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Abstract Ascites represents the most common decom-
pensating event in patients with liver cirrhosis. The
appearance of ascites is strongly related to portal hyper-
tension, which leads to splanchnic arterial vasodilation,
reduction of the effective circulating volume, activation of
endogenous vasoconstrictor systems, and avid sodium and
water retention in the kidneys. Bacterial translocation fur-
ther worsens hemodynamic alterations of patients with
cirthosis and ascites. The first-line treatment of uncom-
plicated ascites is a moderate sodium-restricted diet com-
bined with diuretic treatment. In patients who develop
refractory ascites, paracentesis plus albumin represents the
most feasible option. Transjugular intrahepatic portosys-
temic shunt placement is a good alternative for selected
patients. Other treatments such as vasoconstrictors and
automated low-flow pumps are two potential options still
under investigations. Ascites is associated with a high risk
of developing further complications of cirrhosis such as
dilutional hyponatremia, spontaneous bacterial peritonitis
and/or other bacterial infections and acute kidney injury
(AKI). Hepatorenal syndrome (HRS) is the most life-
threatening type of AKI in patients with cirrhosis. The most
appropriate medical treatment in patients with AKI-HRS is
the administration of vasoconstrictors plus albumin.
Finally, ascites impairs both the quality of life and survival
in patients with cirrhosis. Thus, all patients with ascites
should be evaluated for the eligibility for liver
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transplantation. The aim of this article is to review the
management of patients with cirrhosis, ascites and HRS.
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Abbreviations
AKI Acute kidney injury

HRS Hepatorenal syndrome

ECV Effective circulating volume

SNS Sympathetic nervous system

RAAS Renin angiotensin aldosterone system
PAMPs  Pathogen-associated molecular patterns

NO Nitric oxide

CcoO Carbon monoxide

SBP Spontaneous bacterial peritonitis

SAAG Serum albumin ascites gradient

HBV Hepatitis B virus

HCV Hepatitis C virus

RCT Randomized controlled trial

PICD Paracentesis induced circulatory dysfunction
TIPS Transjugular intrahepatic portosystemic shunt

LT Liver transplantation

MELD  Model of end stage liver disease
GFR Glomerular filtration rate

AVP Arginine vasopressin

FDA Food and Drug Administration
MDR Multi-drug resistant

TNF-o0  Tumor necrosis factor alpha
iNOS Inducible nitric oxide synthase
ACLF Acute on chronic liver failure
sCr Serum creatinine

TLR4 Toll like receptor 4

LPS Lipopolysaccharide
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DAMPs Danger associated molecular patterns
NSAIDs Non-steroidal anti-inflammatory drugs
ATN Acute tubular necrosis

NGAL Neutrophil gelatinase-associated lipocalin
RRT Renal replacement therapy

SKL Simultaneous kidney liver transplantation
KDIGO Kidney disease improving global outcomes
Introduction

Patients with liver cirrhosis and portal hypertension may
develop several complications such as ascites, gastroin-
testinal bleeding, and hepatic and/or hepatic encephalopa-
thy. Ascites is defined by the appearance of fluid in the
peritoneal cavity and is the most common complication of
cirrhosis, with an incidence of 60% within 10 years [1].

Pathophysiology of ascites

For several years, splanchnic arterial vasodilation has been
considered the main determinant of the avid water and
sodium retention observed in patients with cirrhosis and
ascites [2]. In particular, it has been observed that portal
hypertension may cause the release of vasodilators in the
splanchnic circulation such as nitric oxide, carbon
monoxide, etc., which can cause a relevant vasodilation. It
results in a reduction of the effective circulating volume
(ECV) and activation of baroreceptors with the activation
of the sympathetic nervous system (SNS), renin-an-
giotensin-aldosterone system (RAAS) and non-osmotic
secretion of vasopressin. These mechanisms increase car-
diac output and cause water and sodium retention to
compensate for the reduction of ECV. With the progression
of liver disease, portal hypertension and splanchnic arterial
vasodilation, the heart is not able to compensate for the
further reduction in ECV, and the further activation of
RAAS increases the renal reabsorption of sodium and
water, causing the appearance of ascites [3]. In addition,
the hyperactivation of the SNS causes an increase in the
proximal tubular absorption of sodium and water in the
nephrons [4]. More recently, the role of pathological
translocation of bacteria or bacterial products from the gut
to the systemic circulation has been highlighted in deter-
mining the systemic abnormalities observed in patients
with cirrhosis [5]. In fact, the pathogen-associated molec-
ular patterns (PAMPs) stimulate the release of pro-in-
flammatory cytokines leading to inflammation and further
release of NO and CO, thus increasing splanchnic arterial
vasodilation [6, 7]. In addition, PAMPs may induce car-
diomyocyte dysfunction with a consequent reduction in
cardiac output [8].

Clinical impact of ascites

Ascites is associated with a high incidence of further
complications of cirrhosis. In fact, patients with ascites
have a high risk of developing dilutional hyponatremia,
bacterial infections and acute kidney injury (AKI) [9, 10].
Furthermore, patients with cirrhosis and ascites may
develop a peculiar type of infection, namely spontaneous
bacterial peritonitis (SBP), and a specific type of AKI,
namely hepatorenal syndrome (HRS). Following a bacte-
rial infection and/or an episode of gastrointestinal bleeding,
ascites confers a higher risk of developing AKI and a worse
survival [10, 11]. Most importantly, ascites is associated
with a reduction in both the quantity and the quality of life
in patients with cirrhosis [12, 13]. In more detail, the
probability of survival after the appearance of ascites is 85
and 57% at 1 and 5 years, respectively [9].

Classification and management of ascites

Ascites can be classified into complicated and uncompli-
cated ascites. Uncomplicated ascites is defined as not asso-
ciated with hyponatremia, refractoriness to diuretic
treatment, acute kidney injury and SBP [13]. In addition,
ascites can be quantified in three grades according to its
amount in the peritoneal cavity: (1) mild ascites only
detectable by ultrasound; (2) moderate ascites with sym-
metrical distension of the abdomen; (3) tense ascites. The
first step in the management of ascites is to collect a detailed
medical history and to perform liver and renal blood tests and
an abdominal ultrasound. A paracentesis should be per-
formed in all patients with first onset of grade 2/3 ascites and/
or acutely decompensated. Peritoneal fluid analysis can
provide relevant information such as the confirmation of
ascites as a consequence of portal hypertension [serum
albumin ascites gradient (SAAG) >1.1 g/dl], the presence/
absence of an SBP (neutrophil cell count >250 cells/pl) and
the risk of developing SBP during follow-up (total protein
content <1.5 g/dl) [14, 15]. Before discussing the specific
treatment of complicated and uncomplicated ascites, it
should be highlighted that the most important issue in the
management of patients with cirrhosis is the treatment of the
underlying cause of liver disease. In fact, several data sug-
gest that the antiviral treatment of HBV and HCV and/or
alcohol abstinence may lead to a progressive improvement of
liver function with the potential resolution of ascites.

The measurement of urinary sodium excretion may be a
helpful parameter; however the 24-h urine sodium excre-
tion analysis is not always feasible in outpatients. In this
case urinary spot sodium may be helpful if very low
(0 mmol/l) or very high (>100 mmol/l) [12]. A random
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Fig. 1 Management of
uncomplicated ascites. US
ultrasound, SAAG serum ascites
albumin gradient; no response
to diuretic treatment defined by

- Medical history collection

- Physical examination

- Abdominal US

- Lab evaluation of liver and kidney function and electrolyte balance

PATIENT WITH ASCITES:

a weight loss of less than 1 kg in

the first week or 2 kg every l

week thereafter GRADE | ASCITES:
Mild ascites only detectable
by ultrasound
No treatment needed

! )

GRADE Il ASCITES: GRADE Ill ASCITES:
Moderate ascites evident by Large or gross ascites with
moderate symmetrical distension marked abdominal distension

of abdomen
Moderate sodium

Diuretics ‘ restriction:

Diagnostic

paracentesis:
- Neutrophils count
- Colture

‘ Max 90 mmol/die

v

Large volume paracentesis
+ albumin infusion
(+ diuretics after the
procedure)

- Protein content
- SAAG

Start with an aldosterone antagonist
(spironolactone) at 100 mg/day and

increase every 7 days to a maximum of 100-200 mg/day of an aldosterone
400 mg/day. antagonist.

If no response, add furosemide at an If no response, stepwise increase up to 160
increasing dose from 40 mg/day to a mg of furosemide and 400 mg of

maximum of 160 mg/day.

First episode:
Recurrent ascites:

Start with 40 mg/day of furosemide and

antialdosteronic

‘spot’ urine sodium concentration greater than the potas-
sium concentration correlates better with a 24-h sodium
excretion analysis. The higher the ratio is, the greater the
urine sodium excretion [12].

Uncomplicated ascites

The treatment of uncomplicated ascites should be adapted
to the ascites grade (Fig. 1). The natural history and clin-
ical impact of grade 1 ascites have not been extensively
investigated and no specific treatment has been suggested
for these patients. The aim of treatment of moderate ascites
is to induce a negative sodium balance by means of (1) a
moderate restriction in salt intake and (2) diuretic use to
increase renal sodium excretion.

Sodium restriction

Although there is no clear evidence of the efficacy of low
sodium intake in the management of ascites in cirrhosis,
the current guidelines suggest a moderate restriction of
dietary salt (80-120 mmol of sodium/day, equivalent to
approximately 4.6-6.9 g of salt/day) [13]. A lower sodium
intake has no further benefit for the sodium balance and
may be associated with a lower caloric intake [16].

Diuretics

The increased release of aldosterone is considered the main
factor responsible for the increased reabsorption of sodium in
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the kidneys of patients with cirrhosis and ascites [17]. The
administration of aldosterone antagonists to cirrhotic patients
with ascites is more effective than loop diuretics or other
potassium-sparing diuretics [18, 19]. Aldosterone antagonists
should be administered starting from 100 to 200 mg/day. A
stepwise increase of aldosterone antagonist doses (up to
400 mg/day) may be effective in mobilising ascites in 60-80%
of nonazotemic cirrhotic patients with ascites [20, 21]. How-
ever, a sequential increase of aldosterone antagonists requires a
long time to find the effective dose, given the latency of action
of aldosterone. A combined diuretic treatment has been pro-
posed with the administration of 40 mg/day of furosemide and
100-200 mg/day of an aldosterone antagonist. In a ran-
domised controlled trial (RCT) the combined diuretic therapy
was effective in a shorter period of time and safer than the
sequential diuretic therapy [22]. The aim of diuretic treatment
is to achieve a reduction in body weight of more than 1 kg per
week of treatment until the ascites is adequately controlled
[13]. Weight loss should be <500 g per day in patients without
peripheral edema and 1 kg per day in those with peripheral
edema to avoid complications of diuretic treatment such as
AKIT or hyponatremia [13]. Diuretic overdose may precipitate
hepatic encephalopathy or cause muscle cramps. Thus,
diuretics are contraindicated in patients with overt hepatic
encephalopathy, AKI, severe hyponatremia (sodium
<120 mmol/l) or incapacitating muscle cramps.

Large and tense ascites

In patients with large and tense ascites the first-line treat-
ment should be therapeutic paracentesis combined with the
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infusion of albumin because it has been shown to be more
effective than the standard diuretic treatment [23]. In
addition, side effects such as hyponatremia, AKI and
hepatic encephalopathy are significantly lower with para-
centesis than with diuretic treatment. The mobilisation of
ascites can be completed in one single tap. After large
volume paracentesis there is a significant alteration of the
systemic circulation such as an acute increase of cardiac
output and a reduction in the systemic vascular resistance
and arterial blood pressure [24, 25]. These alterations led
the experts to define post-paracentesis-induced circulatory
dysfunction (PICD), a condition characterised by a >50%
increase of plasma renin activity 1 week after the proce-
dure [25]. PICD is a relevant complication, being associ-
ated with a rapid recurrence of ascites, a high incidence of
HRS, dilutional hyponatremia and death [26]. PICD can be
prevented by plasma volume expansion. The administra-
tion of human albumin, at the dose of 8 g/l of ascites
removed, is the most effective measure to prevent PICD
and to reduce the mortality rate in patients with ascites [27]
and it has been shown to be more effective than other
plasma expanders [26]. After a large-volume paracentesis,
all patients should immediately receive diuretics, when
tolerated, to prevent early recurrence of ascites [13].
Recently, the final results of a randomised controlled trial
showed that the long-term administration of albumin (40 g
twice a week followed by 40 g per week) was able to

Table 1 Management of complicated ascites

reduce the incidence of refractory ascites, hepatorenal
syndrome and other complications of cirrhosis and to
improve survival in patients with cirrhosis and ascites [28].

Complicated ascites

Patients with complicated ascites represent a very fragile
population with a high mortality and a high risk of early
readmission after hospitalisation. The management of these
patients is complex and the development of new models of
specialist care is required to improve the survival and
quality of life [29]. The management of complicated
ascites is summarised in Table 1.

Refractory ascites

Refractory ascites is defined as “ascites that cannot be
mobilised or the early recurrence of which (i.e. after
paracentesis) cannot be satisfactorily prevented by sodium
restriction and diuretic treatment” [30]. Two different
types of RA have been described: diuretic-resistant ascites
[that do not respond to dietary sodium restriction and
maximal diuretic dose (furosemide 160 mg/day and
aldosterone antagonists 400 mg/day)] and diuretic-in-
tractable ascites (caused by the development of diuretic-
induced complications) [30]. The latter accounts for more

Complication Available treatments

Treatments under investigation

Refractory ascites Large-volume paracentesis plus albumin
TIPS

Liver transplantation

Dilutional hyponatremia Fluid restriction
SBP Antibiotics:

3rd-generation cephalosporins

Amoxicillin/clavulanic acid

Vasoconstrictors

Automatic low-flow pumps

Albumin
Vaptans
Non-antibiotic prophylaxis

Carbapenems =+ lypopetides/glycopeptides in hospital acquired episodes
in centre with a high prevalence of MDR bacteria

Albumin:

1.5 g/kg of body weight on day 1 followed by 1 g/kg of body weight on

day 3
Prophylaxis with norfloxacin:
After GI bleeding®

In patients with total protein concentration in ascitic fluid <1.5 g/dl and

advanced liver disease®
After first episode of SBP

SBP spontaneous bacterial peritonitis, 7/PS transjugular intrahepatic portosystemic shunt, G/ gastrointestinal

 Ceftriaxone is indicated in patients with advanced liver disease (see the text)

® See the text for the definition of advanced liver disease
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than 90% of patients with refractory ascites [30]. Refrac-
tory ascites occurs in 5-10% of patients with cirrhosis and
ascites and is associated with a low probability of survival,
about 50% at 6 months [31]. The treatment includes large-
volume paracenteses with albumin, insertion of a tran-
sjugular intrahepatic portosystemic shunt (TIPS), liver
transplantation (LT), vasoconstrictors or implantation of
automated pumps.

TIPS

The effects of TIPS in patients with refractory ascites have
been evaluated in six RCTs [32-36]. The two most recent
meta-analyses including the first four studies showed that
TIPS was associated with better control of ascites and a
higher incidence of hepatic encephalopathy than large-
volume paracentesis [37, 38]. Results on survival were
conflicting. Saab et al. [37] found no difference in survival.
Conversely, Salerno et al. [38] found a benefit in terms of
survival in patients treated with TIPS. In the most recent
RCT, also including patients with recurrent ascites (not just
refractory), TIPS with covered stents improved survival
when compared to large-volume paracentesis [36]. Fur-
thermore, patients treated with TIPS had a lower rate of
portal hypertension-related bleeding and fewer days of
hospitalisation than those treated with large-volume para-
centesis [36].

The main limitation to the extensive use of TIPS for the
treatment of refractory ascites is the presence of con-
traindications to TIPS placement, making TIPS use avail-
able for less than 40% of patients.

Liver transplantation

LT represents the best treatment of patients with refractory
ascites who have a poor survival, even worse that predicted
by the MELD score. Thus, in several countries refractory
ascites is considered an exception to the MELD score in the
allocation of priority in patients with cirrhosis on the
waiting list [39]. However, many patients with refractory
ascites cannot be considered eligible for LT. Therefore,
some patients have contraindications to both TIPS and LT.
These patients need some other therapeutic options such as
vasoconstrictors or other invasive procedures such as
automated pump systems.

Vasoconstrictors

Administration of vasoconstrictors may ameliorate the
splanchnic arterial vasodilatation and thereby improve the
renal perfusion and filtration. In patients with ascites, a
single oral dose of the ol-adrenergic agonist midodrine
increases the arterial blood pressure, renal perfusion,

@ Springer

glomerular filtration rate (GFR) and sodium excretion [40].
In a small RCT the administration of midodrine was found
to be associated with a better control of ascites than stan-
dard medical treatment [41]. The administration of terli-
pressin, a vasopressin-1(V1) receptor agonist, has been
shown to be effective in the treatment of refractory ascites
in a small pilot study [42]. Recently, terlipressin has been
used even in outpatients with cirrhosis and RA by contin-
uous intravenous infusion [43]. However, considering the
lack of large prospective studies, and the high risk of
adverse events, outpatient administration of terlipressin
cannot be recommended.

Automated pump system

The alpha pump is a new device that can be used in the
management of refractory ascites. Its principle is to place a
pump in the abdominal wall for the automated removal of
ascites from the peritoneal cavity into the bladder to be
eliminated with the urine. It has been shown to be safe in a
small pilot study, pending some measures such as the
administration of norfloxacin, abrogation of non-steroidal
anti-inflammatory drugs to treat pain after surgery and
periprocedural albumin administration [44]. The alpha
pump has been recently tested in comparison with thera-
peutic paracentesis in a randomised clinical trial [45].
Preliminary results of this RCT are promising; in particu-
lar, the alpha pump results in a reduction of the need for
paracentesis without relevant side effects. However, it
should be highlighted that some technical issues were still
observed and no effect on survival was found [45].

Hyponatremia

Hypervolemic hyponatremia, defined as a serum sodium
concentration <135 mmol/l, occurs in 49% of patients with
cirrhosis and ascites [46].

Hypervolemic hyponatremia is the consequence of an
abnormal increase in water retention that occurs because of
(1) the non-osmotic production of arginine vasopressin
(AVP), (2) a decrease in the delivery of pre-urine to the
ascending limb of the loop of Henle (the diluting segment
of the nephron) and (3) the reduced production of pros-
taglandins [47, 48].

hyponatremia has a relevant clinical impact in patients
with decompensated cirrhosis since it may precipitate
hepatic encephalopathy by inducing swelling of the astro-
cytes [49]. Hyponatremia was found to be a major risk
factor for the development of overt encephalopathy in
patients with cirrhosis and ascites [50]. Hyponatremia is
also a relevant prognostic factor, being associated with
poor survival [51, 52]. Thus, serum sodium has been
incorporated in the MELD score for use in the priority
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allocation of LT candidates [52]. Finally, hyponatremia
was found to be an independent predictive factor of
impaired quality of life in patients with cirrhosis and
ascites [53].

Management of hyponatremia

The aim of treatment of hypervolemic hyponatremia is to
improve the free water excretion with the urine. The
administration of hypertonic sodium chloride cannot be
recommended since it would further increase ascites and
edema. The current available treatments for hypervolemic
hyponatremia in cirrhosis include: (1) fluid restriction, (2)
albumin and (3) antagonists of AVP V2 receptors (vap-
tans). Fluid restriction to about 1 1 per day has been sug-
gested for these patients but its efficacy is poor [13]. Some
reports suggest that albumin may increase the serum
sodium concentration in patients with cirrhosis and ascites
by increasing the effective circulating volume [54, 55].
Vaptans increase renal solute-free water excretion through
the inhibition of the V2 receptors in the collecting ducts.
Satavaptan and tolvaptan were investigated in the treatment
of hypervolemic hyponatremia in cirrhotic patients
[56-59]. Satavaptan was more effective than placebo in
increasing the serum sodium concentration, but control of
ascites was not improved [56] and it was associated with
high mortality rates. Hence, the development of satavaptan
was abandoned.

Tolvaptan was more effective than placebo in treating
hyponatremia in patients with cirrhosis and ascites [58].
However, after the withdrawal of tolvaptan the serum
sodium concentration reverted almost to the baseline val-
ues [58] and tolvaptan showed poor efficacy in the treat-
ment of patients with cirrhosis and severe hyponatremia
(<125 mEq/l) [60]. Nevertheless, the Food and Drug
Administration (FDA) raised an alert about the risk of
hepatotoxicity related to tolvaptan administration. Thus,
nowadays the role of vaptans in the management of
hyponatremia in cirrhosis is still uncertain.

Spontaneous bacterial peritonitis

SBP is defined a bacterial infection of ascitic fluid without
any intra-abdominal, surgically treatable source of infec-
tion [15]. The prevalence of SBP is about 20% in hospi-
talised patients with cirrhosis and ascites [10, 15]. The
pathogenesis of SBP includes both a pathological bacterial
translocation from the gut to the systemic circulation and
an impaired ability of the local and systemic immunity to
control the spread of these bacteria [61]. Bacterial
translocation occurs because of (1) an increased intestinal
permeability, (2) an intestinal bacterial overgrowth, (3) a
change in the quality of bacteria and (4) the ineffective

activity of the intestinal immune system [61]. SBP is
associated with a high risk of AKI [62] and poor short-term
survival and should be identified and treated as soon as
possible [15]. SBP is diagnosed when neutrophils in ascitic
fluid are >250 cells/ul [15].

Management of SBP: antibiotic treatment

Antibiotic treatment should be administered as soon as
possible in patients with SBP, since any delay in the
administration of an effective treatment impairs survival in
these patients [63]. Third-generation cephalosporins repre-
sent the optimal treatment in patients with community-ac-
quired SBP, being effective in more than 80% of patients
[64, 65]. The combination of beta-lactams plus beta-lacta-
mases inhibitors showed a similar efficacy [66]. In hospital-
acquired episodes of SBP, the efficacy of the above-men-
tioned antibiotics is poor, because those episodes are fre-
quently sustained by multi-drug-resistant (MDR) bacteria
[65, 67]. In hospital-acquired SBP a broader spectrum
empirical antibiotic treatment should be used according to
local epidemiology [68]. In RCT in an Italian centre with a
high prevalence of MDR, the combination of meropenem
plus daptomycin was shown to be more effective than cef-
tazidime [67]. In addition, the administration of an effective
empirical treatment was an independent predictor of survival
[67]. If a broad-spectrum antibiotic treatment is adminis-
tered, it should be narrowed when culture results are avail-
able to minimise the risk of further antibiotic resistance.

Management of SBP: prevention of acute kidney injury

As reported above, patients with SBP have a high risk of
developing AKI, which is associated with poor survival
[10, 62]. In RCT, the administration of albumin (1.5 g/kg
of body weight on day 1 and 1 g/kg of body weight on day
3) has been shown to reduce the incidence of AKI and
improve survival in patients with SBP [69]. Albumin
infusion exerts a positive effect in these patients beyond the
plasma volume expansion. In fact, in RCT albumin, but not
hydroxyethyl starch, improved the cardiac stroke work
index and systemic vascular resistance in patients with SBP
[70]. These effects may be due to the non-oncotic prop-
erties of albumin. Indeed, in cirrhotic rats, albumin exerted
a positive cardiac inotropic effect, mainly counteracting
oxidative stress- and TNF-o-induced activation of the NF-
kB and iNOS pathway [71]. In addition, albumin in
patients with cirrhosis is not only reduced in quantity, but
also the quality and function are impaired because of
oxidative stress and post-transcriptional changes. Thus, the
positive effects of albumin administration may also be
related to the replacement of dysfunctional albumin with
exogenous administration [72].
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Prophylaxis of SBP

The probability of SBP recurrence is about 70% at 1 year
[73]. In these patients, secondary prophylaxis with nor-
floxacin was shown to be effective in preventing the
recurrence of SBP [73]. Currently, primary prophylaxis of
SBP is recommended in two conditions: (1) after episodes
of gastrointestinal bleeding and (2) in patients with a pro-
tein concentration in ascitic fluid below 1.5 g/dl and
advanced liver disease (Child-Pugh >9 and bilirubin
>3 mg/dl or serum creatinine >1.2 mg/dl or serum sodium
<130 mmol/l). Norfloxacin is effective in preventing SBP
after an episode of gastrointestinal bleeding [74]; however
in patients with gastrointestinal bleeding and severe cir-
rhosis (at least two of the following: ascites, severe mal-
nutrition, encephalopathy or bilirubin >3 mg/dl)
ceftriaxone was shown to be more effective than nor-
floxacin in preventing bacterial infections [75]. The latter
findings were probably also related to the progressive
increase in resistance to quinolones observed in the last 2
decades [65]. In RCT norfloxacin significantly reduced the
incidence of SBP and HRS and improved survival in
patients with cirrhosis, protein concentration in ascites
<1.5 g/dl and advanced liver disease (see above) when
compared to placebo [76].

Hepatorenal syndrome

Renal dysfunction is a severe complication of advanced
cirrhosis as well as of acute-on-chronic liver failure
(ACLF). Traditionally renal dysfunction in patients with
liver disease has been defined as a serum creatinine (sCr)
>1.5 mg/dl [29, 77] while AKI has been defined as a
percent increase of sCr 50% to a final value >1.5 mg/dl
[22, 26, 69, 78]. In patients with cirrhosis AKI can have
different clinical and pathophysiological features such as
prerenal, intrinsic, HRS and post-renal AKI [79]. HRS has
been defined as a syndrome that occurs in patients with
advanced liver disease, characterised by impaired renal
function and marked abnormalities in the arterial circula-
tion and over-activity of the endogenous vasoactive sys-
tems. In the kidney, there is marked renal vasoconstriction
that results in a low GFR. In the extrarenal circulation there
is a predominance of arterial vasodilation that results in the
reduction of systemic vascular resistance and arterial
hypotension [29, 77]. HRS has been classified into two
different clinical types: type-1 HRS, characterised by a
rapidly progressive reduction of renal function, defined by
a doubling of the serum creatinine to a level >2.5 mg/dl in
less than 2 weeks, and type-Il HRS, in which the renal
failure does not have a rapidly progressive course [29, 77].
During the last few years, a new syndrome has been
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described, ACLF [80]; new relevant data have emerged on
the nature and pathophysiology [81, 82] of AKI as well as
on the nature of HRS [83]. In addition, new KDIGO cri-
teria have been introduced for the definition of AKI in
patients with cirrhosis [84]. Accordingly, the classification,
pathophysiology and management of HRS need to be
updated.

Pathophysiology of HRS

The pathophysiology of HRS involves both macrovascular
dysfunction and systemic inflammation (Fig. 2). Systemic
inflammation is due to pathological bacterial translocation,
which is the main mechanism by which portal hypertension
induces macrocirculatory dysfunction [5]. Following bac-
terial translocation, PAMPs are recognised by monocytes
through the pattern recognition receptors. The consequent
activation of the monocytes results in the release of pro-
inflammatory cytokines such as tumor necrosis factor-a,
interleukin-6 and interleukin-1-f. The release of these pro-
inflammatory cytokines has been found to be associated
with impairment of the renal function in patients with SBP
as well as the development of renal failure in patients with
ACLF [85, 86]. Patients with HRS-AKI frequently show
failure of organs other than the kidney [80]. Multiple organ
failure cannot be explained by macrovascular dysfunction
and suggests that also kidney damage may occur through
mechanisms other than severe renal arterial vasoconstric-
tion. Such confirming clinical [81] and experimental
studies [82] performed in cirrhosis and superimposed
infection/inflammation have shown an up-regulation of
renal tubular TLR4 associated with the development of
renal tubular damage and apoptosis. Although the mecha-
nism of up-regulation of tubular TLR4 is not entirely clear,
it seems likely to be a consequence of bacterial translo-
cation [61, 81]. Significant tubular damage was detected in
rats with cirrhosis following the administration of a sub-
lethal dose of lipopolysaccharide (LPS) [82]. Stretching
this concept, the pathophysiology of AKI in the presence of
a high degree of inflammation seems to deviate from that
traditionally theorised for HRS. Recently, a new hypothesis
on the pathogenesis of sepsis-induced AKI has been pro-
posed [87]. Accordingly, the interplay of inflammation and
microvascular dysfunction characterises and amplifies this
signal that PAMPs and DAMPs exert on some epithelial
cells of the proximal tubules. The recognition of this signal
and its spread to other epithelial cells of the proximal
tubule, a mitochondria-mediated metabolic down-regula-
tion and reprioritisation of cell functions favour survival
processes at the expense of other functions such as the
absorption of sodium and chloride on the lumen side. The
consequent increases of NaCl delivery to the macula densa
trigger the further intrarenal activation of the renin-
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angiotensin system, causing a fall in GFR. Finally, a severe
cholestasis may further impair renal function by worsening
the inflammation and/or macrovascular dysfunction or by
promoting bile salt-related direct tubular damage. All these
features can develop even in the absence of macrovascular
dysfunction and thus of renal hypoperfusion (Fig. 2) [88].
These new concepts have relevant implications for clinical
practice. In fact, the current treatment of HRS (i.e. vaso-
constrictors plus albumin) is mainly focussed on circula-
tory dysfunction. However, recent data suggest that when
inflammation increases, as observed in more advanced
grades of ACLF [86], the efficacy of vasoconstrictors plus
albumin decreases regardless of the baseline values of sCr
[89].

Diagnosis and management of HRS

Patients with cirrthosis and AKI should be managed
according to the International Club of Ascites recommen-
dations (Fig. 3) [84]. The first measure is to minimise or to
stop any potential nephrotoxic drug (i.e., diuretics, antibi-
otics, NSAIDs, angiotensin-converting enzyme inhibitors,
etc.). Then, it is important to verify the presence of hypov-
olemia and, if present, to correct it. In patients with AKI stage
>2 (increase of serum creatinine >2-fold from baseline)
diuretics should be withdrawn and plasma expansion with
albumin (1 g/kg of body weight for 2 days) should be
administered. In patients without a response to albumin
expansion the main differential diagnosis is between HRS
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Table 2 Diagnostic criteria of hepatorenal syndrome (HRS) according to the International Club of Ascites (ICA) criteria

Hepatorenal syndrome criteria

Diagnosis of cirrhosis and ascites
Diagnosis of acute kidney injury according to the ICA criteria

No response after 2 consecutive days of diuretic withdrawal and plasma volume expansion with albumin 1 g per kg of body weight

Absence of shock

No current or recent use of nephrotoxic drugs (NSAIDs, aminoglycosides, iodinated contrast media, etc.)

No macroscopic signs of structural kidney injury, defined as: absence of proteinuria (>500 mg/day)

Absence of microhaematuria (>50 RBCs per high power field), normal findings on renal ultrasonography

ICA International Club of Ascites, NSAIDs nonsteroidal anti-inflammatory drugs, RBC red blood cells

Modified from Ref. [81]

Fig. 4 Pathophysiological basis
and targets of treatments for
hepatorenal syndrome. TIPS

TIPS 4' | Portal hypertension/Liver failure | li | Liver transplant

}

transjugular intrahepatic

| Pathological bacterial translocation of PAMPs |

portosystemic shunt, PAMPs
pathogen-associated molecular
patterns, PRRs pattern
recognition receptors

[ Activation of immune system (PRRs) |

}

| Local and systemic production of proinflammatory cytokines |

| |

| Vasoconstrictors

and acute tubular necrosis (ATN). Thus, the HRS criteria
should be investigated (Table 2). Briefly, if there has been no
recent use of nephrotoxic drugs, no hematuria, no significant
proteinuria, no shock and no alterations of renal ultra-
sonography, the diagnosis is HRS. It should be highlighted
that these criteria are not able to rule out a mild parenchymal
renal damage that may be present in patients with HRS.
Urinary biomarkers of tubular damage may improve the
differential diagnosis of AKI. Indeed, urinary neutrophil
gelatinase-associated lipocalin (NGAL) was found to be
increased in patients with cirrhosis and ATN versus patients
with HRS [90]. Other urinary biomarkers such as liver fatty
acid-binding protein, kidney injury molecule-1 and inter-
leukin-18 were found to be significantly increased in patients
with ATN versus patients with HRS; however their accuracy
was lower than NGAL, but their combination significantly
increased the diagnostic accuracy [91]. In future, these
biomarkers may be used in the differential diagnosis of AKI.

In Fig. 4 targets of treatment of HRS have been repor-
ted. LT is the best treatment both for type-1 and type-2
HRS [92, 93]. Unfortunately, not all patients are eligible
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for LT. Thus, medical treatments have been developed in
the last 15 years, the most effective being the combination
of vasoconstrictors plus albumin. The rationale behind the
use of vasoconstrictors is to counteract splanchnic arterial
vasodilation. Albumin counteracts the reduction in effec-
tive circulating volume and improves cardiac contractility
[72]. Three types of vasoconstrictors are currently avail-
able. Among them, terlipressin is the most widely used,
while o-adrenergic drugs have been claimed to be a
potential alternative. Among o-adrenergic drugs, mido-
drine given orally (2.5 up to 12.5 qid) together with
octreotide given subcutaneously (125 up to 250 pgr bid)
[94] or norepinephrine given by continuous intravenous
infusion (0.1-1 mg per hour) [95, 96] has been used.
Recently, terlipressin was shown to be superior to mido-
drine plus octreotide in the treatment of type-1 HRS [97].
Regarding norepinephrine, two small RCTs in patients with
type-1 HRS showed that it is as effective as terlipressin in
terms of reversal of HRS and 1-month survival [95, 96]. In
the last two randomised RCTs using terlipressin plus
albumin, the percentage of patients who showed a
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Table 3 Doses and efficacy of vasoconstrictors and albumin used in the treatment of HRS-AKI

Treatment Dose Changes
Vasoconstrictors
Terlipressin LV. boluses starting from 1 mg/4-6 h to 2 mg/4-6 h Doses should be increased in a stepwise

or

fashion any 48-72 h in case of no response

Continuous I.V. infusion starting from 2 mg/24 h to 12 mg/24 h

Midodrine + octreotide  Starting from 7.5 mg/8 h to 12.5 mg/8 h

Starting from 100 pg/8 h to 200 pg/8 h

Norepinephrine Continuous i.v. infusion starting from 0.5 mg/h to 3 mg/h
Albumin
Albumin 1 g/kg of body weight for 1 day followed by 20-40 g/day

Albumin should be withdrawn or reduced if
signs of pulmonary edema appear

resolution of HRS was 56% [97, 98]. Regarding the
administration route of terlipressin in patients with HRS, it
has been recently shown that the continuous intravenous
infusion of terlipressin moving from the initial dose of
2 mg/day is the most suitable since it is associated with a
lower rate of adverse effects than the administration by
intravenous boluses [98]. Albumin should be administered
at a dose of 2040 g/day [97, 98]. The treatment with
vasoconstrictors plus albumin should be continued until
sCr reaches a value below 1.5 mg/dl. The dose and timing
of treatment for HRS are summarised in Table 3. About
20% of patients may present a recurrence of HRS after
treatment withdrawal, and retreatment is usually effective.
Some patients may show a continuous recurrence of HRS
at any attempt to discontinue terlipressin. For these
patients, a high priority on the LT waiting list [99] and/or
outpatient infusion [100] has been suggested. The use of
TIPS is a potential treatment because it reduces portal
hypertension and increases cardiac output. TIPS improves
renal perfusion, sodium and water excretion and has been
reported to reduce sCr in selected patients with HRS
[101, 102]. However, data available on the use of TIPS in
patients with type-1 HRS are mainly based on case series
and RCTs are needed to evaluate the use of TIPS in these
patients. Too few data are available on the role of renal
replacement therapy (RRT) in patients with HRS. No sur-
vival advantage has been demonstrated in patients with
HRS treated with RRT. However, in patients not
responding to vasoconstrictors plus albumin, RRT may be
indicated in case of volume overload and/or metabolic
acidosis and/or hyperkalemia and/or hepatic encephalopa-
thy refractory to the standard medical treatment [103], in
particular in patients on the LT waiting list. No data are
available regarding the optimal technique of RRT (inter-
mittent hemodialysis vs. continuous RRT) in these patients.
However, continuous RRT may be the best option con-
sidering the lower risk of hypotension than intermittent
hemodialysis. In patients who are not eligible for LT the

decision to perform RRT should be made case by case to
avoid futility of treatment.

Finally in non-responders to the medical treatment who
are candidates for LT, a simultaneous kidney-liver trans-
plantation (SKL) should be considered in one of the fol-
lowing conditions: (1) persistent AKI for >4 weeks with
one of the following: stage 3 AKI as defined by KDIGO,
sCr >4.0 mg/dl with an acute increase of >0.5 mg/dl or on
renal replacement therapy, persistent AKI with an esti-
mated GFR <35 ml/min (MDRD-6 equation) or GFR
<25 ml/min (iothalamate clearance) for >4 weeks [104].
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