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Introduction

ABSTRACT
Introduction: Accurate risk stratification is an important element of management in patients with advanced
heart failure (adHF).
Aim of the study: The aim was to determine factors associated with three-year mortality in patients with
adHF who underwent qualification for heart transplantation.
Material and methods: The data of 417 consecutive adult patients with adHF hospitalized in the Cardiology
Department between 2011 and 2017 was retrospectively analysed. Patients with New York Heart Association
classes llI-IV with at least two episodes of proven congestion requiring high-dose intravenous diuretics
in the last 12 months were included in the study. Exclusion criteria were acute HF, inotropic support, any
previous heart surgery, inflammatory diseases, chronic kidney and liver disease, severe obstructive pul-
monary disease and haematologic, autoimmune or neoplastic diseases. Prognostic value of the model
for end-stage liver disease (MELD), which reflects multiorgan dysfunction was analysed. The primary
endpoint was death during three years of follow-up.
Results: In the overall population of 293 patients the median age was 56 (51-61) years, and 92.8% of the
patients were male. During the follow-up period, 160 patients reached the primary endpoint. The MELD-XI
score hazard ratio (HR) 1.197; 95% ClI (confidence interval) (1.131-1.267), p < 0.001), PLR value [HR
1.100; 95% ClI (1.080-1.130), p < 0.001], uric acid [HR 1.013; 95% CI (1.002-1.024), p = 0.0169] and
sodium HR 1.079; 95% ClI (1.044-1.115), p < 0.001] serum concentrations were independent factors of
three-year mortality.
Conclusions: Higher MELD-XI scores and PLR values as well as higher uric acid and lower serum sodium
concentrations are associated with worse outcomes in patients with adHF.
Keywords: MELD-XI score, PLR, advanced heart failure, prognosis, biomarkers
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interventions at adHF centres [1]. If standard methods
of treatment, such as guideline-directed drugs and

Accurate risk stratification is of utmost importance
for the identification of patients with advanced heart
failure (adHF) who require treatment, especially el-
igible candidates who may benefit from advanced

implantable devices, are insufficient, patients may
benefit from long-term mechanical circulatory support
(MCS) devices or heart transplantation (HT). Of equal
importance is identifying patients who are not eligible

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

www.journals.viamedica.pl/medical_research_journal 277



MEDICAL RESEARCH JOURNAL 2023, vol. 8, no. 4

for treatment at an adHF centre and require palliative
and symptom-focused therapies such as inotropic
infusions, ultrafiltration, or end-of-life comfort care [2,
3]. Biomarkers that reflect different pathophysiological
processes occurring in patients with heart failure (HF)
are useful tools for risk stratification. There is no single
test that can accurately identify patients at the highest
risk because the clinical course of HF is unpredictable
due to different influencing factors, such as sudden de-
compensations, diuretic refractoriness associated with
worsening renal function, and individual responses to
pharmacological treatment. From a pathophysiological
point of view, the main area of interest in the population
of patients with adHF refractory to the standard treat-
ment is the degree of end-organ impairment, especially
kidney or liver dysfunction, which influences the candi-
dacy for MCS or HT [1-3]. A simple, cost-effective and
readily available tool that reflects multiorgan dysfunction
is the model for end-stage liver disease (MELD), which
evaluates cardio—hepatic and cardio-renal interactions
simultaneously [4-6]. The MELD scoring system can
be used to measure the degree of renal and liver
dysfunction based on creatinine and bilirubin serum
concentrations and the international normalized ratio
(INR), but it can be inaccurate in patients receiving oral
anticoagulants [4]. Heuman et al. developed the model
for end-stage liver disease excluding INR (MELD-XI)
score, which is based only on creatinine and bilirubin
levels, to predict mortality in patients with cirrhosis
[7]. The MELD-XI scoring system omits the INR from
the calculation and remains accurate even in patients
with HF receiving oral anticoagulants. Considering
the frequent use of anticoagulant therapy in patients
with advanced HF, the authors sought to analyse the
prognostic value of the MELD-XI score during the three-
year follow-up. Furthermore, the aim was to analyse
other factors independently associated with the primary
end-point in the analysed group of patients during the
three-year follow-up.

Material and methods

The data from 417 patients with adHF [New York
Heart Association (NYHA) classes IlI-IV] who underwent
planned hospitalization in the Cardiology Department
between March 2011 and March 2017 [1] was retro-
spectively analysed.

For the analysis, patients on optimal guideline-di-
rected therapy with reduced left ventricular ejection
fraction (LVEF) < 30% and with at least two episodes
of documented pulmonary or systemic congestion

requiring high-dose intravenous diuretics (or diuretic
combination) within the last 12 months were included
[1-3].

The exclusion criteria from the study were acute
HF, inotropic support or inflammatory disease at
presentation, haematologic disorders, any previous
heart surgery, device implantation within the previous
6 months (MCS, implantable cardioverter-defibrillator
[ICD], cardiac resynchronization therapy-defibrillator
[CRT-D]), irreversible renal dysfunction (glomerular
filtration rate < 30 ml/min/1,73 m?), chronic liver dis-
ease, severe chronic obstructive pulmonary disease,
haematologic, autoimmune or neoplastic disorders and
incomplete clinical and laboratory data. Patients who
underwent HT or MCS (N = 124) during the follow-up
were excluded from the analysis. Data on patient medi-
cal history, physical examination, clinical characteristics,
anthropometric measurements, laboratory, echocardio-
graphic and haemodynamic results obtained at the time
of index hospitalization were collected by reviewing the
electronic records.

Optimal medical therapy, including beta-blockers,
mineralocorticoid receptor antagonists and angio-
tensin—converting enzyme inhibitors or angiotensin
receptor blockers, was carried out in all patients for at
least 3 months. The primary endpoint of the study was
the all-cause mortality during the three-year follow-up.

The study was conducted in line with GCP and
the Declaration of Helsinki. Approval for this study
was obtained from the Institutional Review Board at
the Medical University of Silesia (approval number:
PCN/CBN/0052/KB/194/22). This work was supported
by an internal grant from the Medical University of Silesia
(grant No PCN-1-089/N/2/K; to BS-J).

Laboratory measurements

The complete blood count, including haemoglobin
(HGB), platelets (PLT) and white blood cell count (WBC)
with differential count, was determined using automat-
ed blood cell counters (Sysmex XS1000i and XE2100,
Sysmex Corporation, Kobe, Japan). Cholesterol, creat-
inine, urea, uric acid, total bilirubin, albumin, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and gamma-glutam-
yltranspeptidase (GGTP) plasma levels were measured
using a COBAS Integra 800 analyser (Roche Instrument
Center AG, Rotkreuz, Switzerland). Plasma C-reactive
protein (CRP) was detected using a highly sensitive
latex-based immunoassay with a Cobas Integra 70 anal-
yser (Roche Diagnostics, Ltd.). Acommercially available
kit from Roche Diagnostics (Mannheim, Germany) on
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an Elecsys 2010 analyser with an analytical sensitivity
of < 5 pg/mL was used to measure the plasma con-
centration of N-terminal pro-hormone of brain natriuretic
peptide (NT-proBNP).

The platelet-to-lymphocyte ratio (PLR) was deter-
mined by dividing the platelet count by the absolute
lymphocyte count. The MELD-XI was calculated using
the following formula [8]:

MELD-XI =5.11 X Intotal bilirubin [mg/dL] + 11.76 X In
creatinine [mg/dL] + 9.44

Statistical analysis

Statistical analyses were performed using SAS
software (version 9.4; SAS Institute, Inc., Cary, NC).
Categorical data are described as numbers with per-
centages. Continuous data are presented as the means
(standard deviations) for normally distributed variables
or medians with upper and lower quartiles for nonnormal
distributions. Differences between groups were com-
pared using the Student’s t-test or the Mann-Whitney
U test for continuous variables or chi-square analysis
for noncontinuous variables. P-value < 0.05 was con-
sidered statistically significant.

Cox proportional hazard regression analysis was
used to select factors associated with three-year mor-
tality. Cox univariate proportional analysis was used to
select potential independent predictive factors of death
for inclusion in the multivariate analysis. The examined
covariables included ischaemic aetiology of HF, NYHA
class, hyperlipidaemia, lymphocytes, platelets, creati-
nine, total bilirubin, urea, ALT, ALP, body mass index,
PLR, urea, uric acid, sodium, MELD-XI, GGTP, hs-CRP,
NT-proBNP, VO,max and statin use. The univariate pre-
dictors of death with p-value < 0.2 were entered into the
multivariate Cox regression model with stepwise back-
ward elimination. The tolerance and variance inflation
factors were used to assess the correlation between
explanatory variables and to assess multicollinearity.
Schoenfeld residuals were used to check the propor-
tional hazards assumption. The results are presented as
hazard ratios (HRs) with 95% confidence intervals (Cls)
and the corresponding values of statistical significance.

Receiver operator characteristics (ROC) curves were
plotted and the Youden index was used to determine
the cut-off for the parameters that were significant in
the multivariate analysis. The prognostic strength of
biomarkers for predicting three-year mortality was
evaluated by calculating each area under the ROC
curve (AUC), sensitivity, specificity, negative predictive
value, positive predictive value, negative likelihood ratio,

positive likelihood ratio, and accuracy. Kaplan-Meier
curves with the log-rank test were performed to compare
mortality rates in patients dichotomized according to
the cut-off values from the ROC curves for biomark-
ers. P-value < 0.05 was considered statistically sig-
nificant.

Results

The final study population included 293 patients
with adHF. The median age of the participants was
56.00 (51.00-61.00) years, and 272 of them (92.8%)
were male. Patients were classified as profiles 4 to
6 according to the Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS) scale and
NYHA class Il to IV. All of them were on optimal medical
and device therapy in accordance with the guidelines
of the European Society of Cardiology [2, 3]. The mor-
tality rate during the three-year follow-up was 54.6%.
The baseline characteristics of all the patients as well
as the survival and nonsurvival groups are presented
in Table 1. The results of the univariate and multivariate
analyses are presented in Table 2.

The areas under the curves of PLR (AUC 0.8795)
and MELD-XI (AUC 0.8052) have good sensitivities
and specificities, which allows for the prediction of
mortality during a three-year follow-up. According to
the Kaplan-Meier analysis higher PLR value, higher
uric acid concentrations, higher MELD-XI score and
lower serum sodium concentrations were associated
with a significantly worse three-year survival. Table
3 presents a summary of ROC curve analysis for se-
lected biomarkers. Figure 1A-H presents ROC Curves
(left) and Kaplan-Meier survival curves (right) for: A, B
— PLR values; C, D — uric acid serum concentration;
E, F — sodium serum concentrations; G, H — MELD-
-Xl values.

Discussion

Based on this single-centre study, it was found that
the MELD-XI score was the strongest predictor of three-
-year mortality in the analysed group of patients. The
MELD-XI score outperforms classical parameters of as-
sessing renal and liver function regardless of anticoagu-
lation. Other factors associated with three-year mortality
were PLR, uric acid and sodium serum concentrations.

The MELD-XI scoring system reflecting congestive
hepatopathy and altered renal function is a modification
of the classical MELD score and is calculated utilizing

www.journals.viamedica.pl/medical_research_journal

279



MEDICAL RESEARCH JOURNAL 2023, vol. 8, no. 4

Table 1. Baseline characteristics of the study population

All the patients Survival Nonsurvival P-value
N = 293 N =133 N = 160

Age, years 56.0 (51.0-61.0) 57.0 (50.0-61.0) 56.0 (51.0-60.0) 0.3965
Male, n (%) 272 (92.8) 126 (94.7) 146 (91.3) 0.2493
Ischaemic aetiology of HF, n (%) 147 (50.2) 81 (60.9) 66 (41.3) < 0.001
BMI, kg/m? 26.6 (3.8) 27.9 (3.6) 25.5 (3.6) < 0.001
NYHA IIl, n (%) 220 (75.1) 118 (88.8) 102 (63.7) < 0.001
NYHA IV, n (%) 73 (24.9) 15 (11.3) 58 (36.3) < 0.001
Hypertension, n (%) 143 (48.8) 70 (52.6) 73 (45.6) 0.2323
Type 2 diabetes, n (%) 131 (44.7) 57 (42.9) 74 (46.3) 0.5609
Hyperlipidaemia, n (%) 142 (48.5) 79 (59.4) 63 (39.4) < 0.001
Persistent AF, n (%) 133 (45.4) 60 (45.1) 73 (45.6) 0.9301
WBC, x 109/L 7.7 (6.6-8.9) 7.7 (6.6-8.9) 7.9 (6.6-9.1) 0.7932
Lymphocytes, x 109/L 1.7 (1.3-2.1) 1.9 (1.5-2.2) 1.5 (1.2-1.9) < 0.001
Platelets, x 109/L 222.0 (179.0-275.0) 190.0 (161.0-226.0) 258.0 (209.5-287.0) < 0.001
PLR 137.3 (105.9-174.4) 104.1 (81.6-129.8) 165.4 (136.7-205.9) < 0.001
Haemoglobin, mmol/L 8.8 (8.1-9.5) 8.80 (8.3-9.5) 8.8 (8.0-9.6) 0.3601
Creatinine, umol/L 107.0 (92.0-130.0) 99.0 (89.0-117.0) 119.0 (99.0-136.0) < 0.001
Total bilirubin, umol/L 20.6 (14.2-28.6) 15.5 (11.2-20.2) 25.5 (20.1-35.9) < 0.001
Uric acid, umol/L 495.6 (146.9) 451.1 (133.7) 532.6 (147.5) < 0.001
Urea, umol/L 8.8 (6.4-12.2) 8.1 (6.1-10.7) 9.3 (7.1-13.0) 0.0046
AST, U/L 25.0 (21.0-33.0) 25.0 (21.0-33.0) 25.0 (20.0-32.0) 0.4893
ALT, UL 23.0 (18.0-35.0) 27.0 (18.0-36.0) 22.0 (16.0-33.0) 0.0116
ALP, U/L 86.0 (68.0-122.5) 81.0 (63.0-105.0) 94.0 (74.0-130.0) 0.009
GGTP, U/L 102.0 (54.0-182.0) 89.0 (45.5-154.0) 115.0 (60.0-210.0) 0.0471
LDL, mmol/L 2.4 (1.9-3.1) 23(1.9-2.8) 2.5(1.8-3.3) 0.3050
Hs-CRP, mg/L 41 (1.7-11.1) 3.6 (1.6-8.2) 5.2 (1.9-13.2) 0.0457
MELD-XI 11.7 (11.1-15.8) 11.6 (9.9-13.7) 14.9 (13.1-17.3) < 0.001
Sodium, mmol/L 137.0 (133.0-141.0) 140.0 (137.0-142.0) 134.0 (131.0-138.0) < 0.001
NT-proBNP, pg/mL 3688.0 (2076.0-6876.0)  3239.0 (1421.0-5470.0)  4099.5 (2544.0-8137.5) < 0.001
LA, mm 51.0 (46.0-55.0) 51.0 (47.0-54.0) 51.0 (46.0-56.0) 0.5762
LVEDd, mm 74.0 (67.0-81.0) 73.9 (10.2) 74.25 (10.9) 0.8191
LVEF, % 20.0 (16.0-23.0) 20.0 (17.0-23.0) 20.0 (16.0-22.0) 0.4367
B-blockers, n (%) 282 (96.2) 130 (97.7) 152 (95) 0.2186
ACEI/ARB, n (%) 281 (95.9) 128 (96.2) 153 (95.6) 0.7912
Loop diuretics, n (%) 293 (100) 133 (100) 160 (100) 0.6076
MRA, n (%) 280 (95.6) 128 (96.2) 152 (95) 0.6076
Statin, n (%) 203 (69.3) 104 (78.2) 99 (61.9) 0.0026
ICD/CRT-D, n (%) 293 (100) 133 (100) 160 (100)
VO, max, mL/kg/min 13.00 (11.1-15.4) 14.1 (12.1-16.5) 12.1 (10.5-14.4) < 0.001

ACEI — angiotensin-converting enzyme inhibitor, AF — atrial fibrillation, ALP — alkaline phosphatase, ALT — alanine aminotransferase, ARB — angio-
tensin Il receptor blocker, AST — aspartate aminotransferase, BMI — body mass index, CRT-D — cardiac resynchronization therapy-defibrillator, GGTP
— y-glutamy! transpeptidase, HF — heart failure, hs-CRP — high-sensitivity C-reactive protein, ICD — implantable cardioverter-defibrillator, LA — left
atrium, LDL — low-density lipoprotein, LVEDd — left ventricular end-diastolic dimension, LVEF — left ventricular ejection fraction, MELD-XI — model

for end-stage liver disease excluding INR, MRA — mineralocorticoid receptor antagonists, NT-proBNP — N-terminal prohormone of brain natriuretic
peptide, NYHA — New York Heart Association, PLR — platelet to lymphocyte ratio, VO2max — maximal oxygen uptake, WBC — white blood cell
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Table 2. Univariate and multivariate analyses of factors

Parameter Univariate data Multivariate data

HR [95% CI] P-value HR [95% CI] P-value
BMI2 1.131 [1.085-1.181] < 0.0001
PLRb 1.140 [1.120-1.160] < 0.001 1.100 [1.080-1.130] < 0.001
Ureab, umol/L 1.046 [1.021-1.072] 0.0002
Uric acid®, mmol/L 1.020 [1.010-1.040] < 0.001 1.013 [1.002-1.024] 0.0169
Sodium?, mmol/L 1.139 [1.253-1.388] < 0.001 1.079 [1.044-1.115] < 0.001
MELD-XI 1.319 [1.253-1.388] < 0.001 1.197 [1.131-1.267] < 0.001
GGTP, U/L 1.001 [1.000-1.002] 0.0870
Hs-CRP, mg/L 1.013 [1.002-1.023] 0.0176
NT-proBNP®, pg/mL 1.100 [1.098-1.115] < 0.0001
VO2max, mL/kg/min 1.145 [1.089-1.203] < 0.0001
Statind 1.618 [1.174-2.232] 0.0033

aper 1 unit decrease, Pper 10 unit increase, °per 100 unit increase, 9no therapy, Cl — cardiac index, Cl — confidence interval, other abbrevia-

tions — see Table 1

Table 3. A summary of receiver operating characteristic curves analysis for analysed biomarkers

AUC P-value Cut-off Sensitivity Specificity PPV NPV Accuracy
[+ 95% CI] [+ 95% CI] [+ 95%CI] [+95%CIl] [+ 95% CI]

PLR 0.8795 <.001 >126.9 0.84 0.73 0.79 0.79 0.79
[0.8422-0.9168] [0.77-0.89] [0.65-0.80] [0.72-0.85] [0.71-0.86]  [0.74-0.83]

Uricacid 0.657 [0.5944-0.7189] < .001 >529 0.51 0.76 0.72 0.56 0.62
[0.43-0.59] [0.68-0.83] [0.63-0.80] [0.49-0.64]  [0.57-0.68]

Sodium 0.7487 <.001 <136 0.65 0.75 0.76 0.64 [0.56-0.72] 0.70
[0.6926-0.8047] [0.57-0.72] [0.67-0.82] [0.68-0.83] [0.64 -0.75]

MELD-XI 0.8052 <0.05 >137 0.70 0.74 0.77 0.68 [0.60-0.75] 0.72
[0.7565-0.8538] [0.63-0.78] [0.66-0.82] [0.69-0.83] [0.67-0.77]

AUC — area under the curve, Cl — confidence intervals, MELD-XI — model for end-stage liver disease excluding INR, NPV — negative predictive

value, PLR — platelet to lymphocyte ratio, PPV — positive predictive value

the serum bilirubin and creatinine concentrations. The
pathophysiology of renal and liver dysfunction due to
adHF is associated with poor organ perfusion and pas-
sive venous congestion, which develops following right
ventricular failure and elevated right atrial pressures [8].
Biochemical markers of cholestasis, including bilirubin
and ALP concentrations, are increased in the serum
of patients with systemic congestion and elevated
right-sided filling pressure and reflect the first stage of
liver dysfunction in HF — congestive hepatopathy [9].
Long-term congestive hepatopathy leads to liver cell
necrosis, cirrhosis and higher transaminase serum con-
centrations. Furthermore, the reason for transaminase
elevation in HF is hypoperfusion due to hypotension
and tachycardia. This stage of liver failure is a contra-
indication to HT.

Several studies have evaluated the prognostic utility
of the MELD-XI score in patients with acute and chronic
HF [5, 6, 11]. In the study of Gotou et al., MELD-XI
scores predicted a worse postdischarge prognosis
during a median follow—up of 19 months in hospital-
ized patients with HF and reduced LVEF [10]. Lin et
al. [11] showed that the MELD-XI score can be used
to assess three-year prognosis in hospitalized patients
with chronic HF. Analysed patients in their study group
were older (median age 76 years) than in the following
study; furthermore, only in 20% of patients reduced
LVEF was observed. Saito et al. found that a higher
MELD-XI score was associated with all-cause mortality
during 30 (9-67) months of follow-up in patients with
HF undergoing CRT-D [12]. Hepatorenal impairment
in this study group was associated with the severity of
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Figure 1. Receiver operating characteristic curves (left) and Kaplan-Meier survival curves (right) for: A, B— PLR values,
C, D — uric acid serum concentrations, E, F — sodium serum concentrations, G, H — MELD-XI values

HF, lower CRT-D response rate, older age and multiple
comorbidities [12]. It must be emphasized that the pa-
tients were older (median age 67 years) and the LVEF
was higher (median 30%) than in the current study
group, and only 8% of patients presented with NYHA
IV functional class.

Another factor associated with three-year mortality
in the analysed study group was PLR, a systemic in-
flammatory marker that has been used in recent years
in many studies for risk assessment in cardiovascular
diseases [13]. PLR, which reflects inflammation and is
calculated from lymphocyte and platelet counts, is easy
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to detect and can be obtained through routine blood
testing in each patient. Chronic inflammation, in which
WBCs and their subtypes play major roles, is associated
with HF development, progression and poor outcomes
[14]. A higher PLR reflects thrombocytosis caused by
intensified proliferation and maturation of megakaryo-
cytes, activation of platelets by cytokines and lympho-
penia [13, 14]. In turn, lymphopenia in HF is caused by
activation of the hypothalamic-pituitary-adrenal axis and
increased apoptosis of lymphocytes. The stimulation
of inflammation causes the release of some proteo-
lytic enzymes and proinflammatory cytokines, which
leads to the activation of platelets [14]. Furthermore,
chronic inflammation is associated with megakaryocyte
proliferation and maturation, which leads to relative
thrombocytosis [15]. In turn, platelets interact with en-
dothelial cells and leukocytes and release inflammatory
substances, leading to the adhesion of monocytes to
the vascular wall in macro- and micro-circulation [16].
High cytokine levels, disturbances in microcirculation
and increased inflammation lead to ischaemia and
myocardial remodelling [17]. Thus, increased platelet
count and lymphocytopenia may result in cardiac ad-
verse events and decreased survival [18].

The current study also demonstrated that the so-
dium serum level reflecting neurohormonal activation
with a leading role of arginine vasopressin (AVP) is an
independent predictor of mortality in the current study
group. In HF patients, the neurohormonal axis acts in
a maladaptive way, generating excessive retention of
sodium and water and perpetuating systemic conges-
tion [19]. Reduced baroreceptor stimulation due to
decreased cardiac output and systemic hypoperfusion
along with activation of the sympathetic nervous sys-
tem and renin-angiotensin-aldosterone axis leads to
increased secretion of AVP [19]. The release of AVP
causes reabsorption of free water in the renal collecting
ducts and dilution of plasma sodium concentration and
increases systolic and diastolic cardiac wall tension.
There is a close association between serum sodium
levels and plasma neurohormone concentrations, such
as angiotensin Il, norepinephrine and renin, which
cause cardiac myocyte hypertrophy and necrosis and
influence poor outcomes in HF patients [19]. Lower
serum sodium levels may be a marker of neurohormon-
al activation, reflecting systemic congestion and the
severity of HF [20]. Several studies have identified the
relationship between hyponatremia and outcomes in HF
patients [21, 22]. Adrogué showed that hyponatremia
represented the most common electrolyte disorder
among HF patients and was associated with the se-
verity of HF, morbidity and hospital readmissions [21].

In a meta-analysis, Rusinaru et al. showed that lower
serum sodium concentrations were associated with
mortality in a population of patients with HF [22]. Lee
and Packer, in a group of patients with adHF, found
that lower serum sodium concentrations were asso-
ciated with higher mortality rates [23]. Deubner et al.
performed an analysis of 1000 consecutive HF patients
showing that hyponatremia was associated with a sig-
nificantly increased risk of mortality [24]. Yoo et al.
found that hyponatremia represented an independent
predictor of 12-month mortality in patients with HF [25].

Numerous studies have noted that hyperuricemia
is a frequent metabolic derangement observed in HF
[26-30]. The following data support prior analyses that
have shown the association between higher uric acid
serum concentrations and an increased risk of death
in patients with HF during long-term follow up [26, 27].
Although the prognostic value of uric acid has been
established in HF, the exact mechanisms behind the
relationship between its levels and outcome have not
yet been fully clarified. Hyperuricemia may be a result
of increased uric acid production due to upregulated
xanthine oxidase activity. Xanthine oxidase arises from
xanthine dehydrogenase in conjunction with inflam-
matory cytokines. Xanthine oxidase can produce free
oxygen radicals that can lead to cardiac and vascular
tissue injury and contribute to cardiac remodelling and
HF [27, 28]. Furthermore, plasma uric acid accumula-
tion in HF patients is associated with diuretic-induced
impaired uric acid excretion. Otherwise, angiotensin
Il also increases uric acid reabsorption, reducing its
excretion. Additionally, noradrenaline increases serum
uric acid levels through renal haemodynamic changes,
but the mechanism is poorly understood [29]. Several
other factors regulate the reabsorption of uric acid in
the proximal tubule and influence its serum levels, such
as decreased intravascular volume, low salt diet, and
intake of alcohol or common medications (salicylates,
diuretics). Moreover, some medical conditions, such as
renal insufficiency, diabetes, obesity or hypertension,
are associated with higher uric acid serum levels [30].

This study had several limitations which were mostly
associated with its retrospective nature. First, the deci-
sion to collect laboratory data in the study population
was based on individual physician decisions. Second,
there was no complete data on all patients, so the data
of some patients were omitted. In addition, the follow-
ing analysis was performed before the introduction of
new drugs, such as angiotensin receptor neprilysin
inhibitors and sodium-glucose co-transporter-2 inhibi-
tors. Furthermore, this was a single-centre study, which
might have led to unmeasured selection bias. These
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results will need to be replicated in a larger, prospective
cohort of patients to verify the current findings. Notably,
the analysed patients underwent HT evaluation, which
is why the data on hepatitis serology was available,
and the possibility that these patients were exposed to
hepatotropic viruses and had an ongoing injury from
chronic hepatitis could be excluded.

Conclusions

In conclusion, hepatorenal dysfunction, as mea-
sured using the MELD-XI score, predicts mortality in
the analysed group of patients with adHF during the
three-year follow-up. MELD-XI is an accurate measure
of renal and liver dysfunction regardless of anticoagu-
lation, which can augment the traditional MELD score
and can be used when the INR is not available. Other
factors associated with the three-year mortality rate in
the analysed group of patients are higher PLR ratio
values, higher uric acid and lower serum sodium con-
centrations.
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