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Abstract

The change in the view of hepatorenal syndrome (HRS) pathogenesis and implementation of the acute kidney 
injury (AKI) classification when evaluating renal damage in patients with liver cirrhosis led to a change in HRS 
classification. In the recently revised International Club of Ascites (ICA) classification, type 2 HRS includes “renal 
impairment which fulfills the criteria of HRS but not of AKI, namely non-AKI-HRS (NAKI) and only HRS-CKD as 
previously proposed”. The theory of peripheral vasodilatation, which was historically accepted as the key factor in 
the HRS pathogenesis, was replaced by the theory of a systemic inflammatory response. The inflammation is the 
result of the bacterial translocation. The following production of the inflammatory cytokines leads to splanchnic 
vasodilatation and circulatory dysfunction. The cirrhotic cardiomyopathy plays an important role in the pathogene-
sis too. HRS-NAKI typically develops in patients with refractory ascites. The treatment of the refractory ascites and 
HRS-NAKI is identical. It involves large-volume paracentesis with administration of albumin, transjugular intrahe-
patic portosystemic shunt  insertion and liver transplantation. There are only currently limited data for the use of 
automated low-flow ascites pumps. The renal condition in patients with HRS-NAKI improves after administration 
of splanchnic vasoconstrictors, but with a 50% relapse rate after treatment completion; therefore this treatment 
is not recommended. The prognosis of patients with HRS-NAKI is much better than that of patients with HRS-AKI.
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Whereas type 1 HRS, currently designated as HRS-AKI, 
has a clear definition and a lot of literature is concerned 
with it, type 2 HRS (named HRS-NAKI or HRS-CKD) 
is a diagnosis of exclusion, and this topic is rarely men-
tioned in the literature.

Classification

The diagnostic criteria of renal failure in these pa-
tients developed since 1996 and were refined in sub-
sequent years. Traditionally, they were based on the 
absolute serum creatinine level and HRS in them was 
defined as a solely functional renal complication in pa-
tients with cirrhosis and ascites. The main change in 

Introduction

Renal complications are common in patients with 
decompensated cirrhosis and they can have a negative 
impact on survival. Hepatorenal syndrome is just one 
form of the spectrum of renal complications that occur 
in patients with advanced liver disease. It is character-
ized by over-activity of the endogenous vasoactive sys-
tems that leads to renal vasoconstriction resulting in 
impaired renal function [1]. The change in the view of 
the hepatorenal syndrome (HRS) pathogenesis and the 
implementation of acute kidney injury (AKI) classifi-
cation when evaluating renal damage in patients with 
liver cirrhosis led to a  change in HRS classification.  
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HRS classification was introduced by the application of 
AKI diagnostic criteria to patients with liver cirrhosis. 
AKI as a dynamic staging system based on the change 
of serum creatinine level from the baseline to the final 
value proved to be a strong predictor of hospital mor-
tality in patients with liver cirrhosis. 

The main aim of the new classification is:
•	 to identify patients with cirrhosis who are at risk of 

renal damage and to start with the treatment at lower 
serum creatinine values earlier than when the classi-
cal definition was used, 

•	 to broaden the scope of the classification of renal 
dysfunction in cirrhosis to include cases of acute and 
chronic renal failure not meeting the diagnostic crite-
ria of hepatorenal syndrome types 1 and 2. 

AKI diagnostic criteria in patients with cirrhosis 
accepted by the International Club of Ascites (ICA) 
are given in Table 1. They meant that it was necessary 
to update the HRS diagnostic criteria and the criteria  
for its individual subtypes, which are given in Tables 2 
and 3. In the recently revised ICA classification, type 1 
HRS includes renal impairment which fulfills the criteria 
of HRS and of AKI. Type 2 HRS includes renal impair-
ment which cannot be classified as an AKI (nonAKI) but 
fulfills the criteria of HR, namely non-AKI-HRS (NAKI) 
and only HRS-CKD as previously proposed [2, 3].

The renal failure HRS-NAKI does not have such a rap-
id progressive course as in HRS-AKI. There is chronic 
impairment of kidney function; these patients therefore 
fall into the category of chronic kidney disease (CKD) 
because of a chronic reduction of GFR [1, 6]. Therefore, it 

is often referred to by some authors as HRS-CKD. How-
ever, the new terminology brings about some confusion, 
because CKD is normally irreversible and HRS is po-
tentially reversible. There is only limited information on 
HRS-NAKI incidence and prevalence. It is estimated that 
approximately 25% of all HRS cases are HRS-NAKI type 
[7]. HRS-NAKI has a better prognosis than HRS-AKI.

Unlike HRS-AKI, where infection, especially spon-
taneous bacterial peritonitis (SBP), is the main trigger 
factor, HRS-NAKI usually arises spontaneously as a re-
sult of refractory ascites. Refractory ascites occurs in 
5-10% of patients with cirrhosis and ascites [8, 9]. It is 
defined as ascites that cannot be mobilized or the early 
recurrence of which cannot be satisfactorily prevent-
ed by medical therapy [3]. It consists of two clinical 
subtypes: diuretic-resistant ascites (ascites with a poor 
response to dietary sodium restriction and diuretic 
treatment) and diuretic-intractable ascites (ascites in 
patients who do not tolerate the required dosage of 
diuretics to mobilize or prevent the recurrence of the 
ascites because of the development of diuretic-induced 
complications) [8, 9]. 

Pathogenesis

Renal vasoconstriction is the main factor in the de-
velopment of HRS [10]. For a long period of time HRS 
pathogenesis was explained by the peripheral arterial 
vasodilation theory. Progressive splanchnic vasodila-
tion mediated principally by nitric oxide, which occurs 
as a  consequence of portal hypertension, played the 

Table 1. International Club of Ascites – Acute Kidney Injury (ICA-AKI) criteria (altered according to [3, 4])

Subject Definition

Baseline sCr •	sCr obtained within 3 months prior to admission
•	If > 1 value within the 3 previous months, the value closest to the admission
•	If no previous sCr, the sCr at admission should be used as baseline 

Definition of AKI •	Increase in sCr ≥ 0.3 mg/dl (≥ 26.5 µmol/l) within 48 h; or, 
•	a percentage increase sCr ≥ 50% which is known, or presumed, to have occurred within the prior seven days

Staging of AKI •	Stage 1: increase in sCr ≥ 0.3 mg/dl (≥ 26.5 µmol/l) or an increase in sCr ≥ 1.5-fold to 2-fold from baseline
•	Stage 2: increase in sCr > 2-fold to 3-fold from baseline 
•	Stage 3: increase of sCr > 3-fold from baseline or sCr ≥ 4.0 mg/dl (353.6 µmol/l) with an acute increase ≥ 0.3 mg/dl  

(≥ 26.5 µmol/l) or initiation of renal replacement therapy

Progression of AKI Progression
Progression of AKI to a higher stage and/or need for RRT
Regression
Regression of AKI to a lower stage

Response to treatment No response
No regression of AKI
Partial response
Regression of AKI stage with a reduction of sCr to ≥ 0.3 mg/dl (≥ 26.5 µmol/l) above the baseline value
Full response
Return of sCr to a value within 0.3 mg/dl (≥ 26.5 µmol/l) of the baseline value
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key role in it. According to the theory the pathogenetic 
mechanism is as follows (Fig. 1):
1. Splanchnic vasodilation reduces effective arterial blood 

volume, which leads to compensatory increased cardi-
ac output. This compensatory mechanism temporarily 
maintains the effective arterial blood volume and in-
duces circulatory stability in a patient with compensat-
ed cirrhosis. 

2. However, the myocardium cannot compensate con-
tinuing splanchnic vasodilation, which leads to ac-
tivation of neurohormonal vasoconstrictor systems 
such as the renin-angiotensin-aldosterone system 
(RAAS), arginine vasopressin and the sympathetic 
nervous system (SNS), with consequent sodium and 
water retention and development of ascites. 

3. Finally, when splanchnic arterial vasodilation is ex-
treme, intense intrarenal vasoconstriction develops. 
Local renal vasodilators such as prostaglandins are 
able to compensate the effects of the vasoconstric-
tors for the time being. Nevertheless, the final re-
sult of this process is a large decrease in renal blood 
flow leading to a reduced glomerular filtration rate 
(GFR) and the development of HRS-NAKI [11].
The peripheral arterial vasodilation theory claims 

that splanchnic arterial vasodilation and activation 
of vasoconstrictors progressively increase and are the 
only cause of circulatory dysfunction. The examina-
tion of the concentration of circulatory dysfunction 
markers such as plasma renin activity (PRA) and plas-
ma aldosterone and norepinephrine at different stages 
of decompensated cirrhosis has questioned the pe-
ripheral arterial vasodilation theory and showed that 
circulatory dysfunction is not progressive. The levels 
of circulatory dysfunction markers change as follows:
1. Early ascites with moderate sodium retention is as-

sociated with normal circulatory dysfunction marker 
levels. 

2. The circulatory dysfunction markers significantly 
increased from early ascites to long-standing ascites. 

3. However, these markers did not increase with the 
HRS-NAKI development any more [12].
It means that the circulatory dysfunction devel-

ops rapidly from the early to the refractory ascites, but 
HRS-NAKI occurs without further worsening of circu-
latory dysfunction. On the basis of this we can predict 
that splanchnic arterial vasodilation is not the only fac-
tor, but several agents play a role in the development of 
HRS-NAKI in patients with cirrhosis. One of them is cir-
rhotic cardiomyopathy characterized by impaired chro-
notropic and inotropic heart function.

The peripheral arterial vasodilation theory was replac-
ed by the theory of a  systemic inflammatory response.  
The inflammation is able to trigger pathophysiologi-

Table 2. New diagnostic criteria of hepatorenal syndrome (altered according to [1, 3-5])

Classical criteria of HRS New diagnostic criteria of HRS-AKI

Cirrhosis with ascites Cirrhosis with ascites

Serum creatinine > 1.5 mg/dl (> 133 mmol/l) Diagnosis of acute kidney injury according to International Club of Ascites – 
Acute Kidney Injury (ICA-AKI) criteria

No improvement of serum creatinine (decrease to a level of ≤ 1.5 mg/dl) after 
at least 2 days with diuretic withdrawal and volume expansion with albumin 

No response after 2 consecutive days of diuretic withdrawal and plasma volume 
expansion with albumin

Absence of shock Absence of shock

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

Absence of parenchymal kidney disease. Parenchymal kidney disease is 
indicated by: proteinuria (> 500 mg/day), microhematuria (> 50 red blood 
cells per high-power field) and/or abnormal renal ultrasonography

No signs of structural kidney injury. Structural kidney injury is indicated by: 
proteinuria (> 500 mg/day), microhematuria (> 50 red blood cells per high-
power field) and/or abnormal renal ultrasonography

Table 3. Clinical types of hepatorenal syndrome (altered according to [1, 3])

Classical definition New definition

Acute Type 1 HRS
Increase 100% SCr value 

SCr > 2.5 mg/dl

AKI-HRS
Meet ICA-AKI criteria

Meet HRS criteria

Chronic Type 2 HRS
Increase SCr 1.5-2.5 mg/dl

CKD-HRS/NAKI-HRS
No ICA-AKI criteria
Meet HRS criteria

Fig. 1. Hepatorenal syndrome not acute kidney injury (HRS-NAKI) pathogenesis 
(altered according to [12])

 Compensated 
cirrhosis 

•		No	viable	bacterial	
translocation 

•		No	systemic	
inflammation 

•		Moderate	
splanchnic 
vasodilatation 
compensated  
by heart 

 Early 
decompensation 

•		Significant	bacterial	
translocation 

•		Moderate	systemic	
inflammation 

•		Significant	
splanchnic 
vasodilatation no 
more compensated 
by heart 

 Long-standing 
decompensated cirrhosis 
with HRS type 2 

•		Severe	bacterial	
translocation 

•		Significant	systemic	
inflammation 

•		Severe	splanchnic	
vasodilatation 
+ cirrhotic 
cardiomyopathy
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cal pathways in a complex manner. It is the result of the 
bacterial translocation. The intestinal immune system is 
a killer for viable bacteria, from which bacterial byprod-
ucts known as pathogen-associated molecular patterns 
(PAMPs) are released [12, 13]. One of the most important 
of them is lipopolysaccharide. PAMPs interact with the 
receptors in gut-associated lymphoid tissue and mesen-
teric lymph nodes. These receptors (e.g. Toll-like receptor 
4, TLR4, Toll-like receptor 9, TLR9) named as pattern 
recognition receptors (PRRs) are located on the cell sur-
face and in the endolysosome and cytosol [14]. The sub-
sequent production of proinflammatory cytokines (e.g. 
IL6, TNFα) leads to sterile inflammation. The splanch-
nic arterioles and the heart are the main objects for the 
proinflammatory cytokines and PAMPs [12]. The result 
is splanchnic vasodilation and cirrhotic cardiomyopathy. 
Both of them are the cause of HRS-NAKI. 

The second cause of sterile inflammation is dam-
age-associated molecular patterns (DAMPs). They are 
released from damaged hepatocytes and recognized 
by pattern recognition receptors too. Different PAMPs 
and DAMPs interact with specific pattern recognition 
receptors and promote the specific signaling and tran-
scription process. 

Bacterial translocation in patients with liver cirrho-
sis is a result of the increased gut permeability and of 
the changes in the gut microbiome. The gut microbiome 
is altered in cirrhosis in two ways: quantitative (over-
growth) or qualitative (dysbiosis). Progressive changes 
in the gut microbiome accompany cirrhosis and become 
more severe in the setting of decompensation [15]. 

Cirrhotic cardiomyopathy is a  term that describes 
chronic cardiac dysfunction in cirrhotic patients with-
out previously known heart disease, irrespective of the 
etiology of cirrhosis. It is characterized by impaired con-
tractile responsiveness to stress and/or altered diastolic 
relaxation with electrophysiological abnormalities [16, 
17]. The spectrum of cardiovascular abnormalities in 
cirrhotic cardiomyopathy includes a  hyperdynamic 
circulatory state, altered diastolic relaxation, impaired 
contractility and electrophysiological abnormalities, 
particularity QT interval prolongation [18]. Impaired 
function of beta-receptors, altered sodium and calcium 
transport in myocardium and overproduction of cardi-
odepressant factors, such as nitric oxide, cytokines and 
endogenous cannabinoids, play the main role in the 
pathogenesis.

Based on these data we can predict the following:
1. In compensated cirrhosis, there would be no viable 

bacterial translocation, splanchnic inflammation or 
sustained splanchnic arterial vasodilation. 

2. Early decompensation is characterized by significant 
bacterial translocation, moderate systemic inflam-

mation and significant arterial vasodilation. The re-
sult is significant effective hypovolemia and organ 
dysfunction.

3. In long-standing decompensated cirrhosis, with re-
fractory ascites and HRS-NAKI, bacterial transloca-
tion is severe, splanchnic vasodilation and systemic 
inflammation is significant, and organ failure fully 
develops [12].

Treatment

Splanchnic vasoconstrictors

Splanchnic vasoconstrictors administered with al-
bumin at the dose of 20-40 g/day are the gold standard 
for patients with HRS-AKI because of their good im-
pact on the survival of these patients [19-22]. The aim 
of the treatment is reverse splanchnic vasodilation and 
increase of the renal blood flow. Splanchnic vasocon-
strictors are divided into the following groups:
•	 vasopressin analogs (terlipressin and ornipressin), 
•	 somatostatin analogs (octreotide), 
•	 alpha-1 adrenergic receptor agonists (midodrine and 

norepinephrine).
The most commonly used is terlipressin.
There are only limited data for the treatment of 

HRS-NAKI with splanchnic vasoconstrictors.
Alessandria et al. [23] treated 16 patients with ter-

lipressin 1 mg/4 h intravenously for 7 days; 11 of them 
had HRS type 2, and the remaining 5 suffered from or-
ganic renal disease. The treatment was effective in pa-
tients with HRS type 2, but not in patients with organic 
renal impairment (8/11 patients [73%] vs. 1/5 [20%]; 
p < 0.05).

Ghosh et al. [24] used terlipressin and noradrena-
lin with albumin for the treatment of 46 patients with 
HRS type 2 and they found that noradrenalin and terli-
pressin were effective and safe. A therapeutic response 
was achieved in 17/23 (73.9%) patients in the group 
treated with terlipressin as well as in the group treated 
with noradrenalin (p = 1.0). 

Even further studies [25-27] evaluated the effect of 
vasoconstrictors with or without albumin in patients 
with HRS type 2; however, the number of HRS type 2 
patients in them was very low. All given studies as-
sessed only the short-term effect of the treatment. No 
information exists on the long-term efficacy and safety 
of terlipressin therapy in type 2 HRS [28].

Rodriguez et al. [29] dealt with the effect of the 
treatment with terlipressin plus albumin in patients 
with HRS type 2 on the waiting list for liver trans-
plantation. 56 patients were included; 31 of them were 
treated with terlipressin and albumin. Pretransplanta-
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tion and posttransplantation outcomes were assessed. 
61% of patients responded to the therapy, but 58% of 
responders relapsed after the treatment withdrawal at 
a mean of 19-28 days. No differences in mortality on 
the waiting list were observed between responders and 
nonresponders. 46 patients underwent liver transplan-
tation. Also, no significant differences in the risk of 
acute kidney injury, need for renal replacement ther-
apy, frequency of chronic kidney disease 1 year after 
transplant, length of hospitalization, or survival were 
observed. The study of Rodriguez et al. has two main 
contributions: it points to a  high probability of HRS 
type 2 relapse after treatment withdrawal and also to 
an uncertain benefit of the treatment in patients wait-
ing for liver transplantation. HRS type 2 relapse has 
also been mentioned in a several other studies [24, 30], 
and it seems that it occurs more frequently than in pa-
tients with HRS-AKI.

Because of limited and controversial data about the 
impact of vasoconstrictors and albumin on outcomes, 
especially in candidates for liver transplantation, this 
therapy is not recommended in HRS-NAKI [3].

Large-volume paracentesis

Refractory ascites dominates the clinical picture 
of HRS-NAKI; therefore the treatment of HRS-NAKI 
is mainly aimed at the treatment of refractory ascites. 
The first line treatment for refractory ascites is repeated 
large-volume paracentesis (LVP) plus albumin (8 g/l of 
ascites removed) [3]. LVP brings about the risk of post-
paracentesis circulatory dysfunction. Albumin infusion 
reduces the incidence of postparacentesis circulatory 
dysfunction among patients with refractory ascites not 
only compared with no treatment, but also compared 
with other treatment options such as vasoconstrictors 
and colloids. A  meta-analysis [31] that included ran-
domized trials evaluating albumin infusion in patients 
with refractory ascites confirmed it. Compared with 
colloids and vasoconstrictors, albumin reduced the 
incidence of postparacentesis circulatory dysfunction 
(odds ratio [OR] = 0.39; 95% confidence interval [CI]: 
0.27-0.55). Mortality was lower in patients receiving al-
bumin compared to alternative treatments (OR = 0.64; 
95% CI: 0.41-0.98).

It is obvious that albumin is a substance with pleio-
tropic effects. It has an anti-inflammatory impact, 
because of its high capacity to bind and inactivate 
pro-inflammatory substances and restart molecular 
abnormalities in cirrhotic cardiomyopathy [32].

LVP with albumin improves renal function, prob-
ably by improving renal blood flow [33]. The main 

disadvantage is that LVP does not correct the mecha-
nisms causing ascites and has to be repeated.

Transjugular intrahepatic portosystemic shunt

Insufficient possibilities of HRS-NAKI treatment 
make transjugular intrahepatic portosystemic shunt 
(TIPS) an interesting alternative. The idea of using 
TIPS in patients with refractory ascites with or without 
HRS-NAKI has been known for decades. The rationale 
for TIPS in patients with HRS-NAKI is as follows:
•	 TIPS decreases portal hypertension,
•	 TIPS leads to the refilling of the central venous sys-

tem, 
•	 improved refilling of the central venous system reduc-

es vasoconstrictors and improves renal blood flow.
In the past the effect of TIPS in patients with HRS 

was evaluated in several studies [34-36]. Their main 
drawback was a  small number of patients, short-term 
follow-up and uncertain definition of HRS and its sub-
types.

Testino et al. [37] assessed the effect of TIPS in 18 
patients with HRS type 2. Renal parameters improved 
after TIPS in all patients with HRS type 2 within 12 
weeks after TIPS insertion; total disappearance of asci-
tes was obtained in 8 patients. 

Brensing et al. [38] focused on non-transplant-
able cirrhotics with HRS. 21 patients had HRS type 1,  
20 patients had HRS type 2, TIPS was received in 14 
patients with HRS type 1 and 17 patients with HRS 
type 2. Renal function improved within two weeks af-
ter TIPS in 77% of patients. Following TIPS, 3, 6, 12, 
and 18 month survival rates were 81%, 71%, 48%, and 
35%. Type 2 HRS patients had a better chance of surviv-
al compared to type 1 patients (log rank 5.04; p = 0.025). 
In multivariate analysis HRS type was an independent 
survival predictor (p < 0.05). The study has four key 
benefits:
•	 it delivers long-term data; 
•	 it calls our attention to the need of selection of pa-

tients suitable for TIPS regarding the degree of liver 
dysfunction and of appropriate timing of TIPS inser-
tion. Patients with Child-Pugh scores > 12, bilirubin 
levels > 15 mg/dl, or those with severe spontaneous 
encephalopathy were excluded;

•	 it points to a better effect of TIPS in HRS type 2 pa-
tients compared to HRS type 1 patients;

•	 it focuses on the group of non-transplantable pa-
tients, which often occurs v daily practice. These 
patients are contraindicated for transplantation for 
various reasons, e.g. malnutrition, or alcohol abuse, 
but they require intensive management.
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Gines et al. [39] compared TIPS and repeated 
paracentesis plus albumin in 70 patients with refrac-
tory ascites. The probability of survival without liver 
transplantation was 41% at 1 year and 26% at 2 years in 
the TIPS group, as compared with 35% and 30% in the 
paracentesis group (p = 0.51), TIPS does not improve 
survival in patients with refractory ascites. However, 
recurrence of ascites and development of hepatorenal 
syndrome were lower in the TIPS group compared to 
the paracentesis group. TIPS reduced the risk of pro-
gression to HRS type 1. On the other hand, the fre-
quency of severe encephalopathy was higher in the 
TIPS group.

Skladaný et al. [40] published a retrospective anal-
ysis of patients indicated with TIPS between 2001-
2013. In total, 128 patients were indicated; TIPS was 
installed in 118 of them. In 22% of patients refractory 
ascites and HRS was the reason for the insertion. Re-
fractory ascites was kept under control in 13 patients 
(62%). The main complication was encephalopathy.

Based on these data TIPS could be recommended 
in selected patients with HRS-NAKI [3]. TIPS in these 
patients improves renal parameters and improves 
keeping ascites under control. Further studies are nec-
essary to evaluate the impact of TIPS on the survival 
of HRS-NAKI patients. It seems that the patients in 
whom LVP plus albumin fails and who, on the oth-
er hand, have sufficient hepatic capacity and have no 
other contraindications for TIPS insertion can benefit 
from the treatment. It is suitable to use small-diameter 
polytetrafluoroethylene-covered stents in order to pre-
vent encephalopathy development.

The automated low-flow ascites pump

The automated low-flow ascites pump system makes 
transfer of ascites from the peritoneal cavity to the 
bladder possible. They are a  subcutaneously implant-
ed. Ascites is eliminated from the bladder with urine.  
The pumping cycle is controlled by pressure in the blad-
der and in the peritoneal cavity. It is started if the blad-
der pressure is below a certain threshold and finished 
if the pressure in the peritoneal cavity drops. Bellot  
et al. [41] evaluated the safety and efficacy of an auto-
mated pump system for treatment of refractory ascites 
in a multicenter, non-randomized trial. 40 patients were 
included, and the follow-up was 6 months. The pump 
system removed 90% of the ascites and significantly re-
duced the median number of large volume paracenteses 
per month [3.4 (range 1-6) vs. 0.2 (range 0-4); p < 0.01]. 

Stirnimann et al. [42] focused on patients with re-
fractory ascites and who are contraindicated for TIPS. 
46 patients were included, and the follow-up was 24 

months. Median frequency of paracentesis dropped 
from 2.17 to 0.17 per month, but 17 patients need-
ed pump system explantation due to severe adverse 
events. A recent randomized controlled trial [43] com-
pared the automated low-flow ascites pump with VLP 
to standard care in patients with refractory ascites and 
brought similar results as in previous cases with regard 
to the reduction of the need for paracentesis.

However, the increase in creatinine, until the lev-
el of AKI in some of the patients, was observed in all 
three studies, mainly in the first week after pump in-
stallation. This evidence was confirmed by a prospec-
tive study [44], whose aim was to investigate the effects 
of the treatment with the automated low-flow ascites 
pump on renal function in patients with refractory as-
cites. The changes in glomerular filtration rate (GFR), 
the changes in activity of vasoconstrictor systems and 
the changes in circulatory function stemming from 
them were the primary outcomes. GFR decreased 
significantly from 67 ml/minute/1.73 m2 (4190 ml/
minute/1.73 m2) at baseline to 45 ml/minute/1.73 m2 
(3674 ml/minute/1.73 m2) at month 6 (p = 0.04). There 
was a marked increase in plasma vasoconstrictor con-
centration (median percent increase with respect to 
baseline +191% and 59%, respectively). The most fre-
quent complication in patients was AKI.

Treatment with the automated low-flow ascites 
pump is associated with impairment of renal function. 
Therefore, the automated low-flow ascites pump sys-
tem is not the optimum treatment for patients with 
HRS-NAKI. It is possible that the administration of al-
bumin will prevent circulatory dysfunction after pump 
installation. However, further studies are necessary.

Vaptans

Vaptans are arginine vasopressin receptor antag-
onists. They work as antagonists of the V2 receptors 
of vasopressin which regulate the reabsorption of free 
water. Vaptans inhibit V2 receptors and in this way in-
crease free water excretion. 

Two studies assessed the effect of tolvaptan on 
refractory ascites in patients with liver cirrhosis. In 
a  multicenter, randomized, double-blind, placebo- 
controlled trial [45], add-on therapy with tolvaptan 
7.5 mg/day led to a significant change in bodyweight 
compared to placebo. Japanese authors [46] showed 
retrospectively that tolvaptan in addition to sodium 
restriction (> 7 g/d), albumin infusion (10-20 g/wk), 
and standard diuretic therapy leads to keeping ascites 
under control in 63.38% of patients, but it does not im-
prove the survival compared to standard care includ-
ing LVP.
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Wong et al. [47] evaluated the effect of satavaptan 
(three doses: 5, 12.5, and 25 mg/day) in cirrhotic patients 
with ascites treated with LVP and diuretics. The main 
outcome was to evaluate the interval between two para-
centeses; however, this outcome was not achieved.

Vaptans have only a minor effect in keeping ascites 
under control. They are more effective in the correc-
tion of hyponatremia. The limitation of their use is ad-
verse events such as orthostatic hypotension. 

Renal replacement therapy

Renal replacement therapy is not indicated in the 
management of patients with HRS-NAKI [48].

Liver transplantation

Liver transplantation is the best therapeutic option 
for patients with HRS independent of the treatment 
response and type of HRS [3]. There are only limited 
indications for simultaneous liver-kidney transplanta-
tion.

Conclusions

HRS is a serious complication in patients with liv-
er cirrhosis. The introduction of a new AKI classifica-
tion whose aim is to identify patients earlier does not 
simplify making the HRS-NAKI diagnosis and these 
patients are not discovered in daily praxis in time. 
HRS-NAKI treatment is identical to the treatment of 
refractory ascites. Despite the fact that the prognosis 
of HRS-NAKI patients is better than that of HRS-AKI 
patients, liver transplantation is the final solution for 
these patients. 
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