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Abstract
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Acute kidney injury (AKI) is a common complication
in patients with end-stage liver disease and advanced
cirrhosis regardless of the underlying cause. Hepa
torenal syndrome (HRS), a functional form of kidney
failure, is one of the many possible causes of AKI. HRS
is potentially reversible but involves highly complex
pathogenetic mechanisms and equally complex clinical
and therapeutic management. Once HRS has developed,
it has a very poor prognosis. This review focuses on
the diagnostic approach to HRS and discusses the thera
peutic protocols currently adopted in clinical practice.
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Core tip: Hepatorenal syndrome is a functional and
potentially reversible form of kidney failure. The patho
physiological bases of this disease are complex and
not fully understood. The aim of this review is to focus
the current diagnostic approach and the updated
therapeutic protocols adopted in clinical practice.
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PATHOGENESIS
Hepatorenal syndrome (HRS) can be considered the
final stage of a pathophysiological condition charac
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Figure 1 Hepatorenal syndrome: Pathogenesis. In cirrhotic patients portal hypertension can lead to markedly dilated splanchnic arterial vessels. The bacterial
translocation of intestinal germs, the gradual decrease in systemic vascular resistances, the hepatic vascular neoformation are potential risk factors. The fall in mean
arterial pressure is compensated by increase in cardiac output and by activation of renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous system
(SNS) to improve systemic vascular resistence. The response mechanisms to the decreased effective circulating volume caused by Enhanced vascular capacitance
(so-called “arterial underfilling”) include the non-osmotic release of vasopressin accounting for renal tubular sodium resorption and water retention leading to the onset
of ascites, edema and hypervolemic hyponatremia. These compensatory mechanisms ultimately have repercussions on kidney function causing reduced glomerular
filtration rate (GFR) and further water retention thereby worsening the water overload.

terized by decreased renal blood flow resulting from
deteriorating liver function in patients with cirrhosis and
[1-5]
ascites .
Hemodynamic changes associated with endothelial
shear stress occur before the onset of ascites and are
sustained by an increase in pro-angiogenic factors like
the vascular endothelial growth factor and plateletderived growth factor and vasodilators (carbon mono
xide, endocannabinoids and nitric oxide) able to
promote the formation of hepatic, splanchnic and porto
[6-11]
systemic collateral vessels
(Figure 1).
The ensuing hemodynamic instability may give rise
to many clinical events that further interfere with the
compensatory mechanisms. These include the onset
of spontaneous bacterial peritonitis, gastrointestinal
[12]
bleeding and post-paracentesis circulatory dysfunction .
The renal impairment is worsened by a progressive
cardiac dysfunction known as cirrhotic cardiomyopathy.
The latter is characterized by diastolic impairment with
septal ventricular hypertrophy, blunted ventricular
response to stress, systolic and diastolic dysfunction,
and electrophysiological abnormalities (prolongation of
[7]
QT interval) . Systolic dysfunction is due to impairment
of both β-adrenergic receptor and increasing in endo
genous cannabinoids and cardiosuppressants such as
nitric oxide and inflammatory cytokines and myocyte
apoptosis. Furthermore it is possible that several
intracellular signaling pathways are involved.
On the other hand the activation of renin-angio
tensin system and salt retention play a role in diastolic
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disfunction. Recent studies have stated myocardial
dysfunction in cirrhosis as a contributing, or even a
[13,14]
precipitant factor, of HRS
.

EPIDEMIOLOGY
[15]

According to Fede et al , approximately 20% of
cirrhotic patients with diuretic-resistant ascites poten
tially develop HRS, while a prospective study by Ginès
[4]
et al on 229 patients with cirrhosis found an 18%
incidence of HRS at one year, rising to 39% at five years
after initial diagnosis.
HRS may also arise in patients with acute liver
[16]
failure as shown in Akriviadis et al : They considered
101 patients with alcoholic hepatitis of whom 28 deve
[17]
loped HRS after a four-week follow-up. Planas et al ,
in a study enrolling 263 cirrhotic patients with a followup of 41 ± 3 mo after the onset of ascites, found
prevalence rates of 2.6% and 5% for HRS types I and II
respectively, with a cumulative probability of 11.4% at
five years. The prevalence of HRS increases with liver
[18]
disease progression, Wong et al
reporting a rate of
48% in patients on the waiting list for liver transplant.
Despite discrepancies in literature data, the preva
lence of HRS has dropped in recent years, probably as
a result of a better understanding of its pathophysiology
[19]
and improved clinical management . Nonetheless the
long-term survival of HRS patients remains poor and
the only effective treatment for this condition is liver
transplantation.
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Table 2 Characteristics of type I and type II hepatorenal
syndrome

Table 1 Diagnostic criteria for hepatorenal syndrome
Cirrhosis with ascites
Serum Creatinine > 1.5 mg/dL
Absence of shock
No improvement of serum creatinine (decrease to a level of 1.5 mg/dL
or less) after at least 2 d of diuretic withdraw and volume expansion
with albumin (The recommended dose of albumin is 1 g/kg of body
weight per day up to a maximum of 100 g/d)
No current o recent exposure to nephrotoxic drugs
Absence of parenchymal disease as indicated by proteinuria > 500 mg/d,
microscopic hematuria (50 red blood cells per high power field) and
abnormal renal ultrasonography

HRS I

HRS II

A precipitating
event is present
in the most
of case
No
precipitating
events

No history
of diuretic
resistant
ascites
Always
ascites
diuretic
resistance

10% survival
in 90 d
without
treatment
Median
survival 6 mo

HRS: Hepatorenal syndrome.

HRS: Hepatorenal syndrome.

differences have not yet been fully clarified.
A spontaneous recovery is rare in both cases unless
there is a significant improvement in liver function.
The differential diagnosis between HRS, other causes
of kidney disease and septic shock remain extremely
difficult. Despite the widespread circulation of the IAC
criteria, a serum creatinine cut-off of 1.5 mg/dL appears
limited as it does not take into account its physiological
fluctuations. In addition, creatinine values ≤ 1.5 mg/dL
[25]
may overestimate the true reduction in GFR .
The AKI network (AKIN) has proposed a new
definition of AKI for the diagnosis of HRS designed
to implement the traditional IAC criteria for prompt
recognition of kidney damage. AKI is defined as the
abrupt loss of kidney function resulting in a 0.3 mg/dL
increase in serum creatinine in 48 h or a 50% increase
over the basal value. The aim is to apply the AKI criteria
to decompensated cirrhotic patients for an early iden
tification of kidney failure and thereby implementing
[26]
prompt aggressive treatment .
Two recent prospective studies assessed the
applicability of the AKI criteria in patients with cirrhosis.
[27]
The study by Fagundes et al
on 375 patients and
[28]
another by Piano et al
on 233 cirrhotic patients
both divided the populations into two groups based on
kidney function. The first group comprised patients with
a serum creatinine increase ≥ 0.3 mg/dL but below the
threshold of 1.5 mg/dL, whereas the second enrolled
patients with creatinine > 1.5 mg/dL. In both cases
renal decline and mortality rates were significantly
higher in the group with serum creatinine > 1.5 mg/dL,
with a lower probability of kidney disease regression.
These results suggest that AKI with serum creatinine
values < 1.5 mg/dL is a relatively benign and potentially
reversible condition, whereas the progression of renal
deterioration to a significant decrease in GFR (values >
[27,28]
1.5 mg/dL) carries a poor prognosis
.
[29]
Nonetheless, a recent editorial by Arroyo et al
pointed to a lack of evidence demonstrating the real
advantage of the IAC guidelines with respect to AKI
criteria. The stratification of cirrhotic patients according
to single organ damage (kidney, liver or brain) appears
to simplify the complex changes occurring in patients
with decompensated liver failure.
[2]
Mindikoglu et al proposed a new classification

DIAGNOSIS
The diagnostic criteria for HRS were initially defined
[20-22]
by the International Ascites Club (IAC) in 1994
.
Since then, advances in our understanding of HRS
pathogenesis and the introduction of new therapies led
to repeated revisions of the criteria. The latest version
of 2007 excludes the use of creatinine clearance (due to
its poor correlation with kidney function in patients with
cirrhosis), and has eliminated minor criteria (sodium
excretion fraction, urinary output) deemed less sensitive
and specific. Concomitant bacterial infection does not
rule out a diagnosis of HRS but it is crucial to identify
[1]
the absence of septic shock (Table 1).
Two forms of HRS, types I and II, have been
described. They differ in severity and rate of progression
and can be considered two separate clinico-pathological
[23]
entities (Table 2).
Type I HRS is characterized by acute onset and
rapidly progressing kidney failure with a doubling of
serum creatinine to > 2.5 mg/dL (corresponding to a
50% reduction in the creatinine clearance rate) in less
than 2 wk, usually associated with multiorgan damage.
The prognosis is poor with only 10% of patients
[4]
surviving longer than 90 d .
This type of HRS can develop spontaneously but
more often tends to follow a precipitating event, mostly
spontaneous bacterial peritonitis or other infections like
[24]
pneumonia, urinary tract infections or cellulitis . Other
potential risk factors include viral, alcoholic, toxic or
ischemic hepatitis (e.g., TIPS), gastrointestinal bleeding
and surgical procedures (Table 3).
Type II HRS represents the final kidney response
to hemodynamic impairments in cirrhosis. This type
presents as a less severe and more gradual decline in
renal function associated with refractory ascites. The
increase in creatinine is gradual with mean values of
1.5-2.0 mg/dL. Type II HRS predisposes patients to the
development of type I HRS after a precipitating event.
The average survival rate is six to eight months after
onset.
The differential diagnosis between the two types
of HRS is based on the rate of progression and extent
of renal impairment, whereas the pathophysiological
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Doubling of
serum
creatinine
in < 2 wk
Renal
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Table 3 Risk factors for the onset of hepatorenal syndrome

Table 4 Differential diagnosis of renal failure in cirrhosis

Spontaneous bacterial peritonitis
Large volume paracentesis (> 5 L) with inadequate
albumin substitution
NSAID and other nephrotoxic drugs, iv contrast
Bleeding from esophageal varices
Post TIPS syndrome
Diuretic treatment

Pre-renal

Organic
Obstructive
Chronic
kidney disease

Spontaneous bacterial peritonitis are leading trigger of HRS. One-third
of patients with SBP develop HRS in the absence of septic shock. Diuretic
treatment has been suggested as a potential trigger of HRS, but there are
no clear supportive data for this. HRS: Hepatorenal syndrome; NSAID:
Non-steroidal anti-inflammatory drug; TIPS: Transjugular intrahepatic
portosystemic shunt.

molecule-1 and liver fatty acid-binding protein are
elevated in liver disease patients with kidney injury due
to acute tubular necrosis.
Two recent trials studied patients admitted to
hospital for cirrhosis-induced complications. They both
demonstrated that raised urinary levels of NGAL may
serve to distinguish functional kidney damage from
[37,38]
acute tubular necrosis or necrosis arising in HRS
.
[39]
Barreto et al confirmed that urinary NGAL predicts
clinical outcome, namely persistent kidney injury and
mortality at three months in hospitalized patients with
cirrhosis and bacterial infections. Although further
clinical trials are required, NGAL appears to predict
short-term mortality in cirrhotic patients.
Renal biopsy is not used for diagnostic purposes but
can be entertained when a decline in renal function is
associated with active urinary sediment or clinical status
not corresponding to IAC criteria or unresponsive to
therapy.

associating GFR measurement and renal blood flow to
stratify renal dysfunction, introducing the new concept
of “pre-HRS”, i.e., patients with reduced renal blood
flow but still normal or slightly reduced GFR. However,
further studies are required to establish the clinical
[30]
utility of this concept .
In all patients with acute renal failure and even more
in patients with cirrhosis, serum creatinine may not
reflect the reduction of kidney function with a significant
difference between male and female. Because of that it
was proposed using cystain C as alternative marker of
renal function.
[31]
[32]
Seo et al
and Sharawey et al
showed that
serum cystatin C level is a good marker for predicting
HRS and survival in patients with cirrhotic ascites.
In the last 2 years the IAC organised a consensus
development meeting in order to analyse the new
definition of AKI in patients with cirrhosis and HRS: All
the experts agreed on the removal of a fixed cut-off
value of serum creatinine from the diagnostic criteria
of HRS and they didn’t suggest to evaluate Cystain C
[33]
determination (Table 1).
As there are currently no specific tests to identify
HRS, diagnosis rests on the exclusion of other causes of
kidney failure. It is important to establish the etiology
of kidney injury in order to institute the appropriate
treatment.
The onset of AKI in patients with cirrhosis enters
into the differential diagnosis with other forms of kidney
injury: Pre-renal (45%), organic, including acute
tubular necrosis and glomerulonephritis (32%), and less
[34,35]
frequently obstructive nephropathy (< 1%)
(Table
4).
The parameters traditionally used to distinguish AKI
from chronic kidney disease (CKD) (urinary sodium
concentration, serum and urine osmolarity) are not
applicable in patients with cirrhosis and ascites. Like
wise, serum urea values are usually reduced in cirrhotic
patients due to the impaired hepatic synthesis.
[36]
Belcher et al
proposed the use of urinary bio
markers of AKI to improve the diagnostic process:
urinary levels of neutrophil gelatinase-associated
lipocalin (NGAL), interleukin 18 (IL-18), kidney injury
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History of fluid loss, gastrointestinal bleeding,
treatment with diuretics or non-steroidal
anti-inflammatory drugs
Medical history, laboratory tests
(cryoglobulinemia, complementemia, etc.)
Ultrasound imaging
Anemia, proteinuria, secondary hyperparathyroidism,
ultrasound evidence of renal cortical thinning

TREATMENT
Despite improvements in the clinical management
of HRS patients in the past twenty years, currently
available treatments enhance patients’ short-term
survival but offer little benefit in the longer term.
The current therapeutic armamentarium includes
drugs with specific vasoconstrictive effects on the
splanchnic circulation in addition to renal and liver
replacement therapies which can be artificial or natural
(liver transplantation). Liver transplant remains the
only truly effective treatment but is limited by the high
mortality rate in HRS patients and the shortage of
available organs.
[40]
A recent literature review by Fabrizi et al
noted
that pre-transplant kidney function is the most important
predictor for patient survival after liver transplant.
Pharmacological treatment and medical care serve as a
“bridge” to transplant to improve the patient’s prognosis.

Prevention and general patient management

The cirrhotic patient with ascites must be closely
[41-45]
monitored to prevent and treat precipitating factors
(Table 5).
If multiorgan damage is present, some patients,
especially those with type I HRS, may require a high
level of care, and admission to an intensive care facility.
In addition, a patient-tailored diet and physical rehabi
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least 25%) . The total daily dose should not exceed
2 mg IV bolus every 4-6 h or 12 mg/d in continuous
[40]
infusion . Continuous infusion is associated with a
[48]
better clinical response and fewer side-effects .
Terlipressin should be associated with albumin
(at a dose of 1 g/kg per day on the first day, without
exceeding 100 g/d, followed by 20-40 g/d). Albumin
serves to expand the circulating plasma volume by
raising the oncotic pressure. In addition, it has metabolic,
immune and vasoconstrictor effects by binding to
[49,50]
endotoxins, nitric oxide, bilirubin and fatty acids
. The
terlipressin-albumin association improves renal function
[48]
by 40%-60% , increasing the number of patients
eligible for liver transplant thereby enhancing their
[51-53]
outcome
. When serum creatinine values reach
[48]
< 1.5 mg/dL, treatment is deemed complete .
The average recovery time is seven days up to a
maximum of two weeks after which terlipressin should
be suspended if there is no improvement in kidney
[54]
function . Even when there is a complete response,
HRS recurrence is common (50% of cases) and
treatment should be resumed.
Terlipressin has an acceptable side-effects profile. Side
effects include abdominal pain with cramps and diarrhea
until intestinal ischemia; cardiac tachiarrhythmias and
chest pain can be observed, in generale ECG monitoring
is recommended. Vasoconstriction induced by terlipressin
may cause also cyanosis, livedo reticularis, necrosis
[53]
of the skin and extremities . Terlipressin could also
associated with hyponatremia but without impairment of
[55]
patients’ survival .
If patient shows side effects the dosage should be
reduced or administration discontinued. Continuous
[52]
infusion is safer and less burdened by side effects .
The incidence of ischemic events ranges from 5% to
30% even though many studies exclude patients at risk
[56]
of cardiovascular ischemia. Fabrizi et al ’s literature
meta-analysis of 243 patients compared the effects of
terlipressin vs placebo on kidney function and survival in
HRS patients. Their data confirm the regression of HRS
in a significant number of treated patients but no effect
on survival rates.
The association albumin and terlipressin showed
an improvement of survival rates for positive effects of
albumin on cardiac function, on the reduction of nitric
oxid and on improving the responsiveness of arterial
wall to vasoconstrictors. Other studies in patients
treated with terlipressin and differents colloids didn’t
[52,53]
showed the same positive response
.
Terlipressin is not available in the United States
and Canada so therapeutic protocols with other vaso
constrictor agents need to be considered in those
countries.
The alpha-adrenergic receptor agonist norepi
nephrine has proved effective in the treatment of
HRS. Continuous norepinephrine infusion (at a dose
of 0.5-3 mg/h) must be associated with albumin
administered as an IV bolus at least twice daily (1 g/kg
up to a maximum of 100 g/d). The aim is to raise mean

Table 5 Prevention of hepatorenal syndrome and general
patient management strategies
Avoid drugs that reduce renal perfusion or nephrotoxic substances
Minimize exposure to organ-iodated contrast agents
Intravenous albumin is recommended for volemic filling after large
volume paracentesis (8 g of albumin for each liter of ascites removed)
Diuretic therapy should be suspended
Pentoxifylline as drug’s anti-TNFa activity
Antibiotic prophylaxis to prevent infections reducing intestinal bacterial
translocation (norfloxacin 400 mg/d)
Intravenous albumin administered in association with ceftriaxone in SPB
Adrenal insufficiency should be identified and treated
Drug dosages must be adjusted according to renal function

ligation program should be planned and each patient
assessed for eligibility for liver transplantation to avoid
aggressive treatment.
The aim of treatment must be to stabilize patients
until liver transplantation and optimize their clinical
[6]
condition for a successful transplant .

Medical management

Medical management is targeted at the pathogenetic
mechanisms underlying HRS. The ideal treatment is
designed to improve liver function by exerting splanchnic
vasoconstriction and renal vasodilation to reduce portal
[34]
hypertension and raise systemic arterial pressure .
The specific drug approach is based on the use of
vasoconstrictor agents (terlipressin, norepinephrine,
midodrine) to correct circulatory changes.
[41]
As reported in a review by Davenport et al , intra
venous administration of terlipressin and albumin is
currently the treatment of choice for patients with type
I and type II HRS, resulting in an overall reduction in
short-term mortality rates.
The vasopressin synthetic analogue terlipressin is
a V1 agonist of the receptors expressed on vascular
smooth muscle cells in the splanchnic circulation.
It is enzymatically transformed from the inactive to
biologically active form (lysine-vasopressin) with a
longer half-life than other vasopressin analogues, e.g.,
ornipressin. Terlipressin’s long half-life accounts for
its initial administration as an intravenous bolus, now
[46,47]
replaced by continuous infusion
. The vasocon
strictive effect of terlipressin corrects the circulatory
dysfunction typical of end-stage liver disease, indirectly
rebalancing intrarenal vasoconstriction and lowering
levels of renin, noradrenaline and ultimately serum
creatinine. As a result, the kidney regains control of
its self-regulatory system. In addition, terlipressin
has a major impact on the portal circulation reducing
portal venous flow and porto-systemic pressure with a
concomitant increase in hepatic arterial blood flow and
an improvement in hepatocellular oxygenation.
Terlipressin can be administered as an intravenous
bolus starting from a dose of 0.5 mg every 4-6 h or
as a continuous infusion (2 mg/d). The dosage can
be doubled after three days of treatment if there is no
improvement in serum creatinine (i.e., a reduction of at
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arterial pressure by 10 mmHg and urinary output > 200
mL every four hours. The maximum period of treatment
[57,58]
must not exceed 2 wk
.
[59]
A pilot study by Ghosh et al compared terlipressin
vs noradrenaline in 46 patients with type II HRS. Neither
treatment proved superior to the other and the outcome
was broadly the same in terms of HRS regression.
Noradrenaline can be deemed as effective as terlipressin
but its lower costs makes it an interesting option for the
treatment of HRS.
Another alpha-adrenergic agent, midodrine, can
be considered a good alternative to terlipressin and is
the drug most commonly used in the United States.
Midodrine is a prodrug metabolized by the liver into its
active metabolite (desglymidodrine) and then excreted
in the urine. When administered in association with
octreotide (a somatostatin analogue and splanchnic
vasodilator) it has a positive effect on renal function
in HRS patients with 50% likelihood of disease
[49,60-62]
reversal
.
Midodrine can be administered orally (initial dose
7.5 mg every 8 h up to a maximum of 12.5 mg three
times daily) or octreotide can be given by continuous
infusion (50 mcg/h) or subcutaneously (from 100 to
200 mcg 12.5 mg three times daily). Albumin must be
[6]
associated at the usual dose . Midodrine dosage has
a major effect on its effectiveness: Patients treated at
the maximum dose have shown a complete response to
therapy, whereas octreotide administered alone has no
[62]
effect on kidney function .

plantation .
By definition, patients with cirrhosis are at higher
risk of bleeding and hemodynamic complications
(hypotension, arrythmias) hampering the decision
to initiate and manage dialysis treatment. Cirrhotic
patients on RRT have a 2%-8% higher mortality rate
[67]
than other patients .
Continuous renal replacement therapy (CRRT) is
usually preferred to intermittent dialysis due to its
greater hemodynamic stability ensuring fewer fluctu
ations in intracranial pressure. However, prospective
studies show that the choice of RRT has no significant
effect on survival rates in patients awaiting liver trans
[68-71]
plantation
. Anticoagulation of the extracorporeal
circuit is needed to maintain the filter patency without
increasing the risk of hemorrhage. Regional citrate
anticoagulation emerged as possible alternative but
no specific protocols are currently recommended for
[72]
patients with liver diseases .
Peritoneal dialysis is an option to resolve ascites and
correct other complications of cirrhosis without exposing
[73,74]
patients to the complications of hemodialysis
.
The precise timing and dose of RRT have yet to be
established but some studies demonstrate that the early
initiation and maintenance of a constantly negative fluid
[75]
balance have a positive effect on survival rates .

Extracorporeal artificial liver support therapy

More complex therapies known as liver support measures
may be required to replace the liver’s detoxifying system.
RRT removes water-soluble toxins whereas most of
the molecules accumulated in the course of liver failure
are linked to albumin and hence are not removed by
conventional hemodialysis.
Liver support systems are designed to enhance and
optimize these results, increasing the removal of watersoluble toxins and those linked to albumin.
To date these treatments have served as bridging
therapies for patients awaiting liver transplantation.

Transjugular intrahepatic portosystemic shunt

The creation of a portosystemic shunt to treat refractory
ascites can improve renal function in cirrhotic patients
as it increases venous return of splanchnic blood to
the right heart thereby raising the effective arterial
blood volume and reducing hepatic sinusoidal pressure.
Although literature reports on the use of transjugular
intrahepatic portosystemic shunt (TIPS) in HRS patients
[63]
are scant, Brensing et al
analyzed the trend of
creatinine clearance in patients treated with TIPS,
finding a twofold increase in clearance values from 9
to 27 mL/min two weeks after the procedure. Despite
its side-effects (namely the high incidence of hepatic
encephalopathy), TIPS can be used in the short term
to gain potential benefits in patients awaiting liver
[64,65]
transplant
.

Molecular adsorbent recirculating system

Molecular adsorbent recirculating system (MARS)
combines the conventional CRRT monitor or a standard
hemodialysis machine with an albumin dialysate circuit.
The system is based on the removal of albumin-bound
toxins (bile acids and nitric oxide) and water-soluble
cytokines (IL-6 and TNF-α) to stabilize liver function and
improve organ damage.
The MARS system consists of an albumin-imper
meable membrane separating the patient’s blood from
the albumin dialysate solution. The free albumin in
the dialysate attracts and binds the liver toxins in the
patient’s blood. The albumin dialysate, in its turn, is
regenerated by a low flux dialysis filter and two adsorber
cartridges, one filled with activated charcoal, the other
with an anion exchanger resin. The regenerated albumin
solution is then ready for new uptake of toxins from the
blood, entering the circuit through a high permeability
filter to undergo standard dialysis to remove water-

Renal replacement therapy

The indications for renal replacement therapy (RRT)
in patients with HRS are the same as those for AKI
patients without cirrhosis. HRS patients, particularly
those with type I, may need to undergo dialysis because
of metabolic acidosis or hyperkalemia due to water or
sodium retention or less frequently uremic intoxication.
RRT is among the so-called bridging therapies
designed to support patients awaiting liver transplant,
but there is no evidence that dialysis improves the
long-term survival of patients not eligible for trans
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soluble toxins.
Some studies have reported better survival rates in
patients treated with MARS compared to conventional
CRRT, but overall survival remains very poor (37% at 7 d
and 25% at 30 d). The main factor affecting survival is
[75,76]
the patient’s clinical status before treatment
.
[75]
In 2000, a trial by Mitzner et al assessed survival
rates in 13 patients with type I HRS. The eight patients
treated with MARS had significantly better survival
rates at 30 d than patients receiving standard medical
therapy. By contrast, the randomized RELIEF study
failed to show any significant differences in terms of
survival in 189 patients treated with MARS vs standard
medical therapy even though some benefit was noted
in the management of encephalopathy in patients with
[77]
type I HRS who underwent MARS .
[78]
After a one-year follow-up, Donati et al
reported
that among 64 patients treated with MARS, the best
survival rates were found in the 11 patients who sub
sequently underwent liver transplant. The same authors
observed an improvement in both systolic and diastolic
blood pressure in 5 patients with type 2 HRS treated
with MARS and standard medical therapy.

normal after transplantation
.
Organ allocation is mainly based on the MELD
score, a system devised to stratify disease severity on
the basis of laboratory parameters (serum creatinine,
bilirubin and INR) to assign organs according to the so[83]
called sickest first policy .
Considering all liver transplant recipients, those with
HRS are more exposed to post-transplant complications,
at greater risk of developing CKD and have a shorter
[84,85]
overall survival
. Those patients who fail to recover
renal function and need to continue hemodialysis have
an even worse survival rate (70% mortality at one
[86]
year) .
RRT prior to liver transplant is an important predi
ctive factor. Patients undergoing hemodialysis for more
than eight weeks have a markedly reduced probability
of renal recovery and a combined liver-kidney transplant
[87,88]
is recommended in these cases
.
Vasopressor treatment of HRS before liver transplant
[89]
does not seem to affect subsequent patient outcome .
[83]
Nonetheless, Angeli et al
reported that liver trans
plantation may be delayed in patients treated with
vasopressors following a response to treatment and
hence an improvement in clinical and hemodynamic
status. This paradoxical situation must be avoided and
the clinical criteria adopted to establish the priority
of patients on the waiting list for transplant (first and
foremost the MELD score) must always refer to the
patient’s initial condition and not to the status reached
after treatment.
There are no specific recommendations as to posttransplant immunosuppressive therapy, but it may be
advisable to delay the start of cyclosporine or tacrolimus
to 48-72 h after transplantation to enhance renal
[90]
recovery as suggested by Guevara and Arroyo .

Fractionated plasma separation and absorption
(Prometheus)

The Prometheus system consists of a primary circuit
(plasma filter and dialyzer) and a secondary circuit
(adsorbent filters to remove bilirubin) for the combined
removal of toxin albumin-bound and water-soluble
molecules using a fractionated plasma separation and
adsorption (FPSA) system. Unlike MARS, the plasma is
separated from the blood through a high cut-off point
polysulfone membrane (250 kDa, albumin permeable)
and purified from the albumin-bound toxins by direct
adsorption on resin-containing cartridges. The purified
plasma is then returned to the blood circuit through a
high efficiency dialyzer to remove water-soluble toxins.
The HELIOS study on 179 patients with liver failure
treated with standard medical therapy vs extracorporeal
treatment showed no significant advantage in terms
of overall survival except in the subgroup of patients
with type I HRS treated with FPSA who had a significant
[79]
survival benefit .

CONCLUSION
HRS is a life-threatening complication arising in patients
with liver cirrhosis and triggered by a series of complex
hemodynamic and neurohormonal changes linked to
the liver disease. The condition carries a very poor
prognosis and high morbidity and mortality rates.
Recent years have seen a reduction in HRS pre
valence and an improvement in patient outcome pro
bably reflecting a better understanding of HRS patho
physiology and advances in therapeutic strategies.
Treatment consists of medical management (mainly
based on vasopressor administration), surgery (TIPS)
or instrumental therapies (e.g., renal replacement and
liver support systems). Although the therapeutic arma
mentarium at our disposal will control the syndrome
and obtain temporary remission, there is no guarantee
of disease resolution.
The only effective treatment offering patients the
hope of complete recovery is liver transplantation or
combined kidney-liver transplant in selected cases. The
decision to embark on transplantation must be carefully
assessed in HRS patients considering all the potential

Liver transplantation

Liver transplantation remains the treatment of choice
in HRS patients despite its mortality rate which is
particularly high in patients with type I HRS whose
survival is so poor that many die while awaiting trans
plant.
Recovery of renal function is not universal: Marik
[80]
et al , in a study on 28 patients, noted a complete
recovery of kidney function in only 58% of transplanted
patients, a partial recovery in 15% and no recovery
in 25% (observation time 110 d). Renal sodium
excretion, serum creatinine and neurohormonal levels
may normalize within a month whereas renovascular
resistance may take more than a year to return to
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outcome.
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