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Abstract
AIM
To propose several alternatives treatment of type 1 
hepatorenal syndrome (HRS-1) what is the most severe 
expression of circulatory dysfunction on patients with 
portal hypertension.

METHODS
A group of eleven gastroenterologists and nephrologists 
performed a structured analysis of available literature. 
Each expert was designated to review and answer 
a question. They generated draft statements for 
evaluation by all the experts. Additional input was 
obtained from medical community. In order to reach 
consensus, a modified three-round Delphi technique 
method was used. According to United States 
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Preventive Services Task Force criteria, the quality of 
the evidence and level of recommendation supporting 
each statement was graded. 

RESULTS
Nine questions were formulated. The available evidence 
was evaluated considering its quality, number of 
patients included in the studies and the consistency of 
its results. The generated questions were answered by 
the expert panel with a high level of agreement. Thus, 
a therapeutic algorithm was generated. The role of 
terlipressin and norepinephrine was confirmed as the 
pharmacologic treatment of choice. On the other hand 
the use of the combination of octreotide, midodrine and 
albumin without vasoconstrictors was discouraged. The 
role of several other options was also evaluated and the 
available evidence was explored and discussed. Liver 
transplantation is considered the definitive treatment 
for HRS-1. The present consensus is an important effort 
that intends to organize the available strategies based on 
the available evidence in the literature, the quality of the 
evidence and the benefits, adverse effects and availability 
of the therapeutic tools described.

CONCLUSION
Based on the available evidence the expert panel was 
able to discriminate the most appropriate therapeutic 
alternatives for the treatment of HRS-1.

Key words: Hepatorenal syndrome; Delphi; Consensus; 
Evidence-based medicine; Treatment
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Core tip: The available evidence for the treatment of 
type 1 hepatorenal syndrome (HRS-1) was evaluated. 
The role of terlipressin and norepinephrine was con-
firmed as the pharmacologic treatment of choice. On 
the other hand the use of the combination of octreotide, 
midodrine and albumin without vasoconstrictors was 
discouraged. The role of several other options was also 
evaluated and the available evidence was explored 
and discussed. Liver transplantation is considered 
the definitive treatment for HRS-1 and the necessary 
conditions to optimize the recovery of renal function 
was also discussed. 
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INTRODUCTION
Hepatorenal syndrome (HRS) is a severe disease strictly 

related to the presence of portal hypertension (PHT). The 
cumulative probability of HRS in patients with cirrhosis 
and ascites was initially reported as 18% at one year and 
39% at five years[1]. More recently and employing the 
Ascites Club criteria, the incidence of HRS was estimated 
as 7.1% in a cohort that was followed for 41 ± 3 mo[2]. 
Table 1 depicts the diagnostic criteria proposed by the 
Ascites Club for the diagnosis of HRS[3]. These criteria are 
the result of a consensus based on clinical knowledge of 
the condition, and at this time, there are no biochemical 
tests clinically available for the diagnosis of HRS. Two 
types of HRS have been defined by the Ascites Club. 
Type 2 (HRS-2) is a slowly progressive disease, clinically 
expressed as refractory ascites with an average median 
survival of approximately six months. In contrast, type 1 
HRS (HRS-1) is a catastrophic disease characterized by 
a rapid decrease in glomerular filtration rate[3], and it is 
considered the most extreme expression of circulatory 
dysfunction secondary to PHT. Its diagnosis requires 
the exclusion of intrinsic renal disease, hypovolemia, 
shock and exposure to nephrotoxic drugs. It has a very 
poor prognosis with a mean survival of only two weeks 
without treatment[4]. Thus, HRS-1, is considered one of 
the most severe complications of cirrhosis and PHT, and 
it represents a therapeutic challenge for hepatologists. 

Several alternatives have been proposed for the 
treatment of HRS-1. Although liver transplantation (LT) 
appears to be the logical definitive treatment for this con
dition, other interventions are needed while the patient 
is on the waitlist, sometimes for several weeks before LT. 
Moreover, for a myriad of reasons, some patients cannot 
be considered appropriate candidates for LT. Hence, LT 
it is not a proper alternative for every patient, and other 
therapeutic alternatives must be considered.

Recently, the Chilean Gastroenterology Society pro-
vided a consensus for the treatment of HRS-1. The aim 
of this article is to show the results of the consensus and 
to suggest a therapeutic approach based on the best 
available evidence.

MATERIALS AND METHODS
Participants and literature search
The consensus organizing committee [under the spon-
sorship of the Chilean Society of Gastroenterology 
(http://sociedadgastro.cl)] assembled a group of adult 
gastroenterologists and nephrologists with expertise 
in the management of advanced liver disease patients 
and evidence-based medicine. The panel generated a 
list of questions relevant for the treatment of HRS-1. 
To address these questions, two members of the 
panel (JCC and JPA) performed separate searches in 
PubMed®, retrieving reports published in English or 
Spanish through June 2014. The search results were 
distributed. Simultaneously, each individual panelist 
contributed additional data and abstracts presented at 
meetings. Each expert was designated to review and 
answer a question. They generated draft statements 
for evaluation by all the experts; the answers were to 
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be supported through a review of the literature. The 
quality of the evidence (Table 2) and the level of recom-
mendation (Table 3) were graded following the United 
States Preventive Services Task Force criteria[5,6]. 

Consensus methodology 
Initially, each expert wrote a draft recommendation 
statement and sent to organizing committee for evalua-
tion and distribution among the entire panel. A 1 to 5 
Likert scale (where 1 means “totally disagree” and 5 
“totally agree”) was used to measure agreement. To 
reach a final consensus a modified three-round Delphi 
technique method was used as described by Arab et al[7].

The final statements and recommendations were 
exposed during the XLI Chilean Congress of Gastro-
enterology and the Ⅰ Chilean Symposium on HRS-1 
treatment in Coquimbo, Chile, in November 2014. The 
audience of approximately 450 physicians voted in real-
time. The approved final recommendations (those with 
average scores ≥ 4 on the Likert scale) are presented 
below. 

Statistical analysis
Statistical review of the study was performed by a 

biomedical statistician. Level of agreement from the 
Delphi panel was expressed in mean ± SD.

RESULTS
Are vasoconstrictors effective in the treatment of 
HRS-1?
Terlipressin: Terlipressin is the vasoconstrictor of choice 
for the treatment of HRS-1, due to the large number of 
studies (and enrolled subjects) showing its effectiveness 
and its positive effects on survival. Terlipressin is a 
synthetic analogue of vasopressin acting through V1 
receptors, increasing effective circulating volume, and 
by means of an increase in resistance in the splanchnic 
territory (which reduces portal pressure), it allows for 
the redistribution of the bloodstream, increasing renal 
perfusion[8]. Two important controlled, randomized and 
multicenter trials showed that terlipressin associated with 
albumin resulted in an improvement in renal function 
and could also reverse HRS-1[9,10]. A recently published 
meta-analysis, which included 320 subjects, proved 50% 
effectiveness with an OR of 7.5[11].

An Italian trial reported on the impact of terlipressin 
on the survival rate of HRS-1 patients. This randomized 

HRS
   Presence of cirrhosis and ascites
   Serum creatinine > 1.5 mg/dL (or 133 micromoles/L)
   No improvement of serum creatinine (decrease equal to or less than 1.5 mg/dL) after at least 48 h of diuretic withdrawal and volume expansion with 
   albumin (recommended dose: 1 g/kg per day up to a maximum of 100 g of albumin/day)
   Absence of shock
   No current or recent treatment with nephrotoxic drugs
   Absence of parenchymal kidney disease as indicated by proteinuria > 500 mg/d, microhematuria (> 50 RBCs/high power field, and/or abnormal renal 
   ultrasound scanning
HRS-1
   Rapidly progressive renal failure defined by a doubling of the initial serum creatinine to a level greater than 2.5 mg/dL or 220 µmol/L in less than 2 wk
   Although it may appear spontaneously, HRS-1 often develops with a precipitating event, particularly spontaneous bacterial peritonitis
   HRS-1 occurs in the setting of an acute deterioration of circulatory function (arterial hypotension and activation of the endogenous vasoconstrictor 
   systems) and is frequently associated to rapid impairment in liver function and encephalopathy
HRS-2
   Characterized by a moderate renal failure (serum creatinine greater than 1.5 mg/dL) which follows a steady or slowly progressive course. It appears 
   spontaneously in most cases
   HRS-2 is frequently associated with refractory ascites. Survival of patients with HRS-2 is shorter than that of patients with ascites but without renal 
   failure

Table 1  Criteria for the diagnosis of hepatorenal syndrome

HRS: Hepatorenal syndrome; HRS-2: Type-2 HRS; HRS-1: Type-1 HRS.

Level of evidence Description

Type Ⅰ Evidence obtained at least from one well-designed, randomized, controlled1 trial or from a systematic review of randomized clinical 
studies

Type Ⅱ Ⅱ-1 evidence obtained from non-randomized, prospective, controlled1 studies
Ⅱ-2 evidence obtained from cohort observational studies2 or case-control studies, preferably multi-centric

Ⅱ-3 evidence obtained from case series
Type Ⅲ Opinion of authorities on the subject matter based on expertise, expert committees, case reports, pathophysiological studies or basic 

science studies

Table 2  Levels of evidence according to the study design

1A controlled study is a study where the intervention is managed by the researcher; 2An observational study is a study where the intervention is not 
controlled by the researcher.

Arab JP et al . Type 1 hepatorenal syndrome treatment
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trial included 52 subjects and showed a higher and more 
significant probability of survival in the group treated 
with terlipressin[12]. These findings were confirmed in a 
recent meta-analysis published by Cochrane, including 6 
trials and 309 subjects, in which a statistically significant 
reduction in the mortality rate was observed in HRS-1 
patients treated with terlipressin (RR = 0.76, 95%CI: 
0.61-0.95)[13].

For the treatment of HRS-1, it is recommended to 
start the administration of terlipressin at an initial dose of 
0.5-1 mg every 4-6 h as an IV bolus, with the possibility 
of increasing the dose up to 2 mg every 4-6 h if there 
is no proper response after 3 d; a proper response 
is defined as a reduction > 25% from basal plasma 
creatinine. It is recommended to maintain the admini-
stration of terlipressin until creatinine levels decrease 
to less than 1.5 mg/dL or for a maximum of 14 d[14]. 
Recurrence can occur after discontinuation of the therapy 
(< 20%)[15], in which case, the recommendation is to 
repeat a new cycle. The most frequent side effects are 
abdominal pain, diarrhea, arrhythmia and ischemic 
complications. The incidence of serious effects requiring 
suspension of terlipressin is close to 7%[16]. The presence 
of coronary, vascular or peripheral arterial ischemic 
disease must be considered a contraindication for the use 
of terlipressin and other systemic vasoconstrictors.

Recommendation: Treatment with terlipressin asso-
ciated with albumin represents the drug therapy of 
choice in HRS-1 patients, and it is capable of reversing 
this condition and reducing the associated mortality 
rate (Evidence Level Ⅰ, grade of recommendation A, 
Agreement 5 ± 0).

Norepinephrine: Norepinephrine, an adrenergic agonist 
widely available in critical care units, is regarded as an 
alternative therapy in association with albumin, and 
it is effective and safe for the treatment of HRS-1[17]. 
Two randomized trials compared norepinephrine to ter-
lipressin, reporting similar efficacy levels for reversal 
of HRS-1, as well as a comparable safety profile[18,19]. 
A recent study conducted in India enrolled 46 HRS-1 
patients and reported results that confirmed previously 
published results[20], in addition to a recently published 
meta-analysis[21]. The effects of both drugs on mortality 

rates after 30 d and the probability of HRS-1 recurrence 
were also similar. In this meta-analysis, adverse effects 
were less common with the use of norepinephrine; how-
ever, only four studies were considered[21]. 

Norepinephrine is used as a continuous intravenous 
infusion at a 0.5 mg/h initial dose, with the purpose of 
achieving a > 10 mmHg increase in basal mean blood 
pressure (MBP). Accordingly, the dose can be adjusted 
by 0.5 mg/h every 4 h until a maximum dose of 3 mg/h 
is attained[20].

The significantly reduced cost and broad availability of 
norepinephrine are attractive[18,20]. It must be considered, 
however, that the number of cases treated with nore-
pinephrine remains low, compared to the number of 
cases treated with terlipressin.

Recommendation: The use of norepinephrine asso-
ciated with albumin represents an alternative to the use 
of terlipressin for the treatment of HRS-1; however, the 
currently available information is not as abundant in 
comparison to terlipressin (Evidence Level Ⅰ, grade of 
recommendation B, Agreement 5 ± 0).

Octreotide plus midodrine: The most studied vasocon-
strictor used for the treatment of HRS-1 is terlipressin, 
and it results in complete reversal of the disease and a 
reduction in the associated mortality rate. However, many 
studies have assessed the use of other vasoconstrictors, 
with or without volume expansion agents, with variable 
results[22]. The association of midodrine, a systemic 
vasoconstrictor acting on alpha-adrenergic receptors, 
and octeotride, a synthetic analogue of vasopressin 
that inhibits the release of endogenous vasodilators, 
has shown a benefit to mortality rates in some small 
studies[23,24]. Regarding reversal, some studies have 
shown complete response with reduction in creatinine 
to values less than 1.5 mg/dL; nevertheless, other 
studies have shown contradictory results[25]. These two 
points were assessed in a meta-analysis published in 
2012[26] that included 256 subjects from 3 separate 
observational studies. This meta-analysis showed a 
reduction in mortality rates at 30 d (OR = 0.33; 95%CI: 
0.18-0.60) and 90 d (OR = 0.17; 95%CI: 0.03-0.96) 
but no conclusive results in terms of HRS-1 reversal; 
however, a delay in progression was observed, based on 

Recommendation Description

A The consensus strongly recommends the mentioned intervention or service. This recommendation is based on high quality evidence, 
with a benefit that significantly exceeds the risks

B The consensus recommends the regular clinical use of the mentioned intervention or service. This recommendation is based on 
moderate quality evidence, with a benefit that exceeds the risks

C The consensus does not make any positive or negative recommendation regarding the mentioned intervention or service. A 
categorical recommendation is not provided, because the evidence (of at least moderate quality) does not show a satisfactory risk/

benefit relationship. The decision has to be made on a case-by-case basis
D The consensus makes a negative recommendation against the mentioned intervention or service. The recommendation is based on at 

least moderate quality evidence, not showing any benefit or where the risk or damage exceeds the benefits of the intervention
I The consensus concludes that the evidence is insufficient, due to low-quality studies, heterogeneous results or because the risk/

benefit balance cannot be determined

Table 3  Levels of recommendation according to the available evidence

Arab JP et al . Type 1 hepatorenal syndrome treatment
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a reduction in creatinine levels that was not statistically 
significant. It is important to note that, in the cases of 
the control groups in these three studies, two studies 
used dopamine, and one study used albumin. This 
reduction in the progression of renal function would be 
the mechanism believed to reduce the mortality rate, 
even without achieving HRS-1 reversal. 

A randomized, monocentric trial including 23 subjects 
compared the association of midodrine and octeotride 
with noradrenaline[27], with complete response in 73% 
and 75% of subjects, respectively, without significant 
differences between the two therapeutic options. 
However, the small number of subjects included in this 
study limited the interpretation of the results. In contrast, 
a recent prospective, randomized trial compared the 
use of terlipressin plus albumin (27 subjects) with the 
combination of midodrine/octreotide plus albumin (22 
subjects). This study showed a 70.4% response rate in 
the terlipressin branch vs a 28.6% response rate in the 
midodrine/octreotide branch. Moreover, the complete 
response rate was significantly higher in the terlipressin 
branch [55.5% vs 4.8% in the midodrine/octreotide 
group (P < 0.001)], showing low efficacy in terms of 
complete response in the midodrine/octreotide group[28]. 
These results were consistent with the low reversal rate 
described in previous studies.

Some studies have suggested that an increase 
in MBP is necessary for reverting alterations in renal 
hemodynamics specific to HRS1; this increase is greater 
in patients responding to vasoconstrictor treatment 
compared with non-responding patients, regardless of 
the vasoconstrictor used. In a joint analysis of 501 patients 
from 21 studies, Velez et al[29] proved a significant cor
relation between an increase of 10 to 15 mm in MBP 
and the HRS-1 patient’s response to treatment, with 
improvement in renal function. Other studies have not 
been able to prove this association. The main limitation of 
the study by Velez et al[29] is that it gathered information 
from previous studies that were not designed to assess 
the measured result. Therefore, their study cannot be 
regarded as having sufficient evidence for issuing a reco
mmendation.

With regard to the safety and efficacy of the use of 
midodrine and octreotide, these data were assessed in 
a retrospective study[30] including 60 HRS-1 patients, 
compared to 21 patients treated only with albumin. 
Midodrine treatment combined with octeotride was not 
associated with significant adverse effects. 

Recommendation: Although the midodrine-octeotride 
combination is a safe treatment with easy administration, 
its beneficial effects on survival and improvement in renal 
function have not been consistent across trials. Therefore, 
we do not recommend its use for the treatment of HRS-1 
(Evidence Level Ⅰ, grade of recommendation B, Agree-
ment 4.6 ± 0.5).

Vasopressin: Vasopressin has been proposed as a 
vasoconstrictor for the treatment of HRS-1 in some 

countries where no other therapies are available.
A retrospective study[31] compared the use of vaso-

pressin alone and in combination with octeotride in HRS-1 
patients vs the use of octeotride. This study showed a 
reduction in creatinine to values < 1.5 mg/dL with the 
use of vasopressin with or without octeotride vs octeo-
tride alone (42% vs 38% vs 0%, respectively, P = 0.001), 
with an OR of 6.4 as well as an improvement in the 
survival rate and the possibility of being candidate for LT.

The dose required for achieving this objective has 
not yet been established. The aforementioned study 
required a dose of 0.23 + 0.19 U/min for a period of 5 
to 9 d. In contrast, the use of low doses of vasopressin 
(1 U/h)[32] was effective for the restoration of urine 
volume in HRS-1 patients and patients with congestive 
heart failure, without improving the overall prognosis of 
the patients or their creatinine levels.

The use of vasopressin requires strict monitoring 
to avoid adverse effects associated with ischemic 
phenomena.

Recommendation: We do not recommend the use of 
vasopressin for the treatment of HRS-1, due to several 
adverse effects and the lack of randomized, clinical 
trials supporting its use (Evidence Level Ⅱ-2, grade of 
recommendation Ⅰ, Agreement 4.8 ± 0.3).

Efficacy of the use of albumin
The use of human albumin in cirrhosis is based mainly 
on its hemodynamic properties, improving oncotic pre-
ssure in patients with circulatory disorders, and it is 
characterized by dilatation of the splanchnic territory, 
effective hypovolemia and activation of the renin-
angiotensin-aldosterone system. In addition, albumin 
has antioxidant and immunomodulatory functions; 
albumin also has the capacity to transport and metabolize 
other substances and has hemostatic and endothelial 
stabilization effects. In cirrhotic patients, both plasma 
albumin concentration and its functional properties are 
diminished, becoming even more severe depending on 
the level of the patient’s renal failure[33].

The aforementioned situation has been the rationale 
for the use of albumin in decompensated cirrhosis. The 
main evidence in favor of its use is in the prevention of 
renal failure, both in the presence of spontaneous bacterial 
peritonitis and after a large-volume paracentesis.

In HRS-1, circulatory disorders are established at its 
highest levels, and by definition, these disorders are not 
reversed by the administration of albumin alone, the use 
of which is commonly suggested to expand intravascular 
volume and to improve cases of prerenal failure, thus 
disregarding the HRS-1 diagnosis in these patients[3]. 

Vasoconstrictors are the basis of HRS-1 treatment, 
and in the majority of well-designed, prospective and 
randomized studies, they have been associated with the 
use of albumin as a plasma expander and compared 
to the isolated use of albumin[9,12]. In these studies, 
there has been evidence of a significant difference in 
favor of combined therapy regarding HRS-1 reversal, 

Arab JP et al . Type 1 hepatorenal syndrome treatment
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improvement of renal function, MBP and diuresis.
The purpose of a meta-analysis performed by Dobre 

et al[11] was to prove the usefulness of terlipressin with or 
without albumin, compared with placebo with or without 
albumin. The study showed that HRS-1 reversal using 
the first alternative was significantly more common, 
with an OR of 7.47. Of the six studies included in the 
meta-analysis, only 1 did not use albumin, and it was 
the oldest (1998) and had the smallest number of sub-
jects[11], proving that the majority of researchers have 
considered albumin to be a part of the basic treatment 
for HRS-1 patients. 

Regarding the assumption that albumin provides an 
additional benefit to the use of vasoconstrictors alone, we 
only found evidence of an observational study designed 
to answer this question. Seventy-seven percent of the 
patients who used terlipressin and albumin experienced a 
resolution of HRS-1, compared to 25% in the group that 
used terlipressin alone. In addition, the group of patients 
treated with terlipressin plus albumin showed significant 
improvement in MBP and a reduction in the activation of 
the renin-aldosterone system[34].

Along these same lines, the retrospective study by 
Moreau et al[35] assessing the usefulness of terlipressin 
in HRS-1 showed that the respondent group used 
albumin in 79% of cases vs 68% in the non-respondent 
group, which was not a significant difference.

There is no evidence available that other fluids (such 
as crystalloids) can have a similar effect to albumin 
associated with vasoconstrictors. No studies have been 
designed for this purpose, and no such studies are likely 
to be performed because the use of crystalloids increases 
ascites and, therefore, intra-abdominal pressure, which 
in turn affects renal perfusion and reduces the likelihood 
of improvement of renal and circulatory failure. An 
observational study, in which a large-volume paracentesis 
with reposition of albumin was performed in HRS-1 
patients, showed partial improvement of renal function, 
supporting the hypothesis that a reduction in intra-
abdominal pressure could be useful for renal perfusion 
recovery[36].

Recommendation: The use of albumin with vaso-
constrictors is the therapy of choice for treating HRS-1. 
The use of albumin without vasoconstrictors is only 
recommended in the stage prior to HRS-1 diagnosis to 
exclude patients with prerenal failure (Evidence Level 
Ⅱ-2, grade of recommendation B, Agreement 4.8 ± 0.3).

Efficacy of the use of a trans-jugular intrahepatic 
portosystemic shunt
There is scarce evidence for the use of trans-jugular 
intrahepatic portosystemic shunt (TIPS) in HRS-1. In a 
study including 16 patients, 6 with HRS-1 and 10 with 
HRS-2 and Child-Pugh scores of 7-9, a duplication of 
creatinine clearance in serum and increased sodium 
concentration excreted in the urine were observed two 
weeks after the TIPS procedure. Three of the HRS-1 
patients required hemodialysis during the progression of 

the disease, and 12 and 18 d after the TIPS procedure, 
two patients were able to stop hemodialysis. There was an 
improvement in renal function, even after 6-8 wk. Three 
of the 16 HRS-1 and HRS-2 patients did not respond, and 
they died within a 6-wk period[37]. A prospective, non-
randomized, phase Ⅱ study included 41 patients with 
cirrhosis and HRS without indications for transplantation: 
21 with HRS-1 and 20 with HRS-2. Thirty-one of these 
patients (14 type 1 and 17 type 2) received TIPS and 
were followed for a mean of 24 mo. The use of TIPS 
in HRS-1 and HRS-2 patients reduced significantly (P 
< 0.001) the hepatic venous pressure gradient and 
increased creatinine clearance and sodium excretion. 
Those patients who received TIPS showed higher survival 
rates than those who did not. There was only one death 
related to the procedure (3.2%). It is important to 
note that the HRS2 patients had a significantly greater 
benefit and were identified as a variable independently 
correlated with survival[38]. Another uncontrolled study 
assessed 7 patients with cirrhosis and HRS-1. The TIPS 
procedure was associated with gradual improvements in 
the glomerular filtration rate (9 to 27 mL/min) and blood 
urea nitrogen and creatinine reduction. The majority of 
patients also showed a reduction in the activity of the 
renin-angiotensin system and in the sympathetic nervous 
system, suggesting an improvement in hemodynamic 
parameters. The average survival after the TIPS pro-
cedure was approximately 5 mo, which was longer than 
the survival rate expected for these patients[39]. 

Unfortunately, many HRS-1 patients are too sick to 
undergo a TIPS procedure, mainly because the procedure 
can present complications such as deterioration of hepatic 
encephalopathy and liver function (increased bilirubin 
levels), bleeding and intravenous contrast-induced neph-
ropathy[40]. In a study that designed a predictive model 
for determining the survival rate after a TIPS procedure, 
patients with HRS-1 due to alcoholic cirrhosis or chronic 
cholestatic disease showed a 25% mortality rate 90 d after 
the procedure and a mortality rate of 80% in patients 
with cirrhosis due to other causes[41]. 

In general, these results suggest that TIPS could 
be considered for patients with relatively preserved 
liver function and as a bridge therapy to LT. However, 
due to the risks associated with the procedure and the 
lack of well-designed studies, this procedure should be 
considered only as a last resource. 

Recommendation: Due to the lack of evidence, the 
consensus considers that the use of TIPS shall not be 
recommended in HRS-1 patients (Evidence Level Ⅱ-2, 
grade of recommendation Ⅰ, Agreement 4.7 ± 0.4). 

Extracorporeal substitution therapies 
Role of renal replacement therapies for the mana
gement of acute renal failure associated with 
HRS1: If there is no response to proven pharmacological 
strategies, acute renal failure (ARF) in HRS-1 takes an 
irreversible course unless the patient undergoes LT. At 
this point, patients develop oliguria, hydrosaline balance 
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disorders and severe metabolic disorders that can lead to 
the prescription of renal replacement therapies (RRTs).

For patients who will not undergo LT, the potential 
benefit of RRT is controversial due to the high morbi-
mortality associated with RRT, basically determined by 
poor hemodynamic tolerance and/or hemorrhages asso-
ciated with liver failure complications[42].

For patients who are non-respondent to phar-
macological therapy or TIPS, who are waiting for a LT or 
who are under evaluation to undergo the surgery, the 
use of RRT is advised as a bridge to LT. In a retrospective 
study developed by Keller et al[43], the survival rate 
of patients with HRS-1 was 44% in the group that 
received RRT vs 10% in the group that did not receive 
the therapy. However, this higher survival rate could be 
related to reduced RRT tolerance, which could increase 
the number of hospitalizations. In a report of 4 patients 
who received hemodialysis while waiting for LT, Capling 
et al[44] observed an average survival of 236 d (31 to 
460 d). All of the patients survived the initial event and 
were discharged, but 33% of the days gained were then 
spent in hospitalization due to intercurrent diseases. 
The most common cause of hospitalization was hepatic 
encephalopathy; the authors believe that avoiding 
lactulose during the days when the patient undergoes 
dialysis, to prevent diarrhea events, might have been a 
contributing factor[44].

Efficacy, safety and the best RRT modality in HRS1 
patients have not been systematically assessed. Potential 
advantages of continuous vs intermittent RRT include 
slower removal of fluids with higher hemodynamic stabi
lity and slower control of solute concentrations, which is 
why many clinicians prefer continuous RRT in patients 
with hemodynamic instability and in patients with 
evidence of cerebral edema[45]. In two studies, Davenport 
and Detry proved that continuous RRT was better tole-
rated than intermittent hemodialysis in patients with 
liver failure, evidenced by greater cardiovascular stability, 
gradual correction of hyponatremia and less variation in 
intracranial pressure[46,47].

Recommendation: We recommend the initiation of 
RRT in patients with HRS-1 refractory to pharmacological 
therapy who are candidates for LT. In patients with 
hemodynamic instability and/or evidence of cerebral 
edema, we recommend the use of other continuous 
RRTs; We recommend maintaining RRT in patients with 
HRS-1 who are candidates for LT and who must be 
temporarily removed from the waiting list because they 
have developed an intercurrent disease (Evidence Level 
Ⅱ-3, grade of recommendation C, Agreement 4.6 ± 0.5).

Extracorporeal liver support with albumin dialysis 
(molecular adsorbent recirculating system): 
The molecular adsorbent recirculating system (MARS) 
is an extracorporeal liver support that, by means of 
recirculating albumin dialysis, helps to remove water-
soluble substances, as well as protein-bound substances. 
The removal function has been shown to reduce 

bilirubin, ammonium, urea nitrogen, creatinine, fatty 
acids and bile salts, which are all substances that, in 
high concentrations, are related to liver and renal failure. 
As expected, the effect is temporary, and if there is 
no improvement in liver function, these parameters 
change again in the short term[48,49]. This system does 
not improve hepatic synthesis; it is used as a depuration 
system, comparable to renal hemodialysis. In contrast, 
some small studies have shown an improvement in 
the hemodynamics of these patients, with increased 
blood pressure that had been reduced due to the hyper-
dynamic circulation characteristic of liver failure. The 
mechanism of the aforementioned benefit would be 
depuration and the reduction of substances such as 
renin, angiotensin and aldosterone, which are responsible 
for the hemodynamic disorders related to liver failure[48]. 
A recent retrospective, uncontrolled study showed that, 
of 32 HRS-1 patients receiving MARS therapy for an 
average of 3.5 ± 1.5 sessions, 13 (40%) experienced 
an improvement in renal function, but only 9 (28%) 
showed complete response in the form of renal function 
recovery. In contrast, of the 15 patients who survived > 
28 d, only 9 achieved this stage without transplantation, 
and of these 9 patients, only 2 showed complete renal 
response using MARS therapy[50]. Therefore, it has been 
suggested that MARS therapy is capable of improving 
HRS-1 through the removal of vasodilators; however, 
this effect would more probably be caused by MARS’s 
hemofiltration function, which is an effect that is similar 
to conventional hemodiafiltration. 

As mentioned, non-treated HRS-1 patients show high 
mortality rates in the short term. The effect of MARS 
therapy in this stage is controversial. There have been 
three studies that have not shown any benefit in terms 
of survival[51-53], and another two studies, both from the 
same author, did not show benefits[49,54]. 

Finally, a recent (2013) multi-center, randomized 
study[51] included patients with acute or chronic liver 
failure and randomized a total of 189 patients to a group 
with standard medical therapy plus MARS therapy (95 
patients) vs another group using only standard medical 
therapy (94 patients); this study observed no benefit 
in survival at 28 d in the MARS group. A sub-analysis of 
the HRS-1 patients that were included (48 in the MARS 
group and 47 in the control group) also did not show diffe-
rences in the survival rates.

Recommendation: We do not recommend the use of 
extracorporeal liver support with albumin dialysis (MARS) 
for the treatment of HRS-1 (Evidence Level Ⅰ, grade of 
recommendation D, Agreement 4.8 ± 0.3).

Efficacy of LT: Survival and renal function
LT is the therapy of choice for HRS-1 patients because 
it not only improves renal failure but also improves 
the underlying diseases, i.e., cirrhosis and PHT. Post-
transplantation survival in HRS-1 patients seems to be 
lower than for transplanted patients without HRS-1; 
however, survival is considerably higher compared with 
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that in HRS-1 patients without transplantation. In a 
retrospective study, the survival of HRS-1 transplanted 
patients after 1 and 3 years was 80.3% and 76.6%, 
respectively, and it was 90.7% and 85.3%, respectively, 
for recipients without HRS-1[55]. 

Although we can consider that treating HRS-1 with 
vasoconstrictor agents can improve post-transplant 
results by improving renal function before the procedure, 
there is no clear evidence of this effect. In a clinical study, 
99 patients were randomized to receive terlipressin or 
placebo. Of these patients, 35% received LT. Subjects 
receiving albumin plus terlipressin showed a 100% 
survival rate among transplanted patients and a 34% 
survival in non-transplanted patients after 6 mo. In 
contrast, subjects receiving only albumin showed 94% 
survival in transplanted patients and only 17% survival 
in non-transplanted patients after 6 mo. The authors 
concluded that the use of terlipressin has no impact on 
post-transplant survival. The sole benefit of the use of 
terlipressin in patients who will undergo transplantation 
seems to be the facilitation of the use of calcineurin 
inhibitors post-transplant, reducing the need for anti-IL2 
antibodies[56]. 

The majority of HRS-1 patients experience an im-
provement in renal function post-transplant; therefore, 
there seems to be no advantage in performing double 
liver and renal transplantation vs single LT. In a Chinese 
observational study, 32 HRS-1 patients received 
transplantation, and of these patients, 8 received dialysis, 
showing that 94% of the patients recovered renal 
function in an average of 24 d, with 65% survival after 1 
year[57]. In another observational study with 28 patients, 
with an average MELD score of 30 ± 6, only 58% of 
patients recovered renal function. Four patients died, 
of whom 3 showed resolution of HRS-1[58]. However, 
patients that did not experience any improvement in 
renal function post-transplant showed poorer survival 
rates[59]. 

In a recent retrospective study, 62 HRS-1 patients 
received transplantation, with an average basal creatinine 
of 3.35 mg/dL and an average MELD score of 35 ± 1. 
The progression time of HRS-1 before transplantation 
was 18 d. Eleven patients continued dialysis after the 
surgery, and 5 patients died. Survival after 1 year in the 
patients who recovered renal function was 97% vs 60% 
in the group that did not show any improvement in renal 
function. After one year, the creatinine levels in the group 
with HRS-1 resolution were similar to the creatinine levels 
in the group of transplanted patients without HRS-1. The 
only factor associated with the non-resolution of HRS-1 
after transplantation was the period of time on dialysis 
pre-transplantation. For each day of dialysis, the patient 
has a 6% increase in the risk of non-resolution of HRS-1. 
A patient who is on dialysis for more than 14 d has a 9.2 
times greater relative risk of non-resolution of HRS-1[60].

Despite these findings, apart from the duration of 
dialysis time before transplantation, predictive factors for 
the improvement of renal function after transplantation 
have not been clearly established. Patients with ARF 

requiring dialysis more than two times per week for more 
than 4 wk must be assessed for double liver and renal 
transplantation, considering the risk factors at the time 
of the surgery, such as hypertension, diabetes and older 
age[60,61]. 

Recommendation: LT can be considered the definitive 
treatment for HRS-1 patients. HRS-1 patients must 
receive treatment with vasopressors before LT because it 
could improve the subsequent results. Patients requiring 
dialysis for long periods of time (> 4 wk) must be 
considered for combined liver-kidney transplantation 
(Evidence Level Ⅱ-2, grade of recommendation B, Agree-
ment 4.6 ± 0.5).

DISCUSSION
LT is considered the treatment of choice for HRS-1[62]. 
It is the only therapy able to reverse this condition 
completely, resolving circulatory dysfunction and the 
consequences of cirrhosis and liver failure[63]. Thus, sur-
vival can be dramatically improved after LT[55]. In fact, 
the 180 d survival rate was 97% in a recent study[56]. 
In another recent study, the one- and three-year 
survival rates were 80.3% and 76.6%, respectively[55]. 
Interestingly, the impact of pharmacologic treatment 
on the outcomes after LT was recently evaluated. In 
the study by Boyer et al[56], the use of terlipressin plus 
albumin had no impact on post-transplant survival. 
However, this is not an argument for neglecting the 
importance of the treatment of HRS-1, especially con-
sidering that the time elapsed between enlistment 
and transplantation could be weeks. In this regard, an 
effort to recover renal function before LT is advisable. 
Although it seems to be the most frequent scenario, not 
every patient recovers renal function after LT. In a very 
recent study, Wong et al[64] evaluated the survival of liver 
recipients who experienced reversal of HRS-1 after LT, 
compared to the survival of patients who did not. In this 
study, 75.8% of the recipients had a reversal of HRS-1 
after LT. The one-year survival rate after LT was 97% 
for patients who had a reversal of HRS-1 and 60% for 
those who did not[64]. Thus, for all of the aforementioned 
reasons, LT is a desirable approach for HRS-1 patients. 

Nonetheless, there are at least two obstacles that 
render access to LT difficult: (1) the scarcity of liver 
grafts, which dramatically reduces the likelihood of 
these patients receiving a transplant as rapidly as they 
should; and (2) the existence of severe comorbidities or 
conditions that make LT not plausible. Hence, there is 
an important role for different therapeutic approaches 
than could be used as alternatives or “bridges” to LT. 

Thus, several therapeutic tools have been evaluated. 
As expected, the quality of these studies, the efficacy 
of the interventions, and their availability, costs and 
adverse effects are, of course, very different. It was 
the purpose of this panel of experts to determine the 
treatments with greater efficacy, based on studies with 
the highest quality available. 
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Based on the available evidence, the expert panel 
agrees that the best evidence for the treatment of HRS-1 
supports the use of vasoconstrictors as a treatment of 
the choice, specifically terlipressin, based on a recent 
systematic review[13]. On the other hand, noradrenalin 
seems to be as effective as terlipressin. In fact, a 
recent systematic review evaluated the efficacy of 
noradrenalin compared to terlipressin. Only four studies 
were included (154 randomized patients). The authors 
report a similar rate of reversal of HRS-1, 30 d mortality 
and recurrence. Thus, in this study, its effect on renal 
function seemed to be completely comparable to that of 
terlipressin[21], and its use seems to be adequate when 
terlipressin is not available. Nonetheless, these findings 
are more difficult to interpret because two studies 
included patients with HRS-2. In this regard, the expert 
panel recommends the use of noradrenalin as a second 
choice if terlipressin is not available. Another strategy 
based on the use of vasoconstrictors is the combination 
of octreotide plus midodrine (also in combination with 
albumin). Very interestingly, a recent study compared 
the use of terlipressin plus albumin with the combination 
of octreotide, midodrine and albumin. Notably, the rate 
of complete response was 55.5% in the terlipressin 
group and 4.8% in the octreotide-midodrine group (P < 
0.001)[28]. Based on these results, the panel of experts 
did not recommend the use of octreotide plus midodrine 
for the treatment of HRS-1. 

The use of vasopressin was not recommended by 
the expert panel due to the scarcity and poor quality of 
the evidence, in addition to the incidence of ischemic 
side effects[31].

Another issue evaluated by the panel was the use 
of albumin as a plasma expander. Most of the studies 
that evaluated the use of vasoconstrictors combined them 
with albumin. However, Ortega et al[34] conducted a 
prospective, non-randomized study that compared the 
use of terlipressin with and without albumin. A complete 
response was observed in 77% of patients receiving 
albumin and in 25% of those who did not receive albumin. 
In contrast, there is a lack of evidence suggesting that 
the apparent benefit of using albumin combined with 
vasoconstrictors cannot be substituted for another colloid 
or crystalloids. However, considering that the benefit of 
vasoconstrictors has been proved in combination with 
albumin, this panel decided to recommend its use every 
time that vasoconstrictors are indicated.

The use of a TIPS has been tested in only a few 
patients; however, there have been no randomized, 
controlled studies, and it has not been compared to 
the use of vasoconstrictors. In contrast, the associated 
adverse effects, mostly hepatic encephalopathy, have 
made the use of the TIPS procedure difficult. For these 
reasons, the expert panel does not recommend its use. 

The MARS has also been tested as an alternative 
for the treatment of HRS1. However, its benefits have 
not been consistently demonstrated. In fact, in a recent 
randomized, controlled trial, MARS was employed for 
patients with acute or chronic liver disease, including 
95 patients with HRS-1. No benefit on survival was 
demonstrated[51]. Hence, the panel of experts does not 
recommend its use.

RRT use is considered controversial in cirrhotic patients 
with HRS-1 when LT is not considered an option because 
of the morbidity and mortality associated with the 
procedure and with liver failure[42]. Although the litera-
ture is scarce in this topic, RRT seems to prolong short 
term survival[43], potentially improving the probability 
of receiving a liver graft. Thus, although disputable, the 
expert panel decided to recommend the use of RRT only 
in those patients listed for LT.

The present consensus is an important effort that 
intends to organize the available strategies based on 
the available evidence in the literature, the quality of the 
evidence and the benefits, adverse effects and availability 
of the therapeutic tools described. This attempt has been 
synthesized in the algorithm described in Figure 1. We hope 
that it will be a useful tool for guiding the management of 
HRS-1 patients.

COMMENTS
Background
Hepatorenal syndrome (HRS) is a severe condition strictly related to the presence 
of portal hypertension and ascites. It has a very poor prognosis with a mean 
survival that only reaches two weeks. Several therapeutics alternatives have been 
evaluated. Based on the best available evidence the authors attempt to define the 
best therapeutic choice considering its availability and the clinical characteristics 
of each patient.

Research frontiers
Although several therapeutic alternatives have been proposed the quality of the 
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Figure 1  Therapeutic algorithm for the treatment of type 1 hepatorenal 
syndrome. 1Doses must be adjusted according to diuresis or creatinine levels. 
HRS-1: Type 1 hepatorenal syndrome; LT: Liver transplantation.
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evidence is heterogeneous and it can be difficult to discriminate the best option 
on each circumstance. A careful evaluation of the evidence is necessary to 
make appropriate recommendations.

Innovations and breakthroughs
This is the first published consensus about the treatment of HRS. A significant 
effort has been made to evaluate the quality of the available literature to 
generate appropriate recommendations.

Applications
The information included on this consensus will be a valuable tool to determine 
the best therapeutic option for HRS based on the best available evidence, the 
availability of each intervention and the particular condition of the patient.

Terminology
Delphi-technique method was used to reach consensus. A panel of experts 
voted on a 1 to 5 Likert scale (where 1 means “totally disagree” and 5 “totally 
agree”). Approved recommendations (those with average score ≥ 4 on the 
Likert scale) are presented; Level of evidence: The quality of the evidence is 
classified in three types. Thus, type Ⅰ is obtained from well design, randomized 
trials or systematic reviews. Type Ⅱ is obtained from studies of lower quality (i.e., 
non-randomized trials, case-control studies or case series). Type Ⅲ is obtained 
from opinion of authorities on the subject matter based on expertise, expert 
committees, case reports, pathophysiological studies or basic science studies; 
Levels of recommendation are classified in five categories (A, B, C, D, I) where A 
corresponds to the stronger recommendation to support a determined intervention 
and Ⅰ classifies situations where the evidence is insufficient to generate a 
recommendation (see Table 3 on the manuscript).

Peer-review
The study is well organized and properly processed. The conclusion is re-
asonable.
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