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Abstract

Hepatorenal Syndrome (HRS) is a unique type of renal dysfunction in patients with end stage liver disease or
fulminant liver failure. It is characterized by an acute functional renal impairment with increased renal
vasoconstriction, a reduced glomerular filtration rate (GFR) along with splanchnic arterial vasodilation. In end stage
cirrhotics, from 30% to 40% will have HRS. In the past two decades, two different types of HRS have been
distinguished. While HRS1 describes a rapidly progressive and marked loss of kidney function during a 2 weeks
period in patients with advanced liver disease, HRS2 is defined as a moderated, steady renal failure in the setting of
refractory ascites. More recently the former HRS1 was reclassified as a special entity of AKI: the ‘HRS type of AKI’
(HRS-AKI); whereas HRS2 has been classified as a form of chronic kidney disease (CKD) in patients with cirrhosis,
and is now referred as HRS-type of CKD (HRS-CKD). Treatment with vasoconstrictors and volume expansion is the
current standard of care but it´s only effective in 40%-50% of patients. Despite the recent pharmacological and other
therapeutic innovations liver transplantation remains (LT) the only curative option and should be considered in all
patients suitable for it. Despite the new developments on treatment modalities and advances in understanding the
pathophysiology of HRS, patient prognosis still remains dismal.

This review aims to summarize the current concepts about the disease itself and highlights current research on
pathophysiology and diagnosis.
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Introduction
HRS is a life-threatening complication present in very advanced

liver disease/cirrhosis or fulminant liver injury and represents an
extreme circulatory dysfunction. It is characterized by an acute
functional renal impairment with increased renal vasoconstriction, a
reduced glomerular filtration rate (GFR) along with splanchnic arterial
vasodilation [1]. The spectrum of etiologies for acute kidney injury
(AKI) in cirrhosis includes 4 major causes: prerenal AKI (such as
hypovolemia due to gastrointestinal (GI) bleeding, lactulose-induced
diarrhea, diuretic overtreatment or infections); the HRS-type AKI
(HRS-AKI); intrinsic causes such as acute tubular necrosis (ATN) and
postrenal causes, which are the most uncommon ones [2]. The etio-
pathogenesis of renal vasoconstriction and the acute onset of kidney
injury in chirrotics is complex and multifactorial with cardiac
dysfunction also playing along [3].

HRS has an incidence of 10% in patients with cirrhosis and ascites
without having a prevalence of sex. In patients with decompensated
cirrhosis the probability per year of developing HRS is 8%-20% and
40% at 5 years. In end stage cirrhotics, from 30% to 40% will have HRS
[4]. These numbers are probably not exact because HRS is likely to
occur more commonly than expected, mostly because of the difficulties
in assessing renal function in cirrhosis and the varying HRS diagnostic
criteria [5].

HRS is a diagnosis of exclusion and its definition has been recently
updated according to the AKI criteria [6]. In the past two decades, two

different types of HRS have been distinguished. While HRS1 describes
a rapidly progressive and marked loss of kidney function during a 2
weeks period in patients with advanced liver disease, HRS2 is defined
as a moderated, steady renal failure in the setting of refractory ascites
[7]. More recently the former HRS1 was reclassified as a special entity
of AKI: the ‘HRS type of AKI’ (HRS-AKI); whereas HRS2 has been
classified as a form of chronic kidney disease (CKD) in patients with
cirrhosis, and is now referred as HRS-type of CKD (HRS-CKD) [2].

Treatment with vasoconstrictors and volume expansion is the
current standard of care but it´s only effective in 40%-50% of patients
[8]. Despite the recent pharmacological and other therapeutic
innovations liver transplantation remains (LT) the only curative option
and should be considered in all patients suitable for it.

Pathophysiology
The hallmark of HRS is a striking hemodynamic dysfunction that

begins early in the course of the disease possibly even before ascites.
This dysfunction evolves trough a pre-ascites stage (with progressive,
marked renal cortical ischemia) to diuretic-sensitive ascites and
diuretic-refractory ascites. This resumes a recognized continuum of
renal dysfunction in cirrhosis [9].

The hemodynamic pattern of patients with HRS involves several
mechanisms which are characterized in Figure 1.
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Figure 1: Pathogenesis of HRS [2].

The “classic vasodilation theory”
Marked increased arterial splanchnic vasodilatation, which is

triggered by portal hypertension (PH), appears to be the most
important patophysiological event in HRS. Hepatocytes and stellate
cells produce several local acting vasodilators such as nitric oxide
(NO), cannabinoids, substance P, calcitonin gene-related peptide
(CGRP) among others which act on splanchnic circulation producing
splanchnic arterial vasodilation [10]. L-Arginine (LArg) is the
precursor for NO production by nitric oxide synthase (NOS). In
patients with cirrhosis, hepatic clearance of amino acids, including
LArg, is reduced, and this may help explain increased NO production
due to increased levels of substrate. Systemic NO production occurs
both due to up-regulation of endothelial NO synthase (eNOS) due to
shear-stress as well as endotoxin-mediated eNOS activation.
Furthermore increased inducible NOS (iNOS) activity has been
recognized in these patients [11]. In cirrhosis both excessive (in
systemic circulation) and insufficient (in renal vasculature) NO
production leads to reduced renal blood flow (RBF).

Several studies found that elevated levels of dimethylarginines
including ADMA and its isomer SDMA are associated with reduced
NO production. ADMA is a natural inhibitor of NOS and is
hydrolyzed by dimethylarginine dimethylaminohydrolase (DDAH).
Because DDAH activity requires intact liver function [12] ADMA
levels are elevated in advanced liver disease so inhibiting NOS,
reducing NO synthesis and compromising RBF. In this scenery, plasma
levels of SDMA are also increased due to compromised hepatic and
renal clearance. Therefore it has been suggested that SDMA is a
potential early marker of HRS [13]. Furthermore high ADMA levels in
cirrhotics may be a prominent factor determining high intrahepatic
vascular resistance and progression of the liver condition [14].
Splanchnic circulation represents an important part of the circulation
of the body. Therefore, splanchnic vasodilation will decrease the mean
arterial pressure (MAP), which triggers the activation of the
sympathetic nervous system (SNS). As the disease progresses other
vasoconstrictor systems get activated such as the renin-angiotensine-

aldosterone system (RAAS) and vasopressin (AVP) release [15].
Aldosterone promotes retention of sodium and water by the kidneys
contributing to the development of ascites. Vasopressin enhances
retention of water which leads to hyponatremia. The splanchnic
vascular bed is refractory to the action of all these vasoconstrictors
because of the continuous production of local vasodilators. On the
contrary other vascular beds such as femoral and brachial are sensible
to these vasoconstrictor systems resulting in cramps and in the brain
they may play a role in encephalopathy [16].

Other substances that may be involved in renal dysfunction include
endothelin, adenosine and natriuretic hormones. Endothelin is a
powerful vasoconstrictor and its plasma levels are increased in patients
with HRS although its role in the pathogenesis of this syndrome has
not yet been clarified. Adenosine is well known for its vasodilator
function although it acts as a vasoconstrictor in the kidney. Elevated
levels are more common in patients with heightened activity on the
RAAS and may work in synergism with angiotensine II to induce renal
vasoconstriction [17]. This effect as also been described with other
potent vasoconstrictor, leukotriene E4 [18]. Vasodilators natriuretic
hormones (atrial and brain natriuretic peptide) levels are elevated in
patients with cirrhosis, act as counterbalance mechanisms but are
overcome by vasoconstrictors [19,20]. Prostaglandins are also involved
in renal dysfunction. They have protective effects in the kidney by
compensating vasoconstriction but it’s known that some of their
production is reduced in HRS. Loss of the medullary prostaglandin
endoperoxide synthase may be the cause of diminished prostaglandin
E2 production [21]. One of the main renal pronstaglandins
(prostaglandin 12) is present in higher levels in cirrhosis and ascites.
This possibly explains why the administration of non-steroidal anti-
inflammatory drugs (NSAIDs), which inhibit prostaglandin synthesis,
frequently precipitates AKI in cirrhotics [22]. Additionally, it has been
shown that non-selective betablockers can also trigger HRS-AKI due
to their impact on the systemic circulation [2]. Due to its complexity,
circulatory changes resulting from PH and kidney dysfunction cannot
explain per se the HRS pathogenesis as well as the other phenotypes of
AKI. Therefore new theories are emerging and challenging the
vasodilatation theory.

HRS-AKI as part of a multiorgan failure syndrome/systemic
inflammatory response syndrome (SIRS)-a new hypothesis

Decompensated cirrhosis leads to a systemic inflammatory state
that enhances the already impaired circulatory function so it also plays
an important role in the development of PH complications. This
inflammatory state is characterized by an increase in serum levels of C-
reactive protein and proinflammatory cytokines such as tumor
necrosis factor alpha and interleukin 6 [23,24]. Markers of oxidative
stress such as oxidized albumin are also increased in HRS [25]. In
cirrhosis, renal dysfunction is often triggered by bacterial infections.
SIRS and sepsis apparently lead to renal blood flow (RBF)
redistribution, resulting in ischemia and subsequent tubular injury
[26]. Furthermore, special particles of the cell wall of gram-negative
bacteria such as endotoxins or lipopolysaccharides (LPS) represent
strong pro-inflammatory factors by inducing TNF-alpha, when linked
to toll-like receptor 4 (TLR4) and this local inflammation also plays a
role in kidney structural damage [27]. Several studies have showed that
TLR4 is overexpressed in patients with cirrhosis and renal dysfunction
[28,29] which helps supporting this inflammatory hypothesis.

Even in the absence of bacterial infection, cirrhosis is associated
with a systemic inflammation state. The main mechanism is the
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translocation of bacteria and/or pathogen-associated molecular
patterns (PAMPs) from the gut. Translocation induces a wide variety of
genes that encode molecules responsible for inflammation via
particular receptors (pattern recognition receptors-PRRs). These
inflammatory molecules may migrate to the systemic circulation and
organs leading to multiple organ dysfunction [30]. It is important to
consider that most patients with HRS have SIRS and/or bacterial
infection. However, about 30% of patients with HRS have SIRS without
documented bacterial infection [31].

Role of cardiac dysfunction
Increased heart rate and cardiac output seen in cirrhosis initially

compensates for the decline in effective circulating volume, but as
hepatic function deteriorates, this mechanism ultimately fails resulting
in cirrhotic cardiomyopathy. This condition is characterized by a
blunted systolic and diastolic contractile response in addition to
ventricular hypertrophy [32,33]. With this in mind, new studies are
recommended in assessing the role of inotropes in HRS as cardiac
dysfunction may be a key factor in its pathogenesis [34].

Role of adrenal insufficiency (AI)
Normal adrenal function is required for an appropriate response of

arterial circulation to vasoconstrictive substances. The prevalence of AI
in patients with advanced stage cirrhosis and severe sepsis is over 60%.
AI may also develop in non-critically ill cirrhotic [35]. A study
performed by Acevedo et al. 143 non-critically cirrhosis patients
admitted for acute decompensation. AI was defined as a serum total
cortisol increase <9 μg/dL after 250 μg of intravenous corticotropin
from basal values <35 μg/dL. Patients were followed for 3 months. AI
was detected in 26% of patients (n=37) so it’s frequent in non-critically
ill patients with acute decompensated cirrhosis. During follow-up,
patients with AI exhibited a higher probability of infection, severe
sepsis, HRS1 and death.

Also Jang et al. [36] showed in a prospective study with 71 non-
critically ill patients with liver cirrhosis (n=54) and chronic hepatitis
(n=17) that AI was observed in 24.1% of patients with cirrhosis. The
cortisol response to corticotropin was negatively correlated with the
severity of cirrhosis (P<0.05). In addition, the mortality rate was higher
in cirrhotic patients with RAI (69.2%) than in those without AI (4.9%;

P<0.001) during the follow-up period of 20.1 ± 13.5 months (range,
5.8-51.1 months). The cumulative 1 year survival rates in cirrhotic
patients with and without AI were 69.2% and 95.0%, respectively
(P=0.05), while the corresponding cumulative 3-year survival rates
were 0% and 95.0% (P<0.001). Concerning pathophysiology, the
presence of AI with impaired cortisol production may play a role in
HRS by endorsing the circulatory dysfunction. The mechanisms
behind adrenal dysfunction in cirrhosis are possibly due to a reduced
adrenal blood flow in result of local vasoconstriction.

Structural Changes in HRS-AKI
In patients with cirrhosis, several structural renal changes are

frequently combined in a subgroup of patients. Glomerular, tubulo-
interstitial and vascular abnormalities were reported in patients with
end stage liver diseases and the absence of significant proteinuria and
haematuria did not rule out the presence of these lesions [37]. An
important differential diagnosis for HRS-AKI is ATN. Next to pre-
renal azotemia, ATN is the most common cause of AKI in cirrhosis.
ATN is mainly caused by ischemia following a hypotensive event, such
as GI hemorrhage or sepsis. ATN clinical presentation is often very
similar to HRS and biomarkers are frequently unable to accurately
discriminate between these entities, especially in cirrhosis [38].

Definitions and Diagnosis
The criteria for HRS diagnosis were first given in 1996 by the

International Club of Ascites (ICA) [39]. Since that time several
updates have been made. One of the main changes on the new criteria
was the removal of a rigid very high cut-off value of serum creatinine
(sCr) (1.5 mg/dL) to define HRS. This alteration improves patient
prognosis by facilitating earlier diagnosis and treatment. In addition,
the use of urinary output as part of the diagnostic criteria was also
eliminated, since many patients with cirrhosis maintain a conserved
renal function despite being oliguric [40]. ICA defines AKI as the
increase in sCr of at least 0.3 mg/dL and/or ≥ 50% from baseline,
within 48 hour. AKI can also be categorized in three stages according
to severity (Table 1). Nowadays HRS-AKI is defined as ≥ stage 2 ICA-
AKI that is diagnosed after other causes of renal failure have been
excluded [6,41]. The appropriate diagnosis further requires the
fulfillment of several specific criteria that are summarized in Table 2.

AKI stages according to ICA criteria

ICA-AKI Stage 1 Increase in serum creatinine 0.3 mg/dl or Increase in serum creatinine by 50-100% from baseline

ICA-AKI Stage 2 Increase in serum creatinine by 100%-200% from baseline

ICA-AKI Stage 3
Increase in serum creatinine by 200% from baseline or Increase in serum creatinine to 4 mg/dL with an acute increase by 0.3 mg/dL or need
for renal replacement therapy

Table 1: AKI stages according to ICA criteria.

ICA-AKI criteria for the diagnosis of hepatorenal syndrome [6]:

1. Diagnosis of ascites and cirrhosis.

2. Diagnosis of AKI according to ICA-AKI criteria.

3. No response after two consecutive days of diuretic withdrawal and plasma volume expansion with albumin (1 g/kg of body weight).

Citation: Machado SC, Silva MV (2018) Hepatorenal Syndrome. J Gastrointest Dig Syst 8: 570. doi:10.4172/2161-069X.1000570

Page 3 of 10

J Gastrointest Dig Syst, an open access journal
ISSN:2161-069X

Volume 8 • Issue 4 • 1000570



4. Absence of shock.

5. No current or recent use of nephrotoxic drugs (non-steroidal anti-inflammatory drugs-AINEs, aminoglycosides, iodinated contrast media, etc.).

6. No macroscopic signs of structural kidney injury such as absence of proteinuria (>500 mg/d), absence of microhematuria (>50 red blood cells per high power field)
and normal findings on renal ultrasound.

*Patients who fulfil these criteria may still have structural damage such as tubular damage. Urine biomarkers will become an important element in making a more
accurate differential diagnosis between HRS and acute tubular necrosis, ICA.

Table 2: AKI criteria for the diagnosis of hepatorenal syndrome.

From a clinical angle, HRS-AKI is characterized by a rapid increase
in sCR and progressive oliguria in the absence of other recognizable
causes of AKI [42]. Most forms of prerenal AKI improve with
withdrawal of diuretics and plasma expansion using i.v. albumin. On
the contrary renal function in HRS-AKI does not [43]. HRS2 is defined
as a stable or slowly progressive impairment in renal function in
patients with decompensated liver disease who suffer from refractory
ascites [44]. Patients usually develop oliguria over a course of several
weeks or months with a slow but steady rise in renal retention markers
[45]. Apart from the evolution period, the same specific diagnostic
criteria for HRS-AKI also apply for HRS-CKD [42]. However, HRS-
CKD is challenging to diagnose in clinical practice, as it is a diagnosis
of exclusion since there are other potential causes for kidney
insufficiency in cirrhosis. Some challenges in precisely assessing renal
function in patients with cirrhosis remain due to the limitations of sCr
alone in estimating GFR. Current models appear to overestimate renal
function [46]. Newer ones incorporating renal biomarkers such as
cystatin C appear to more accurately estimate GFR promising the
possibility of earlier identification of renal dysfunction in patients with
cirrhosis [5]. As seen above HRS diagnosis is based on clinical and
laboratorial principles. However a clinical diagnosis does not exclude
associated structural changes, in particular ATN. There is still no
goldstandard for this differential diagnosis. In addiction this clinical
entities may coexist or even represent a continuum in some patients
[47].

Biomarkers
Several recent studies have shown that numerous biomarkers

including neutrophil gelatinase-associated lipocalin (NGAL),
interleukin-18 (IL-18), liver-type fatty acid binding protein (L-FABP),
endothelin-1 (ET-1), adrenomedullin, uromodulin (UMOD),
epidermal growth factor (EGF), kidney injury molecule-1 (KIM-1),
TLR4, π and α-glutathione S-transferase and other urine markers such
as albuminuria and fractional excretion of sodium (FeNa) may be
helpful in HRS differential diagnosis [48]. Some of these such as
NGAL, KIM-1 and IL-18 may diagnose AKI earlier, differentiate ATN
from HRS, and also help predict outcomes [22,48,49]. NGAL is a small
protein produced by numerous organs including kidney, stomach,
colon and lung. In animal models, NGAL kidneys expression and
urinary secretion is significantly increased following nephrotoxic or
ischemic insults. Urinary concentration increases very quickly (within
2 hour) after ischemia [50]. Human studies have shown that NGAL
levels (either urine or serum) might be helpful to detect early stage
AKI in numerous clinical situations (sepsis, polytrauma, cardiac
surgery and hypothermia) [22]. Recent studies suggested that NGAL
may help identify AKI etiology in patients with liver disease, especially
in differentiating ATN from HRS [51]. NGAL was found to be
significantly higher in those with ATN when compared to HRS-AKI,

prerenal azotemia or CKD [52]. Further studies are needed to establish
exact cut-offs to differentiate this conditions [53]. Additionally, two
studies indicate that high urinary NGAL is predictive of early mortality
in cirrhotics with AKI [54,55]. Therefore NGAL appears to be one of
the most useful markers. However, initial enthusiasm has been
tempered by its clinical use limitations as it levels also increase in other
conditions (infections and other inflammatory states) [56].

Albuminuria, a marker of glomerular injury, is also significantly
higher in ATN in comparison with HRS cases. Precise cutoff values are
still needed and more studies should be made to better understand the
interactions among albuminuria, liver dysfunction and glomerular
changes in cirrhosis [57]. FeNa is reduced in HRS. Classic teaching has
used FeNa cut-off of <1% or >1% to differentiate between HRS and
intrinsic renal dysfunctions as in ATN. In a recent retrospective study
the performance of FeNa <1% in diagnosing HRS was overall poor.
Nevertheless the test had high sensitivity and high negative predictive
value (both 100%), indicating that in patients with negative test results
(i.e., FeNa >1%) HRS diagnosis could be excluded [58].
Adrenomedullin is a potent vasodilator peptide able to increase both
NO and cGMP production. In advanced cirrhotic patients with HRS,
adrenomedullin is significantly increased and contributes to vascular
dysfunction [59]. Thromboxane A2 (TXA2) is a potent renal
vasoconstrictor synthesized also by the kidney. It seems that the
urinary excretion of TXB2, a stable metabolite of TXA2, is increased in
cirrhotic patients with HRS or ascites. High urinary TXB2 seem to act
as an independent predictor for HRS in decompensated cirrhosis. In a
prospective cohort study adrenomedullin and urinary TXB2 levels
appeared to be better predictors for early diagnosis of HRS in acute
decompensated cirrhosis with AKI when compared to urinary NGAL
and IL-18 [59].

It is known that HRS prevalence in patients with advanced liver
diseases differs among patients. Cirrhotic patients with the same liver
function level would not all have HRS as complication, so it can be
inferred that gene alterations may constitute a risk factor for HRS. As
referred on pathophysiology, vasopressin plays a role in renal
vasoconstriction. Arginine vasopressin receptor 1a (AVPR1A)
antagonists can block the vasoconstrictor effect. It has been found that
AVPR1A gene promoter-6951 locus' single nucleotide polymorphisms
(SNPs) in patients with primary hypertension are closely associated
with a vasoconstrictor effect. A case control study showed that a
polymorphism (T allele located at AVPR1A receptor promoter
rs113481894 locus) may also be associated with HRS1 [60]. Other
polymorphisms that can also be considered as risk factors are the ones
occurring in NOS. As explained in pathophysiology iNOS and eNOS
function is enhanced in splanchnic vasculature. On the contrary eNOS
function is compromised in renal vasculature. In a prospective study it
was demonstrated that the eNOS G894T homozygote mutant (TT) and
heterozygote (GT) genotypes are associated with significantly
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increased risk of developing HRS in cirrhotic patients by declining
kidney NO production [61].

Precipitating Factors and Prevention
HRS typically occurs after a precipitating factor, although it can also

occur in the absence of identifiable triggers. HRS can develop in the
setting of infection, mainly after spontaneous bacterial peritonitis
(SBP), circulatory dysfunction after large volume paracentesis (LVP) in
the absence of volume expanders, variceal bleeding, over diuresis or
cholestasis [62]. SBP is an infection of the ascitic fluid due to bacterial
translocation. This condition stimulates the release of inflammatory
cytokines and vasodilators which play an important role in splanchnic
vasodilatation. Clinical data supporting this hypothesis are that
antibiotic use such as fluoroquinolones helps prevent HRS [63]. Three
major interventions appear to reduce HRS incidence in cirrhotic
patients. First, albumin administration (7-8 g per liter of fluid
removed) during large-volume paracentesis (>5 L) prevents the
precipitation of HRS after the procedure. Second, the administration of
albumin (1.5 g/kg of body weight on diagnosis and 1.0 g/kg 48 hours
later) in patients admitted with SBP reduces the incidence of HRS [64].
And finally, antibiotics given to selected patients with cirrhosis, PH,
and low total protein in ascitic fluid reduces the incidences of both SBP
and HRS [65].

Prognosis
Patients with HRS have an overall poor prognosis. The

vasoconstrictive therapy has only allowed moderate improvement in
overall survival rates and currently serves as bridge to LT. Several
studies show a 2 week mortality rate as high as 80% in untreated HRS1

patients and 3 month survival in 10% of these cases. The prognosis is
particularly poor in patients with potential precipitating factors. HRS2
has a lengthened survival as kidney dysfunction evolves more
gradually. However, it is not that extensive with survival rates being
somewhere between 3 and 6 months [16].

Treatment
Various HRS treatment regimens are available worldwide and their

goal is to increase mean arterial pressure (MAP) by increasing the
central blood volume and decreasing splanchnic vasodilation, serving
as temporary modalities as bridge to liver transplant (LT) [66].
Evaluation for need of LT should be considered at the earliest. General
measures (ideally in an intensive care or semi-intensive care unit in
HRS1) include careful monitoring of blood pressure and urine output,
daily liver and renal function tests, assessment for the presence of
bacterial infection (including ascitic, urine and blood cultures), GI
bleeding and hepatic encephalopathy [67]. A cautious review of all
medications (e.g. NSAIDs need to be withdrawn) and the use of drugs
that may induce or exacerbate arterial hypotension (e.g. beta-blockers
or vasodilators) should be carefully assessed. In volume depletion
conditions, lactulose and/or diuretics should be withdrawn and plasma
volume should be expanded with albumin, or with blood transfusions
in anemic patients due to GI bleeding [2]. Early mobilization and
appropriate nutrition should also be concerned. Systemic
vasoconstrictors have been established as first line therapy in both
HRS1 and 2. The different vasoconstrictive treatment approaches are
listed on Table 3 [68]. Dopamine given in low doses increases RBF but
has no effects on GFR or HRS outcome. Therefore it’s not considered
an appropriate treatment for this condition [69,70].

Vasoconstrictors
Mechanism of action and final
effect Dose and administration Time duration Comments

Vasopressin

Vasopressin receptors (V1) on
vascular smooth muscle cells
including splanchnic vascular beds   

Severe ischemic complications. No
longer in use.

Terlipressin

Vasopressin analogue on V1
receptors. Increases vascular
resistance in splanchnic circulation
and redistributes blood flow to the
kidneys

0.5-2 mg every 4-6 hour or
2-12 mg IV every day in
continuous infusion.

Up to 24 hour until sCr is
<1.5 mg/dL or for a
maximum of 15 days

Adverse effects include abdominal
cramps, diarrhea, ischemia and
arrhythmias. Several studies show it´s
higher efficacy when administered in
continuous infusion.

Octreotide

Somatostatin analogue (inhibits
glucagon release) and increases
vascular resistance in splanchnic
circulation

25-50 mcg/h maximal
treatment for 15 days in
continuous infusion; 100-200
mcg/8h subcutaneously.

Up to 24 hour until sCr is
<1.5 mg/dL or for a
maximum of 15 days

Adverse effects include abdominal or
stomach pain, blurred vision,
constipation and depressed mood

Midrodine (Midrodrine and
Octeotride may be used in
association)

Alpha adrenergic agonist (alpha 1
receptors on smooth muscle cells
including splanchnic vascular
beds). Increases arterial pressure,
induces RAAS system leading to
renal volume and sodium
excretion.

7.5 mg to 15 mg every 8
hour. Oral administration.

Up to 24 hour until sCr is
<1.5 mg/dL or for a
maximum of 15 days

Adverse effects include blurred vision,
cardiac awareness, headache and
pounding in the ears.

Norepinephrine Alpha adrenergic agonist.
0.5-3.0 mg/h in continuous
infusion.

Up to 24 hour until sCr is
<1.5 mg/dL or for a
maximum of 15 days

Used in countries where terlipressin is
not available. Requires an ICU. More
cost effective and with less side effects
than terlipressin.

Table 3: Vasoconstrictor therapy in HRS [68], all these compounds are used in association with an albumin infusion at the dosage of 1 g/kg of
body weight on the first day, followed by 200-400 g daily.
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Serelaxin is a recombinant form of the human peptide hormone
relaxin-2 and it increases RBF. Its function has been explored in a pilot
study on compensated cirrhotic patients: it increases renal perfusion
but has no effect on systemic blood pressure. Data on this hormone is
still scarce and new studies are necessary for better understand its role
in treating HRS [71].

HRS-AKI (HRS1)
The suggested treatment algorithm for cirrhotic patients with AKI is

present In Figure 2 [41]. As it has been said, concerning HRS, the
initial management must identify and correct potential trigger events
to prevent further hemodynamic decline.

Figure 2: Proposed treatment algorithm for cirrhotic patients with
AKI [41].

Patients should be carefully screened to rule in/out SBP or sepsis.
Early empiric antibiotic treatment should be initiated if clinical
suspicion and based on local epidemiology and resistance patterns
[72]. Albumin is mainly beneficial in these patients, since it has anti-
oxidant, scavenging and endothelial-stabilizing functions adding to its
volume expansion effect [73]. Therapeutic response is defined as a
decrease of sCr to a value within 0.3 mg/dL from baseline. If present,
patients should be watchfully followed for early recognition of
recurrent episodes of AKI. It is recommended to assess sCr levels every
2-4 days during hospitalization and every 2-4 weeks during the first 6
months after discharge [6]. In case of AKI progression to stage 2 or 3
patients should be assessed for the presence of HRS-AKI and diuretics
immediately withdrawn. In addition, patients should receive
vasoconstrictors and albumin for 2 consecutive days (1 g per kg of
body weight, maximum 100 g/day). Hemodialysis may be necessary to
correct electrolyte imbalance and azotemia, functioning as a bridge to
LT [74]. Recently Salerno et al. [75] published the results of a meta-
analysis including 19 studies and 574 patients with HRS-AKI treated
with different doses of albumin and with vasoconstrictor agents (8

randomized controlled trials, 8 prospective studies and 3 retrospective
studies) and the main results were: 49.5% of patients achieving HRS
reversal (95% CI, 40.0-59.1%) (Figure 3); cumulative albumin dose
(increments of 100 g) were related with significant increased survival
(hazard ratio, 1.15; 95% CI, 1.02-1.31; p=0.023); expected survival rates
at 30 days among patients receiving cumulative albumin doses of 200,
400 and 600 g were 43.2% (95% CI, 36.4-51.3%), 51.4% (95%
confidence interval, 46.3-57.1%) and 59.0% (95% CI, 51.9-67.2),
respectively.

Figure 3: HRS reversal. Data points scaled in proportion to meta-
analytic weight under a random effects model. Error bars represent
CI. Abbreviations: CI, 95 % confidence interval; HRS, hepatorenal
syndrome. As showed medical treatment with vasoconstrictors
+albumin promote HRS reversal in approximately half of the
patients, taken from Salerno et al. with permission.

Neither survival nor HRS reversal was significantly affected by
vasoconstrictor dose or type, treatment duration, age, baseline sCr,
bilirubin or albumin, baseline MAP, or study design, size or time
period. This study suggests a dose–response relation between infused
albumin and survival in patients with HRS-AKI.

As can be seen on Figure 4, the previous study also revealed that
survival rates and treatment outcomes significantly improved with
albumin cumulative doses but without any influence from
vasoconstrictor dose or type and treatment duration. On the basis of
cumulative albumin doses, it is recommended to monitor central
venous pressure with sonographic cava vein sign or catheterization, to
avoid an excessive cardiac preload [76]. Additionally, it was also
demonstrated a considerably greater efficiency of a treatment regimen
based on terlipressin plus albumin in improving renal function [77].
There are still conflicting results on which is the best vasoconstrictor to
combine with albumin in the management of HRS [78].
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Figure 4: Survival at 30 days (with vasoconstrictor agents) and expected survival in patients receiving cumulative albumin doses of 200, 400
and 600 g in patients with AKI-HRS. Abbreviation: CI, 95 % confidence interval, taken from Salerno et al. with permission.

HRS-CKD (HRS2)
Patients with HRS2 can be managed in a non-intensive care setting.

Diuretics should be withdrawal and albumin should be administered
in all large volume paracenteses (>5 L, with 8 g/L of ascitic fluid
removed), since it decreases the risk of renal malfunction, prevents
post-paracentesis circulatory dysfunction and might even improve
survival [79].

Other Non-Pharmacological Treatment Modalities

Transjugular intrahepatic portosystemic shunts (TIPS)
TIPS are effective in both HRS1 and 2 however its use is limited due

to simultaneous presence of contraindications for its application
(congestive heart failure, multiple hepatic cysts, sepsis, biliary
obstruction and severe pulmonary hypertension) in a substantial
proportion of patients. Heinzow HS et al. showed in his study that
TIPS improve both renal function and survival in patients with severe/
refractory ascites [80]. It is important to have in mind that TIPS can
increase the risk of hepatic encephalopathy as well as liver failure in
some rare occasions [81].

Renal replacement therapy (RRT)
RRT is recommended in patients with volume overload, metabolic

acidosis, hyperkalemia and at risk of elevated intracranial pressure
[44]. It is mostly a consideration for patients who are candidates for LT
and for patients who failed other therapies [82]. Extra-corporeal
albumin dialysis using Molecular Absorbent Recirculating System
(MARS) is a form of RRT and has improved survival compared to
continuous RRT and intermittent hemodialysis [83]. However, this is
not yet widely available and has been tried in a very small number of
patients.

Recently Thorat and Jeng [82] published the results of a meta-
analysis of nine different studies done in the last 2 decades that
included 464 patients with end-stage liver disease and renal failure

who received either pre-transplantation or post-transplantation
continuous veno-venous hemodialysis (CVVHD). The results of this
meta-analysis reveal the role of pretransplantation CVVHD in
designated patients with HRS who could reach significantly higher
survival rates compared with patients without any RRT or patients
with post-transplantation CVVHD [84-86].

Liver transplantation (LT)
As LT remains the only definitive treatment for HRS, patients with

HRS1 and no contraindications for LT should be invariably worked up
and placed in a LT waiting list. As HRS is seen as a reversible
condition, LT reverses both liver and kidney dysfunction [87]; it is
important to refer that not all those who receive transplants achieve
full resolution of kidney dysfunction and this can be due to a number
of different factors such as age and duration of HRS [88]. After LT,
HRS1 resolved in 47 of 62 patients (75.8%) at a mean time of 1362 days
[89]. Patients without HRS reversal had significantly higher
pretransplant sCr levels, a longer duration of pretransplant dialysis, a
longer duration of HRS1 and increased posttransplant mortality in
comparison with those with renal function recovery [89]. The only
predictor of HRS1 nonreversal was the extent of pretransplant dialysis
with a 6% bigger risk of nonreversal with each additional day of
dialysis [88]. A recent study focusing on plasma biomarkers in liver
transplant recipients has shown that increases in osteopontin and
tissue inhibitor of metalloproteinase (TIMP-1) in pretransplantation
patients are predictive of unlikely recovery of kidney function after LT
[89].

Renal function is difficult to evaluate in HRS2 due to fluctuations in
GFR and SCr. LT alone is usually recommended as small studies have
shown reversal in the majority of patients [90,91]. Nonetheless, even if
HRS reverses, more than 50-60% of patients develop stage 3 CKD on
the first year after transplant, suggesting that sustained kidney
ischemia caused permanent kidney changes [22].
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Simultaneous liver-kidney (SLK)
SLK is the last therapeutic option. It remains controversial if it is

better for HRS patients than isolated LT and there are still no standard
guidelines for its appliance [92]. However In patients with AKI, it has
been proposed criteria to implement SLK rather than LT alone based
on a high likelihood of non-renal recovery after transplantation [93].
Either patients on dialysis or not, these criteria depend on the
progression of AKI over a 4 weeks or more period. In these patients,
increased baseline creatinine (before the onset of AKI), diabetes [89],
advanced age, abnormal renal imaging [94], history of hypertension
and proteinuria >2 g/day support for SLK. However, no exact cutoff
has been confirmed yet 22. Patients on dialysis for at least 8-10 weeks
are also suitable for SLK since they’ll likely develop ATN [95].

Future Directions
Further research focused on new diagnostic biomarkers and precise

cutoff values is still needed but fortunately, there is increasing interest
in this field. New data looking for novel treatments besides terlipressin
and albumin are also crucial. Finally, identifying patients with low
probability of responding to treatment is of major importance so that
other alternative treatments can be early started as these patients
potentially prioritize LT or SLT waiting lists.

Conclusion
HRS is a life threatening complication of liver cirrhosis with

relatively grim prognosis and high morbidity and mortality rates
associated. Its definition is constantly changing and is now based on
clinical grounds which have many limitations. Therefore increased
awareness, precise evaluation and early detection of renal dysfunction
(new biomarkers) in patients with end stage liver disease is
fundamental to allow optimization of the therapeutic algorithm and
improve patient long-term outcomes.
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