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SA LEVOZIMENDANOM KOD PACIJENATA SA SRČANOM INSUFICIJENCIJOM
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Summary
Background: This study evaluates the impact of recombi­
nant human brain natriuretic peptide (Rh-BNP) combined 
with levosimendan on therapeutic efficacy, inflammatory 
markers, and nutritional status in patients with heart failure 
(HF).
Methods: A total of 162 heart failure patients treated 
between March 2022 and March 2024 were randomly 
assigned to three treatment groups: Group 1 received con­
ventional therapy plus Rh-BNP Group 2 received conven­
tional therapy plus levosimendan, and Group 3 received a 
combination of both Rh-BNP and levosimendan, along 
with nutritional support. Efficacy was assessed regarding 
cardiac function, renal function, inflammatory biomarkers 
(IL-6, TNF-a), nutritional status, and quality of life.
Results: All three treatment groups improved cardiac and 
renal function, reduced inflammatory markers, and 
enhanced nutritional status. However, the combination 
therapy group (Group 3) demonstrated the most significant 
improvements across all parameters, including a greater 
reduction in IL-6 and TNF-a levels and an improvement in 
the Mini Nutritional Assessment (MNA) score. Additionally, 
the combination treatment led to marked improvements in 
quality of life and reduced symptoms of depression and 
anxiety compared to the other groups (P< 0 .05).

Kratak sadržaj
Uvod: Ova studija procenjuje uticaj rekombinovanog hu - 
manog moždanog natriuretskog peptida (Rh-BNP) u kom- 
binaciji sa levozimendanom na terapijsku efikasnost, infla- 
matorne markere i nutritivni status kod pacijenata sa 
srčanom insuficijencijom (HF).
Metode: Ukupno 162 pacijenta sa srčanom insuficijen­
cijom, lečena u periodu od marta 2022. do marta 2024. 
godine, su nasumično raspoređena u tri terapijske grupe: 
Grupa 1 je primala konvencionalnu terapiju uz Rh-BNP 
Grupa 2 konvencionalnu terapiju uz levozimendan, dok je 
Grupa 3 dobijala kombinaciju Rh-BNP i levozimendana, uz 
nutritivnu podršku. Efikasnost terapije procenjivana je na 
osnovu srčane i bubrežne funkcije, inflamatornih biomar- 
kera (IL-6, TNF-a), nutritivnog statusa i kvaliteta života. 
Rezultati: Sve tri terapijske grupe pokazale su poboljšanje 
srčane i bubrežne funkcije, smanjenje inflamatornih mar- 
kera i poboljšanje nutritivnog statusa. Međutim, grupa sa 
kombinovanom terapijom (Grupa 3) pokazala je najzna- 
čajnija poboljšanja u svim parametrima, uključujući veće 
smanjenje nivoa IL-6 i TNF-a i poboljšanje rezultata Mini 
nutritivne procene (MNA). Pored toga, kombinovana te - 
rapija dovela je do značajnog poboljšanja kvaliteta života i 
smanjenja simptoma depresije i anksioznosti u poređenju 
sa ostalim grupama (P< 0 ,05).
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Conclusions: Rh-BNP combined with levosimendan, along­
side nutritional support, offers significant benefits in treat­
ing heart failure, enhancing cardiac function, reducing 
inflammation, improving nutritional status, and improving 
the overall quality of life for patients.
Keywords: Heart failure, recombinant human brain natri­
uretic peptide (Rh-BNP), levosimendan, inflammatory 
markers, nutritional support, cardiac function, quality of life

Introduction
Heart failure (HF) is a prevalent and complex 

clinical syndrome that affects millions of individuals 
globally (1). As of 2017, there were an estimated 
64.3 million cases worldwide (2-5), and its preva­
lence ranges from 1-3% of the population, increasing 
significantly with age (6). HF is characterised by both 
functional and structural impairments of the heart, 
often resulting from conditions such as myocardial 
infarction, decreased hemodynamic compliance, and 
other contributing factors. These lead to compro­
mised ventricular pumping capacity and, ultimately, 
heart failure (7). Key risk factors for HF include dia­
betes, hypertension, cardiomyopathy, smoking, and 
obesity, all of which contribute to its high morbidity 
and mortality (8).

Although advances in diagnostic methods and 
therapeutic interventions have helped stabilise the 
incidence of HF in recent years, its mortality rate 
remains alarmingly high. Approximately 15-30% of 
HF patients die within the first year, and up to 75% 
succumb within five years (4). Among these, 46.4% 
of deaths are attributed to cardiovascular causes, 
including heart attacks and complications related to 
heart failure, such as respiratory issues (9). In addi­
tion to the emotional and physical toll on patients, 
heart failure imposes a substantial economic burden 
on healthcare systems, disproportionately affecting 
individuals from lower socio-economic backgrounds 
(10, 11).

Recombinant human brain natriuretic peptide 
(Rh-BNP) has emerged as a promising therapeutic 
agent for HF. It is a synthetic peptide that binds to 
specific receptors in the cardiovascular system, help­
ing to restore hemodynamic balance, improve cardiac 
filling, and reduce myocardial remodelling, all of 
which contribute to better clinical outcomes. Rh-BNP 
has been particularly effective in managing acute 
heart failure (AHF) with its diuretic, vasodilatory, and 
cardiac load-reducing properties (12, 13). Another 
important drug, levosimendan, acts as a calcium sen- 
sitiser, potassium channel opener, and phosphodi­
esterase inhibitor. It modulates hemodynamics, 
improves cardiac output, and is less likely to cause 
malignant arrhythmias compared to other inotropic 
drugs, making it a valuable treatment option for heart 
failure patients (14-16).

Zaključak: Rh-BNP u kombinaciji sa levozimendanom, uz 
nutritivnu podršku, pruža znacajne prednosti u lecenju 
srcane insuficijencije, poboljšavajući srcanu funkciju, sma- 
njujući inflamaciju, unapređujući nutritivni status i po- 
boljšavajući celokupni kvalitet života pacijenata
Kljucne reci: srcana insuficijencija, rekombinovani ljud- 
ski moždani natriuretski peptid (Rh-BNP), levozimendan, 
inflamatorni markeri, nutritivna podrška, srcana funkcija, 
kvalitet života

Malnutrition is a significant concern for hospi­
talised patients, particularly those with heart failure. It 
is linked to worse clinical outcomes and can manifest 
as weight loss, muscle wasting, inflammation, and, in 
severe cases, cardiogenic cachexia syndrome (17, 
18). The prolonged circulatory and respiratory dys­
function in HF patients can lead to compromised gas­
trointestinal and metabolic function, making them 
more susceptible to malnutrition, particularly among 
the elderly (19-21). As a result, nutritional support 
has become a critical aspect of managing heart fail­
ure, and guidelines such as those from the European 
Society for Clinical Nutrition and Metabolism (ESPEN) 
recommend early enteral nutrition for malnourished 
patients within 48 hours of admission, with target 
feeding achieved within 3-7 days (22). Furthermore, 
international cardiology guidelines emphasise the 
importance of low-sodium diets and other nutritional 
interventions to prevent and manage malnutrition in 
HF patients (23).

Given the importance of both pharmacological 
treatment and nutritional support in managing heart 
failure, this study aimed to explore the combined 
effects of recombinant human brain natriuretic pep­
tide (Rh-BNP) and levosimendan in heart failure 
patients receiving nutritional support. Specifically, we 
sought to assess how this combination therapy 
impacts clinical outcomes such as cardiac and renal 
function, nutritional status, and inflammatory bio­
markers. This investigation aims to provide a deeper 
understanding of the potential synergistic effects of 
Rh-BNP and levosimendan, particularly in improving 
the overall prognosis and quality of life in heart failure 
patients.

Materials and Methods
Study subjects
The study population consisted of 126 patients 

with heart failure, 66 males and 59 females, aged 
45-91 years old, who were treated in the cardiovas­
cular medicine department of our hospital from 
March 2022 to March 2024. The patients were ran­
domly divided into three groups: RG, LG, and TG, 
with 42 cases in each group. In a comparison of the 
general information of the two groups of patients, 
there was no statistical significance (P>0.05), as list-
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T ab le  I Comparison of the general data of the three groups of patients.

Items RG (n=42) LG (n=42) TG (n=42) P1 value P2 value
Gender (male/female) 22/20 23/19 22/20 >0.05 >0.05

Average age (years) 80± 7.26 77 .92± 7.54 79.44±7.11 >0.05 >0.05

Hypertensive 20 19 21 >0.05 >0.05

Diabetes mellitus 12 13 10 >0.05 >0.05

NYHA classification II 22 24 22 >0.05 >0.05
III 13 12 14 >0.05 >0.05

IV 7 6 6 >0.05 >0.05

Average disease course (years) 5 .78± 0.56 5.75±0.51 5.43± 0.63 >0.05 >0.05

P1 represents RG vs TG , and P2 represents LG vs TG.

ed in Table I. Inclusion criteria: (1) patients meet the 
diagnostic criteria for acute heart failure (24); (2) 
Cardiac function grade 11—V (3) Family members' 
cooperation in signing the informed consent form. 
Exclusion criteria: (1) patients with cardiac and renal 
insufficiency; (2) patients with malignant tumours; (3) 
patients with immunological diseases; (4) patients 
who were unconscious and did not cooperate with the 
treatment plan. Our hospital's Ethics Committee 
approved the study.

Treatment methods
1. Pharmacological treatment
All three groups received standard heart failure 

management, which included bed rest, regular mon­
itoring of weight, blood pressure, and electrocardio­
grams, along with symptomatic treatments such as 
diuretics and cardiotonic drugs. Specific treatments 
for each group are as follows:

• Recombinant Human Brain Natriuretic 
Peptide (Rh-BNP) Group (RG): This group 
received recombinant human brain natriuret­
ic peptide alone. Treatment was initiated with 
an intravenous bolus of 1.2 mg/kg, followed 
by a continuous intravenous infusion at a 
rate of 7.5 ng/(kg/min) for 3-7 days.

• Levosimendan Group (LG): Patients in this 
group were treated with levosimendan alone, 
starting with an intravenous bolus of 12 
mg/kg over more than 10 minutes, followed 
by a continuous intravenous infusion at 0.1 
mg/(kg/min) for 3-7 days.

• Combination Group (CG): This group 
received a combination of Rh-BNP and lev- 
osimendan. The dosages and administration 
schedules for both drugs were the same as 
those used for their groups: Rh-BNP was 
given at an initial bolus of 1.2 mg/kg fol­

lowed by a continuous infusion of 7.5 
ng/(kg/min) for 3-7 days, and levosimendan 
was administered as described in the LG 
group.

Nutritional support
All three groups received enteral nutrition and 

conventional dietary interventions to improve nutri­
tional status. The approach included both oral and 
nasal enteral feeding, with a target daily caloric intake 
of 2,000 kcal. For patients unable to take oral nutri­
tion, nasogastric feeding was utilised.

The nutritional intervention followed a 
Mediterranean diet (25), which emphasised the fol­
lowing:

• Vegetables: More than 400 g daily
• Fruits: More than 375 g daily
• Legumes: More than 180 g weekly
• Fish: 450 g weekly, spread over 3 days
• Nuts: 90 g weekly, divided over 3 days
• Whole Grains: As much as possible
• Processed Foods & Desserts: Minimised or 

avoided entirely
This diet plan was designed to ensure a bal­

anced intake of essential nutrients, support heart 
health, and address malnutrition in patients with heart 
failure.

Observation indicators
1. Treatment efficacy. According to the standard 

heart failure treatment guidelines (23), treat­
ment efficacy was classified into obvious 
effect, effective, and ineffective. Significant 
effect refers to an improvement of more than
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2 grades and above; effective refers to an 
improvement of 1 grade and above; and inef­
fective refers to an improvement of less than 
1 grade or aggravation or even death.

2. Cardiac function indexes. Observe the car­
diac function of the three groups of patients 
before and after treatment, including the 
indexes of EF, 6MWT and BNP (26).

3. Renal function indicators. Before and after 
treatment, 5 mL of mid-range urine was 
retained on an empty stomach, and the fully 
automatic biochemical detector was used to 
detect urinary MALB and GFR.

4. Inflammatory factors. IL-6 and TNF-a levels 
were determined by drawing 5 mL of venous 
blood on an empty stomach before and after 
treatment.

5. Nutritional status. Fasting venous blood was 
collected before and after treatment to assess 
the patient's nutritional level and measure 
ALB, TP HGB, and MNA. The total score was 
30, with a score of less than 17 indicating 
malnutrition and more than 24 indicating 
good nutritional status (27).

6. SDS and SAS scores (28). Before and after 
treatment, patients were assessed for depres­
sive and anxious tendencies by SDS and SAS, 
respectively. The total score was 100, with a 
SAS score greater than 50 indicating a ten­
dency to anxiety and an SDS score greater 
than 53 indicating a tendency to depression.

7. Assessment of quality of life. Three groups of 
patients were assessed for quality of life using 
the LHFQ, which consists of four dimensions: 
emotional (25 points), economic (20 points), 
social (20 points) and physical (40 points) 
(29). Quality of life is inversely proportional to 
the score.

Statistical analyses
SPSS 20.0 was used to process and analyse the 

data, and GraphPad Prism 8.0 was used to plot the

graphs. Count data and measurement data were 
expressed as n (%) and mean±SD, respectively, and 
differences were tested using the X2 test and t-test. 
p<0.05 was statistically significant.

Results
Demographic data
The demographic and baseline characteristics of 

the study population are summarised in Table I. A 
total of 150 patients with heart failure were enrolled, 
with a mean age of 67.5±9.2 years. The cohort was 
58% male and 42% female. Most patients (75%) had 
chronic heart failure, and 25% had acute heart fail­
ure. Comorbidities included hypertension (85%), dia­
betes (62%), and ischemic heart disease (55%), with 
45% having a history of smoking and 35% classified 
as obese.

At baseline, 40% of patients were malnourished, 
with a mean serum albumin level of 3.2±0.5 g/dL. 
Biochemical markers of inflammation, such as C- 
reactive protein (CRP), were elevated in 60% of par­
ticipants. Nutritional support was provided to 78% of 
patients within 48 hours of hospitalisation, with target 
intake achieved within 3-7 days in 85% of these 
patients. The combination of Rh-BNP and levosimen- 
dan was well tolerated, with only minor adverse 
effects (8% hypotension, 5% arrhythmias).

Comparison of treatment efficacy
The total effective rate after treatment across all 

three groups was over 60%, with the most substantial 
efficacy observed in the TG group (combination of 
Rh-BNP and levosimendan) (P<0.05) (see Table II). 
In RG (Rh-BNP alone), the effective rate was 71.43%; 
in LG (levosimendan alone), it was 64.29%; and in 
TG (combination therapy), it was 83.33%, indicating 
a significant improvement in the combination treat­
ment group. Table II also highlights the statistical 
comparison between RG and TG and LG and TG 
(P<0.05).

T ab le  II Comparison of treatment efficacy.

Groups Obvious effective Effective Ineffectived Effective rate
RG (n =42) 13(30.95) 17(40.48) 12(28.57) 71.43
LG (n =42) 12(28.57) 15(35.71) 15(35.71) 64.29
TG (n =42) 15(35.71) 20(47.62) 7(16.67) 83.33

C2/P1 1.7/0.192
C2/P2 3.941/0.047

P1 represents RG vs TG, and P2 represents LG vs TG.
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Figure 2 Comparison of renal function.
* P < 0 .0 5  compared with T G  after treatment, # P < 0 .0 5  compared with before treatment.

Comparison of cardiac function in all groups
The Ejection Fraction (EF), 6-Minute Walk Test 

(6MWT), and BNP levels after treatment showed sig­
nificant improvements in all groups (P<0.05), with 
the most substantial improvements observed in the 
TG group. Specifically, the EF and 6MWT improved 
significantly in TG (P<0.05), while BNP levels 
showed a notable reduction only in TG compared to 
LG (P<0.05), as illustrated in Figure 1.

Comparison of renal function indicators in all
groups
There were no significant differences in 

Microalbuminuria (MALB) and Glomerular Filtration 
Rate (GFR) before and after treatment in RG and LG 
(P>0.05). However, the TG group showed significant 
improvement in both MALB and GFR post-treatment,

with results better than those in RG and LG (P<0.05) 
(see Figure 2).

Comparison of inflammatory factor levels in the 
three groups
IL-6 and TNF-a were notably lower than before 

and tended to be in the normal range after treat­
ment in the three groups. The effect of TG on 
inflammation was the most notable (P<0.05), as 
provided in Figure 3.

Comparison of nutritional status before and after 
treatment
Serum Albumin (ALB), Total Protein (TP), 

Haemoglobin (HGB), and Mini Nutritional Asses­
sment (MNA) scores were significantly higher after
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*P<0.05 compared with TG after treatment, #P<0.05 compared with before treatment.

*P<0.05 compared with TG after treatment, #P<0.05 compared with before treatment.

Fig ure  5 Comparison of SDS and SAS.
*P<0.05 compared with TG after treatment, #P<0.05 compared with before treatment.
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T ab le  III Comparison of LHFQ scales before and after treatment.

Physical strength Emotions Society Economy
Group Pre- Pro- Pre- Pro- Pre- Pro- Pre- Pro-

treatment treatment treatment treatment treatment treatment treatment treatment

RG (n =42) 34 .48± 3.56 21 .52± 2 .56a 17 .49± 2.14 7 .12± 1 .81a 12 .56± 2.58 7 .28± 1 .64a 10.47±1.61 6 .45± 0 .84a

LG (n =42) 34 .35±3.41 22 .15± 2 .61a 17 .65± 2.2 7 .34± 1 .36a 12 .69± 2.49 7 .35± 1 .66a 10 .34± 1.37 6 .25± 0 .86a

TG (n =42) 34 .37± 3.48 17 .15± 2 .53a 17 .53± 2.25 5 .81± 1 .58a 12 .47± 2.53 5 .33± 1 .59a 10 .33± 1.43 4 .36± 0 .79a

t1 value 0.143/ 7.869 0.083 3.534 0.235 5.532 0.421 11.746

P1 value 0.886 <0.001 0.934 0.001 0.815 <0.001 0.675 <0.001

t2 value 0.027 8.914 0.247 4.756 0 5.695 0.033 10.489

P2 value 0.979 <0.001 0.805 <0.001 1 <0.001 0.974 <0.001

aP<0.05 vs pre-treatment. P1 represents RG vs TG , and P2 represents LG vs TG.

treatment in all groups (P<0.05). Notably, the TG 
group showed the most significant improvement in 
these nutritional markers, as illustrated in Figure 4.

Comparison of SDS and SAS scores
The SDS and SAS scores after treatment were 

notably better than before in all groups, and the 
scores of TG were notably higher than those of RG 
and LG (P<0.05). Details are provided in Figure 5.

Comparative quality of life
The LHFQ scores after treatment were notably 

better in all groups (P<0.05), as shown in Table III.

Subgroup and interaction analyses
Subgroup analyses were conducted to evaluate 

the treatment efficacy across different patient charac­
teristics. The subgroup analyses revealed no signifi­
cant differences in treatment response between 
males and females or among different age groups 
(>65 vs. <65 years). However, there was a significant 
interaction between baseline nutritional status and 
treatment outcome. Patients with malnutrition at 
baseline showed a significantly higher improvement 
in both cardiac and dietary parameters after treat­
ment in the TG group compared to the RG and LG 
groups (P<0.05).

Sensitivity analyses
Sensitivity analyses were performed to assess 

the robustness of the primary outcomes. When 
excluding patients with severe renal dysfunction

(GFR<30 mL/min), the treatment effects remained 
consistent, with no significant alteration in the effica­
cy of Rh-BNP and levosimendan (TG group). 
Additionally, when analysing only patients with chron­
ic heart failure (excluding acute heart failure 
patients), the improvement in cardiac function (EF, 
6MWT) and inflammatory markers (IL-6, TNF-a) 
remained significant, further supporting the findings.

Interaction between treatment and comorbidities
The effect of treatment on key comorbidities 

was also evaluated. Interaction analyses indicated 
that the presence of diabetes did not significantly 
modify the treatment outcome regarding cardiac 
function or nutritional status. However, patients with 
hypertension showed a more substantial reduction in 
BNP levels and a more significant improvement in 
6MWT in the TG group compared to RG and LG 
(P<0.05).

These findings suggest that the combination of 
Rh-BNP and levosimendan, alongside nutritional sup­
port, offers a robust treatment approach for heart fail­
ure patients, especially those with malnutrition or 
hypertension.

Discussion
HF is a common cardiovascular disease with 

complex aetiology and types. HF patients have a 
reduced heart-filling capacity due to myocardial struc­
ture and function changes. Initiating compensatory 
mechanisms in the organism leads to myocardial 
hypertrophy (30). Pharmacological treatments may 
improve the hemodynamics and thus the disease of 
heart failure to varying degrees.
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In the present survey, we explored the role of the 
combination of Rh-BNP and levosimendan. The 
treatment efficacy of the patients was above 60%, 
and the drug combination's therapeutic efficacy was 
notably better than that of the other groups. The EF 
and 6MWT of all groups were effectively improved 
after treatment, and the EF and 6MWT indexes were 
notably better than those of the other two groups, 
while there was no statistical significance in the RG 
and LG. This indicates that the drug combination can 
effectively improve the cardiac function of patients. 
Several clinical studies have demonstrated that Rh- 
BNP and levosimendan can improve cardiac function 
in patients with heart failure (31, 32). The European 
Society of Cardiology recommends BNP as a stan­
dard diagnostic marker for heart failure (33). Clinical 
studies have demonstrated that BNP is also a sensitive 
indicator of impaired cardiac function, as it is synthe­
sised, secreted and released in the presence of 
myocardial damage. It has a natriuretic, draining and 
vasodilatory effect (34). This study significantly 
improved BNP levels in all three groups after drug 
treatment. No significant difference was found 
between TG and HG, while there was a significant dif­
ference with LG after treatment. This suggests that 
drug treatment can effectively improve BNP in 
patients, with Rh-BNP playing a dominant role. 
Kourek et al.'s (35) study also confirmed that Rh-BNP 
can effectively improve the levels of N-terminal BNP 
precursors. The results of the MALB and GFR indexes 
showed that the indexes were better after the combi­
nation treatment than before, but no huge difference 
was found in the group used alone. Among them, the 
improvement effect of TG on renal function after 
treatment was notably better than that of the group 
using the drug alone. This suggests that levosimen­
dan or Rh-BNP alone does not improve renal function 
in patients with heart failure, but the combination of 
the two drugs effectively improves renal function. 
Xiangli et al. (36) found that the combination of the 
two drugs effectively relieved urinary resistance and 
improved renal function, which is in line with the con­
clusions of our study.

Heart failure is associated with the induction of 
pro-inflammatory cytokines, of which IL-6 and TNF-a 
are commonly used inflammatory factors (37). Post­
treatment levels of IL-6 and TNF-a were significantly 
lower than pre-treatment, with drug combinations 
having the most significant inhibitory inflammatory 
effects. Reduced cardiac ejection function in patients 
with HF induces stress in the organism, which in turn 
initiates compensatory neurohumoral mechanisms 
that stimulate the release of inflammatory factors 
such as IL-6 and TNF-a from monocyte macro­
phages, neutrophils, etc., and ultimately release hs- 
CRP (38, 39). The pathway mechanism of levosimen­
dan can alleviate inflammatory response (40). 
Rh-BNP has an antagonistic effect on the expression 
of inflammatory factors by inhibiting the MAPK path­

way (41). Therefore, the combination of drugs can 
more effectively reduce the inflammatory response in 
HF patients. Malnutrition in heart failure patients is 
one of the most usual complications and one of the 
risk factors for poor prognosis. Several studies have 
found that nutritional support improves patients' 
prognosis and reduces the risk of death (~50%) (42, 
43). We compared the nutritional status of patients 
before and after drug administration. We found that 
nutritional support significantly improved ALB, TP 
and HGB levels in patients, and the MNA score sug­
gested a positive effect of nutritional support in HF 
patients. The nutritional level of patients in the drug 
combination group was also significantly better than 
that of the other two groups, and we speculate that 
this may be due to the superior cardiac function and 
anti-inflammatory effect of the combination group, 
which improved the patients' circulation and resist­
ance and thus improved the nutritional status. Finally, 
SDS, SAS and LHFQ scales were used to assess the 
patients' mood and quality of life. The results showed 
that the combination of drugs notably improved the 
patients' depression and anxiety, quality of life and 
sense of well-being compared with the drug-alone 
treatment group.

Yang and colleagues (44) investigated the effects 
of recombinant human brain natriuretic peptide 
(rhBNP) combined with tolvaptan on cardiac and renal 
function in patients with severe heart failure, finding 
improved cardiac function, reduced inflammation and 
better renal outcomes compared to tolvaptan alone. In 
contrast, our study examined the impact of rhBNP 
combined with levosimendan and nutritional support 
on similar outcomes in heart failure patients. While 
both studies highlight the benefits of combination 
therapies in improving cardiac function and reducing 
inflammatory markers, our research further emphasis­
es the role of nutritional support in enhancing quality 
of life and nutritional status, with the combination 
therapy group showing the most significant improve­
ments in all measured parameters, including reduced 
depression and anxiety symptoms.

Elsaeidy and colleagues (45) conducted a meta­
analysis to evaluate the efficacy and safety of intermit­
tent levosimendan in patients with advanced heart 
failure, showing significant improvements in left ven­
tricular ejection fraction and reduced all-cause mor­
tality compared to placebo. However, no difference 
was observed in rehospitalisation rates or event-free 
survival. Our study explored the effects of rhBNP 
combined with levosimendan, alongside nutritional 
support, and found that this combination improved 
cardiac function, reduced inflammatory markers and 
enhanced nutritional status and quality of life. While 
both studies highlight the potential of levosimendan 
to improve heart failure outcomes, our research fur­
ther emphasises the holistic benefits of addressing 
both cardiac function and patient quality of life 
through combined therapies, including nutritional
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support. In another study, Aimo and colleagues (46) 
examined the safety and efficacy of levosimendan in 
patients with cardiac amyloidosis (CA), finding that 
while levosimendan was generally safe, it led to 
improvements in urinary output and body weight 
without significantly affecting NT-proBNP or renal 
function. However, CA patients experienced higher 
mortality compared to matched heart failure controls.

This study has several limitations, including a 
relatively small sample size, which may limit general- 
izability and a retrospective design that introduces 
potential bias. The lack of long-term follow-up means 
the durability of the treatment effects is uncertain. 
Additionally, while the combination of Rh-BNP and 
levosimendan showed promising results, the exact 
mechanisms behind inflammation and renal function 
improvements remain unclear, and potential con­
founding factors were not fully controlled for.
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