44

UDC 616-036.88-037:[616.36-008.64-02:616.36-004
DOI https://doi.org/10.26661/2410-0943-2020-1-06

Predictors of the short-term mortality in patients with hepatorenal syndrome

Rusnak I. T., Tashchuk V. K., Slyvka N. O., Berezova M. S., Akentyev S. O.
Bukovinian State Medical University

ilonarusnakdr@gmail.com

Key words: hepatorenal
syndrome, short-term
mortality, CLIF-C-ACLF scale.

This research is aimed to determine the most important predictors of the
short-term mortality of patients with hepatorenal syndrome using the CLIF-
C-ACLF score. The study enrolled 109 patients with alcoholic liver cirrhosis,
complicated with hepatorenal syndrome, admitted to the Chernivtsi Region
Narcology Dispensary between January 2013 to August 2019. The patients
were 29 to 60 years old at the time of inclusion to the study. The average
duration of the alcoholic liver cirrhosis (ALC) was 3.5+1.54 years; average
history of alcohol abuse — 8.42+3.53 years; gender distribution was: 77.9%
(n=85) males and 22.1% (n=24) — females. All patients were prescribed the
standard therapy and were distributed into 2 groups depending on the response
to treatment: group 1 (n=57) — responders, group 2 (n=52) — non-responders.
The number of patients who survived after 1 and 3 months differed significantly
in both groups: 40/57 (70.2%) and 33/57 (57.9%), respectively, in the group
of responders; and 10/52 (19.2%) and 0/52 (0%), respectively, in the group
of non-responders (p <0.001). The estimates of the probability of survival
for each of the group members were found using Kaplan Meyer’s procedure.
Type 1 of hepatorenal syndrome, response to the treatment in the first
24 hours, and the high baseline score by CLIF-C-ACLF scale were identified
as the predictors of short-term mortality. Improvement in renal function
during treatment was observed in most patients in group 1: a decrease of the
level of serum creatinine in patients with a response ranged from 323.2+91.1
to 121.6+30.0 mmol/l. The results of the study indicate that type 1 of
hepatorenal syndrome, no response to treatment in the first 24 hours, and high
CLIF-C-ACLF score are the most important predictors of survival in patients
with hepatorenal syndrome. Monitoring of these indicators allows to identify
the group of patients with the worst prognosis and to put them in priority to the
liver transplantation list.
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IIpennKkTOpHU KOPOTKOCTPOKOBOI CMEPTHOCTI
Y XBOPHMX HA renaropeHaJbHUil CHHIPOM

Pycnak I. T., Tamyk B. K., Ciuka H. O., bepe3osa M. C., AkentbeB C. O.
bykosuncokutl depoicasnutl meouuHull yHigepcumem

Knrwwuoei cnosa:
2eNAMoOpPeHaIbHULL CUHOPOM,

KOPOMKOCMPOKOBA CMEPMHICb,
wrana CLIF-C-ACLF.

e nocmimkeHHs CripsMOBaHEe Ha BU3HAYCHHS HAMBAKIIMBIIINX MPEAUKTOPIB
KOPOTKOCTPOKOBOT CMEPTHOCTI MAIlIEHTIB 13 T'eMaTOpeHaIbHUM CHHIAPOMOM
3a ponomoroto mkamu CLIF-C-ACLF. ¥ nocnmimkenHi B3sum ydacts 109
TIAITIEHTIB 13 AJIKOTOJILHUM ITUPO30M TICUiHKH, YCKIIaIHEHUM IeTliaTOpeHaTbHIM
CHHJIPOMOM, TOCITITaNi30BaHUX A0 YepHiBEFKOT0O 001aCHOTO HAPKOJIOTYHOTO
mucriancepy i3 ciuns 2013 poxy mo ceprenb 2019 poxy. Ha momeHT
BKJIIOUCHHS y JOCHIKEHHS manieHTaM Oyino Big 29 mo 60 pokiB. CepenHs
TPUBANICTh AJKOTONBHOTO nupo3y neuinku (ALIT) cranoBuna 3,5+1,54 poxky;
CepelHiii aHaMHe3 3JIOBKMBaHHS aikoroieM — 8,42+3,53 poky; po3mnomin
3a crarTio craHoBuB: 77,9% (n=85) wonosikiB Ta 22,1% (n=24) — XiHOK.
VYei mamieHTH OTPHMYBAaIHM CTaHAAPTHY TEpamiro Ta OynM po3IoIiieHi Ha
2 rpyIH 3aJeKHO BiJl peakiii Ha JiKyBaHHs: rpyna 1 (n = 57) — pecnionaepH,
rpyma 2 (n = 52) — HOH-pecnoHnepu. KinbKICTh TAIIEHTIB, SIKI BYKUIH
gepe3 1 Ta 3 wmicsmi, CyTTeBO pizHMIaca B 00ox rpymax: 40/57 (70,2%) Ta
33/57 (57,9%) BigmoBigHO y Tpymi pecrioHnepis; ta 10/52 (19,2%) Ta
0/52 (0%) BimmoBimHO y Trpymi HOH-pecnoHzaepiB (p <0,001). Ominku
HMOBIpHOCTI BIDKMBAHHS IIJIsl KOXKHOTO 3 WJIEHIB TPyMU Oy 3HaizeHi 3a
jponomororo tecty Kamnana-Meliepa. Tun 1 remaropeHanbHOro CHUHIPOMY,
BiJICYTHICTb BiJIIIOBi/li Ha JIIKyBaHHS MPOTATOM MePIIUX 24 TOIUH Ta BUCOKHMA
6azoBuii Oan 3a mkanow CLIF-C-ACLF Oynu BH3Ha4eH1 SIK MPEIUKTOPH
KOPOTKOCTPOKOBOI cMepTHOCTI. [lomimmuenHs ¢yHKmii HUPOK Imij dac
JIKYBaHHS CIIOCTEPIraioch y OUTBIIOCTI MAIEHTIB TPYNH 1: 3HWKEHHS PiBHS
KpeaTWHIHy B CHPOBATIIl KPOBI y PECIOHJEPIB CTaHOBWIO Bia 323,2491,1
o 121,6+£30,0 mMoib/i1. Pesynbrary JOCTIKEHHST BKAa3yOTh Ha T€, IO THIT
1 remaTopeHaIbHOTO CHHAPOMY, BIZICYTHICTB BiJITIOBI/Ii HA JTIKYBaHHS IIPOTATOM
nepmux 24 roauH Ta Bucokmii 6an CLIF-C-ACLF e HaiiBamBilmuMu
NPEAUKTOPAaMH BIDKMBAHHS y TAILI€HTIB 13 TeNaTOPEHAIBHUM CHHAPOMOM.
MOHITOPUHT [HMX TOKa3HUKIB JO3BOJIAE BU3HAYUTH TPYIy MAI[EHTIB 3
HAWTipIIUM MPOTHO30M Ta IMOCTABHTU IX HA TepIIe Miclle Y CIHCKY I
TPAHCIUIAHTAIIT TeYIHKH.

Introduction
Hepatorenal syndrome (HRS) is a potentially

deterioration of the liver function in patients with
cirrhosis, is becoming more and more recognized,

reversible form of renal failure that occurs in
patients with liver cirrhosis. The average life
expectancy in untreated patients with HRS is about
2 weeks and saving their lives is challenging'™.
There are many instruments for assessing the
severity of HRS in patients with cirrhosis, like
hepatic failure scores (i.e. Child-Pugh and
MELD)%, renal failure scores (i.e. RIFLE and
AKI)® but their accuracy depends on the clinical
situation (acute or chronic course of the disease,
presence or absence of complications, etc.) and
on the goal set (estimation of risk of the disease
aggravation, stratification of the current condition
severity or prediction of the outcome)®.

Recently, the concept of acute-on-chronic
liver failure (ACLF)’, which involves a sharp
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i.e. development of the fulminant liver failure
caused by secondary or extrahepatic causative
factors — precipitating factors, such as infections
and HRS in particular. In regards to this approach,
the new score was developed to estimate the risk
of short-term mortality (within the first 28 days
after admission to the hospital) in patients with
sudden deterioration of the chronic liver disease —
CLIF-C-ACLF score (Chronic Liver Failure
Consortium of Acute-on-Chronic Liver Failure)® !4,

However, these scales are complex to use as they
contain many indicators to predict the short-term
mortality in patients who were treated for HRS. The
aim of this study was to determine the most important
predictors of the short-term mortality of patients with
HRS using the CLIF-C-ACLF score.
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Material and methods

The research enrolled 109 patients of Chernivtsi
Region Narcology Dispensary admitted between
January 2013 to August 2019.

Inclusion criteria: patients with alcoholic liver
cirrhosis complicated with the hepatorenal syndrome
within the age range between 20 and 65 years old,
fulfilling the definition of CLIF-C-ACLF (the organ/
system failure criteria were: liver — bilirubin, kidney —
creatinine, brain — liver encephalopathy, coagulation —
international normalized ratio (INR), blood circulation —
use of vasopressors, lungs — SpO%/Fi0?)’.

Exclusion criteria: chronic kidney disease,
terminal conditions, age less than 29 and more than
60 years old, viral etiology of cirrhosis (all patients
were tested anti-HCV and HBsAg by ELISA method
when admitted to the hospital), surgical interventions
and gastrointestinal bleeding during the last 8§ weeks,
acute alcoholic intoxication, acute portal vein
thrombosis, obstructive jaundice, decompensation of
concomitant pathology.

Bioethical considerations: the study was approved
by the ethics committee of the Bukovinian State
Medical University, Chernivtsi, Ukraine (Ethics
Committee No. 2019/12, August 22, 2019) in
compliance with the recommendations of Declaration
of Helsinki, 1964, amended by the World Medical
Association, 2001,

HRS was diagnosed based on criteria of the Clinical
Guidelines on Liver Cirrhosis and Its Complications
of Ministry of Health of Ukraine, No. 751 dated
September 28, 2012 and EASL (European association
for the study of the liver) Clinical Practice Guidelines
for the management of patients with decompensated
cirrhosis, 2018'°.

According to both guidelines, all enrolled patients
with ALC and HRS were prescribed 20% albumin
intravenously (i/v) at the same dosage (1 g/kg per day on
the first day of treatment and 2040 g/day — in the next
six days) and terlipressin (0,1mg/ml) in standard dosage

by continuous intravenous administration for 7 days.

All patients with HRS were distributed into 2
groups depending on the response to treatment:
group 1 (n=57) — responders (decrease of sCr to
<133 mmol/l), group 2 (n=52) — non-responders
(decrease of sCr less than 50% of baseline). In both
groups, the treatment was evaluated every 48 hours
and performed until the sCr level decreased to 133
mmol/l (or for a maximum of 14 days) and continued
for another 24 hours after the response to treatment.
The response to treatment was taken as the primary
endpoint of the study and was used to calculate the
sample size.

Statistical processing of the study results was
carried outusing the program package RStudiol.1.463.
Patients survival was assessed by the Kaplan-Meier
method!” and was compared in both groups using
a logarithmic test. Variables that were detected as
predictors of response to treatment and survival
with a value of p <0.1 in one-dimensional analysis,
were included in the multivariate logistic regression
model; where the results were presented as odds with
a 95% confidence interval. All tests were two-tailed.
The value of p<0.05 was considered statistically
significant with an error of a 5% and f error of 20%.

Results

The patients were 29 to 60 years old at the time
of inclusion to the study. The average duration of the
alcoholic liver cirrhosis (ALC) was 3.5+1.54 years;
average history of alcohol abuse — 8.42+3.53 years;
gender distribution was: 77.9% (n=85) males and
22.1% (n=24) — females (Table 1).

HRS in both groups was mostly represented with
the type 1: group 1 —89.5%; group 2 —90.4% (p>0.05)
and had the initial scoring by CLIF-C-ACLF scale
(Table 2).

The number of patients who survived after 1 and
3 months differed significantly in both groups: 40/57
(70.2%) and 33/57 (57.9%), respectively, in the group
of responders; and 10/52 (19.2%) and 0/52 (0%),

Table 1 — Demographic and clinical characteristic of patients with hepatorenal syndrome enrolled in the study

. Group 1, responders Group 2,
Characteristic (r’1=57) non-responders
(n=52)
Gender
Male, (n, %) 44 (77.2%) 41 (78.8%)

Female, (n, %)

13 (22.8%)

11 (21.2%)

Both gender age groups, years

29-40, (n, %) 9 (15.8%) 7 (13.5%)
40-50, (n, %) 32 (56.1%) 31 (59.6%)
50-60, (n, %) 16 (28.1%) 14 (26.9%)
Clinical characteristics
History of alcohol abuse, years 8.31+£3.48 8.43+3.59
History of ALC, years 3.6+1.55 3.4+£1.53
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respectively, in the group of non-responders (p <0.001).

The estimates of the probability of survival for
each of the group members were found using Kaplan
Meyer’s procedure (Fig. 1).

Next, we determined the magnitudes of risks for
each of the groups, which were characterized by the
risk function. The risk function A was defined as the
speed of the event at time t under the condition of
survival before time t or later:

Pr¢ <T <t+dt) [f(?)
M) as@n S

S'(1)
(1)

Here f(tf)=F'(1)=(1-S(r))" is a lifetime
density function.

That is, for the group 1 the average risk of death
was 0.153 £+ 0.026, and it was 0.958 + 0.034 for the

dt—0
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group 2. Risk in the group 2 increased in 6.26 times
compared to the group 1.

For the multivariate analysis were chosen those
clinical and laboratory parameters which have
revealed the significant correlation with the short-
term mortality: age, gender, response to treatment in
the first 24 hours, type of HRS and CLIF-C-ACLF
score. The analysis did not reveal age and gender to
be the predictors of short-term mortality. Type 1 of
HRS, no response to the treatment in the first 24 hours
and the high baseline score by CLIF-C-ACLF scale
were identified as the predictors of the short-term
mortality (Table 3).

Improvement in renal function during treatment
was observed in most patients in the group 1: a
decrease of the level of serum creatinine in patients
witharesponseranged from 323.2+91.1t0 121.6+30.0

1,004
f 0.75+
B
o 0504
-
1
o)
025+
0,00+
0 10 20 30
Time
Number at risk
§ Group=14 B9 83 69 44
Group=2 72 37 18
0 10 20 30
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Fig. 1. Graph of the survival function of patients with HRS depending on the type of

response to treatment in the first 24 hours

Table 2 — Stratification of the enrolled patients by the type of hepatorenal syndrome and the severity

by CLIF-C-ACLF score

Group 1, responders nonii(;ul:)rf&ers
CLIF-C-ACLF score (n=57) (n=‘;2)
HRS type 1 |  HRS type2 HRS type 1 |  HRS type2
I-n %) 15 (26.3%) 19 (36.5%)
0 12 (21.1%) | 3(5.2%) 16 (30.8%) | 3 (5.7%)
25 (43.9%) 23 (44.2%)
II—n, (%)
22 (38.6%) | 3 (5.3%) 21 (40.4%) | 2 (3.8%)
12 (21.1%) 8 (15.4%)
o ()
1 —=n, (%) 1221.1%) | 0 12(21.1%) | 0
6 (10.5%) 2 (3.8%)
o 0
IV—n, (%) 1221.1%) | 0 12(21.1%) | 0

Note: there was no statistical significance for all data between groups 1 and 2 (p>0.05)
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Table 3 — Predictors of the short-term mortality for patients with the hepatorenal syndrome

Variable Risk ratio 95% CI p value
Age, years 0.96 0.24-0.98 p>0.05
Gender, male/female 0.54 0.16-0.87 p>0.05
Response to treatment in the first 24 hours
p(sCr decreased to <133 mmol/l) 23.92 3.21-15.75 p<0.002
Type of HRS, 1 or 2 9.8 1.1-1.2 p<0.01
CLIF-C-ACLF score (I, 11, 111, IV) 1.18 1.4-1.42 p<0,02

mmol/l. There were no significant differences between
the two groups in terms of the treatment duration
(8.2+4.4 days in the group 1 versus 9.1+5.0 days in
the group 2; p>0.05).

Discussion

Type 2 HRS is considered to be more favourable
for survival prognosis, as it develops slowly and
gives more time for adequate treatment measures'®.
However, some studies have shown no differences
between responders and non-responders to
albumin+terlipressin treatment in the mortality
rate of type 2 HRS patients'®. Besides, the authors
did not report any significant differences regarding
the development of acute kidney injury, need for
renal replacement therapy, frequency of chronic
kidney disease 1 year after transplant, length of
hospitalization, and survival. We could not address
these issues in the present study due to the very low
incidence of type 2 HRS. The small number of type
2 HRS patients in this study (10.5% of group 1 and
9.5% of group 2) is in keeping with data from the
previous reports. Further investigations are needed to
obtain the precise data. This may take a long time, as
type 2 HRS is much rarer than type 1 HRS%.

One of the most powerful predictors of mortality in
the present study was the lack of patients’ response to
treatment, which goes in a line with the literature data®'.
By contrast, patients’ age was not proved as the mortality
predictor for both types of HRS in our research, while in
the investigations of type 1 HRS only it was associated
with no reversibility and poor prognosis of the disease?'.

Another concern is probably different pathogenetic
mechanisms of types 1 and 2 HRS. As type 1 HRS
develops rapidly and suddenly, it is mostly associated
with ACLF, while type 2 HRS develops slowly and
corresponds to chronic liver disease. Due to this fact,
different scoring systems could be considered for the
risk assessment of short-term mortality according to
the type of HRS. Obviously, CLIF-C-ACLF might
be more accurate for the type 1 HRS patients, while
MELD score — for type 2 HRS patients. D. Perdigoto®
attempted to compare the accuracy of CLIF-C-ACLF
and MELD scores for liver cirrhosis, but the type
of HRS was not considered in his study, so further
endeavours are needed to answer this question.

Terlipressin, used in our study is a rather expensive
medicationand isnotaffordable sometimes. Dopamine
is a commonly used substitute for terlipressin, but
it has shown fewer efficacies in some studies®, so
another research is required to compare the impact
of both drugs on the short-term survival of patients
with HRS.

Conclusions

The results of the study indicate that the type 1 of
hepatorenal syndrome, no response to treatment in the
first 24 hours and high CLIF-C-ACLF score are the
most important predictors of survival in patients with
hepatorenal syndrome. Patients’ age and gender were
not revealed as predictors of short-term mortality.
Monitoring of these indicators allows to identify the
group of patients with the worst prognosis and to put
them in priority to the liver transplantation list.

References

(1)  European Association for the Study of the Liver. EASL clinical practice guidelines on the management
of ascites, spontaneous bacterial peritonitis, and hepatorenal syndrome in cirrhosis. J Hepatol. 2010,
53(3), 397417. DOL: 10.1016/j.jhep.2010.05.004.

(2)  European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of
alcohol-related liver disease. J Hepatol. 2018, 69, 154—181. doi.org/10.1016/

(3) Gings, P; Sola, E.; Angeli, P.; Wong, F. et al. Hepatorenal syndrome. Nat. Rev. Dis. Primers. 2018, 4(1),
23. DOI: 10.1038/s41572-018-0022-7.

(4) Kamath, P.S.; Kim, W.R. The model for end-stage liver disease (MELD). Advanced Liver Disease Study
Group. Hepatol. 2007, 45(3), 797-805. DOI: 10.1002/hep.21563.

(5) Blatt, N.B.; Cornell, T.T. Acute Kidney Injury Scoring Systems: From Over 30 to 4 (or 1)? Pediatr. Crit.
Care Med. 2016, 17(9), 892—-894. DOI: 10.1097/PCC.0000000000000894

(6)  Zhao, H., Gu, X., Zhao, R., Shi, Y., & Sheng, J. Evaluation of prognostic scoring systems in liver cirrhosis

Bichux 3anopizvkoeo nayionanvnozo yuigepcumemy. bionociuni nayku. Ne 1 (2020)

patients with bloodstream infection. Medicine. 2017, 96(50), e8844. DOI: https://doi.org/10.1097/
MD.0000000000008844

ISSN 2410-0943



(7
®)

)

(10)
(11)

(12)
(13)

(14)

(15)

(16)

(17
(18)

(19)

(20)

e2))

(22)

(23)

49

Arroyo, V.; Moreau, R.; Kamath, P.; Jalan, R. Acute-on-chronic liver failure in cirrhosis. Nat. Rev. Dis.
Primers. 2016, 2, 16041. DOI: 10.1038/nrdp.2016.41.

Picon, R. V.; Bertol, F. S.; Tovo, C. V.; de Mattos, A. Z. Chronic liver failure-consortium acute-on-
chronic liver failure and acute decompensation scores predict mortality in Brazilian cirrhotic patients.
World J. Gastroenterol. 2017, 23(28), 5237-5245. DOI: 10.3748/wjg.v23.i128.5237.

Zaccherini, G., Weiss, E., & Moreau, R. Acute-on-chronic liver failure: Definitions, pathophysiology
and principles of treatment. JHEP reports: innov. in hepatol. 2020, 3(1), 100176. doi.org/10.1016/].
jhepr.2020.100176.

Amin, A., & Mookerjee, R. P. Acute-on-chronic liver failure: definition, prognosis and management.
Frontline gastroenterol. 2019, 11(6), 458—467. doi.org/10.1136/flgastro-2018-101103.

Maipang, K., Potranun, P., Chainuvati, S., et al. Validation of the prognostic models in acute-on-
chronic liver failure precipitated by hepatic and extrahepatic insults. PLoS One. 2019, 14(7), ¢0219516.
Published 2019 Jul 10. DOI: 10.1371/journal.pone.0219516.

Cai, Q., Liu, W., Zhu, M., Sheng, J. Microbial Infections as a Trigger for Acute-on-Chronic Liver Failure:
A Review. Med Sci Monit. 2019, 25, 4773—-4783. Published 2019 Jun 27. DOI: 10.12659/MSM.915637/.
Engelmann, C., Thomsen, K.L., Zakeri, N., et al. Validation of CLIF-C ACLF score to define a threshold
for futility of intensive care support for patients with acute-on-chronic liver failure. Crit Care. 2018,
22(1), 254. Published 2018 Oct 10. DOI: 10.1186/s13054-018-2156-0.

Jiang, Q.Q., Han, M.F., Ma, K., et al. Acute kidney injury in acute-on-chronic liver failure is different
from in decompensated cirrhosis. World J Gastroenterol. 2018, 24(21), 2300-2310. DOI: 10.3748/wjg.
v24.121.2300.

World Medical Association. World Medical Association Declaration of Helsinki. Ethical principles for
medical research involving human subjects. Bulletin of the World Health Organization. 2001, 79(#);
373-374. World Health Organization. URL: https://apps.who.int/iris/handle/10665/268312.

European Association for the Study of the Liver. EASL Clinical Practice Guidelines for the management
of patients with decompensated cirrhosis. J. Hepatol. 2018, 69(2), 406-460. DOI: 10.1016/j.
jhep.2018.03.024.

Rich, J.T.; Neely, J.G.; Paniello, R.C.; Voelker, C.C. et al. A practical guide to understanding Kaplan-
Meier curves. Otolaryngol. Head Neck Surg. 2010,143(3),331-336.DOI: 10.1016/j.0tohns.2010.05.007.
Sersté, T., Lebrec, D., Valla, D., Moreau, R. Incidence and characteristics of type 2 hepatorenal syndrome
in patients with cirrhosis and refractory ascites. Acta Gastroenterol Belg. 2008, 71(1), 9-14. PMID:
18396743.

Rodriguez, E., Pereira G., Sola, E. et al. Treatment of type 2 hepatorenal syndrome in patients awaiting
transplantation: Effects on kidney function and transplantation outcomes. Liver transplant. 2015, 21,
1347-1354. doi.org/10.1002/1t.24210.

Mindikoglu, A.L.; Pappas, S.C. New Developments in Hepatorenal Syndrome. Clin. Gastroenterol.
Hepatol. 2018, 16(2), 162—177. el. DOI: 10.1016/j.cgh.2017.05.041.

Barreto, R., Fagundes, C., Guevara, M. et al. Type-1 hepatorenal syndrome associated with infections
in cirrhosis: natural history, outcome of kidney function, and survival. Hepatol. 2014, 59(4), 1505-13.
DOI: 10.1002/hep.26687.

Perdigoto, D., Figueiredo, P., Tomé L. The role of the CLIF-C and the MELD in prognosis of
cirrhosis with and without Acute-on-Chronic Liver Failure. Annals of Hepatol. 2016, 18 (1), 48-57.
DOI: 10.5604/01.3001.0012.7862.

Srivastava, S.; Shalimar, T.; Vishnubhatla, S.; Prakash, S. et al. Randomized controlled trial
comparing the efficacy of terlipressin and albumin with a combination of concurrent dopamine,
furosemide, and albumin in hepatorenal syndrome. J. Clin. Exp. Hepatol. 2015, 5(4), 276-85.
DOI: 10.1016/j.jceh.2015.08.003.

Bulletin of Zaporizhzhia National University. Biological Sciences. Ne 1 (2020) ISSN 2410-0943



