups have shown to benefit
from antibiotic prophylaxis. In those (1) with prior SBP,
oral norfloxacin 400 mg daily or equivalent indefinitely;
(2) patients in the setting of gastrointestinal hemorrhage,
to receive iv ceftriaxone 1 g daily × 7 d or equivalent; and
(3) hospitalized patients with ascitic TP < 1.5 g/dL and
serum Na < 130 mmol/L or BUN > 25 mg/dL or serum
creatinine (Cr) > 1.2 mg/dL; otherwise TP < 1.5 g/dL
with Child-Turcotte-Pugh (CTP) score > 9 and TB > 3
mg/dL, to receive oral ciprofloxacin 500 mg daily or oral
trimethoprim-sulfamethoxazole double-strength daily[46-52].

(LDH), cytology, amylase, glucose, total protein (TP), and
triglycerides[12].
In regards gross appearance, ascitic fluid that is nonneutrocytic nor infected should be clear to yellow and
transparent. In normal ascitic fluid the neutrophil count
should be < 250 cells/mm3, wherein the neutrophils are
usually presented as a percentage of the total white blood
cell (WBC) count. A common misinterpretation is to read
this percentage as the absolute number of neutrophils,
potentially missing a diagnosis of SBP. An elevated WBC
count itself is certainly indicative of inflammation, and
usually, but not definitively of infection, e.g., SBP[12,28].
Other molecules such as lactoferrin have been evaluated
for utility as sensitive ascitic biomarkers of infection but
have yet to yield cost-effective results[30,31]. In the setting
of peritoneal dialysis patients, lower thresholds for peritoneal infection have been described[32], e.g., > 50 neutrophils/mm3. In cases of “bloody taps”, a correction factor
of subtracting 1 neutrophil for every 250 red blood cells
(RBCs) should be implemented when defining the type
of ascites. If a milky appearance is observed it could
suggest a high triglyceride count (chylous ascites from
injured lymphatic ducts) of > 100-200 mg/dL[33]. An elevated ascitic fluid amylase level would be very suggestive
for pancreatic ascites, e.g., in the setting of a patient with
chronic pancreatitis with pseudocysts, and a history of
alcohol abuse.
A basic analysis of ascitic fluid albumin can be instructive when compared to serum albumin as the SAAG
(where ≥ 1.1 g/dL defines a high albumin gradient)
suggests portal-hypertension origin with 97% sensitivity[11]. Accuracy is decreased if the serum and ascitic fluid
albumin are not drawn at the same time, or if the serum
albumin is < 1.1 g/dL[12]. Note that one cannot infer that
portal hypertension is from cirrhosis, although this may
be a common cause, but other causes pre- and post-hepatic (vida supra) can also present in this fashion as well[12].
For instance cardiac ascites, a post-hepatic cause, with a
SAAG ≥ 1.1 g/dL and an ascitic TP > 2.5 mg/dL, is a
reasonable conclusion in the appropriate patient who has
a history of heart failure, elevated brain natriuretic peptide, and a dilated IVC[34].

INFECTIOUS ASCITIC FLUID TREATMENT
The interface between the bowel, the intestinal microbiota, and the ascitic fluid is a dynamic one[35,36]. There is
a constant translocation of bacteria across the bowel wall;
the wall integrity is variable in part due to host genetics,
nutritional status and local bacterial interactions. There
is usually clearance of these invading bacteria by the immune system after surveillance and capture by neutrophils and macrophages with assisted opsonic molecules,
e.g., immunoglobulins or complement[37,38]. The generation of SBP thus likely is a manifestation of (1) bacterial
type and burden; (2) gut integrity; (3) volume status; and
(4) local and global immune function[37-39]. The symptoms
of SBP can range from fevers and abdominal pain to a
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cirrhotic decompensation, reversible behaviors contributing to the primary process, e.g., alcoholic intake in
a patient with alcoholic-induced cirrhosis, or diabetes
and hyper-lipidemia in NASH patients, should be controlled[53]. Additionally, external therapy support groups
and family involvement may prove crucial in helping the
patient maintain sobriety and therapeutic compliance. A
diet consisting of 2000 mg/d or less of salt (equivalent
to 88 mmol/d of Na) is advocated given the physiologic
limits of serum Na processing and secretion through
the urine[53-56]. Serum Na governs volume status generally, and thus fluid restriction is not required and is likely
not practical. Overloaded states with hyponatremia, even
to levels between 110-120 mmol/L are common and
well tolerated when approached slowly. Adherence to
such a restricted Na diet can be evaluated by measuring
24-h urinary Na, wherein at least 78 mmol/d should be
excreted (with water following Na) and resultant weight
loss. More practically, a spot urine Na to potassium (K)
ratio > 1 in the setting of weight gain also suggests dietary non-adherence[24]. Given the prognosis of ascites as
common manifestation of decompensated cirrhosis, and
the increased risk for mortality, these patients should be
evaluated for OLT, the expedience of which is gauged
approximately by their model for end-stage liver disease
(MELD) score (vida infra)[1,6,12]. Although not absolute, a
sobriety period, in the case of alcoholic cirrhosis, of approximately 6 mo is required of these patients as a predictor of compliance. Furthermore, certain medications,
such as non-steroidal anti-inflammatory drugs (NSAIDs),
ACE inhibitors (ACEIs), and antibiotics such as aminoglycosides, should be avoided in patients with cirrhotic
ascites. NSAIDs inhibit prostaglandins (which function
to dilate afferent arterioles) whereas ACEIs inhibit ACEs
(which activate angiotensin Ⅱ, which functions to constrict efferent arterioles). In either case regulation of glomerular perfusion is diminished, increasing potential for
renal injury. Antibiotics such as aminoglycosides can be
directly nephrotoxic.
Beyond dietary and behavioral measures, or those
who cannot tolerate such restrictions, diuretic therapy
provides another method for ascitic fluid control[57,58].
The standard combination includes spironolactone, an
aldosterone antagonist, which down-regulates Na channels from the apical surface of the principal cells of the
renal cortical collecting ducts; and, furosemide a Na-K-2
chloride (Cl) symport inhibitor in the ascending limb of
the loop of Henle of the kidney. Spironolactone has a
half-life of approximately 24 h, whereas furosemide has
a half-life of approximately 1.5 h. They are utilized in
a ratio of 100 mg of spironolactone to 40 mg of furosemide, which in theory provides for robust natriuresis
with subsequent flow of water, while maintainingnormokalemia[24,56]. Spironolactone is initiated at 100 mg/d and
increased every 5-7 d (in 100 mg steps) to a maximum of
400 mg/d, as needed for response. Furosemide is initiated at a dose of 40 mg/d to be increased at 40 mg/d
until a maximum of 160 mg/d is achieved[24].
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Patients should undergo frequent clinical and biochemical monitoring particularly during the first month
of diuretic treatment. The maximum recommended
weight loss during diuretic therapy for ascites should be
0.5 kg/d in patients without edema and 1 kg/d in patients with edema. These diuretics have proven to be an
excellent method for slow fluid removal and commensurate weight loss. The goal of long-term treatment is to
maintain the patient free of ascites with the lowest dose
of diuretics. There are no absolute levels in regards to the
degree of renal impairment or hyponatremia for which
diuretics should not be initiated. However progressive
renal injury with a Cr rise to > 1.5 mg/dL and hyponatremia < 120 mmol/L, respectively are sensible parameters which should elicit caution and tapering or cessation of diuretics. In patients with chronic kidney disease
(CKD) or transient alterations in renal function, which
are common in these patients, likely higher doses of diuretics will be required. The physician should be weary
for diuretic-induced pre-renal acute kidney injury (AKI)
or the HRS (vida infra). In this setting, there are likely to
be frequent episodes for hyperkalemia given the usage
of the spironolactone[24]. Additionally, intractable muscle
cramps may develop, and thus precipitate a reduction of
diuretics[58]. Alternative drugs to spironolactone, usually
given the side-effects of gynecomastia and/or sexual
dysfunction, or those allergic to the sulfa moiety, may be
given amiloride. Amiloride is a direct inhibitor of the apical Na channel in the principal cells of the renal cortical
collecting duct[59]. Furosemide can be exchanged for bumetanide, a similar acting diuretic, in those not responding to high doses. It is approximately × 40 more potent
than furosemide with a similar side-effect profile[60,61].
More recently, a novel class of compounds has been
generated to exploit the pathway of vasopressin[62]. Vasopressin is a naturally occurring compound built in the hypothalamus and stored in the posterior pituitary which is
then secreted in response to alterations in blood volume
and high serum osmolarity. In such settings it will bind
the vasopressin-2 (V2) receptor on the basolateral surface
of the principal cells of the renal cortical collecting ducts
and through intra-cellular signaling promote the insertion
of aquaporin 2 channels in the apical surface to allow for
free water entry[62]. This process naturally concentrates
urine while expanding total body volume.
In particular one compound, tolvaptan, has been approved for use in volume dysregulated states such as cirrhosis, congestive heart failure and syndrome of inappropriate anti-diuretic hormone[63]. By blocking vasopressin
from binding the V2 receptor, a massive aquaresis takes
place with correction of the volume state and normalization of serum Na concentration. In patients with a serum
Na < 135 mmol/L, tolvaptan is dosed at 15 mg/d in an
inpatient setting, and can be up-titrated by 15 mg/d to
a maximum of 60 mg/d[63]. Significant improvement in
serum Na concentration with tolvaptan, compared to placebo, was observed within 8 h of usage. Given the significant aquaresis, (1) patients should not be hypovolemic; (2)
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and thus classified as diuretic-intractable ascites[74,76,77].
Or, a sub-group of patients may retain significant ascites despite optimized and maximal therapy and thus are
classified as diuretic-resistant ascites. These groups of
patients may require serial LVP, in some cases up to twice
per month, which can be time-consuming, costly and increase the risk for iatrogenic infections. There have been
smaller studies examining the role of other pharmacologic modalities in refractory ascites, such as midodrine, an
alpha-1 agonist upon arterial and venous vessels, inducing
increased vascular tone. Midodrine has been shown to
be as effective as iv albumin in preventing PICD in such
patients with refractory ascites, with minimal side-effects
and high cost-efficiency[78]. Compare this to terlipressin,
which showed similar outcomes in such patients (vida
supra)[75]. Note however that in the latter case, terlipressin
must be given through intravenous, and it is currently not
available in the United States. Interestingly, non-selective
beta-blockers, which have shown benefit in cirrhotic
patients in preventing variceal hemorrhage, are associated with increased mortality, 4 × higher compared to
those not on beta-blockers, when observed specifically in
those patients with refractory ascites[79]. It is postulated
that these beta-blockers may be inhibiting compensatory
cardiac output (via a negative inotropic effect) and thus
pre-disposing to PICD. Further is the interesting finding
that in these patients the CTP score, which includes an
ascites parameter, is better at predicting mortality than
the MELD score. These results require further validation,
but may indicate that in the fraction of patients with refractory ascites, beta-blockers should be contra-indicated.
The prognosis of patients with refractory ascites is
very poor, and if eligible, should be referred for OLT
and/or transjugular intra-hepatic portosystemic shunt
(TIPS) as bridge to OLT[80-85]. TIPS is a procedure that
has been evolving since the 1980s[86] and relies on the
principle of establishing direct continuity (low-resistance)
from a large portal branch to a hepatic vein by way of a
shunting stent. This stent bypasses the cirrhotic (highresistance) parenchymal tissue which had generated the
portal hypertension and resultant ascites[83]. Recall the
portal hypertension develops in the setting of a HWPG
of 6 mmHg or greater, and that at 8 mmHg ascites develops, and at 10-12 mmHg varices develop with increased
risk of hemorrhage. TIPS is a quite common procedure
and not technically demanding with current radiologic
techniques. Procedural complications such as failed TIPS
deployment and endotipsitis are rare. Concern for TIPS
stent thrombosis post-procedurally is minimal in the era
of covered stents[83,87,88]. Its strongest indications are in
those with refractory ascites and/or recurrent variceal
hemorrhage[83]. Overall TIPS has shown benefit in the
decreased requirement for diuretics, improved quality of
life, and likely a trend towards improved mortality when
compared to repetitive paracentesis in patients with refractory ascites[82-85,87-92]. In the MELD era, a score of 14
or less suggests a good candidate for TIPS procedure, a
score of 24 or greater, suggests that OLT is more benefi-

they should have adequate thirst mechanism and access
to fluids; and (3) should have their electrolytes monitored
closely to prevent overly rapid correction, which in acute
settings can lead to osmotic demyelination syndrome[64-66].

AUGMENTED MEDICAL MANAGEMENT
OF ASCITES
While diuretics provide excellent maintenance of volume
status in decompensated cirrhotics, rapid treatment for
ascites, especially tense ascites (grade Ⅲ), is best through
a therapeutic large-volume paracentesis (LVP)[12,24,67]. LVP
can be performed all at once, wherein a catheter is temporarily placed and removed, or with an indwelling peritoneal drain for up to three days to slowly remove ascitic fluid
over that time. Notably, the peritoneal drain method of
LVP is not associated with increased frequency of SBP[68].
An initial LVP whether in an outpatient or inpatient setting, should be sent for ascitic fluid cell count/differential
and cell culture to assess for SBP. Up to 15% of LVP
may be associated with paracentesis induced circulatory
dysfunction (PICD), which is characterized by an activation of the RAAS due to true or perceived volume dysregulation: (1) arterial underfilling and unloading of highpressure baroreceptors; (2) stimulation of non-osmotic
hypersecretion of vasopressin; (3) free water retention and
dilutional hyponatremia; and (4) associated renal dysfunction[69]. Given these concerns, iv albumin replacement (8.5
g/kg for each liter of ascitic fluid removed) is indicated in
cases where more than 5 L of ascitic fluid is removed[70-72].
Albumin, the most abundant circulating protein in the
plasma, is endowed with an array of non-oncotic effects
as well, including functioning as an anti-oxidant, antiinflammatory and positive inotrope[73].
Despite such success, given the risks inherent in the
use of iv albumin, as a blood product and its cost, other
modalities have been attempted. Terlipressin, with a halflife of 6 h, is a vasopressin analog with selectivity for
the V1 receptors on vascular smooth muscle cells, which
induces vasoconstriction. In theory the maintenance of
vascular tone through terlipressin should reduce, at least
in part, some factors that generate PICD[74]. A notable
study suggested that in cirrhotic patients with tense ascites who were assigned to receive standard iv albumin replacement or terlipressin (total 3 mg iv) after therapeutic
paracentesis, both were effective in reducing manifestations of PICD. There were no significant differences in
arterial blood volume (as measured by plasma renin and
aldosterone levels) nor in renal impairment or hyponatremia between either group[75].
Following the LVP, patients should receive the minimum dose of diuretics necessary to prevent re-accumulation of the ascites. A small population of ascites patients
may be defined as having refractory ascites: ascites which
cannot be adequately controlled through dietary, pharmacologic or LVP modalities[74]. Furthermore, a subgroup
of patients maybe intolerant to augmented medical management given symptomatic or biochemical side-effects,
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cial, and a score in-between requires individual consideration of a risk/benefit analysis to the patient[83,93].
Whether TIPS is ultimately cost-effective, in which
most of the cost is up-front at the time of procedure,
compared to LVP, where cost is aggregated over time,
is still an open question and likely institution dependant.
Total TIPS cost have gone down given the decreased requirement for revision in the era of covered stents. Given
the physiologic mechanism by which TIPS operates, certain concerns naturally arise: TIPS is contra-indicated in
patients with (1) significant right heart failure or pulmonary hypertension as it will place rapid unduevolume burden upon these organs; (2) patients with recurrent HE, as
it will not allow for as much detoxification and regulation
of the culprit amines; (3) polycystic liver disease or a liver
containing malignancy or abscess; (4) active infection; and
(5) severe renal disease, given rapid alterations in vascular
volume distribution[83,94,95].
There is a small group of patients with refractory ascites, who for a variety of reasons cannot undergo TIPS
or OLT, and for whom serial paracentesis has resulted in
too much distress or protein losses. In many cases these
represent patients who also have peritoneal malignant implants[96-99]. For these scenarios, a peritoneal-venous shunt
(PVS) was envisioned, conserving and directing fluid and
protein from the peritoneum into the superior vena cava
(SVC). There are two types, the LaVeen and the Denver,
both one-way valve stents, which empty into the SVC
based upon different opening pressures[96]. Contra-indications include loculated ascites, coagulation disorders, and
advanced cardiac or renal failure; hemorrhagic ascites and
high ascetic TP can cause drain occlusion. Interestingly,
in malignant ascites, limited studies have not demonstrated increased systemic metastasis facilitated by stent
transfer into the circulatory system. Overall these shunts
have not prolonged survival in these patient populations,
nor those with HRS[97]. Shunt patency is poor, with <
20% at 2 years. Furthermore SBP and/or sepsis require
PVS removal[97]. In general, PVS should be considered as
sub-optimal therapy, after standard therapies of diuretics,
LVP and TIPS have failed or are contra-indicated[12,83,97].

is generated from the parietal pleura, and to a lesser extent
the visceral pleura, and reabsorbed by pleural lymphatics.
In the setting chronic disease, lymphatic absorption can
increase to > 20 × normal baseline rates[102].
Cirrhotic patients who develop a significant amount
HHT (approximately after 1 L) tend to have symptoms of
shortness of breath and cough. The accumulation of this
fluid can lead to hypoexemia, atelectasis, pneumonia and
empyema[99,101]. Initial evaluation can include a lateral and
posteroanterior chest X-ray, which will show blunting at
approximately 50 and 200 mL, respectively. A CT scan of
the chest can also be considered to assess for other causes
of these symptoms and signs. Initial management should
involve a thoracentesis for both diagnostic and therapeutic
purposes[99,101]. Similar to a paracentesis, the most useful
testing will be to examine the fluid for cell count/differential, cell culture, albumin and TP, with results that should
be similar to classical pleural effusions defined as a transudate rather than exudate by Light’s criteria[103]. Infected
pleural fluid, i.e., spontaneous bacterial empyema (SBE),
should always be of concern, and it has been identified in
cases where the ascites did not have SBP and in even cases without any ascites[104]. SBE is diagnosed by a positive
culture (usually Escheria, Streptococcus or Enterococcus) or a
neutrophil count of > 250 cell/mm3. Standard treatment
includes a third-generation cephalosporin or equivalent
antibiotic[104]. Chest tubes should not be attempted given
the high risk of procedural complications, e.g., abdominal
penetration, bleeding, and infection. There is also justified
concern for the chronic loss of pleural fluid protein and
serum electrolyte abnormalities[105].
Beyond the initial evaluation with thoracentesis, standard measures of dietary restriction and diuretic therapy
should be continued[83]. In cases of persistent HHT that
have failed these therapies, TIPS has been attempted under the same principles for treatment of refractory ascites
in select patients[106,107]. Another procedure is pleurodesis,
a process in which an agent such as tetracycline or talc
are introduced into the pleural space after which a robust
inflammatory reaction occurs that results in visceral to
parietal pleural wall fusion[108]. Unfortunately, in most
cirrhotic patients, the flow of ascitic fluid entry across
the diaphragm and into the pleural space is so high that
there is rarely enough time for the pleurae to maintain
good approximation for durable fusion. It should only
be considered in those patients who have failed first line
therapies, and are ineligible for TIPS or OLT[83].

PULMONARY COMPLICATIONS
HHT is an accumulation of ascitic fluid within the pleural space that occurs in approximately 10% of cirrhotics.
In about 85% of these patients it is right-sided, and in
others it can be bilateral or even left-sided alone[100]. The
etiology is thought to be from the combination of both
hemostatic pressure from the ascites pushing through diaphragmatic defects or rents in combination with the “pull”
of the negative intra-thoracic pressure[101]. In some cases
this combination can effectively drain the peritoneal cavity such that one may have HHT in the absence of a distended abdomen. Normally the pleural space is a potential
one, wherein pleural fluid volume is approximately < 25
mL per lung, providing a low frictional interface between
the parietal and visceral pleurae. The normal pleural fluid
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RENAL COMPLICATIONS
Renal injury, encompassing a spectrum from acute to
chronic causes, is very common in decompensated cirrhotic patients given the significant alterations in volume
and hormonal regulation, vascular tone, immune function and related infections, and the utilization of numerous medications and contrast-assisted procedures[109-111].
Classically AKI is segregated into pre-renal, renal and
post-renal causes, and with severe or sustained insult
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sult[74]. Meanwhile, medical therapies may be considered
as a temporizing measure, and work towards maintaining
effective arterial perfusion of the kidneys. Terlipressin,
an analog of vasopressin, has been much researched in
the HRS, either in comparison to placebo, or in combination with iv albumin versus placebo, or in comparison
to noradrenaline (norepinephrine), a classical vasoactive
alpha adrenergic agonist[116-119]. Studies have supported
the benefit of terlipressin in reversing HRS when given
for at least 14 d, and which typically yield low relapse
rates[116,117]. Further, although more limited, there has
been data demonstrating reversal of HRS with noradrenaline similar to terlipressin[119]. Notably, in a few studies
when terlipressin was administered with iv albumin there
was reversal of HRS and improvement in mortality[120],
although its value in septic patients is unknown. Terlipressin is usually dosed at 1 mg/6 h, and can be increased
to 2 mg/6 h if no improvement in serum Cr is observed.
Similarly, midodrine, a vasoactive alpha adrenergic
agonist with a half-life of approximately 4 h, has also
demonstrated HRS benefit, and can be dosed at 10
mg three times per day (tid) and increased to 15 mg tid.
Complementarily, octreotide (an inhibitor of splanchnic
vasodilators, with a half-life of 1.7 h) is dosed at 100 mcg
subcutaneously tid and up to 200 mg tid can be utilized.
A therapeutic cocktail of these vasoactive agents, e.g., midodrine or terlipressin, and octreotide, with the utilization
of iv albumin dosed at up to 40 g per day in divided doses
have demonstrated benefit in HRS[121-124]. It is preferable to
use highly concentrated albumin, e.g., 25% vs 5% albumin,
given the reduced volume of solution and decreased thirdspacing burden upon the patient. Successful treatment
will manifest as a decrease in serum Cr, ideally by at least
1 mg/dL and an increase in urine output. If the serum Cr
decreases to ≤ 1.5 mg/dL, diuretics can be restarted at
half the prior dosing with subsequent careful monitoring
of volume status and serum Cr. Certainly, as with other
forms of AKI, these patients should be carefully monitored: vital signs, mental status, urine output, electrolyte
abnormalities, and overall for uremic signs, which would
require emergent use of RRT such as hemodialysis[125].
Serum Cr is utilized as a practical, albeit imperfect
marker, for renal function in the clinical setting. By extension, renal function has itself become a proxy for systemic health, and the importance of this fact is reflected
in the integration of the serum Cr into the MELD
score[126,127]. The MELD score is comprised of the serum
TB, serum Cr and INR, yielding an integer score from 6
to 40 which predicts 90-d mortality in non-transplanted
cirrhotic patients[128]. The MELD score has been more
successful than prior risk stratification methods in prognosticating mortality and equitably distributing organs for
appropriately eligible patients[129-131]. However, in its elegant simplicity, it unsurprisingly does not capture the total biology of cirrhosis. Thus certain modifications have
been appended, in the form of exception points, notably
to those who are on RRT or with low-staged hepatocellular carcinoma, amongst others[132].

this can lead CKD with the possible utilization of renal
replacement therapy (RRT) in either case. For instance,
pre-renal causes might include hypovolemia or renal
artery thrombosis; renal (intrinsic) causes might include
toxicity from infection, malignancy or medications and iv
contrast; post-renal causes might include ureteral stone
obstruction or extrinsic ureteral compression by a pelvic
malignancy[109,111-114].
The HRS should be considered in all cirrhotic patients who develop pure AKI or AKI within a CKD setting[111,115]. HRS, as with any AKI, should be considered
when a rise in serum Cr × 1.5 baseline and decrease in
urine output are observed in the setting of cirrhosis,
and confounding causes for pre-renal, renal and postrenal mechanisms have been reasonably excluded[109,115].
HRS occurs in approximately 30% of patients with SBP
treated with antibiotics and is associated with a poor survival[12]. The exact etiology of HRS is unknown, but does
involve (1) RAAS dysregulation with avid fluid retention
(vida supra); (2) splanchnic vessel dilation and a local vasoconstrictive effect at the level of the nephron driven by
renin, angiotensin Ⅱ and other vasoconstrictors; and (3)
altered cardiac function[115]. The renal JGA continually
perceives an effectively low circulating volume and thus
continuously activates these volume retaining and vasoconstrive mechanisms.
The HRS is classified into two distinct subtypes: type
1 HRS is characterized by a rapid and progressive impairment in renal function (increase in serum Cr to ≥ 2.5
mg/dL or a reduction in the Cr clearance (CrCl) to < 20
mL/min in less than two weeks; type 2 HRS is characterized by a slowly progressive impairment of renal function
manifested by an increase in serum Cr to ≥ 1.5 mg/dL
or a CrCl to < 40 mL/min[111,115]. Survival in these patients is rather poor, with 50% mortality at less than one
month for type 1 HRS and 50% mortality at 6 mo for
type 2 HRS[74,116]. Given the complex intrinsic nature of
the HRS, it is not surprising that it is defined by negation,
i.e., by that which it is not. The criteria for HRS have been
evolving and currently include following criteria: (1) rise in
serum Cr to > 1.5 mg/dL; (2) the absence of hypovolemic shock (defined by the withdrawl of diuretics and the
failure of serum Cr to fall below 1.5 mg/dL in the setting
of at least 1 L of saline or standard albumin fluid bolus);
(3) the absence of nephrotoxic medications or recent iv
contrast; and (4) the absence of intrinsic renal disease as
assessed by renal ultrasound and proteinuria < 0.5 g/d
and microhematuria < 50 RBCs/high powered field[12,74,111,
115,116]
. Note that sepsis is not part of the exclusion criteria;
HRS is commonly precipitated by SBP in many instances,
hence the rationale of antibiotic treatments (vida supra).
As the diagnosis of HRS can herald significant morbidity and mortality in cirrhotic patients OLT should
be considered as definitive therapy, if they are eligible.
Diuretics should be discontinued, and high grade ascites
should be reduced with paracentesis as large peritoneal
pressures can compress renal arteries (abdominal compartment syndrome), further worsening the renal in-
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As stated, OLT represents the definitive therapy for
HRS types 1 and 2, and that while it may “cure” the
HRS, it will still leave behind the residual CKD in many
patients. Furthermore, as a result of the surgery itself
(with significant volume shifts), and afterwards by the
lifetime use of potentially nephrotoxic immunosuppressants and baseline co-morbidities, renal function can be
expected to decline further, even necessitating RRT in
some instances. Such consequences themselves herald
significant morbidity and mortality for these transplanted
patients. Given these concerns, simultaneous liver-kidney
transplant (SLKT) has become prevalent in the MELD
era with the following facts noted: (1) inconsistent eligibility criteria for SLKT that varies by transplant center; (2)
there has not been consistent benefit to morbidity and
mortality for these patients, as had been hoped; and (3)
eligible kidneys are removed out of the pool for solitary
kidney transplant recipients[132,133]. These problems represent an area of active research, with more formal guidance in development[133].
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CONCLUSION

8

Ascites is a pathologic accumulation of fluid within the
peritoneal cavity that is most commonly found incirrhotic
patients, and its presence heralds significant morbidity
and mortality[1,6,10]. The generation of cirrhotic ascites
is multi-factorial, but is found in the setting of portal
hypertension, and in essence is driven by global abnormalities in hormonal/cytokine regulation and effective
vascular status, in a feed-forward cycle[17-19]. Ascites is
problematic on many levels: directly, by causing symptoms of abdominal discomfort and early satiation[12]; and
indirectly, by facilitating significant complications of infections and multi-organ dysfunction such as SBP, HHT
and HRS[12,38,41,99,115]. The identification of ascites, once
suspected, is easily determined through physical exam
and imaging[23]. Diagnostic paracentesis is an integral procedure in determining the etiology of ascites and further
delineating any associated infection or malignancy[24,28].
Ascites can be managed successfully by aggressive salt restriction and utilization of a diuretic regimen in most patients, however in some instances LVP or even TIPS may
be required[54,56,67,83]. Given the complexity and prognosis
associated with ascites, a multi-disciplinary approach is
required, with work-up for OLT initiated in eligible patients[133]. The biomedical advances in understanding and
treating ascites and its complications have been impressive, but nevertheless much work remains in optimizing
patient care and patient outcomes.
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