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In Brief

Hepatorenal Syndrome is a potentially reversible syndrome of end-
stage cirrhosis. It is a severe complication of cirrhosis that involves
a high mortality rate and a significant economic impact on the
healthcare system. This study shows the costs of the resources

used for disease management and complications to be Int$14,189.

Quantifying this figure contributes to an understanding of the
economic impact of Hepatorenal Syndrome on patient survival.
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The treatment of Hepatorenal Syndrome represents a significant cost,
and new resource allocation in strategic areas, such as the treatment

and monitoring of patients with cirrhosis, is necessary to improve
their outcomes

Cases
Hepatorenal
Syndrome
~
'
~

~~

Cost of treatment

(Int$)

Total
14,819

Death

468 drugs
908 albumin
1,135 laboratory tests
975 image exams
1,119 blood transfusion
5,704 hemodialysis

Highlights
= The treatment of Hepatorenal Syndrome places a
huge economic burden on healthcare systems.

= Cost analysis studies of Hepatorenal Syndrome
management can help to rationally allocate resources in
healthcare.

= Timely diagnosis and management of Hepatorenal
Syndrome may reduce mortality, resource utilization
and costs.
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HEALTH ECONOMICS AND MANAGEMENT
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ABSTRACT

Objective: The purpose of this study was to describe the direct medical costs incurred in Brazil
for the treatment of Hepatorenal Syndrome in intensive care and intermediate therapy care units,
and to investigate the impact of this syndrome on patient survival. Methods: This longitudinal
observational retrospective study included patients with Hepatorenal Syndrome admitted to the
intensive and intermediate therapy care units of a public tertiary hospital. The cost generated by
each patient was the sum of the direct costs and overheads. Results: Forty-four patients with 49
episodes of suspected Hepatorenal Syndrome were analyzed, 73% male, with a mean age of 55
years (SD= 11). Diagnosis was presumed in 21 episodes (43%), because not all of the Ascites
International Club’s criteria were met. Alcoholic cirrhosis was the main etiology (43%); 59% of
the patients were Child-Pugh Class C at admission, with a mean (SD) model for end-stage liver
disease score of 24.6 (8). Seventy-seven percent of the patients died, 32% from multiple organ
failure, 29% of septic shock and 27% of hypovolemic shock. The median (IQR) of the total treatment
cost for each patient was Int$14,819 (8,732-23,854). The median (IQR) length of intensive care
unit stay in intensive care was 11 days (7-19). Patients with a presumed diagnosis did not have
a higher hospitalization cost (p=0.249) than those with true Hepatorenal Syndrome. Conclusion:
The treatment of Hepatorenal Syndrome represents a significant cost, and new resource allocation
in strategic areas, such as the treatment and monitoring of patients with cirrhosis, is necessary
to improve their outcomes.

Keywords: Hepatorenal Syndrome; Liver cirrhosis; Septic shock; Multiple organ failure; Health
care costs; Cost of lliness; Health care economics and organizations; Direct service costs; Brazil

INTRODUCTION

Hepatorenal Syndrome (HRS) is a potentially reversible syndrome that occurs
in patients with cirrhosis, ascites, and hepatic failure.!V It is characterized by
a marked reduction in renal function in the absence of other renal failure
causes. Hepatorenal Syndrome can also develop in patients with circulatory
dysfunction after large-volume paracentesis, acute gastrointestinal hemorrhage,
or infection, particularly in cases of spontaneous bacterial peritonitis (SBP),
which progresses to HRS in approximately 30% of patients.?®
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Treatment includes albumin infusion associated
with vasopressors; in more severe cases, the patient may
undergo dialysis, transjugular intrahepatic portosystemic
shunt (TIPS), and even liver transplantation.*> Patients
are generally better managed in an intensive care
unit (ICU), mainly when norepinephrine is used.®®
Hepatorenal Syndrome accounts for approximately 11%
of acute kidney injury in hospitalized cirrhotic patients
with refractory ascites.” Patients with HRS have a 15%
survival probability 3 months after hospitalization; their
length of stay (LOS) is longer than that of patients
without HRS, and the cost of hospitalization is higher.®*)

Considering the high level of expenditure in the
healthcare system, health economics can present
resource (often limited) allocation strategies and has
become an important tool in decision-making.(*!) Part
of health economics evaluation, the cost of illness is an
empirical approach to estimating the social impact of
illnesses.™) Tt includes direct, indirect, and intangible
costs with economic impact on society. This information
is useful for managers to understand the total expenses
and their distribution by cost categories.(!%!)

The cost of HRS treatment varies globally. In the
Brazilian public health system s economic evaluation,
the cost of treatment ranged from $7,500-$15,000 for
about 8 days. In the United States of America (USA),
the mean price was $91,504 for about 30 days, with
direct medical costs expenditure being around 3 to 3.8
million per year.(®!213

Primary cost drivers for patients with HRS
include LOS, hemodialysis, and mortality.('” Intensive
treatment and the costs of procedures are the main
causes for high hospital cost, when compared to
patients without HRS.©®)

OBJECTIVE

Therefore, to describe data on the patient’s profile and
hospitalization costs with a significant impact on the
health system, we investigate the costs involved in the
treatment of Hepatorenal Syndrome in a university
hospital intensive care unit and intermediate care unit
and the impact of Hepatorenal Syndrome on patient
survival.

METHODS

Study population
This retrospective observational study included patients
admitted in the ICU and IMCU of a public tertiary

hospital in Curitiba, the capital of the state of Parana,
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Brazil. The inclusion criteria were patients older
than 18 years diagnosed with HRS, as defined by the
International Ascites Club of 2007, or with presumed
HRS diagnosed by a physician when not all diagnostic
criteria could be fulfilled. The exclusion criteria were
patients with incomplete medical records or patients
with chronic kidney disease.

Hepatorenal Syndrome was defined according to
the International Ascites Club criteria (2007):( as (i)
cirrhosis with ascites; (ii) serum Cr >1.5mg/dl; (iii) no
improvement of serum creatinine (decrease to a level of
=<1.5mg/dl) after at least 2 days of diuretic withdrawal
and volume expansion with albumin; (iv) absence
of shock; (v) no current or recent treatment with
nephrotoxic drugs; and (vi) absence of parenchymal
kidney disease as indicated by proteinuria >500 mg/
day, microhaematuria (>50 red blood cells per high
power field) and/or abnormal renal ultrasonography.

The study was previously approved by the
hospital’s Human Ethics Committee of Hospital de
Clinicas, Universidade Federal do Parand, CAAE:
85049818.3.0000.0096; # 2.581.879.

Selection

A total of 358 patients with cirrhosis and HRS were
consecutively enrolled in the study between January 1,
2014 and February 28, 2018.

Initially, the sample was consecutively selected from
the hospital “s database of patients diagnosed with liver
cirrhosis, upper digestive bleeding, acute renal failure,
or HRS. Electronic medical records were used to
separate cirrhosis patients with creatinine levels higher
than 1.5mg/dl

Data collection and cost analysis

Data were collected from medical charts by the
researcher (FR) using a semi-structured tool developed
with a basis on previous expert opinions.! It included
basic demographics (age and sex) and data from
the patient’s treatment history, including drugs and
comorbidities, routine blood tests, risk scores, LOS, and
complications during ICU and IMCU LOS. The cost
analysis considers the hospital’s perspective.

The hospital “s Accounting and Cost Unit reported
the monetary value of drugs, laboratory and imaging
tests, hemodialysis sessions, and blood component
bags. Individual costs were multiplied by the number
of times the patient needed those services/drugs. The
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Accounting and Cost Unit also reported the costs of
hospital ICU, IMCU, and surgical ICU fees for the
year 2016.

The absorption apportionment methodology was
used to transfer the daily rates.'® The hospital’s
activities were subdivided into services, sections or
units to which resources were allocated. The cost of
all services used in ICU and IMCU was considered
through specific apportionment.

Intensive care unit and IMCU rates comprised
direct costs, overheads and apportionment.

Direct costs included salaries and materials
(hospital medical supplies, kitchen supplies, hygiene,
maintenance, and medical gases). Overheads were spent
on outsourced services, water, electricity, and sewage.
Apportionments from various sectors involved all the
hospitalization units mentioned, such as management,
clinical engineering service, dietetic nutrition, clothing,
information technology, transportation, accounting,
epidemiology, laundry, and legal sectors, among others
(Table 1S, Supplementary Material).

Daily rates were calculated by dividing the monthly
costs by the number of patient-days in the month
(Table 1S, Supplementary Material). The daily rates
consisted of salaries, materials and apportionments as
mentioned above. The costs of drugs, procedures,
and examinations were excluded from the daily rates,
as they were calculated individually per patient.

The cost of hospitalization in the above-mentioned
care units was obtained by adding the daily rates to the
costs of examinations, blood transfusion, hemodialysis,
and drugs used by the patient.

The costs are presented in international dollars
(Int$). Conversion from Brazilian Reais to international
dollars was performed using the purchasing power
parity conversion factor provided by the World Bank in
2016.07

Statistical analysis

The results were presented as frequencies, measures
of central tendency, and dispersion. To compare the
direct cost of treatment of patients with all diagnostic
criteria versus those with a presumed diagnosis, the
Kolmogorov-Smirnov test was used to check the
normality of the data, and the Mann-Whitney U test was
used to compare the two groups. Statistical analysis was
performed using the SPSS version 22.0 (IBM, Armonk,
NY, USA), and results with p<0.05 were considered
statistically significant.

RESULTS

Three hundred sixty-four patients were pre-screened
for HRS after review of the electronic medical
charts and creatinine levels. In the pre-screening,
11 duplicate and 271 patients not diagnosed with
cirrhosis or cirrhotic patients with creatinine <1.5mg/dl
were excluded. Then, 82 patients were included for
the second screening phase, which involved a medical
charts review. Thirty-three were excluded because
they had organic kidney disease or circulatory shock.
In all, 44 patients were included; five of them with
two hospitalization periods, consequently, 49 cases of
HRS were included in the study (Figure 1).

2 Selected from intensive Duplicate
§ (n=260) and (n=11)
g intermediate care >
3 (n=104)
a (n=364)
>
4 Absence of cirrhosis or cirrhotic
patients with creatinine
<1.5mg/dl
(n=271)
g h 4
‘e
g Full medical charts review
3 (n=82) >
Excluded after review of medical charts
(n=33):
® Prerenal acute kidney injury (n=10)
£ Chronic Kidney Disease (n=8)
S = - Septic shock (n=6)
E = Hypovolemic shock (n=8)
= Medical charts not found (n=1
2 =2 Included in the study e s o e (=
g2 (n=49)
® o
R
© O
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]
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Figure 1. Patients selected for the study

The demographics and clinical characteristics of the
patients included are shown in table 1 as follows: The
majority were male (73%) with cirrhosis of alcoholic
etiology (43%). Type 1 HRS occurred in 78% of cases.
Almost half of the patients (44%) had a risk factor for
HRS; the most frequent was upper gastrointestinal
bleeding (UGB) (20%) followed by SBP in 18%. Two
patients had combined risk factors (UGB + SBE). Most
frequent hospital complications were encephalopathy
(78%) followed by bacterial infectious disease
(69%). Twenty-five percent of our patients required
hemodialysis, 85% of the sessions were conventional
intermittent hemodialysis (IHD), and 15% of them
were low efficiency hemodialysis (SLED).
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Table 1. Demographic data and clinical characteristics of patients with Hepatorenal Syndrome

Results (%)*

Variables
Survivors (n=15) No survivors (n=34) All (n=49)
Age, Years', n (%) 57(10) 55 (11) 55 (11)
Male, n (%) 11(73) 25(73) 36 (73)
Systemic arterial hypertension, n (%) 8(53) 8(23) 16(33)
Diabetes mellitus, n (%) 5(33) 7(21) 12 (25)
Cardiovascular disease, n (%) 1(7) 309) 4(8)
Active smoking, n (%) 3(20) 8(23) 11(22)
Active alcoholism, n (%) 2(13) 7(21) 9(18)
Cirrhosis etiology, n (%)
Alcoholic liver disease 7(47) 14 (41) 21(43)
Hepatitis C Virus 2(13) 6(18) 8(16)
Hepatitis B Virus 2(13) 3(9) 5(11)
Non alcoholic steatohepatitis 2(13) 2(6) 4(8)
Autoimmune hepatitis 1(7) 2(6) 3(6)
Hepatitis C Virus + alcoholic liver disease 2(6) 2(4)
Hepatitis B Virus + alcoholic liver disease 1(2) 1(2)
Hepatitis C Virus + hepatocellular carcinoma 1(2) 1(2)
Schistosomiasis 1(3) 1(2)
Budd Chiari 1(3) 1(2)
Drugs 1(3) 1(2)
Cryptogenic 1(3) 1(2)
HRS type, n (%)
Type 1 10(67) 8(82) 38(78)
Type 2 5(33) 6(18) 11(22)
Risk Scorest, n (%)
APACHE Il 15(13-17) 20(16-23) 18(15-21)
MELD admission 20(15-24) 26 (21-32) 25(20-31)
Precipitants to HRS 5(33) 17 (50) 22 (45)
Upper gastrointestinal hemorrhage 3(20) 7(21) 10(20)
Spontaneous bacterial peritonitis 2(13) 7(21) 9(18)
Paracentesis >bL without albumin replacement 1(7) 5(15) 6(12)
Complications, n (%)
Hemodyalisis 3(20) 9(26) 12 (25)
Mechanical ventilation 3(20) 26 (76) 29 (59)
Encephalopathy 6 (40) 30(88) 36 (74)
Spontaneous bacterial peritonitis 3(20) 7(21) 10(20)
Upper gastrointestinal hemorrhage 3(20) 14 (41) 17 (35)
Transjugular intrahepatic portosystemic shunt 3(9) 3(6)
Bacterial infection® 8(53) 26 (76) 34 (69)
Transfusion 4(27) 23(68) 27 (55)
Liver transplantation 1(7) 1(3) 2(4)
LOS in Hospital, days® 26(19-41) 16(10-22) 18(11-27)
LOS in ICU* 11(5-18) 7(4-10) 10(4-14)
LOS in IMCU* 9(5-18) 12(8-20) 7(5-20)
LOS in ICU and IMCU 9(5-20) 12(8-19) 11(7-19)

* Rounded to one digit; T Data are mean (SD); £ Data are median (IQR); § Except spontaneous bacterial peritonitis; ¥ Median (IQR) of 21 patients, 4 survivors and 17 no survivors; # Median (IQR) of 37 patients, 13 survivors and 24 no survivors.
HRS: Hepatorenal Syndrome; ICU: intensive care unit; IMCU: intermediate care unit; LOS: length of stay.
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Risk scores

The models for end-stage liver disease (MELD)
by HRS type were 26 for type-1 and 19 for type-2.
Most patients had Child-Pugh Class C (CP-C) on
admission (59%). In some cases, the score could not
be calculated because of the absence of data in the
electronic medical charts or examinations required
for measurement. Additional data are presented in
Table 2S, Supplementary Material.

Outcomes

Table 2 shows the clinical outcomes of patients. Seventy
seven of patients died. Two patients underwent
cadaveric donor liver transplantation. Both patients
underwent hemodialysis during inpatient admission for
HRS treatment. One of them (CP-C, MELD 19) had
cirrhosis caused by the hepatitis C virus, waited 2 months
for liver transplantation, and died the day after surgery.
The other patient had alcoholic cirrhosis (CP-B, MELD
20), was transplanted during inpatient admission, and
was discharged approximately 1 month later, no longer
requiring hemodialysis.

In 21 patients (43%), HRS was presumed because
not all diagnostic criteria were met. The median (IQR)
ICU or IMCU LOS was 13 days (range, 9-20 days) for
patients with a defined diagnosis, and 10 days (range,
4-17 days) for those with a presumed HRS. Those
patients that passed away with a defined diagnosis
represented 71% in the first group and 67% in the
second group. Regarding the prognosis scores, in the
first group, the mean (SD) MELD score was 25.2 (7),
the APACHE Il was 17.6 (6), with 67.9% of the patients
being CP-C on admission. In the second group, the
MELD score was 23.5 (9) and the APACHE Il was 19.5
(6), with 47.6% of patients being CP-C on admission.

Table 2. Causes of death of patients with Hepatorenal Syndrome

Variables Results (%)*
Causes of death
Multiple organ failure 11(32)
Septic shock 10(29)
Hypovolemic shock 9(27)
Acute respiratory insufficiency 1(3)
TIPS postoperative 1(3)
Postoperative liver transplantation 1(3)
Cerebral intraparenquimal hemorrhage 1(3)
Mortality associated with HRS type
Type 1 28(74)
Type 2 6(56)

n=34. *Rounded to one digit.
HRS: Hepatorenal Syndrome.

Resources and costs

The median (IQR) cost of admission to the ICU
and IMCU was Int$14,819 (8,732-23,854) (Table 3).
The median (IQR) cost of hemodialysis (n=12) was
Int$5,704 (3,259-11,408), and accounted for most
of the hospitalization cost. The mean (SD) of cost
of salaries, hospital medical supplies, medical gases
and telephone, electricity, sewage, and outsourced
services was Int$4,314 (135); Int$302 (6.90), Int$1.86
(0.10) and Int$93 (4.24), respectively. The cost of liver
transplantation were not included.

Regarding the wuse of vasopressors and ICU
and IMCU admission cost, the mean (SD) costs
were Int$19,586 (15,600) for noradrenaline (n=26);
Int$27,336 (18,867) for noradrenaline and terlipressin
(n=4); Int$18,141 (13,697) noradrenaline and octreotide
(n=12); Int$20,909 (9,342) for noradrenaline, terlipressin
and octreotide (n=3); Int$11,645 (9,471) for octreotide
use alone (n=2); and Int$7,104 (2,562) without any
drug use (n=2). For 4 out of the 7 patients who received
terlipressin, the cost accounted for approximately 75%
of the total drug cost (excluding the albumin cost).

The cost of treatment with albumin (p=0.101) and
total cost of inpatient admission (p=0.249) showed no
significant difference.

Table 3. Costs of Hepatorenal Syndrome treatment in intensive care unit and
intermediate care unit

Median (IQR) Costs in International Dollars (Int$)*
per length of stay

Resources

Survivors No survivors All

(n=15%) (n=34)" (n=49)*

Drugs 280(83-519) 603 (405 - 1,505) 468 (275 - 1,146)
Albumin 655 (429 - 1,336) 1,008 (466 - 1,840) 908 (403 - 1,614)
Laboratory 599 (412 - 1,058) 1,319(970 - 2,589) 1,135(600 - 2,049)
tests
Image Exams 995 (173 - 1,159) 705 (177 - 1,220) 975 (173-1,188)
Blood 466 (373 - 979) 1,306 (746 - 3,795) 1,119 (560 - 3,129)

Transfusion

Hemodialysis 11,408 (9,778-11,408)  4,889(3,259-6,519) 5,704 (3,259 - 11,408)
ICUand IMCU 12,635 (5,850 - 17,095) 17,741 (9,739 - 24,365) 14,819 (8,732 - 23,854)
Costs per LOS

ICUand IMCU 1,058 (876 - 1,246) 1,395 (1,135 - 1,648) 1,224(993-1579)
Costs per

patient day

* Cost based on the year 2016; ‘Median (IQR) of 14 patients who used albumin, 13 who had image exams, 4 who had
blood transfusion and 3 who underwent hemodialysis; "Median (IQR) of 23 patients who had blood transfusion and 9 who
underwent hemodialysis; ‘Median (IQR) of 48 patients who used albumin, 47 who had image exams, 27 who had blood
transfusion and 12 who underwent hemodialysis.

ICU: intensive care unit; IMCU: intermediate care unit; LOS: length of stay.
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DISCUSSION

Hepatorenal Syndrome is a serious complication of
end-stage cirrhosis, caused by extreme -circulatory
dysfunction. Notwithstanding treatment, without a liver
transplant, the 3-month mortality rate remains high
and places a significant economic burden on the health
care system.®218) This is the first observational study
that describes the cost components of HRS in Brazil,
highlighting the economic impact of the disease. Forty-
four patients, 73% male with a mean age of 55 years
were analyzed. The median (IQR) length of ICU stay in
intensive care was 11 days (7-19). The median (IQR) of
the total treatment cost was Int$14, 819 (8,732-23,854).

In Brazil, the Unified Health System (SUS -
Sistema Unico de Saiide), offers comprehensive and
totally free healthcare to the entire population and,
in 2016, it paid about Int$216 per day for a daily ICU
stay at CHC-PR."” However, our data showed that the
costs incurred were much higher (Int$1,224) than the
amounts paid by the SUS, corroborating the high costs
involved in treating HRS and the consequent financial
deficit.

In the United States, a retrospective study reported
a mortality rate of 36.9 % in 2,542 patients.!'> By
contrast, close to 80% of patients in our study passed
away, although this represents only the very clinically ill
patients who were admitted to the ICU or IMCU. Our
findings are consistent with those of a meta-analysis
by Weil et al., where patients with cirrhosis had a
mortality rate in the ICU ranging from approximately
35% to 72%.?» Our patients were hospitalized in a
very serious condition, a fact verified by the prognostic
scores (59% of the patients were CP-C on admission),
which justifies the worst evolution and is consistent
with previous results in the literature that show
unfavorable evolution of the disease.

Treatment is based on the use of vasoconstrictors
and a high-cost infusion of albumin,® substantially
impacting the economy in terms of direct costs. This
highlights the need for accurate prescriptions, as despite
the cost, failing to correctly prescribe these medications
can have serious consequences for the patient.

Large-volume paracentesis, without albumin
replacement, occurred in 12% of our patients, and the
lack of replacement was identified as a precipitating
factor for HRS in these patients. At this stage, the
possibly unnecessary pain and suffering caused by this,
is impossible to calculate. In addition to these personal
consequences, high direct costs to the health system
may have been avoided.

einstein (Sao Paulo). 2025;23:1-11

The severe clinical condition of patients with HRS,
require high-cost therapies. According to the EASL
guidelines® these patients are better managed in
ICUs. IMCUs are suitable for critically ill patients,
who are less critical than those admitted to the ICU,
and more severe than those admitted to the ward. An
IMCU cost is lower than an ICU one, provided that
the patient spends less time in the intermediate unit
than in the ICU.®Y In our study, the median (IQR)
IMCU LOS was 10 days (5-20 days), which was higher
than the 7 days (4-14) in the ICU.

Jamil et al. showed that for 181 patients admitted
to the ICU in the United States, the mean cost was
US$78,770 per patient, with a hospital LOS of 5.25
days. This amount was spent on high-cost hospital
procedures (blood transfusion, mechanical ventilation,
dialysis, TIPS, paracentesis, and combined liver and
kidney transplants), with mortality, LOS, and dialysis
associated with the cost of HRS.!? In our study, the
direct costs were lower, but this was with a smaller
number of patients and without considering the
costs of mechanical ventilation and transplantation,
which accounted for the added high costs in the
aforementioned study.

In France, Levesque et al. demonstrated that
patients with cirrhosis admitted to the ICU and
requiring mechanical ventilation had a worse prognosis,
with a mortality rate of approximately 66% in the 246
patients evaluated.®” Likewise, almost 60% of our
patients required mechanical ventilation, indicating
the severity of their clinical condition and contributing
to the high mortality rate.

The resources most frequently used during
hospitalization are hemodialysis, blood transfusions,
vasopressors, and albumin infusion. Renal dysfunction
resulting from HRS and the presence of complications
such as digestive bleeding made it necessary to use
such resources. Twenty-five percent of our patients
underwent hemodialysis and the cost of this procedure
reached almost half of the total hospitalization
cost (38%).

In our study, 27 patients required blood transfusions
and almost half (48%) requered to treat UGB. The
need to use blood products, which are expensive
resources, demonstrates how complications that occur
during hospitalization can increase the final direct cost.
Vasopressors also influenced this total cost.

A Brazilian study® based on hypothetical SUS
hospitalizations of approximately 8 days duration,
estimated costs, including depreciation rate,
maintenance, salaries, equipment, and medication
purchase. They found them to be Int$7,437 with
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terlipressin and Int$8,406 with norepinephrine, indicating
that the costs of norepinephrine were higher due to
the need to use an ICU bed. They argued that HRS
treatment with terlipressin should be considered as
a way of lowering the number of occupied ICU beds,
given their universal shortage. In the aforementioned
study, it was possible to avoid the costs associated with
treatments, infections, and UGB.©®

In India, Singh et al. prospectively reported the
exclusive costs of using vasoconstrictors (Int$364 with
noradrenaline; Int$1,291 with terlipressin) in 60 patients
during 15 days of treatment.!» However, his study
aimed primarily to evaluate the effectiveness and safety
of norepinephrine compared to terlipressin. Without
estimating the costs of ICU admission, they concluded
that the use of norepinephrine was comparable to that
of terlipressin and was less expensive.

In our study, approximately 50% of the patients
were treated only with norepinephrine, and only seven
of them used terlipressin, a medication with a very
high hospital cost in Brazil. Of note, is that the four
patients who used terlipressin, the cost accounted for
approximately 75% of the total cost of medications
(except for albumin), demonstrating the impact of the
cost of this drug in the final expense calculation.

In our study, the mean (SD) cost of treatment with
norepinephrine was Int$19,586 (15,600), which is much
higher than that in the Indian study. However, our
study included all expenses incurred in the IMCU and
ICU hospitalizations. Notably, this drug was not used
to treat HRS alone, but also to improve the patient’s
hemodynamic condition.

We also investigated whether the treatment
of patients with presumed HRS (not meeting all
diagnostic criteria) would incur a higher albumin cost
than those with a confirmed diagnosis. The results were
not statistically significant (p=0.101). In our study,
43% of the cases were presumed to be the same as the
36% described by Salerno et al.®» They also reported
clinical similarities between these groups and suggested
that presumed HRS could be considered true HRS and
should be treated in the same way.

In the study by Jamil et al. (n=2,542), the APACHE
II score ranged between 15 and 19 in 36.3% of patients,
and the overall mortality rate was 36.9%.(» In our
study, the mean (SD) was 18© leading to an expected
mortality rate of 24%, which did not correspond to our
reality of almost 80% mortality. The study that validated
this score®® did not involve patients with liver disease;
therefore, it was difficult to predict the risk of death in
patients with cirrhosis. The APACHE score is a good
indicator of severity; however, it may not accurately
estimate the mortality rate.

This was a retrospective evaluation of a small
number of patients with a rare disease, and data were
collected from only one study center. Therefore,
this study has some limitations owing to the lack of
adequate information. Additionally, some physical
charts are illegible and lack important data, resulting
in charts with limited information on what actually
happened at the bedside.

Patients with HRS have poor prognosis. Thus, the
development of new diagnostic strategies and tools can
facilitate early disease recognition and rapid treatment,
which could contribute to lower mortality rates.
Furthermore, establishing protocols for the treatment
of disease risk factors could help prevent HRS,
patients with decompensated cirrhosis and their
families should be contacted in advance to discuss
palliative care for effective special care planning and
treatment.

Considering the high costs of the health system, the
rational use of resources is essential for strategic disease
management. Cost analysis and the resulting improved
resource allocation can lead to better decision-making in
the health sector, where resources are scarce.®)

The treatment of HRS requires many resources that
imply high costs for the hospital. Our study included
hemodialysis, blood transfusion, drugs, laboratory, and
imaging tests. However, more effective strategies could
include early treatment of patients with cirrhosis, better
planning and saving resources for liver transplantation,
and new renal replacement therapies are actions that
could have been introduced and would have reduced the
long-term cost of the disease.

CONCLUSION

Our results contribute to the development of new
treatment strategies to avoid unnecessary resource
consumption and achieve better results at a lower cost.
Moreover, new healthcare policies can contribute to
the rational allocation of resources when managing
cirrhosis, to improve the prognosis of these patients.

Hepatorenal Syndrome is a severe complication of
cirrhosis that has a high mortality rate and a significant
economic impact on healthcare systems. Larger studies
are required to provide a detailed assessment of costs
and help in the decision-making process for cost-
effective treatments.
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Table 1S. Intensive care unit and intermediate care unit cost per patient day - 2016

ICU Surgical ICU
Direct costs Monthly SD Monthly SD Monthly SD
mean (Int$) (Int$) mean (Int$) (Int$) mean (Int$) (Int$)
Health professionals
MEC salaries 113.958.28 32,178.35 0.00 0.00 108,540.01 2,1379.39
MEC benefits 9,451.39 2,209.44 0.00 0.00 11,651.33 2,021.18
FUNPAR salaries 18,901.89 2,664.41 3,366.77 929.00 8,792.71 1,236.58
FUNPAR social charges 5,231.55 633.11 949.98 294.80 2,436.10 336.62
FUNPAR benefits 2.392.79 252.07 232.26 108.78 77381 37.47
MEC medical salaries 67,473.21 16,192.61 0.00 0.00 3,243.30 947.45
MEC medical benefits 3,416.55 450.87 0.00 0.00 218.04 11.50
Teachers 7,326.99 2,334.47 0.00 0.00 0.00 0.00
Residents 6,094.39 352.99 0.00 0.00 8,696.70 1,568.52
Total salaries 234,247.05 48,954.50 4,549.01 1.332.57 144,352.00 21,966.13
Materials
Hospital medical supplies 13,946.39 4,064.69 5,525.45 1.127.45 12,273.90 2,740.08
Medicinal gases 107.22 4313 30.78 23.30 59.86 33.74
Kitchen supplies 7.58 391 4.02 3.1 9.94 523
Hygieneand cleaning material 2,602.03 474.66 1,363.99 379.90 2,273.46 395.46
Maintenance material/works 477.96 462.40 26.89 3117 315.59 335.66
Office supplies 191.82 72.00 104.91 22.73 202.03 48.13
Other materials 101.23 105.70 48.28 18.24 91.35 45.87
Total 1743422 4,164.17 7,094.33 1.177.07 15,226.14 2,734.16
Overhead costs
Third party services 2,405.67 2,357.44 0.00 0.00 2,636.36 2,641.14
Water/sewage 74347 106.18 513.15 221.09 745.11 106.42
Electric power 984.07 217.06 1,026.97 219.48 985.71 216.25
Telephone 18.55 5.61 0.00 0.00 16.72 9.09
Total 4,151.76 2,456.55 1,640.12 401.75 4,383.89 2,743.19

continue..
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...Continuation
Table 18. Intensive care unit and intermediate care unit cost per patient day - 2016

ICU Surgical ICU IMCU
Direct costs Monthly SD Monthly SD Monthly SD
mean (Int$) (Int$) mean (Int$) (Int$) mean (Int$) (Int$)
Apportionment received

Board 5,698.45 842.98 562.56 111.74 4,155.49 749.92
Administrative Activities 1,379.06 536.71 136.01 59.04 1,020.97 433.72
People Development Unit 544.32 139.64 1113 2.38 439.47 132.76
Pipa Encantada Educational Center 2,768.39 207.07 0.00 0.00 3,460.49 258.83
Personnel Administration Service 1,070.60 156.16 22.89 8.28 860.00 1563.01
Service Hospital Billing 1,600.64 511.43 447.48 304.13 1,526.70 755.18
Security Service and Traffic Control 2,128.64 351.67 2,166.04 357.85 4,674.78 772.31
Telephony Section 220.00 35.81 0.00 0.00 165.00 26.85
Reprography Section 17.57 16.74 0.00 0.00 3.32 6.09
Computer Service 1,497.52 433.70 0.00 0.00 1,497.52 433.70
Transport Service 0.00 0.00 0.00 0.00 7.16 13.17
Medical File Service 153.98 160.52 217.16 3261 471.35 121.88
Operational Support Service for Hospitalization 3,286.99 3,068.00 549.99 313.22 4,844.74 576.23
Hospital Supplies Service 16,771.77 17,536.81 10,809.01 7.000.05 23,833.78 18,243.67
Hospital Hygiene Service 14,237.23 6,364.22 0.00 0.00 20,428.91 3,043.93
Boiler Team 5,880.52 4,483.75 583.02 367.50 2,096.42 388.89
Nutritionand Dietetics Service 3291.61 1,982.13 3,531.55 1.485.47 12,922.36 6,577.67
Anesthesiology Section 3,246.21 2,792.81 651.18 1.312.62 79.47 236.79
Hospital Engineering and Maintenance Service 2,805.92 2,573.35 0.00 0.00 1,604.51 1,326.11
Clinical Engineering Service 6,495.59 1,861.21 0.00 0.00 5,135.57 1,442.09
Clothes Making Service 938.72 335.67 0.00 0.00 2,127.16 777.24
Laundry Service 8,615.91 4675.28 0.00 0.00 17,831.06 4978.97
Sterilized Materials Processing Unit 6,467.04 1,748.18 2,506.02 739.66 4,836.88 897.82
Hospital Pharmacy Service 10,886.30 3,488.72 3,400.98 1.072.82 15,286.85 11711
Hospital Infection Control Service 2,863.23 672.92 0.00 0.00 1,041.80 244.84
Social Service 5,508.06 3,191.62 1,155.83 734.49 5,415.81 4,157.51
Medical Residence 420.71 206.03 0.00 0.00 42071 206.03
Medical Gas Team 6,242.94 1,804.76 0.00 0.00 4,776.79 1,380.91
Accounting and Finance 1,468.13 208.79 145.24 29.00 1,077.57 228.05
Specialized Services in Safety Engineering and Occupational Medicine 214.79 28.58 4.51 1.39 172.50 27.45
Cost Accounting Unit 693.26 78.11 68.80 14.14 504.79 64.72
Human Resources assessment and monitoring service 733.52 174.42 16.37 8.60 582.81 120.10
Epidemiology Service 2,299.56 602.56 224.29 52.52 1,653.18 324.56
Protocol Section 3567.02 67.84 35.05 743 259.19 48.82
Ombudsman Service 257.20 79.95 25.06 6.40 189.12 70.55
Projects and Supervision of Works and Renovations Section 646.87 121.68 63.16 10.68 470.34 95.26
Head of the Urgency and Emergency Unit 7,498.84 1,925.95 7,498.84 1.925.95 7,498.84 1,925.95
Dressing Room Team 221.53 27.70 4717 1.79 177.34 23.21
Enteral and Lactation Nutrition Section 13,002.14 2,931.86 1,787.54 810.42 8,320.23 1,781.49
Total apportionments 142,430.78 17,747.49 36,624.49 7.568.02 161,871.00 28,750.75
Total direct costs + overhead + apportionments 398,263.82 57,627.07 49,807.94 7.673.91 325,833.03 43,201.61
Day-atients 461 14 193 12 12 53
Daily cost 867.47 144.05 259.94 53.56 631.52 121.09

ICU: intensive care unit; IMCU: intermediate care unit; Int$: international dollars; MEC: Ministry of Education, Brazil; FUNPAR: Foundation to support the Universidade Federal do Parana.
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Table 2S. Meld, Child and APACHE Il scores of patients with Hepatorenal Syndrome
Results (%)*

Variables Survivors Nonsurvivors All
(n=15) (n=34) (n=49)
MELD score
Admission
10-19 6 (40) 5(15) 11(23)
20-29 6 (40) 16 (47) 22 (45)
30-39 1(7) 11(32) 12(25)
40 1(3) 112)
Undetermined 2(13) 1(3) 3(6)
Outcome 20 (6)** 33 (9)** 30 (9)**
Undetermined 10(67) 14(41) 24 (49)
APACHE Il score
5-9 17 103) 2(4)
10-14 3(20) 309) 6(12)
15-19 10(66) 11(32) 21(43)
20-24 10(29) 10(21)
25-29 4(12) 4(8)
30-34 1(3) 12)
35 1(3) 112)
Undetermined 1(7) 309 4(8)
Child Score
Admission
Child B 9(60) 4(12) 13 (26)
Child C 5(33) 24 (71) 29 (59)
Undetermined 1(7) 6(18) 7(14)
Outcome
Child B 9(60) 1(3) 10(20)
Child C 5(33) 27 (79) 32 (65)
Undetermined 1(7) 6(18) 7(14)

(n=49); * Rounded to one digit; **Data are mean (SD).
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