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Summary

Renal failure is a severe complication in patients with
liver cirrhosis. It is associated with increased mortality
and morbidity. Diagnosis is a challenge because it is
mainly based on serum creatinine, which does not seem
to be an ideal measure of renal function in cirrhosis. The
definition of renal failure in these patients has been
changed for optimizing treatment and for improving out-
come and prognosis. The new criteria are based on the
adapted KDIGO (Kidney Disease: Improving Global Out-
comes) staging system. The diagnosis of acute kidney
injury (AKI) is based on an absolute increase of serum
creatinine of >0.3 mg/dl from baseline within 48 h or an
increase of >50% from baseline. This means smaller
changes in serum creatinine in a shorter time frame
which may lead to an early identification of renal failure
in cirrhotic patients. The former cirrhotic-specific term
hepatorenal syndrome (HRS) is now part of the new di-
agnostic criteria and is called HRS-AKI. The diagnostic
criteria of HRS have changed due to the new criteria for
AKI. Due to these criteria for HRS, the medical treatment
will be started earlier. First-line treatment for renal AKI-
HRS is the combination of a vasoconstrictor and albu-
min. Most data exist for terlipressin, a vasopressin
analog, as vasoconstrictor. Besides this medical treat-
ment, there are other options like the placement of a
transjugular intrahepatic portosystemic shunt, renal re-
placement, and artificial extracorporeal liver support sys-
tems. However, these alternative treatment options have
limitations. Liver transplantation is the treatment of

choice for these patients and represents the definitive
treatment. Using new biomarkers like urinary neutrophil
gelatinase-associated lipocalin or interleukin-18 for renal
failure in cirrhosis should help to differentiate the causes
of renal failure and provide an indication regarding the
prognosis.

© 2018 S. Karger GmbH, Freiburg

Introduction

Renal failure is a frequent complication of patients with liver
cirrhosis which is associated with increased mortality and morbid-
ity, occurring in one of every 5 patients with cirrhosis [1]. Renal
dysfunction is detected in 20-50% of patients who are admitted to
the hospital [2]. It is one of the most serious complications of de-
compensated cirrhosis and leads to a rapid progress towards death
or to liver transplantation. There are different causes of renal dys-
function. Besides acute kidney injury (AKI), chronic kidney failure
induced by comorbidities like diabetes mellitus, arterial hyperten-
sion, or specific causes such as immunoglobulin A nephropathy or
glomerulopathy is frequent; however, the prevalence is still un-
known. Outcome depends on the cause of AKI [3].

Hepatorenal syndrome (HRS) is one kind of AKI and a frequent
and serious complication in decompensated cirrhosis. In former
understanding, HRS is mainly related to renal vasoconstriction
with hypoperfusion due to extended splanchnic vasodilatation [4].
The pathophysiological view on HRS has been modified. Apart
from the pathomechanism of renal hypoperfusion due to splanch-
nic arterial vasodilatation and reduction of cardiac output, proin-
flammatory processes became additional, important mechanisms
in the development of HRS. Recent data suggested that increased
levels of circulating proinflammatory cytokines are associated with
renal failure in patients with cirrhosis. Therefore, in the revised di-
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agnostic criteria of HRS, spontaneous bacterial peritonitis (SBP) is
not an exclusion criterion but rather a trigger event for developing
HRS [5]. Thus, an early diagnosis of the cause of AKI is relevant for
effective treatment and improved outcome. Using biomarkers like
urinary neutrophil gelatinase-associated lipocalin (NGAL) or in-
terleukin-18 (IL-18) for renal failure in cirrhosis could help to dif-
ferentiate the causes of renal failure and provide an indication re-
garding the prognosis [6]. In the past, AKI was defined as an in-
crease of the serum creatinine value of more than 1.5 mg/dl. How-
ever, the serum creatinine value has its limitations such as
underestimation caused by muscle wasting in cirrhotic patients.
Therefore, the term and the criteria of HRS and renal failure in cir-
rhosis were recently modified. The new definition of AKI is based
on the known scoring system of the Kidney Disease Improving
Global Outcomes (KDIGO) group and is based on an increase of
serum creatinine [7].

Specific medical treatment of HRS-AKI, the new term for HRS,
is a combination of a vasoconstrictor and albumin. The most evi-
dence exists for the vasoconstrictor terlipressin, a vasopressin
analog. Liver transplantation, of course, is the best therapeutic op-
tion for patients with HRS-AKI regardless of response to medical
treatment. The indication for renal replacement treatment (RRT)
should be based on the individual severity of renal failure and cir-
rhosis. RRT rather seems to be a bridging tool than a treatment
with increased prognosis in patients with HRS-AKI. It should be a
rescue treatment option and not a first-line choice. Other treat-
ment options should be transjugular intrahepatic portosystemic
shunt (TIPS) or extracorporeal liver support systems.

In this review, the new criteria for renal failure and HRS as well
as pathophysiology, novel biomarkers, and treatment in these pa-
tients with cirrhosis are highlighted.

Pathophysiology of Hepatorenal Syndrome

The concept that HRS is only a functional injury has changed
during the last decade and, thus, the definition of HRS probably
needs to be revised. Splanchnic vasodilatation causes systemic
vascular vasoconstriction and activation of the renin-angiotensin-
aldosterone system and the sympathetic nervous system which
increases the secretion of vasopressin [4, 8]. Furthermore,
splanchnic vasodilatation exacerbates a hyperdynamic circulation
which triggers increased hyperdynamic output followed by de-
crease in cardiac output, which is known as cirrhotic cardiomyo-
pathy [4]. Another important mechanism in patients with cirrho-
sis and renal failure becomes more and more obvious, i.e. the sys-
temic proinflammatory response in cirrhotic patients - with and
without infections. Patients with cirrhosis show a pathological
bacterial translocation from the intestinal lumen to the abdomi-
nal lymph nodes. This leads to increased circulating levels of li-
popolysaccharide-binding protein and tumor necrosis factor-al-
pha, which cause splanchnic vasodilatation and renal vasocon-
striction due to increased nitric oxide levels [9, 10]. Bacterial in-
fections are a main cause of HRS, and spontaneous bacterial
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Table 1. Novel diagnostic criteria of AKI according to the ICA-AKI consensus

Stage  Definition

1 increase in serum creatinine > 0.3 mg/dl or an increase of serum
reatinine >1.5- to 2-fold from baseline

1A serum creatinine < 1.5 mg/dl

1B serum creatinine > 1.5 mg/dl

2 increase in serum creatinine >2- to 3-fold from baseline

3 increase in serum creatinine >3-fold from baseline or initiation of

renal replacement treatment

AKI = Acute kidney injury; ICA = International Club of Ascites.

infection is one of the most common triggers for HRS-AKI [3].
Furthermore, patients with decompensated cirrhosis show in-
creased levels of cytokines. In these patients, AKI is a common
clinical complication [3].

In summary, HRS is not only influenced by hyperdynamic al-
terations but is also caused by systemic proinflammatory processes
due to pathological bacterial translocation in advanced cirrhosis.

Novel Classification

Recently, the definition of AKI in cirrhosis was modified ac-
cording to the Acute Kidney Injury Network (AKIN) criteria and
the KDIGO criteria, which are already used for AKI in patients
without cirrhosis [11]. The traditional definition of kidney failure
in cirrhosis was based on an increased serum creatinine value of
more than 1.5 mg/dl. This definition had limitations such as de-
layed diagnosis because of underestimation of renal function (cir-
rhotic muscle waste with decreased serum creatinine values) as
well as relying on fixed cut-off values instead of the detection of
small changes in serum creatinine.

The new diagnostic criteria of AKI are based on small changes
in serum creatinine and do not rely on a fixed cut-off value or limit
of serum creatinine. Based on the novel classification system, AKI
in cirrhosis is defined as an increase in serum creatinine of >0.3
mg/dl within 48 h, or 50% or 1.5-fold from baseline in less than 7
days [5]. The International Club of Ascites (ICA) modified this
new definition of AKI in cirrhosis, and a new scoring system of
AKI in cirrhosis was designed and called ICA-AKI (table 1). This
scoring system is based mainly on the percentage increase of serum
creatinine from baseline (initial stage) and the peak value of serum
creatinine during hospitalization (peak stage). Both kinds of AKI
(initial stage and peak stage) are associated with decreased survival
during hospitalization [5, 11].

For the new definition, a baseline serum creatinine value is im-
portant. Patients mainly develop AKI during hospitalization with a
baseline value at admission. In this setting, comparing follow-up
serum creatinine and baseline serum creatinine values is possible.
There are patients who develop AKI before admission to the hospi-
tal, presenting with a high serum creatinine value [2]. In this case,
the latest serum creatinine value should be used as the baseline
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value. For these cases, the ICA-AKI criteria defined the baseline
serum creatinine as a value from the last 3 months.

AKI is classified into three stages (AKI 1, 2 and 3), depending
on changes of serum creatinine. Classification into three stages
provides information regarding prognosis. Therefore, the 3-month
survival is 42% in stage 2 and 31% in stage 3 (table 1). In contrast to
the known KDIGO scoring system, Stage 1 is divided into Stage 1A
(serum creatinine < 1.5 mg/dl) and Stage 1B (serum creatinine >
1.5 mg/dl) for better prognosis stratification and for closer moni-
toring of patients with stage 1B, similar to patients with AKI stage
2 or 3. Development of acute-on-chronic liver failure is more com-
mon in patients with stage 1B.

In summary, results of several studies showed that the novel
scoring system, a modified AKIN classification, is useful for renal
failure in patients with cirrhosis due to predicting prognosis earlier
and more accurately [6, 12].

Types of Acute Kidney Injury

Depending on the cause of AKI, there are different types which
can occur in patients with cirrhosis. A study in 152 patients with
cirrhosis showed that 70% of the patients had AKI, 17% of the pa-
tients had AKI and a chronic kidney disease, and 13% of the pa-
tients had chronic kidney disease alone [13]. Renal failure is di-
vided into prerenal, intrarenal (or intrinsic), postrenal, and HRS:
HRS-AKI. In hospitalized patients, the most common cause of AKI
is prerenal (approximately 70% of all cases). This may be resolved
by volume expansion. The main cause of intrarenal AKI is acute
tubular necrosis (ATN). Postrenal AKI is rare in cirrhotic patients.
One of the diagnostic challenges is the discrimination between
HRS-AKI and intrinsic AKI such as ATN [13].

Former Definition of Hepatorenal Syndrome

Formerly, HRS was defined as a functional renal failure caused
by splanchnic vasodilatation and consecutive renal vasoconstric-
tion [14]. Furthermore, HRS was divided into type 1 and type 2.
Nowadays, the view on HRS has changed. The hypothesis of renal
hypoperfusion due to splanchnic arterial vasodilatation and reduc-
tion of cardiac output has changed. Inflammation became an im-
portant factor in the development of HRS. Recent data suggested
that increased levels of circulating proinflammatory cytokines are
associated with renal failure in patients with cirrhosis. As men-
tioned above, in the new diagnostic criteria of HRS, SBP is not an
exclusion criteria but rather a trigger event for developing HRS [5]
(table 2).

Role of Biomarkers

Renal failure and AKI are characteristic and serious. Beside
HRS-AKI, there are other etiologies than HRS. Diagnosis of the
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Table 2. Criteria for HRS-AKI according to the ICA consensus

Liver cirrhosis with ascites

Diagnosis of AKI: increase in serum creatinine > 0.3 mg/dl within 48 h

No response of diuretic withdrawal after 48 h

No response on plasma volume expansion (albumin 1 g/kg of body weight)
No nephrotoxic drugs (e.g. NSAIDs, aminoglycosides)

No proteinuria (>500 mg/day)

No microhematuria (>50 RBCs per HPF)

No pathological renal ultrasonography

HRS = Hepatorenal syndrome; AKI = acute kidney injury;
ICA = International Club of Ascites.

exact etiology of AKI is essential for treatment and prognosis strat-
ification. Prognosis differs according to AKI etiology. Therefore,
AKI due to hypovolemia has the best prognosis, in contrast to
HRS-AKI [15]. At the present time, the diagnosis of acute and
chronic renal failure is a major challenge and relies only on serum
creatinine. Several studies have shown that serum creatinine is not
an accurate biomarker of renal injury in patients with cirrhosis
[16]. Currently, differential diagnosis relies on classical parameters
like proteinuria, urine sediment, renal sodium excretion, and glo-
merular filtration rate and is based on clinical criteria in patients
without cirrhosis. However, these parameters come along with dif-
ferent limitations in patients with cirrhosis. Furthermore, these pa-
rameters are not validated in cirrhotic patients, and kidney biopsy
is rarely performed in cirrhotic patients with AKI in clinical prac-
tice. Recently, novel biomarkers have emerged in this setting. Sev-
eral biomarkers are described in patients with renal failure without
cirrhosis and are proven useful in the differential diagnosis of AKIL
More and more studies show the validity of these biomarkers in the
differential diagnosis in AKI in cirrhotic patients, which is essential
because of different prognosis and management [17, 18].

The following new kidney biomarkers in urine are investigated

in patients with AKI and cirrhosis [19]:

(1) NGAL;

(2) kidney injury molecule-1 (KIM-1);

(3) IL-18;

(4) liver-type fatty acid-binding protein (L-FABP);
(5) albumin.

NGAL, IL-18, KIM-1, and L-FABP are associated with tubular
renal injury, while albumin is associated with glomerular injury.
Both kinds of biomarkers indicate structural kidney damage. The
biomarkers urinary NGAL, IL-18, and albumin are the most prom-
ising and the most validated biomarkers in cirrhotic patients [17].
NGAL, a glycoprotein, could help to determine the cause of AKI in
cirrhosis [18]. It is overexpressed in the kidney by impaired kidney
epithelia. Because of this mechanism, the NGAL level in the urine
rises exponentially as well as earlier than serum creatinine during
AKI. Some studies showed the usefulness and validity of urinary
NGAL in the differential diagnosis of AKI in cirrhotic patients.
These studies demonstrate that the NGAL levels are much higher
in patients with ATN than in those with HRS-AKI of prerenal, hy-
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Fig. 1. Diagnostic and therapeutic algorithm
for AKI stage 1.

povolemia-induced AKI. The NGAL level in patients with hypov-
olemia-induced AKI is similar to the NGAL level in patients with-
out AKI. However, there is one limitation of NGAL as a biomarker
for AKI: The NGAL level also increases in patients with urinary
tract infections because of the production of NGAL in leukocytes
[20]. Thus, the level could be false-positive during urinary tract
infections.

Another valid biomarker for AKI in cirrhotic patients seems to
be IL-18. This biomarker is similar to urinary NGAL and shows the
lowest level in patients with hypovolemia-induced AKI and the
highest one in AKI due to ATN. A recent meta-analysis analyzed
the usefulness of urinary NGAL and IL-18 for prognosing and di-
agnosing AKI in cirrhotic patients. Both of these discriminated the
different causes of AKI with high accuracy [21]. Furthermore,
these data showed that higher levels of urinary NGAL and IL-18
were associated with higher short-term mortality [22].

However, there are some overlaps between the different types of
AKI and there is no study which compared diagnosis by biomarkers
with a reference diagnosis by kidney biopsy. In the future, the com-
bination of different biomarkers could be interesting in the diagno-
sis of AKI and prognosis in cirrhotic patients with renal failure.

Clinical Management

The aim of treatment of renal failure in cirrhotic patients is an
improvement of kidney function and a bridging to liver transplan-
tation. Early treatment is important and improves the outcome.
HRS-AKI should be treated as soon as possible after diagnosis.
Then, the kidney function of these patients should be monitored
closely. Treatment can be divided into specific and non-specific.
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First of all, the administration of nephrotoxic drugs like non-ste-
roidal anti-inflammatory drugs or aminoglycosides should be
stopped. Diuretics and/or beta-blockers as well as vasodilators
should also be avoided. Correction of triggering factors like infec-
tions or hypovolemia is essential. A fluid challenge with intrave-
nous albumin should be started. Volume replacement should be
given first for treatment and secondly for the diagnostic approach.
20% albumin solution at a dosage of 1 g albumin/kg body weight
should be given for 2 days. If renal function does not improve, spe-
cific treatment should be started (fig. 1). These recommendations
are summarized in the German Guidelines and the European Clin-
ical Practice Guidelines of the European Association of the Study
of the Liver [22, 23].

There are different specific options like medical treatment, TIPS
placement, renal replacement, extracorporeal liver support, and
liver transplantation.

Medical Treatment

When HRS-AKI is diagnosed, specific treatment should be im-
mediately started. The first choice is the administration of a vaso-
constrictive drug in combination with albumin. Vasoconstrictive
drugs counteract splanchnic vasodilatation, and renal vasocon-
striction decreases with improved renal perfusion [22, 23].

Vasoconstrictors such as vasopressin analogs like terlipressin
and alpha-1-agonists like noradrenaline are the most common rec-
ommended treatment option. The drug combination with the most
existing evidence and data is that of terlipressin and albumin. Data
of randomized trials and systematic reviews showed an improve-
ment of kidney function and of survival. The combination of albu-
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min and terlipressin seems to be more effective than a treatment
with a vasoconstrictor alone [24]. Albumin increases blood volume
and cardiac output, and it is known that decreased cardiac output
is associated with HRS. Besides this beneficial volume effect, albu-
min seems to have anti-inflammatory and antioxidant features
with a positive effect on HRS [25]. A recent meta-analysis included
five randomized clinical trials and evaluated the effect on terlipres-
sin for type-1 HRS. Mortality was 64% in patients who did not re-
ceive terlipressin and 48% in those receiving terlipressin (risk ratio
0.76, 95% confidence interval 0.61-0.95) [26]. However, these re-
sponse rates were evaluated based on the former definition of HRS.
To date, there are no data about the usefulness and effectiveness of
the combination terlipressin and albumin in patients with HRS-
AKTI fulfilling the novel modified AKI criteria and not fulfilling the
classical criteria of type-1 HRS (patients without a serum creati-
nine increase > 2.5 mg/dl).

Furthermore, the most recent randomized, placebo-controlled,
double-blind study, i.e. the REVERSE trial, assessed the efficacy of
terlipressin and albumin in rates of response in patients with
type-1 HRS [27]. In this study, 196 patients with type-1 HRS were
included. Treatment arms were placebo and albumin or terlipres-
sin and albumin. Contrary to other studies, in the REVERSE trial,
there was no significantly higher rate of response in the group
with terlipressin (p = 0.22) and there were no significant differ-
ences in short-term survival. In this trial, however, the treatment
duration was shorter than recommended, i.e. 30% of the patients
received a treatment for less than 3 days, while 6% of patients had
a treatment duration of 14 days. This seems to be one of the limi-
tations of this study.

Dosage and Application of Terlipressin and Albumin

Terlipressin should be administered by i.v. bolus with an initial
dose of 0.5-1 mg every 4-6 h. The dose can be increased to a maxi-
mum of 2 mg every 4-6 h, with a daily maximum of 12 mg [22, 23].
Improvement of kidney function during treatment is defined as a
decrease of serum creatinine of more than 25% of the baseline
value prior to treatment. If kidney function does not improve 3
days after initiation of treatment, the dose of terlipressin should be
increased up to 2 mg every 4-6 h.

Alternatively, continuous infusion of terlipressin shows similar
response rates with lower adverse effects than administration by
bolus [28, 29]. The initial daily dose of continuous infusion of ter-
lipressin is 2 mg. The mean daily dose of terlipressin was signifi-
cantly higher in the group treated with i.v. bolus administration
compared to the group treated with continuous application. Fur-
thermore, the rate of side effects was significantly lower in the
group with continuous application of terlipressin (35 vs. 62%).
These data suggest that terlipressin given continuously is effective
in lower doses and is tolerated better than i.v. bolus administra-
tion. Despite the lower doses of terlipressin in continuous infu-
sion, the effect seems to be more stable by lowering portal pressure
permanently.
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Albumin

Albumin solution (20%) should be administered at a dose of 1
g/kg body weight on the first day followed by a dose of 20-40 g per
day [22, 23]. However, the exact dose of albumin in the treatment
of type-1 HRS has not been well examined. Some studies suggested
that the dose should be adapted to the level of central venous pres-
sure (CVP). Albumin should be stopped if CVP is high and values
are above 15 mm Hg [30]. In contrast, the validity of CVP in pa-
tients with decompensated cirrhosis with an altered cardiac output
is limited. Over a longer period, albumin infusion may lead to
overload of sodium. Therefore, serum electrolytes should be moni-
tored closely during long-term administration of albumin.

Treatment Duration and Response

Complete treatment response of type-1 HRS is defined as serum
creatinine below 1.5 mg/dl, whereas partial response is defined as a
decrease of serum creatinine by >50%, with a serum creatinine value
higher than 1.5 mg/dl. Treatment should be maintained until com-
plete response or for a treatment duration of 14 days irrespective of
partial, complete, or non-response. According to the new definition
of HRS-AKI, complete response is defined as a final serum creati-
nine within 0.3 mg/dl from baseline value, and partial response is
defined by regression to final serum creatinine > 0.3 mg/dl from
baseline. In the case of HRS recurrence after complete response and
treatment end, the combination should be repeated [22].

Side Effects of Medical Treatment

Side effects of terlipressin are common because of the potent va-
soconstrictive effect. The main side effects are abdominal symp-
toms like pain or diarrhea and cardiovascular ischemia. When ter-
lipressin is administered by iv. bolus, the rate of side effects
amounts to 40-50%. The rate of discontinuation due to side effects
is around 20% [29]. In the case of severe side effects like cardiovas-
cular events, treatment should be discontinued, otherwise the dose
should be decreased and continued under clinical monitoring.

Other Vasoconstrictors

Besides terlipressin, there are some other vasoconstrictors. In
some countries, terlipressin is not available. These vasoconstrictors
are octreotide, noradrenaline, and midodrine. For all of these vaso-
constrictors, positive studies exist regarding treatment response in
HRS. Especially noradrenaline has been proven to be as effective as
terlipressin in terms of treatment response and short-time survival
[31, 32]. One randomized controlled study compared terlipressin
with noradrenaline as vasoconstrictor in patients with type-1 HRS
and showed similar response rates in both treatment groups. There
were no differences in frequency and profile of side effects [31]. Ina

Appenrodt/Lammert



recent meta-analysis, these results were confirmed, and noradrena-
line seems to be an effective alternative to terlipressin [33]. No-
radrenaline is given by continuous infusion at a dose of 0.5-3 mg/h.
In contrast to the application of terlipressin, a stay on the intensive
care unit during treatment and a central venous line are required.
Albumin should be given by means of the usual administration and
dosage in combination with the other vasoconstrictors.

The combination midodrine and octreotide with albumin is
known in the treatment of type-2 HRS. Furthermore, two studies
showed a beneficial effect on renal function and survival in patients
with type-1 HRS [34, 35]. These studies compared the above-men-
tioned combination with placebo in the treatment of type-1 HRS. In
contrast, a randomized study compared the efficacy of midodrine
and octreotide versus terlipressin. The response rate in the group
treated with terlipressin was significantly higher than in the group
treated with midodrine and octreotide (70 vs. 29%) [36]. The combi-
nation of midodrine and octreotide is used in countries where terli-
pressin is not yet available. This combination seems to be less effec-
tive than terlipressin and albumin, though. However, treatment with
terlipressin and albumin in type-2 HRS shows an effective response
rate with a high rate of withdrawal. Furthermore, this treatment has
the limitation of i.v. administration for outpatients. This combina-
tion is not recommended for patients with type-2 HRS [37].

Transjugular Intrahepatic Portosystemic Shunt

TIPS improves renal function in HRS [38]. However, these data
exists mainly for type-2 HRS. Only limited data show a beneficial
effect for patients with type-1 HRS [39]. The applicability of TIPS
is limited in this clinical setting because of contraindications for
TIPS such as severe degree of liver failure. The treatment options
and contraindications for TIPS should be evaluated in every pa-
tient with type-1 or type-2 HRS because it could improve renal
function. However, these beneficial effects exists for cirrhotic pa-
tients with HRS and ascites. There do not exist any data about the
efficacy of TIPS in patients with cirrhosis and AKI without ascites.

Renal Replacement Treatment

RRT should be considered in the management of HRS-AKI in
the case of non-response to medical treatment and should be
started in patients with the known indications for RRT such as
acid-base or electrolyte imbalance, volume overload, or azotemia.
RRT is recommended in patients with cirrhosis who are waiting for
liver transplantation [40]. It is still unclear whether RRT improves
survival. In contrast, it has been recently observed that critically ill
patients with cirrhosis who require RRT have a high mortality in-
dependenty of liver transplantation options [41]. The right time for
RRT initiation has not been defined in patients with cirrhosis.
However, data on AKI in patients with acute liver failure as well as
in critically ill patients without liver disease suggest that early RRT
improves survival [42, 43]. Different kinds of replacement treat-
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ment like hemodialysis or continuous RRT have been used in cir-
rhotic patients. Continuous replacement seems to be better toler-
ated by greater cardiovascular stability [43]. In summary, RRT
should be used as rescue treatment for HRS.

Liver Support Systems

There are data from two artificial extracorporeal liver support
systems, i.e. the Molecular Adsorbent Recirculating System
(MARS®) and the Prometheus® device. The MARS combines con-
tinuous RRT and an albumin-enriched dialysate. This device
should remove toxins bound to albumin like cytokines and bile
acids. In two controlled studies, both of these liver support systems
showed promising beneficial effects in patients with type-1 HRS
but should be further investigated and the clinical relevance re-
mains still unclear [44, 45].

Liver Transplantation

The best option in patients with renal failure is liver transplan-
tation [46]. All patients with type-1 HRS should be considered for
liver transplantation. However, renal failure at the time of liver
transplantation has a negative impact on survival after transplanta-
tion [47]. Simultaneous liver-kidney transplantation can be indi-
cated in patients with cirrhosis and chronic kidney disease as well
as in patients with cirrhosis and sustained AKI irrespective of its
type, including HRS-AKI when refractory to drug therapy [48].

Conclusions

AKI in patients with cirrhosis is a major complication in cirrho-
sis, and HRS-AKI is one kind of AKI with impaired prognosis.
HRS-AKI is mainly related to systemic circulation impairment and
inflammatory processes. Recently, the criteria for renal failure and
HRS have been modified according to the AKIN criteria. The new
definition leads to earlier identification of renal dysfunction, and
specific treatment could be initiated sooner. Novel biomarkers like
NGAL may be useful for differential diagnosis of the etiology of
AKI and may provide an indication concerning the prognosis. The
first-line treatment for renal AKI-HRS is the combination of a va-
soconstrictor and albumin. For those patients who failed medical
treatment, other options like renal replacement or extracorporeal
liver support could help to bridge to liver transplantation. TIPS im-
proves survival in patients with HRS-AKI and should be evaluated
in these patients. Liver transplantation is the best treatment option
for these patients and should be evaluated in patients with renal
failure and advanced cirrhosis.
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