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Abstract. Background and objectives: The aim of the study was to analyze the etiology, course
of dialysis treatment, outcomes and prognostic factors of survival in patients with hepatorenal syn-
drome (HRS) who received renal replacement therapy (RRT).

Materials and methods: The retrospective cross-sectional study included patients with HRS who
received RRT at the Hospital of Lithuanian University of Health Sciences Kauno klinikos from
2010 to 2015 and met the International Ascites Club criteria for the diagnosis of HRS proposed in
2007. Variables obtained before the initiation of RRT were evaluated by univariate and multivariate
analyses to identify prognostic factors of shorter survival.

Results: A total of 61 patients with type 1 HRS and liver cirrhosis (LC) were enrolled into the
study. The main etiology of LC was alcoholic liver disease (45.9%). Precipitating factors for HRS
were found in 39 cases (63.9%). The most common precipitating factors were a bacterial infection
or spontaneous bacterial peritonitis (52.5%) and large volume paracentesis (> 4 L/day) performed
without intravenous albumin replacement (18%). None of the patients survived. The mean survival
time following the diagnosis of HRS was 18 = 2.9 days. Independent risk factors associated with
decreased survival time were hepatitis C virus (HCV) infection, PaO ,/FiO, ratio < 164, mean arte-
rial pressure (MAP) < 70 mm Hg, mechanical ventilation at the mztlatzon ofRRT serum urea level
> 22 mmol/L and new model for end-stage liver disease (MELD)-Na score > 26 (P < 0.05).

Conclusions: Almost two-thirds of the HRS cases were associated with precipitating factors.
Independent risk factors for shorter survival time in patients with type 1 HRS were HCV infection,
low PaO ,/FiO, ratio, low MAP value, mechanical ventilation at the initiation of RRT, high serum
urea level and high MELD-Na score. The MELD-Na score could provide a better short-term sur-

vival prediction than MELD for patients with type 1 HRS.

Introduction

Hepatorenal syndrome (HRS) is a form of acute
kidney injury (AKI) resulting from portal hyper-
tension and renal vasoconstriction in the setting of
splanchnic arterial vasodilatation in patients with
advanced liver cirrhosis (LC) [1]. AKI is one of the
most common and severe complications of decom-
pensated LC, which occurs in one-fifth of patients
admitted to the hospital [2]. The incidence of HRS
in patients with AKI and LC with ascites is 13—
45.8% [3—5]. The most effective option to avoid the
development of HRS is early elimination of HRS
precipitating risk factors. The only option that guar-
antees complete remission of liver disease is liver
transplantation [6]. Other methods of treatment are
used as a “bridge to transplantation”. These include
medications that trigger splanchnic arterial vaso-
constriction, implantation of a transjugular intrahe-
patic portosystemic shunt and/or renal replacement
therapy (RRT).

Indications for RRT in patients with HRS are the
same as for those with AKI of other origin. How-

ever, those with LC are at a higher risk for devel-
oping hemodynamic instability due to bleeding,
hypotension or arrhythmia; therefore, hemodialysis
may become more complicated. The mortality rate
in patients with LC who are treated with RRT is by
2—8% higher compared with those with a normal
liver function [7]. Based on recommendations, RRT
should be applied for HRS only in cases where liver
transplantation or the improvement of the kidney
function is expected [8]. There is no evidence that
would support the idea that RRT prolongs long-term
survival of patients without liver transplantation [9].
It is accepted that continuous renal replacement
therapy (CRRT) is superior to intermittent hemo-
dialysis (IHD) in the treatment of hemodynamically
unstable patients. However, there are no evidence-
based recommendations as to which method of RRT
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is the most effective for patients with HRS [10].

The decision on whether to initiate RRT is also
complicated by the fact that it is not always possible
to accurately determine the etiology of AKI, dif-
ferentiating between functional and structural renal
damage. In cases where AKI develops due to acute
tubular necrosis, RRT should always be applied,
expecting improvement or recovery of the kidney
function. However, it is often unclear whether RRT
is effective in patients with HRS that are not suit-
able for liver transplantation and which method of
RRT is the best for them. Therefore, it is essential
to analyze various factors that contribute to the de-
velopment and prognosis of HRS.

The aim of the study was to analyze etiology,
course of dialysis treatment, outcomes and prog-
nostic factors of survival in patients with HRS who
received RRT.

Material and Methods

This was a retrospective cross-sectional study ap-
proved by the Bioethics Centre of the Lithuanian
University of Health Sciences (approval No. BEC-
MF-24). The study included patients with HRS who
received RRT at the Hospital of Lithuanian Univer-
sity of Health Sciences Kauno klinikos from 2010
to 2015. Demographic data, data on liver disease,
clinical, laboratory and instrumental test results,
methods of applied treatment and outcomes were
collected and analyzed.

LC was confirmed histologically or by laboratory
and instrumental tests results. The diagnosis of HRS
was based on the updated International Ascites Club
criteria proposed in 2007 [5]: cirrhosis with ascites;
serum creatinine level greater than 133 pmol/L, not
decreased for at least 2 days after discontinuation
of diuretics and initiation of treatment with albu-
min (1 g/kg per day, maximum 100 g); exclusion
of parenchymal kidney disease (proteinuria greater
than 500 mg/d and microhematuria greater than 50
red blood cells per high power field) and/or urinary
tract obstruction (abnormal findings in renal ultra-
sonography); no shock (may be a bacterial infec-
tion) or recent treatment with nephrotoxic drugs or
vasodilators. Patients who met all HRS diagnostic
criteria, except for administration of albumin, were
also included into the study (as it is defined in the
earlier HRS criteria [11] — volemic expansion with
1.5 L of isotonic saline solution instead of albumin).

All of the patients were categorized as type 1
HRS, as the serum creatinine level doubled from
baseline in less than 2 weeks.

For the prognosis of patients with cirrhosis the
Child-Pugh, model for end-stage liver disease
(MELD) and MELD-Na scores were calculated.
Other scores for mortality prediction based on the
degree of organ failure were calculated, which in-
cluded the sequential organ failure assessment score

(SOFA) and the chronic liver failure-sequential or-
gan failure assessment (CLIF-SOFA), i.e., the scale
that was developed by the European Association for
the Study of Liver (EASL) by modifying the SOFA
scale [12]. The glomerular filtration rate (GFR) was
calculated based on 2009 Chronic Kidney Disease
Epidemiology (CKD-Epi) formula [13]. Prognostic
scores and GFR were based on the worst values in a
24-hour period before the initiation of RRT.

Statistical analysis

The statistical analysis was performed using the
SPSS 22.0 and MedCalc 16.2.1 statistical packages.
The normality of data distribution was checked us-
ing the Kolmogorov-Smirnov and Shapiro-Wilk
tests. Normally distributed data are presented as
means together with a standard deviation (SD) and
were compared with the Student t test. Qualitative
values are expressed as absolute values and percent-
ages in brackets. The difference in RRT total dura-
tion depending on the RRT method was calculated
using a one-way analysis of variance (ANOVA).

The mean survival time was analyzed by the Ka-
plan-Meier method, and the outcomes are present-
ed as the mean with a standard error (¥ SE). The
mean survival time was calculated from the date of
HRS diagnosis until the patient’s death. The univar-
iate survival analysis was performed for the analy-
sis of the influence of factors on patients’ survival.
The log-rank (Mantel-Cox) test was used to deter-
mine statistically significant differences between the
groups. In addition, multivariate analysis was per-
formed using the Cox proportional hazards model
to identify the independent predictors of shorter
survival time. Multivariate analysis included factors
that were significant in univariate analysis when P
was < 0.1. The Youden index was used to find opti-
mal cut-off points for the analyzed factors (a sum of
sensitivity and specificity minus 1). The results were
considered statistically significant at P < 0.05.

Results

Sixty-one patients fulfilled the inclusion criteria.
Demographic data, prognostic scores, liver and renal
function tests are summarized in Table 1. The mean
duration from the diagnosis of LC to the develop-
ment of HRS was 1.9 (3.1) years. Almost two-thirds
of HRS cases were associated with precipitating fac-
tors, which included an inpatient bacterial infec-
tion or spontaneous bacterial peritonitis in 32 cases
(52.5%), higher than 4 liters paracenteses without
the administration of albumin in 11 cases (18%), ex-
cessive alcohol intake 1 month before hospitalization
in 9 cases (14.18%), gastrointestinal bleeding in 5
cases (8.2%), and any surgical intervention less than
1 month before the diagnosis of HRS in one case.

RRT was initiated 7.7 days after the diagnosis of
HRS. Regarding the modality of RRT, 45 patients
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Table 1. Demographic data, prognostic scores, liver and renal
function tests of 61 patients with hepatorenal syndrome

n (%) or mean

Variable +SD
Age (year) 53.1 (12.7)
Sex
Male 30 (49.2%)
Female 31 (50.8%)

Etiology of liver cirrhosis

Alcoholic hepatitis 28 (45.9%)

VHC 16 (26.2%)
VHB 2 (0.03%)
Primary biliary cholangitis 1(0.02%)

Esophageal varices

Absent 51 (47.9%)
F1 20 (32.1%)
F2 9 (14.18 %)
F3 11 (18%)
Hepatocellular carcinoma 6 (9.8%)
Portal vein thrombosis 6 (9.8%)
Spontaneous bacterial peritonitis 23 (37.7%)
MELD score 26.8 (5.9)
Child-Pugh score 12.4 (5.3)
MELD-Na score 29.4 (5.3)
SOFA score 12.7 (3.1)
CLIF-SOFA score 17.1(3.9)
GFR (mL/min/1.73 m?) 13.1(9.9)
Hemoglobin (g/L) 95.7 (21)
White blood cells (x10°/L) 15.9 (8.4)
Platelets (x10°/L) 141.8 (97.3)
Serum sodium (mmol/L) 129.5 (5.9)
Potassium (mmol/L) 4.9 (1.1)
Blood urea nitrogen (mmol/L) 27.8 (12.7)

455.2 (205.5)
231.2 (201.5)
Serum albumin (g/L) 24.6 (5.5)
INR 2.02 (0.7)
VHC, viral hepatitis C; VHB, viral hepatitis B;

MELD, model for end-stage liver disease; SOFA, sequential
organ failure assessment score; CLIF-SOFA, chronic liver
failure-sequential organ failure assessment; GFR, glomerular
filtration rate; INR, international normalized ratio.

Serum creatinine (umol/L)

Total serum bilirubin (umol/L)

(73.8%) received IHD, 9 patients (14.8%) received
CRRT and 7 patients (11.5%) received both THD
and CRRT. The average number of RRT procedures
performed for each patient was 5.4 (7), while the
total mean duration of RRT for one patient was 27.4
(52.5) hours.

Twenty-seven patients (44.3%) required vaso-
pressor support, and 27 patients were mechanically
ventilated at the initiation of RRT. Fifty-three pa-
tients (86.9%) were oligoanuric and 28 (45.9%) had
radiologically confirmed pulmonary edema. Over-
all, forty-one patients (67.2%) developed shock be-
fore or after the initiation of RRT.

None of the patients survived. The mean surviv-
al time following the diagnosis of HRS was 18 days.
The main causes of death included septic shock in
21 cases (34.4%) and progressive liver failure in 17
cases (27.8%). Less common causes were progres-

sive respiratory failure, uncontrolled gastrointestinal
bleeding, and intracerebral hemorrhage.

In the univariate analysis, it was established that
the mean survival time was statistically significantly
shorter in cases when albumin was not administered,
when CRRT was applied, and when on the first day
of RRT the patient was mechanically ventilated or
on vasopressors (Table 2).

The multivariate analysis was performed with all
factors that were used in the univariate analysis (Ta-
ble 3). Independent risk factors for shorter survival
time in patients with type 1 HRS included viral hep-
atitis C (VHC) infection, PaO,/FiO, < 164, mean
arterial pressure (MAP) < 70 mm Hg, mechanical
ventilation at the initiation of RRT, serum urea level
> 22 mmol/L, and MELD-Na score > 26.

Discussion

In critically ill patients, RRT can be applied as
long as the function of kidneys recovers or a patient
dies due to underlying disease or its complications.
In this case, ]. M. Belcher suggests that hemodi-
alysis can be considered as one of the life support
methods, and the decision to initiate RRT should
be based not only on laboratory values but also on
the individual clinical case [14]. RRT is highly rec-
ommended for patients with type 1 HRS who are
likely to undergo liver transplantation; however, the
benefit to other patients remains unknown [15, 16].
In our study, none of the patients underwent liv-
er transplantation, and all of them were diagnosed
with type 1 HRS (which has a significantly worse
prognosis). HRS develops in patients with advanced
liver disease, yet it is not always possible to distin-
guish the exact cause of AKI in patients with LC.
Therefore, there are more studies focusing on AKI
in patients with LC than on HRS itself [4, 9, 17,
18]. However, the prognosis of AKI in patients with
LC is poor, irrespective of the cause of AKI. For
example, in a prospective study, no statistically sig-
nificant difference in survival of the patients who
had AKI caused by HRS or acute tubular necrosis
was observed [18].

There is a lack of studies regarding RRT in HRS
patients who are not candidates for liver transplan-
tation [16, 19, 20]. There is one similar study that
was conducted with 30 patients with Child-Pugh
C LC that developed HRS. All the patients were
treated with RRT. Only 26.7% of them survived 30
days from the diagnosis of HRS with a median sur-
vival time of 21 days [16]. In our study, almost all
(98.4%) patients were Child-Pugh C. In our cohort,
the 30-day survival was also low (16.4%) and the
mean survival time from the diagnosis of HRS was
18 days.

More than 70% of cases of type 1 HRS are as-
sociated with precipitating factors [21]. The results
in our cohort were similar to those observed in the
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Table 2. Univariate analysis of predictive parameters for shorter survival in patients with cirrhosis and type 1 HRS

Variabl Mean survival time
ri
artabie Days + SE P value
1 | 2 3 4
Factors related to the patient and his/her condition
Age (year) <42 27+79 0.139
ge tyea > 42 16.1£2.9
Sex Male 21.2%52 0.303
¢ Female 152+3
None 25.8+7.6 0.195
Shock Septic 13.4+£2.7
Hypovolemic 17.2 + 4.8
e Yes 11.7+ 2.5 0.030
Vasopressor at the initiation of RRT No 2.8+ 46
Mechanical ventilation at the Yes 11.6 £ 2.8 0.017
initiation of RRT No 23.4+47
Anuria (< 100 mL) 154 +33 0.426
Diuresis status Oligoanuria (100-500 mL) 17.3£5.2
Neoliguria (> 500 mL) 27 £10.5
Factors related to liver disease
Etiology of Yes 73+1 0.006
ESLD — VHC No 215+ 3.7
Etiology of Yes 17 £6.1 0.751
ESLD — VHB No 18+ 3
Etiology of Yes 18.8 £5.4 0.838
ESLD — alcoholic No 17.7 + 3.1
Etiology of Yes 23.1+4.7 0.170
ESLD — cryptogenic No 16 = 3.8
Yes 18.8 +4.2 0.502
SBP No 16.8 + 3.6
. . Yes 14.3+6.8 0.526
Portal vein thrombosis No 18.4 + 32
Yes 23+4.6 0.282
TIPS No 17.6 £ 3.1
Factors related to treatment of hepatorenal syndrome
IHD 20 = 3.7 < 0.001
Modality of RRT CCRT 44x1.1
Both IHD and CCRT 23+ 7.4
. s Yes 21.6 £3.9 0.047
Albumin admission No 126+ 3.4
Laboratory and hemodynamic variable values at the initiation of RRT
. < 110 8.3+26 0.019
Hemoglobin (g/L) S 110 205+ 3.5
. 5 <9 20+ 6.5 0.710
White blood cells (x10°/L) > 9 163 +28
5 < 100 15+2.8 0.298
Thrombocytes (x10°/L) < 100 220+ 58
. < 126 124 +34 0.173
Serum sodium (mmol/L) S 126 20.7 + 4
. <4.8 13.2+2.7 0.107
Serum potassium (mmol/L) S48 232451
. < 400 21.6 4.7 0.106
Serum creatinine (umol/L) < 400 135+31
Glomerular filtration rate <15 11.5+ 3.1 0.120
(mL/min/1.73 m?) > 15 20.7 £ 3.9
. <22 22+4.72 0.015
Blood urea nitrogen (mmol/L) S 111+31
1 < 100 17.2+5.1 0.652
Total serum bilirubin (umol/L) < 100 17.6 + 3.1
. < 30 179 £ 3.2 0.560
Serum albumin (g/L) < 30 213474
I ional lized rati <18 241+5.1 0.042
nternational normalized ratio 18 124426
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Table 2 continued

1 2 3 4
A . Normal 2225 0.197
spartate transaminase at least 3 times above the normal range 13.3+25
Alani . Normal 25.7+55 0.012
anine transaminase above the normal range 11+1.38
G | I ‘ Normal 25.1+8.2 0.202
amma-glutamyltransterase above the normal range 152 +25
. Normal 16.1+6 0.691
Alkaline phosphatase above the normal range 174 +3.1
. <73 11.4£2.9 0.153
Arterial blood pH > 73 172+ 4
<-21 4.6+1.2 0.002
Standard base excess (mmol/L) NS 158 + 2.8
<99 10.9+£2.5 0.048
Pa0, (mm He) > 99 202455
<26 17.7 + 3.7 0.051
PaCO, (mm Hg) > 26 10.2 + 3
. < 164 9.6 £2.7 0.019
PaO,/FiO, (mm Hg) S 164 18.4 + 4.2
. <70 7.4+1.7 < 0.001
Mean arterial pressure (mm Hg) > 70 238 + 4.2
<15 22.7x54 0.387
Central venous pressure (cm H,0) > 15 118+ 17
Prognostic scale values at the initiation of RRT
<23 23.1x£8.2 0.595
MELD score > 23 16.1 +£2.6
< 26 20.4 + 3.6 0.057
MELD-Na score <26 103 + 4
. < 12 243 %55 0.066
Child-Pugh score 512 13.4+2.9
<12 215+47 0.193
SOFA score > 12 144 +33
< 16 21.8 4.7 0.120
CLIF-SOFA score <16 14+ 33

ESLD, end-stage liver disease; VHC, viral hepatitis C; VHB, viral hepatitis B; SBP, spontaneous bacterial peritonitis;

TIPS, transjugular intrahepatic portosystemic shunt; RRT, renal replacement therapy; CRRT, continuous renal replacement
therapies; IHD, intermittent haemodialysis; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of carbon dioxide;
Pa0O,/Fi0,, ratio of partial pressure arterial oxygen and fraction of inspired oxygen; MELD, model for end-stage liver disease;
SOFA, sequential organ failure assessment score; CLIF-SOFA, chronic liver failure-sequential organ failure assessment.

Table 3. Independent risk factors for shorter survival time in patients with type 1 HRS

Variable parameter Hazard ratio 95% confidence interval P value
VHC infection 7.9 2.9-21.1 < 0.001
PaO,/FiO, < 164 7.3 2.3-233 0.001
MAP < 70 mm Hg 6.1 2.4-15.7 < 0.001
Mechanical ventilation at the initiation of RRT 4.1 1.4-12.3 0.012
Serum urea level > 22 mmol/L 3.1 1.4-6.6 0.005
MELD-Na score > 26 2.4 1-5.6 0.041

VHC, viral hepatitis C; RRT, renal replacement therapy; PaO,/FiO,, ratio of partial pressure arterial oxygen and fraction
of inspired oxygen; MAP, mean arterial pressure; MELD-Na, model for end-stage liver disease-Na.

literature. Factors that may have precipitated the de-
velopment of HRS were confirmed in almost 64%
of cases. In more than half of the patients, it was
a bacterial infection. According to the literature,
one-third of patients with LC and ascites that are
diagnosed with a bacterial infection during hospital-

ization develop AKI [22]. In almost 20% of our pa-
tients, HRS was associated with paracentesis larger
than 4 L without the administration of albumin. It is
commonly known that HRS develops in 21% of pa-
tients undergoing large volume paracentesis (4—6 L
per day) without the administration of albumin [23].
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Half of our patients with HRS were treated with-
out the administration of albumin. In the univariate
analysis, the survival of these patients was relatively
shorter compared with those who received intrave-
nous albumin (12.6 + 3.4 days vs. 21.6 * 3.9 days,
P = 0.047). However, the multivariate analysis did
not reveal plasma volume expansion with albumin
as an independent prognostic survival factor. Pre-
vention of HRS plays an important role in manage-
ment of patients with LC, since type 1 HRS is often
associated with a precipitating factor and the prog-
nosis is poor.

There were 2 studies with no statistically signifi-
cant differences in the outcomes of type 1 HRS, ir-
respective of whether RRT was performed [19, 20].
A study by Zhang et al. has indicated that the only
independent risk factor that influences 180-day sur-
vival was the etiology of LC: 71.4% of those who
survived 180 days had viral hepatitis, 23.8% had al-
coholic LC, and the rest (4.8%) had LC of other eti-
ology [20]. Another study also suggested significant
differences based on the etiology of LC: the lowest
survival rate was found in patients with alcoholic
liver disease (8 days) [15]. The results of our study
also confirmed the presumption that the etiology
of LC had an impact on the survival of HRS pa-
tients. The multivariate analysis revealed that VHC
LC was an independent risk factor of shorter sur-
vival. The mean survival of patients who were di-
agnosed with VHC was 7.3 + 1 days, while those
who had LC of other etiologies survived 21.5 + 3.7
days (P = 0.006). Etiologies such as viral hepati-
tis B (VHB), alcoholic and cryptogenic LC did
not influence the patients’ survival. In the above-
mentioned studies, viral LC was considered as one
category, while in our study VHB and VHC were
distinguished into 2 groups (therefore, the results
cannot be compared). Although a variety of stud-
ies confirm the relation between the etiology of LC
and survival of patients with HRS, the exact cause
that contributes to the worst prognosis still remains
controversial.

In our cohort, independent factors related with
shorter survival of patients were MAP < 70 mm Hg
(P < 0.001), PaO, / FiO, < 164 (P = 0.001) and
mechanical ventilation on the first day of RRT
(P = 0.012). Other studies that investigated the
treatment of HRS with RRT show similar results
[16, 19]. For example, Witzke et al. found that
none of the patients who were treated with CRRT
and mechanical ventilation survived 30 days [16].
Consequently, this leads to the conclusion that the
shorter survival of HRS patients treated with RRT
is related to their critical condition. The results of
our study also support this assumption: the patients
who were treated with IHD survived longer than
those who underwent CRRT (20 + 3.7 vs. 4.4 + 1.1
days, P < 0.001). These differences were observed

because hemodynamically unstable patients were
treated with CRRT. Similar results were found in
the above-mentioned study where on the first day
of RRT the condition of patients treated with CRRT
was worse (i.e., the Acute Physiology and Chronic
Health Evaluation (APACHE II) and MELD scores
were higher) [16]. For this reason, the influence of
RRT modality on the survival of patients cannot be
estimated. However, the findings of our study con-
tribute to the above-mentioned presupposition that
RRT does not prolong the survival of hemodynami-
cally unstable critically ill patients [14, 16, 19].

The survival rate of the patients who had higher
prognostic scores (MELD, MELD-Na, Child-Pugh,
SOFA, and CLIF-SOFA) was lower, but there was
no statistically significant difference based on an es-
tablished cut-off value (P > 0.05). There are several
studies that confirm the prognostic importance of
the MELD score for life expectancy in patients with
HRS [4, 18, 22, 24-26]. However, it remains un-
known whether these results can be applied to the
population of patients with type 1 HRS treated by
RRT, as type 1 HRS is a specific form of AKI with
a very poor prognosis. The reason for this is that in
the former studies AKI was not always caused by
HRS. Alessandria et al. determined that the MELD
score was an independent factor that contributed
to the shorter survival of patients [24]. The authors
indicated that the prognosis of patients with type
1 HRS was poor and was not associated with the
MELD score; while on the contrary, the survival of
patients with type 2 HRS was associated with the
MELD score.

The novelty of our study is the analysis of the
prognostic value of the MELD-Na score for patients
diagnosed with type 1 HRS. The MELD-Na score
is calculated based on serum sodium concentration,
and since 2016 it has been recommended by the
American Organ Procurement and Transplantation
Network. According to the univariate analysis, of all
prognostic scales the MELD-Na score was closest to
the selected reliability level (patients with MELD-
Na < 26 survived 20.4 + 3.6 days, while those with
> 26 scores survived 10.3 £ 4 days, P = 0.057). The
multivariate analysis also revealed that, of all the
prognostic scales, the MELD-Na score > 26 was an
independent risk factor that contributed to shorter
life expectancy of patients.

Conclusions

Almost two-thirds of HRS cases were associated
with precipitating factors such as a bacterial infec-
tion or large volume paracenteses without the ad-
ministration of albumin. Independent risk factors
for shorter survival time in patients with type 1
HRS were HCV infection, low PaOZ/FiO2 ratio, low
MAP value, mechanical ventilation at the initiation
of RRT, high serum urea level, and high MELD-Na
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score. Therefore, in critically ill patients with type
1 HRS, RRT does not provide an improved long-
term survival benefit. Moreover, the etiology of LC
might influence the survival of type 1 HRS patients
with the worst survival encountered in VHC pa-
tients. The MELD-Na score could provide a better

10.

11

12

13.

14.

References

Nadim MK, Kellum ] a, Davenport A, Wong F, Davis C,
Pannu N, et al. Hepatorenal syndrome: the 8th international
consensus conference of the Acute Dialysis Quality Initia-
tive (ADQI) Group. Crit Care. BioMed Central Ltd; 2012;
R23.

Garcia-Tsao G, Parikh CR, Viola A. Acute kidney injury in
cirrhosis. Vol. 48, Hepatology. 2008;2064—77.
Martin-Llahi M, Guevara M, Torre A, Fagundes C, Restuc-
cia T, Gilabert R, et al. Prognostic importance of the cause
of renal failure in patients with cirrhosis. Gastroenterology.
2011;488-96.

Thabut D, Massard J, Gangloff A, Carbonell N, Francoz C,
Nguyen-Khac E, et al. Model for end-stage liver disease
score and systemic inflammatory response are major prog-
nostic factors in patients with cirrhosis and acute functional
renal failure. Hepatology. 2007;1872—-82.

Salerno F, Gerbes A, Gines P, Wong F, Arroyo V. Diagno-
sis, prevention and treatment of hepatorenal syndrome in
cirrhosis. Postgrad Med ]. 2008;662-70.

Boyer TD, Sanyal AJ, Garcia-Tsao G, Regenstein F, Ros-
saro L, Appenrodt B, et al. Impact of liver transplantation
on the survival of patients treated for hepatorenal syndrome
type 1. Liver Transplant. 2011;1328-32.

Wilkinson SP, Weston MJ, Parsons V, Williams R. Dialysis
in the treatment of renal failure in patients with liver dis-
ease. Clin Nephrol. 1977;287-92.

Al-Khafaji A, Nadim MK, Kellum ] a. Hepatorenal disor-
ders. Chest. 2015;550-8.

Keller F, Heinze H, Jochimsen F, Passfall ], Schuppan D,
Biittner P. Risk factors and outcome of 107 patients with
decompensated liver disease and acute renal failure (includ-
ing 26 patients with hepatorenal syndrome): the role of he-
modialysis. Ren Fail. 1995;135-46.

Baraldi O, Valentini C, Donati G, Comai G, Cuna V,
Capelli I, et al. Hepatorenal syndrome: Update on diagnosis
and treatment. World ] Nephrol. 2015;511-20.

. Arroyo V, Gines P, Gerbes AL, Dudley FJ, Gentilini P, Laffi

G, et al. Definition and diagnostic criteria of refractory as-
cites and hepatorenal syndrome in cirrhosis. Vol. 23, Hepa-
tology. 1996;164—-76.

. Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba

J. et al. Acute-on-Chronic Liver Failure Is a Distinct Syn-
drome That Develops in Patients With Acute Decompensa-
tion of Cirrhosis. Gastroenterology. 2013;1426—1437.
Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF,
Feldman HI, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med. 2009;604—12.

Belcher JM. Is there a role for dialysis in patients with hepa-

short-term survival prediction than the MELD for
patients with type 1 HRS.

to

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Conflict of Interests
None of the authors has any conflicts of interest
declare.

torenal syndrome who are not liver transplant candidates?
Semin Dial. 2014;288-91.

Martinez MO, Sayles H, Vivekanandan R, D’Souza S, Flo-
rescu MC. Hepatorenal syndrome: Are we missing some
prognostic factors? Dig Dis Sci. 2012;210-4.

Witzke O, Baumann M, Patschan D, Patschan S, Mitchell
A, Treichel U, et al. Which patients benefit from hemo-
dialysis therapy in hepatorenal syndrome? | Gastroenterol
Hepatol. 2004;1369-73.

Wong L, Blackley M, Andreoni K, Chin H, Falk R, Klem-
mer P. Survival of liver transplant candidates with acute re-
nal failure receiving renal replacement therapy. Kidney Int.
2005;362-70.

Allegretti AS, Ortiz G, Wenger |, Deferio JJ, Wibecan J,
Kalim S, et al. Prognosis of acute kidney injury and hepa-
torenal syndrome in patients with cirrhosis: A prospective
cohort study. Int | Nephrol. 2015;108139.
Sourianarayanane A, Raina R, Garg G, McCullough AJ,
O’Shea RS. Management and outcome in hepatorenal syn-
drome: Need for renal replacement therapy in non-trans-
planted patients. Int Urol Nephrol. 2014;793—-800.

Zhang Z, Maddukuri G, Jaipaul N, Cai CX. Role of re-
nal replacement therapy in patients with type 1 hepatorenal
syndrome receiving combination treatment of vasoconstric-
tor plus albumin. J Crit Care. Elsevier B.V.; 2015;969-74.
Wadei HM, Mai ML, Ahsan N, Gonwa T a. Hepatorenal
syndrome: pathophysiology and management. Clin ] Am
Soc Nephrol. 2006;1066—79.

Fasolato S, Angeli P, Dallagnese L, Maresio G, Zola E,
Mazza E, et al. Renal failure and bacterial infections in
patients with cirrhosis: Epidemiology and clinical features.
Hepatology. 2007;223-9.

Gines P, Tit6 L, Arroyo V, Planas R, Panés |, Viver |, et al.
Randomized comparative study of therapeutic paracentesis
with and without intravenous albumin in cirrhosis. Gastro-
enterology. 1988;1493-502.

Alessandria C, Ozdogan O, Guevara M, Restuccia T, Jime-
nez W, Arroyo V, et al. MELD score and clinical type pre-
dict prognosis in hepatorenal syndrome: Relevance to liver
transplantation. Hepatology. 2005;1282-9.

Schepke M, Appenrodt B, Heller |, Zielinski |, Sauerbruch
T. Prognostic factors for patients with cirrhosis and kidney
dysfunction in the era of MELD: Results of a prospective
study. Liver Int. 2006;834-9.

Licata A, Maida M, Bonaccorso A, Macaluso FS, Cappello
M, Craxi A, et al. Clinical course and prognostic factors of
hepatorenal syndrome: A retrospective single-center cohort
study. World | Hepatol. 2013;685-91.

Medicina (Kaunas) 2017;53(Supplement)



