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This study, part of the HEROES project (HEart failure Risk factOrs and patiEnt Stratification), aimed to 
identify clinical, laboratory, functional, and treatment-related factors associated with hospitalization 
duration (above and below 8 days) in patients admitted for acute decompensated heart failure (ADHF). 
We analyzed 562 Caucasian patients hospitalized due to acute decompensated heart failure (ADHF), 
divided into two groups based on length of stay (LOS): ≤ 8 days (n = 287; 51.07%) and > 8 days (n = 275; 
48.93%). In the ≤ 8 days group, 203 patients (70.73%) were male, while in the > 8 days group, 202 
patients (73.45%) were male. Data on sociodemographic features, clinical characteristics, laboratory 
and imaging findings, treatment details, and patient-reported health status (KCCQ-12) were collected. 
Multivariate logistic regression identified independent predictors of prolonged hospitalization. 
Patients with longer LOS had higher NYHA class (p < 0.001), greater comorbidity burden (p = 0.0019), 
longer intensive cardiac care unit (ICCU) stay (p < 0.001), and higher in-hospital mortality (p = 0.0006). 
They also showed elevated NT-proBNP (p < 0.0001), procalcitonin (p = 0.03), and creatinine (p = 0.0002), 
and lower hemoglobin (p = 0.004), hematocrit (p = 0.014), and sodium (p = 0.0325). In the multivariate 
analysis, independent predictors of prolonged hospitalization included treatment with norepinephrine 
(OR = 18.41), dopamine (OR = 8.62), and oral iron therapy (OR = 3.25). Conversely, protective factors 
associated with a reduced risk of prolonged hospitalization were higher KCCQ-12 scores (OR = 0.98), 
higher systolic blood pressure at admission (OR = 0.99), and prior statin use (OR = 0.56). In the HEROES 
study, prolonged hospitalization among ADHF patients was associated with more severe symptoms of 
heart failure decompensation higher comorbidity load, impaired functional and laboratory parameters 
and need for longer stay in ICCU. Early identification of high-risk patients may facilitate personalized 
management and optimize healthcare resource utilization.
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Abbreviations
ADHF	� Cute decompensated heart failure
HEROES	� HEart failure Risk factOrs and patiEnt Stratification
LOS	� Length of stay
KCCQ-12	� Kansas city cardiomyopathy questionnaire-12
NT-proBNP	� N-terminal pro-B-type natriuretic peptide
OR	� Odds ratio

Heart failure (HF) is a chronic clinical syndrome resulting from the inability to provide an adequate cardiac 
output to meet the metabolic demands of the body at rest or during exertion. This condition may manifest 
as dyspnea, peripheral edema, and progressively reduced exercise tolerance1. HF is independent of LVEF and 
is classify into HFrEF, HFmrEF and HFpEF. Its pathophysiology involves not only hemodynamic alterations, 
but also activation of the sympathetic nervous system, the renin-angiotensin-aldosterone system (RAAS), and 
inflammatory pathways, all of which contribute to cardiac remodeling and disease progression2.

Globally, HF represents a significant epidemiological and clinical challenge. According to data from the early 
second decade of the twenty-first century, its prevalence in the general population is approximately 1–2%, while 
in individuals over the age of 70, it may exceed 10%3. In developed countries, despite advances in the prevention 
and treatment of cardiovascular diseases, the number of patients with HF continues to rise, mainly due to 
population aging and increased survival among patients with coronary artery disease4. Attention should also be 
given to the increasing detection of heart failure with preserved ejection fraction (HFpEF), which prevalence in 
recent years has surpassed that of heart failure with reduced ejection fraction (HFrEF)5.

HF is the leading cause of hospitalization among individuals over 65 years of age, with decompensations 
of HF accounting for millions of hospital admissions annually6. Hospitalizations due to heart failure (HF) are 
associated with a high risk of complications as well as a long-term increase in the risk of mortality and symptom 
recurrence7. Despite significant advances in pharmacological treatment, as well as continuous progress in 
outpatient care and telemedicine, HF remains characterized by a high rate of rehospitalization and imposes a 
substantial burden on healthcare systems8.

The length of hospital stay for patients admitted due to decompensation of heart failure can be highly 
variable, and prolonged hospitalization is associated with worse prognosis, increased risk of hospital-acquired 
complications, and higher healthcare costs9. In the European population, the average length of stay for patients 
with acute heart failure ranges from 7 to 12 days10. Recent studies indicate that a hospital stay longer than 8 days 
due to heart failure is associated with more severity disease at admission and it is associated with increased all-
cause mortality11.

Existing scientific literature has primarily focused on analyzing factors influencing survival12 and the risk 
of rehospitalization13, however, relatively few studies have addressed factors determining the length of hospital 
stay14.

Identifying predictors of prolonged hospitalization may enable earlier implementation of preventive measures, 
optimization of treatment processes, and more efficient use of healthcare resources15. A better understanding of 
factors influencing length of hospital stay may also facilitate the development of individualized discharge and 
rehabilitation plans, minimizing the risk of complications and hospital readmissions.

The aim of this study was to perform a multifactorial assessment of demographic, clinical, biochemical, 
and therapeutic factors associated with hospitalization duration in patients admitted for acute heart failure 
decompensation. By comparing groups hospitalized for ≤ 8 days and > 8 days, we aimed to identify and select 
risk factors and predictive variables for prolonged hospitalization that may contribute to extended hospital stays.

Materials and methods
The analysis was conducted as part of the HEROES study (HEart failuRe ObsErvational Study), a prospective, 
multicenter registry initiated by the Polish Cardiac Society16. The study included both hospitalized patients and 
outpatients with a diagnosis of heart failure. The project was launched on April 2, 2022, and patient recruitment 
was completed on March 27, 2024.

Initially, medical records of 1422 adult patients diagnosed with heart failure were screened. Outpatients 
(n = 278) were excluded, resulting in a cohort of 1144 hospitalized patients. For the purposes of this analysis, only 
hospitalizations due to acute heart failure were considered. Therefore, hospitalizations for other cardiac causes 
unrelated to acute heart failure (n = 373) and cases without confirmed acute heart failure based on diagnostic tests 
(n = 83) were excluded. Additionally, one-day planned admissions without acute heart failure diagnosis (n = 115) 
and patients with missing echocardiographic ejection fraction (EF) data or incomplete medical documentation 
(n = 11) were excluded. Ultimately, 562 hospitalizations met all the following criteria and were included in the 
final analysis: confirmed diagnosis of acute heart failure, availability of echocardiographic data including EF, 
and complete medical records. The primary objective of this study was to identify risk factors associated with 
prolonged hospitalization. The 8-day threshold was determined using cluster analysis, which identified two 
clearly distinct groups with significantly different lengths of hospitalization: group 0—hospitalization ≤ 8 days 
(n = 287) and group 1—hospitalization > 8 days (n = 275). The median length of stay was 6 days (IQR 5–7) in 
the ≤ 8-day group and 13 days (IQR 10–18) in the > 8-day group. There is no universally accepted definition 
of prolonged hospitalization in heart failure; many analyses use thresholds close to the median length of stay 
(typically 7–9 days in Europe). The > 8-day threshold adopted in our study reflects the distribution observed in 
our cohort and is consistent with data from the ESC-HF-LT Registry17. A schematic representation of the patient 
selection process is presented in Fig. 1.
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Analyzed variables
Patients were divided into two groups based on the duration of hospitalization. hospitalized for no longer than 
8 days (≤ 8 days) and those hospitalized for more than 8 days (> 8 days).The study evaluated a comprehensive 
range of categories, including demographic and clinical data, laboratory parameters, imaging studies, 
electrocardiographic features, and pharmacological and interventional treatments administered before 
admission and during hospital stay.

Demographic and clinical variables included age, gender, body mass index (BMI), systolic and diastolic 
blood pressure, heart rate, and New York Heart Association (NYHA) functional class. The clinical profile on 
admission was categorized as cold-dry, cold-wet, warm-dry, or warm-wet. Lifestyle factors included alcohol 
consumption and cigarette smoking, each categorized as current, former, or never. Medical history encompassed 
a comprehensive list of comorbidities and etiological factors for heart failure: arterial hypertension, atrial 

Fig. 1.  Flowchart of study participant inclusion.
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fibrillation, diabetes mellitus, chronic kidney disease (including dialysis dependence), anemia, iron deficiency, 
thyroid disorders, history of myocardial infarction, stable angina, stroke, transient ischemic attack (TIA), 
peripheral arterial disease, cancer, and depression and etiological factors included: ischemic heart disease, 
arterial hypertension, significant valve disease, cardiomyopathies (including inherited genetic, presumed drug-
induced, presumed toxic, confirmed infective, and congenital heart defects), and arrhythmias.

Hospitalization characteristics included the total length of hospital stay and length of stay in the Intensive 
Cardiac Care Unit (ICCU), as well as whether the current hospitalization was the first due to heart failure or a 
recurrent admission.

Symptoms and signs on physical examination included ascites, elevated jugular venous pressure (JVP), 
positive hepatojugular reflux, hepatomegaly, laterally displaced apical impulse, peripheral edema (ankle or 
thigh), pleural effusion, pulmonary rales, weight gain, presence of a third heart sound, dyspnea at rest, and 
orthopnea. The total number of clinical symptoms was also recorded, with patients categorized as having ≤ 2 
or > 2 clinical symptoms.

Laboratory parameters included cardiac biomarkers such as NT-proBNP, troponin I, and troponin T; 
inflammatory markers including CRP and procalcitonin; hematological indices such as hematocrit, hemoglobin, 
ferritin and transferrin saturation; electrolytes (sodium, potassium); renal function measured by serum 
creatinine; glycemic parameters such as fasting glucose and glycated hemoglobin (HbA1c); liver function tests 
(ALT, AST, total bilirubin) and lipid profile including HDL, LDL, total cholesterol, and triglycerides. Thyroid 
function was evaluated via serum thyroid-stimulating hormone (TSH).

Imaging studies included echocardiography, chest X-ray, and lung ultrasound. Echocardiographic parameters 
included left ventricular ejection fraction (LVEF) to classify patients into HFpEF, HFmrEF, and HFrEF subgroups, 
as well as left ventricular end-diastolic diameter and inferior vena cava respiratory variability. Chest X-rays were 
analyzed for signs of pulmonary edema, pleural effusion, and signs of infection. Lung ultrasound was analyzed 
for evidence of interstitial pulmonary edema and pleural effusion.

Electrocardiographic analysis included assessment of rhythm (sinus, atrial fibrillation, atrial flutter, atrial 
pacing), presence of left ventricular hypertrophy (LVH), pathological Q waves, conduction abnormalities (QRS 
prolongation, left or right bundle branch block, intraventricular conduction delay), as well as ventricular rate 
and rhythm (spontaneous, paced, ventricular tachycardia, or ventricular fibrillation).

Cardiological drug treatment was assessed both pre-hospital and during hospitalization. Pre-admission 
therapy assessment included use of angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor 
blockers (ARBs), angiotensin receptor neprilysin inhibitors (ARNIs), beta-blockers, diuretics, ivabradine, 
mineralocorticoid receptor antagonists (MRAs), sodium-glucose co-transporter 2 (SGLT2) inhibitors, and 
statins. The assessment of pharmacotherapy during hospital treatment included the use of intravenous and 
oral iron supplementation, diuretics intravenous with consideration of the duration of treatment, inotropic 
drugs (dobutamine, dopamine, epinephrine, levosimendan, milrinone, noradrenaline) and the total number of 
concomitantly administered drugs to assess polypharmacy.

Furthermore, data were collected on implantable devices, including cardiac resynchronization therapy 
(CRT), implantable cardioverter-defibrillators (ICDs), and pacemakers (PMs). Mechanical circulatory support 
methods included extracorporeal membrane oxygenation (ECMO), intra-aortic balloon pump (IABP), Impella 
device, left ventricular assist devices (LVADs), and respiratory support, including active and passive oxygen 
supplementation and mechanical ventilation.

Statistical analysis
Statistical analysis was performed using Statistica software, version 13.3 (TIBCO Software Inc., 2017, Palo 
Alto, CA, USA, http://statistica.io), under the license of the Poznan University of Medical Sciences. Categorical 
variables were presented as counts and percentages, while continuous variables were expressed as means and 
standard deviations (SD) for normally distributed data or as medians with interquartile ranges (25th and 
75th percentiles) for non-normally distributed data. The Shapiro-Wilk test was used to assess the normality 
of data distribution. The chi-square (χ2) test was used to compare categorical variables between groups. For 
continuous variables, the Student’s t-test was applied when the assumption of normality was met; otherwise, the 
nonparametric Mann-Whitney U test was used. Correlations between continuous variables were assessed using 
Spearman’s rank correlation coefficient, to identify potential risk factors for prolonged hospitalization (defined 
as a hospital stay exceeding 8 days). For clarity, the correlation results were categorized and presented according 
to the strength (strong, moderate, weak) and direction (positive, negative) of association. Multivariable logistic 
regression analysis was performed using the enter method (all selected variables were entered simultaneously) 
to identify independent predictors of extended length of stay (LOS). Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated for each variable. The area under the receiver operating characteristic (ROC) 
curve (AUC) was used to assess the performance of the final model. A p value of < 0.05 was considered statistically 
significant.

Research ethics
Data were collected using an electronic case report form (eCRF), in accordance with data protection regulations, 
including the General Data Protection Regulation (GDPR). The study protocol was approved by the Bioethics 
Committee of the Medical University of Lodz (approval no. RNN/316/20/KE, with amendment KE/762/23) and 
was funded by the Polish Cardiac Society (contract no. CRU0120-KCKB-2023). Written informed consent was 
obtained from all participants.
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Results
Table 1 presents the demographic, lifestyle, and functional, clinical state, laboratory and imaging test results, 
echocardiography, ECG findings, pharmacotherapy and treatment in-hospital characteristics of the patients 
stratified by hospital stay length (≤ 8 days vs. > 8 days). There were no statistically significant differences between 
groups in age (mean 67.17 ± 13.71 vs. 67.4 ± 14.74 years; p = 0.5766) or gender distribution (female 29.27% vs. 
26.54%; p = 0.4724), confirming baseline comparability. Lifestyle factors such as smoking status (current 17.42% 
vs. 14.18%; p = 0.2972) and alcohol consumption (current 5.92% vs. 4.36%; p = 0.2166) did not differ significantly 
between groups. 

Patients with longer hospital stays (> 8  days) had significantly lower Kansas City Cardiomyopathy 
Questionnaire-12 (KCCQ-12) scores across all domains, with median overall summary score of 26.82 (IQR 
17.44–46.09) versus 39.58 (23.18–57.81) in the ≤ 8 days group (p < 0.0001). Scores for physical limitation, quality 
of life, symptom frequency, and social limitation domains were all significantly lower (all p < 0.0001). Visual 
Analogue Scale (VAS) scores were also significantly lower (median 44 [30–55] vs. 50 [40–60; p < 0.0001).

In-hospital mortality was higher among patients with longer stays (28% vs. 16.28%; p = 0.0006). They also had 
a higher median number of comorbidities (4 [2–5] vs. 3 [2–5]; p = 0.0019), longer median total hospital stay (13 
[10–18] vs. 6 [5–7] days; p < 0.0001), and longer stay in the intensive cardiac care unit (median 0 [0–6] vs. 0 [0–0] 
days; p < 0.0001). Specific comorbidities were more prevalent, including anemia (21.09% vs. 10.45%; p = 0.0005), 
iron deficiency (13.09% vs. 7.66%; p = 0.0347), and chronic kidney disease (40% vs. 2.78%; p = 0.0013).

Clinical examination at admission revealed significantly lower systolic (124.18 ± 25.87  mmHg vs. 
131.29 ± 24.42 mmHg; p = 0.0004) and diastolic (76.26 ± 15.56 mmHg vs. 79.3 ± 14.14 mmHg; p = 0.0065) blood 
pressure in the prolonged-stay group. NYHA class was significantly more advanced (p < 0.0001), with higher 
proportions in class III–IV. Congestion and volume overload signs were also more frequent: ascites (9.09% 
vs. 4.53%; p = 0.0315), hepatojugular reflux (19.64% vs. 8.36%; p = 0.0001), laterally displaced apical impulse 
(14.91% vs. 9.06%; p = 0.0326), peripheral oedema (65.09% vs. 52.26%; p = 0.0021), pleural effusion (27.27% vs. 
16.72%; p = 0.0025), weight gain (32.73% vs. 21.60%; p = 0.003), orthopnea (39.27% vs. 29.62%; p = 0.0161), and 
a higher median number of symptoms per patient (4 [2–7] vs. 3 [1–5]; p < 0.0001).

Laboratory findings in the > 8 days group included significantly higher NT-proBNP (median 5352 [2785–
10737] vs. 2996 [1112–7025] pg/ml; p < 0.0001), procalcitonin (0.09 [0.05–0.25] vs. 0.055 [0.02–0.155] ng/mL; 
p = 0.03), creatinine (1.33 [1.05–1.86] vs. 1.145 [0.95–1.53] mg/dL; p = 0.0002), and fasting glucose (107 [89.25–
13.50] vs. 98 [83.50–120] mg/dL; p = 0.002). Lower hematocrit (40% vs. 41%; p = 0.014), hemoglobin (13.20 g/
dL vs. 13.70 g/dL; p = 0.004), ferritin (median 131.24 vs. 108 ng/mL; p = 0.0337), sodium (139 vs. 140 mmol/l; 
p = 0.0325), and HDL cholesterol (37 vs. 40 mg/dL; p = 0.0449) were also observed.

Imaging and echocardiography differences included higher frequency of pleural effusion (35.64% vs. 24.39%; 
p = 0.0036), inflammatory changes on chest X-ray (12% vs. 5.23%; p = 0.0041), and lower respiratory variation of 
the inferior vena cava (mean 0.55 ± 0.50 vs. 0.67 ± 0.47; p = 0.0008).

In-hospital pharmacological treatment also differed significantly between groups. Patients with longer stays 
received intravenous diuretics more often (75.27% vs. 56.10%; p < 0.0001) and for a longer duration (median 
8 [5–11] vs. 4 [3–5] days; p < 0.0001). Inotropic support was more common: dobutamine (15.64% vs. 7.32%; 
p = 0.0022), dopamine (7.4% vs. 0.70%; p < 0.0001), epinephrine (2.55% vs. 0%; p = 0.0069), norepinephrine 
(6.55% vs. 0.35%; p = 0.0001), and levosimendan (1.82% vs. 0%; p = 0.0226). Polypharmacy was also more 
frequent, with a higher mean number of medications (5.98 ± 2.38 vs. 5.51 ± 2.14; p = 0.0291) and a larger 
proportion receiving > 5 medications (9.82% vs. 0.70%; p < 0.0001). Mechanical circulatory support use was 
significantly higher, including IABP (1.45% vs. 0%; p = 0.0415), LVAD (2.18% vs. 0%; p = 0.0124), and invasive 
mechanical ventilation (2.18% vs. 0%; p = 0.0124).

These results indicate that prolonged hospitalization was associated with worse functional status, higher 
symptom burden, more severe laboratory and imaging abnormalities, and more complex and intensive in-
hospital cardiological management.

In the analysis performed using Spearman’s rank correlation coefficient, only statistically significant 
associations were included between the length of hospitalization and clinical parameters, subjective health 
status, laboratory test results, and administered therapies. A strong positive correlation was observed between 
hospitalization duration and the duration of intravenous diuretic therapy (r = 0.603; p < 0.0001), suggesting that 
longer IV diuretic treatment is associated with longer hospital stays. A moderate positive correlation was found 
for procalcitonin levels (r = 0.335; p = 0.0001), indicating an association between elevated inflammatory markers 
and prolonged hospitalization. Weak positive correlations were identified for clinical parameters such as length 
of stay in the Intensive Cardiac Care Unit, number of reported symptoms per patient, peripheral oedema, weight 
gain, dyspnea at rest, hepatojugular reflux, and displaced apical impulse. Laboratory values with weak positive 
correlations included NT-proBNP, ferritin, and creatinine. Imaging and exam findings such as chest X-ray 
pleural effusion and signs of pleural effusion on examination also demonstrated weak positive associations. 
Use of inotropic agents (norepinephrine, epinephrine, dopamine, dobutamine, levosimendan) and mechanical 
circulatory support (IABP, ECMO, LVAD) as well as invasive mechanical ventilation were also positively 
correlated with longer hospitalizations. Conversely, weak negative correlations were observed for the overall 
KCCQ-12 score and its domains (physical limitations, quality of life, social limitations, symptom frequency), 
indicating that better patient-reported health status was associated with shorter stays. Lower Visual Analogue 
Scale scores were similarly associated with longer hospitalization. Blood pressure values (systolic and diastolic), 
hemoglobin, hematocrit, sodium levels, and inferior vena cava respiratory variation also showed weak negative 
correlations with length of stay. These findings highlight that prolonged hospitalization is associated with more 
severe clinical status, volume overload symptoms, renal dysfunction, systemic inflammation, hematologic 
and electrolyte disturbances, and the need for advanced pharmacological and mechanical support. A detailed 
summary of the significant correlation results is presented in Table 2.
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Study groups

p

 < 8 days  > 8 days

Sample size of the study groups n = 287 n = 275

Demographic factors

 Age Mean ± SD 67.17 ± 13.71 67.4 ± 14.74 0.5766 *

 Gender
Female n (%) 84 (29.27%) 73 (26.54%)

0.4724**
Male n (%) 203 (70.73%) 202 (73.45%)

Lifestyle-related factors

 Alcohol Consumption

Current n (%) 17 (5.92%) 12 (4.36%)

0.2166**Former n (%) 29 (10.10%) 40 (14.55%)

Never n (%) 241 (83.97%) 223 (81.09%)

 Cigarette Smoking

Current n (%) 50 (17.42%) 39 (14.18%)

0.2972**Former n (%) 110 (38.33%) 122 (44.36%)

Never n (%) 127 (44.25%) 114 (41.45%)

 Visual analog scale Median (IQR) 50 (40–60) 44 (30–55)  < 0.0001*

 KCCQ12 summary score (KCCQ12-SS) Median (IQR) 39.58 (23.18–57.81) 26.82 (17.44–46.09)  < 0.0001*

 Physical limitation score (KCCQ12-PL) Median (IQR) 41.67 (25–58.33) 25 (16.68–50)  < 0.0001*

 Quality of life score (KCCQ12-QL) Median (IQR) 37.5 (12.5–50) 25 (12.5–37.5)  < 0.0001*

 Symptom frequency score (KCCQ12-SF) Median (IQR) 45.83 (20.83–70.83) 33.33 (14.58–54.17) 0.0253*

 Social limitation score (KCCQ12-SL) Median (IQR) 41.67 (16.67–58.33) 25 (8.33–50) 0.0002*

Hospitalizations

 First hospitalization due to heart failure n (%) 82 (28.57%) 83 (30.18%)
0.6754**

 Recurrent hospitalizations n (%) 205 (71.43%) 192 (69.82%)

 Number of deaths n (%) 46 (16.28%) 77 (28%) 0.0006**

 Number of days from hospitalization to death Median (IQR) 209 (102–387) 135 (74–280) 0.0885*

 Length of hospital stay Median (IQR) 6 (5–7) 13 (10–18)  < 0.0001*

 Length of stay in the intensive cardiac care unit Median (IQR) 0 (0–0) 0 (0–6)  < 0.0001*

Comorbidities

 Number of comorbidities Median (IQR) 3 (2–5) 4 (2–5) 0.0019*

 Arterial hypertension n (%) 181 (63.07%) 185 (67.27%) 0.296**

 Atrial fibrillation
Paroxysmal n (%) 58 (20.21%) 55 (20%)

0.9801**
Permanent persistent n (%) 101 (35.19%) 99 (36%)

 Anemia n (%) 30 (10.45%) 58 (21.09%) 0.0005**

 Iron deficiency n (%) 22 (7.66%) 36 (13.09%) 0.0347**

 Myocardial infarction n (%) 84 (29.27%) 95 (34.55%) 0.1799**

 Stable angina n (%) 70 (24.39%) 69 (25.09%) 0.8475**

 Thyroid
Hyperthyroidism n (%) 20 (6.97%) 15 (5.45%)

0.45**
Hypothyroidism. n (%) 31 (20.21%) 38 (13.82%)

 Diabetes

Diet n (%) 6 (2.09%) 10 (3.64%)

0.2577**Insulin n (%) 32 (11.14%) 43 (15.64%)

Oral drugs n (%) 71 (24.74%) 60 (21.82%)

 Chronic kidney disease n (%) 8 (2.78%) 110 (40%) 0.0013**

 Dialysis n (%) 1 (0.34%) 5 (1.82%) 0.0904**

 Stroke n (%) 22 (7.66%) 17 (6.18%) 0.4894**

 TIA n (%) 5 (1.74%) 5 (1.82%) 0.9457**

 Peripheral arterial disease n (%) 10 (3.48%) 16 (5.82%) 0.1883**

 Cancer n (%) 21 (7.32%) 23 (8.36%) 0.6446**

 Depression n (%) 11 (3.83%) 11 (4%) 0.9187**

History aetiology

Continued
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Study groups

p

 < 8 days  > 8 days

Sample size of the study groups n = 287 n = 275

 Arrhythmia cardiomyopathy n (%) 30 (10.45%) 2 (0.7%)

0.5461**

 Arterial hypertension n (%) 36 (12.54%) 31 (11.27%)

 Cardiomyopathy n (%) 52 (18.12%) 35 (12.73%)

 Confirmed infective cardiomyopathy n (%) 3 (1.05%) 5 (1.82%)

 Congenital heart defect n (%) 2 (0.6%) 2 (0.7%)

 Inherited genetic cardiomyopathy n (%) 1 (0.3%) 2 (0.7%)

 Ischemic heart disease n (%) 95 (33.10%) 98 (35.64%)

 Presumed drug induced cardiomyopathy n (%) 2 (0.6%) 2 (0.7%)

 Presumed toxic cardiomyopathy n (%) 8 (2.8%) 12 (4.4%)

 Significant valve disease n (%) 30 (10.45%) 42 (15.27%)

BMI Mean ± SD 29 ± 6.36 29.44 ± 6.68 0.605*

Blood pressure systolic Mean ± SD 131.29 ± 24.42 124.18 ± 25.87 0.0004*

Blood pressure diastolic Mean ± SD 79.3 ± 14.14 76.26 ± 15.56 0.0065*

Heart rate Mean ± SD 84.8 ± 21.55 87.23 ± 23.53 0.1593*

NYHA class

 I n (%) 14 (4.88%) 3 (1.09%)

 < 0.0001**
 II n (%) 71 (24.74%) 36 (13.09%)

 III n (%) 147 (51.22%) 155 (56.36%)

 IV n (%) 55 (19.16%) 81 (29.45%)

Clinical profiles

 Cold dry n (%) 3 (1.04%) 8 (2.91%)

0.0001**
 Cold wet n (%) 2 (0.6%) 11 (4%)

 Warm dry n (%) 159 (55.40%) 107 (38.91%)

 Warm wet n (%) 123 (42.86%) 149 (54.18%)

Symptoms

 Ascites n (%) 13 (4.53%) 25 (9.09%) 0.0315**

 Elevated jvp n (%) 42 (14.63%) 54 (19.64%) 0.1156**

 Hepatojugular reflux n (%) 24 (8.36%) 54 (19.64%) 0.0001**

 Elevated jugular veins pressure n (%) 12 (4.18%) 17 (6.18%) 0.2843**

 Hepatomegaly n (%) 22 (7.67%) 26 (9.45%) 0.4485**

 Laterally displaced apical impulse n (%) 26 (9.06%) 41 (14.91%) 0.0326**

 Peripheral oedema n (%) 150 (52.26%) 179 (65.09%) 0.0021**

 Ankle n (%) 45 (15.68%) 44 (16%)
0.2458**

 Thigh n (%) 105 (36.59%) 137 (49.82%)

 Pleural effusion n (%) 48 (16.72%) 75 (27.27%) 0.0025

 Pulmonary rales n (%) 140 (48.78%) 154 (56%) 0.087**

 Weight gain n (%) 62 (21.60%) 90 (32.73%) 0.003**

 Third heart sound n (%) 2 (0.7%) 9 (3.27%) 0.0277**

 Syspnea at rest n (%) 75 (26.13%) 107 (38.91%) 0.0012**

 Orthopnea n (%) 85 (29.62%) 108 (39.27%) 0.0161**

 Peripheral oedema n (%) 121 (42.16%) 154 (56%) 0.001**

Number of symptoms per patient Median (IQR) 3 (1–5) 4 (2–7)  < 0.0001*

 Patients with ≤ 2 clinical symptoms n (%) 135 (47.04%) 82 (29.82%)
 < 0.0001*

 Patients with > 2 clinical symptoms n (%) 152 (52.96%) 193 (70.18%)

Laboratory Test Results

 NT-probnp—pg/ml Median (IQR) 2996 (1112–7025) 5352 (2785–10,737)  < 0.0001*

 Troponin I—ng/ml Median (IQR) 9 (0.007–17.07) 0.061 (0.006–22.03) 0.4374*

 Troponin T—ng/mL Median (IQR) 21 (8.27–42) 28 (0.061–59.92) 0.2562*

 WBC—cells/ul Median (IQR) 5020 (8.23–7600) 5260 (8.34–8617) 0.2464*

 C-reactive protein (CRP)—mg/l Median (IQR) 3.405 (0.55–13.21) 3.540 (0.42–13.95) 0.3516*

 Procalcitonin—ng/ml Median (IQR) 0.055 (0.02–0.155) 0.09 (0.05–0.25) 0.03*

 Hematocrit—% Median (IQR) 41 (37.43–44.9) 40 (34.8–44.33) 0.014*

 Hemoglobin—g/dl Median (IQR) 13.70 (12.3–14.9) 13.20 (11.3–14.65) 0.004*

 Ferritin—ng/ml Median (IQR) 108 (35.75–198.75) 131.24 (68.32–282.75) 0.0337*
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Study groups

p

 < 8 days  > 8 days

Sample size of the study groups n = 287 n = 275

 Transferrin saturation (TSAT)—% Median (IQR) 17 (11.65–28.25) 17.060 (12–24) 0.5454*

 Sodium—mmol/l Median (IQR) 140 (137.95–142) 139 (136.5–141) 0.0325*

 Potassium -mmol/l Median (IQR) 4.400 (4.1–4.77) 4.500 (4.08–4.88) 0.2903*

 Creatinine—mg/dl Median (IQR) 1.145 (0.95–1.53) 1.330 (1.05–1.86) 0.0002*

 Fasting glucose—mg/dl Median (IQR) 98 (83.50–120) 107 (89.25–13.50) 0.002*

 HbA1C—% Median (IQR) 6.100 (5.8–6.86) 6.200 (5.7–7.0) 0.7731*

 Albumin—g/dL Median (IQR) 4.1400 (3.67–4.83) 3.900 (3.27–4.7) 0.1116*

 Alanine Aminotransferase (ALT/ALAT)—U/L Median (IQR) 25 (18–38) 25 (17–0) 0.5*

 Aspartate Aminotransferase (AST/ASPAT)—U/L Median (IQR) 28 (22–37.75) 29 (22–43) 0.2994*

 Cholesterol HDL—mg/dl Median (IQR) 40 (29.75–50) 37 (28–45.25) 0.0449*

 Cholesterol LDL-mg/dl Median (IQR) 74 (43–106) 68 (46.5–95.5) 0.4329*

 Triglycerides—mg/dl Median (IQR) 89 (61.25–130.75) 89 (64–123) 0.506*

 Cholesterol total—mg/dl Median (IQR) 137.5 (99.50–176.5) 127 (100–161) 0.1926*

 Thyroid-stimulating hormone (TSH)—µIU/mL Median (IQR) 1.620 (0.85–2.38) 1.500 (0.801–3.005) 0.5762*

ECG

 Atrial rhythm

Sinus n (%) 146 (50.87%) 140 (50.91%) 0.7525**

Atrial fibrillation n (%) 93 (32.40%) 90 (32.73%)

Atrial flutter n (%) 9 (3.14%) 11 (4%)

Atrial paced n (%) 13 (4.53%) 7 (2.55%)

 Ventricular heart rate Median (IQR) 75 (67–92) 80 (71–100) 0.0133*

 Ventricular rhythm

Spontaneously conducted n (%) 231 (80.49%) 217 (78.91%)

0.5711**Ventricular paced n %) 34 (11.85%) 32 (11.64%)

VT/VF n (%) 1 (0.35%) 3 (1.09%)

ECHO DOPPLER

 LVEF % Mean ± SD 35.05 ± 14.53 33.92 ± 15.18 0.2636*

 HFpEF > 50% n (%) 48 (16.72%) 45 (16.36%)

0.5677** HFmEF 41–49% n (%) 88 (30.66%) 74 (26.91%)

 HFrEF < 40 n (%) 151 (52.61%) 156 (56.73%)

 Inferior vena cava respiratory variation Mean ± SD 0.67 ± 0.47 0.55 ± 0.50 0.0008*

 Lvedd Mean ± SD 58.87 ± 10.15 60.32 ± 12.86 0.2636*

Chest X-ray

 Pulmonary congestion or oedema n (%) 109 (37.98%) 122 (44.36%) 0.1244**

 Pleural effusion n (%) 70 (24.39%) 98 (35.64%) 0.0036**

 Inflammation n (%) 15 (5.23%) 33 (12%) 0.0041**

Lung ultrasound

 Interstitial edema n (%) 1 (0.35%) 1 (0.36%) 0.9759

 Pleural fluid n (%) 3 (1.05%) 5 (1.82%) 0.4398

Pre-hospital cardiological treatment

 ACEI n (%) 130 (45.30%) 105 (38.18%) 0.0691

 ARB n (%) 38 (13.24%) 27 (9.82%) 0.1895

 ARNI n (%) 51 (17.77%) 45 (16.36%) 0.618

 Beta blockers n (%) 227 (79.09%) 209 (76.00%) 0.2607

 Diuretics n (%) 192 (66.90%) 199 (72.36%) 0.2177

 Ivabradine n (%) 12 (4.18%) 16 (5.82%) 0.3883

 MRA n (%) 162 (56.45%) 127 (46.18%) 0.0102

 SGLT2 Inhibitors n (%) 115 (40.07%) 96 (34.91%) 0.1736

 Statins n (%) 189 (65.85%) 148 (53.82%) 0.0021

In-hospital pharmacological treatment

 Intravenous iron n (%) 4 (1.39%) 2 (0.73%) 0.4457

 Oral iron n (%) 10 (3.48%) 32 (11.64%) 0.0002

 Intravenous diuretics n (%) 161 (56.10%) 207 (75.27%)  < 0.0001

 Duration of intravenous diuretic administration (days) Median (IQR) 4 (3–5) 8 (5–11)  < 0.0001

 Dobutamine n (%) 21 (7.32%) 43 (15.64%) 0.0022

 Dopamine n (%) 2 (0.70%) 21 (7.4%)  < 0.0001

Continued
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Multivariate logistic regression analysis identified several independent predictors of prolonged 
hospitalization among patients admitted due to decompensated heart failure. The strongest risk factor was the 
use of norepinephrine infusion during hospitalization (OR = 18.41; p = 0.0049), followed by dopamine infusion 
(OR = 8.62; p = 0.0043) and oral iron therapy (OR = 3.25; p = 0.0045). In-hospital use of diuretics (OR = 2.15; 
p = 0.0001), death during follow-up (OR = 2.47; p = 0.0006), and signs of inflammation on chest X-ray (OR = 2.24; 
p = 0.0152) were also significantly associated with longer hospitalization. Other clinical variables significantly 
associated with prolonged hospital stay included the presence of anemia (OR = 1.88; p = 0.0162), chronic kidney 
disease (OR = 1.58; p = 0.0151), hepatojugular reflux on admission (OR = 2.18; p = 0.0075), and a higher number of 
symptoms on admission (OR = 1.60; p = 0.0498). In addition, longer duration of diuretic therapy and longer stay 
in the intensive cardiac care unit were associated with increased odds of prolonged hospitalization (p < 0.01 for 
both). Conversely, protective factors associated with a reduced risk of prolonged hospitalization included higher 
KCCQ-12 scores (OR = 0.98; p < 0.0001 for total score and all subscales of physical limitation, social limitation, 
symptom frequency, and quality of life), higher systolic blood pressure at admission (OR = 0.99; p = 0.0243), and 
prior statin use (OR = 0.63; p = 0.0102). The performance of the final multivariable logistic regression model was 
further evaluated using the receiver operating characteristic (ROC) curve. The area under the ROC curve (AUC) 
was 0.82 (95% CI 0.76–0.88), indicating good discrimination ability of the model. The distribution of odds ratios 
with corresponding confidence intervals for all significant variables is visualized in the forest plot (Fig. 2).

Study groups

p

 < 8 days  > 8 days

Sample size of the study groups n = 287 n = 275

 Epinephrine n (%) 0 7 (2.55%) 0.0069

 Levosimendan n (%) 0 5 (1.82%) 0.0226

 Milrinone n (%) 1 (0.35%) 1 (0.36%) 0.9817

 Norepinephrine n (%) 1 (0.35%) 18 (6.55%) 0.0001

 Number of medications during hospitalization Mean ± SD 5.51 ± 2.14 5.98 ± 2.38 0.0291

 Polypharmacy
 ≤ 5 medications 283 (98.61%) 248 (90.18%)

 < 0.0001
 > 5 medications 2 (0.70%) 27 (9.82%)

Interventions device implant options

 CRT n (%) 6 (2.09%) 8 (2.91%) 0.5469

 ICD n (%) 6 (2.09%) 8 (2.91%) 0.5469

 PM n (%) 6 (2.09%) 8 (2.91%) 0.5469

Mechanical circulatory support

 Support options n (%) 0 9 (3.27%) 0.0021

 ECMO ECLS n (%) 2 (0.70%) 3 (1.09%) 0.0778

I ABP n (%) 0 4 (1.45%) 0.0415

 Impella n (%) 0 1 (0.3%) 0.3095

 LVAD n (%) 0 6 (2.18%) 0.0124

 Active oxygen inflation n (%) 0 3 (1.09%) 0.0778

 Passive oxygen inflation n (%) 8 (2.79%) 14 (5.09%) 0.167

 Respirator n (%) 0 6 (2.18%) 0.0124

Table 1.  Summary table: demographic clinical laboratory and therapeutic differences in heart failure 
patients by length of hospital stay. ACEI, Angiotensin converting enzyme inhibitors; ALT, alanine 
aminotransferase; ARB, Angiotensin Receptor Blockers; ARNI, Angiotensin Receptor-Nephrilysin Inhibitor; 
AST, aspartate aminotransferase; BMI, Body Mass Index; n, number of patients; b/s, beat per seconds; 
COPD, chronic obstructive pulmonary disease; CRP, C-Reactive Protein; n-number of patients; CRT, Cardiac 
Resynchronization Therapy; ECG, Electrocardiography; ECMO, ExtraCorporeal Life Supprot; HbA1C- 
glycated hemoglobin A1C; HDL, High Density Lipoprotein; IVCD, Intraventricular conduction defect; LDL, 
Low density lipoprotein; HFpEF, Heart Failure with Preserved Ejection Fraction; HFmrEF, Heart Failure 
with mildly reduced Ejection Fraction; HFrEF, Heart Failure with reduced Ejection Fraction; IABP, Intra-
Aortic BalloonPump; ICD, Implantable cardioverter-defibrillator; KCCQ-12, Kansas City Cardiomyopathy 
Questionnaire-12; LBBB, Left bundle branch block; LVAD, Left ventricle assist device; LVEDD, Left ventricular 
end-diastolic diameter; LVEF, Left ventricular ejection fraction; LVH, Left ventricular hypertrophy; MRA, 
Mineralocorticoid receptor anatagonist; n, number of patients; NT-proBNP, N-terminal pro b-type natriuretic 
peptide; mm, millimeters; ms, milliseconds; PM, Pacemaker; RBBB, Right bundle branch block; SD, Standard 
deviation; SGLT-2 inhibitors, Sodium Glucose Cotransporter-2 inhibitors; TIA, transient ischemic attack 
TSAT, Transferrin saturation; TSH, Thyroid-stimulating hormone; VF, Ventricular fibrillation; VT, Ventricular 
tachykardia; VTE, Venous thromboembolism; WBC, White blood cells; *Mann–Whitney U test **Chi-square 
test. Significant values are in bold
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Discussion
The multicenter HEROES study makes an important contribution to the literature by providing new data on 
factors associated with prolonged hospitalization due to acute decompensated heart failure. We analyzed a 
large European cohort of 562 patients with a mean age of 67 years, using a cluster-based approach to divide 

Length of hospital stay Spearman’s rank correlation coefficient p

Strong correlation

 Duration of intravenous diuretic administration (days) 0.603  < 0.0001

Moderate correlation

 Porcalcitonin 0.335 0.0001

Weak correlation

 Positive correlations

  Length of stay in the Intensive Cardiac Care Unit 0.29  < 0.0001

  NT proBNP 0.283  < 0.0001

  Number of symptoms per patient 0.243  < 0.0001

  Norepinephrine 0.226  < 0.0001

  Fferritin 0.222 0.0011

  Intravenous diuretics 0.208  < 0.0001

  Peripheral oedema 0.203  < 0.0001

  Anemia 0.195  < 0.0001

  Hepatojugular reflux 0.194  < 0.0001

  Dobutamine 0.189  < 0.0001

  Dopamine 0.184  < 0.0001

  LVAD 0.176  < 0.0001

  Invasive mechanical ventilation 0.174  < 0.0001

  Weight gain 0.171  < 0.0001

  Creatinine 0.174 0.0001

  Chronic kidney disease 0.172  < 0.0001

  Epinephrine 0.16 0.0002

  Oral iron 0.15 0.0004

  Chest X-ray pleural effusion 0.143 0.0007

  IABP 0.142 0.0008

  Laterally displaced apical impulse 0.124 0.0034

  ECMO 0.123 0.0036

  Chest X-ray inflammation 0.118 0.0052

  Iron deficiency 0.109 0.0097

  Levosimendan 0.102 0.0161

  ECG ventricular rhythm 0.136 0.0020

  Dyspnea at rest 0.134 0.0015

  Pleural effusion 0.129 0.0022

 Negative correlations

  KCCQ12 − 0.247  < 0.0001

  Physical limitation score (KCCQ12-PL) − 0.201  < 0.0001

  Quality of life score (KCCQ12-QL) − 0.225  < 0.0001

  Social limitation score (KCCQ12-SL) − 0.203  < 0.0001

  Symptom frequency score (KCCQ12-SF) − 0.220  < 0.0001

  Visual analogy scale − 0.177  < 0.0001

  Blood pressure systolic − 0.172  < 0.0001

  Hemoglobin − 0.171 0.0001

  Echo Doppler IVC respiratory variation − 0.173  < 0.0001

  Hematocrit − 0.153 0.0004

  Blood pressure diastolic − 0.143 0.0007

  Sodium − 0.111 0.0103

Table 2.  Correlation between length of hospital stay and risk factors for prolonged hospitalization. ECG, 
Electrocardiography; ECMO, ExtraCorporeal Life Supprot; IABP, Intra-Aortic BalloonPump; KCCQ-12, 
Kansas City Cardiomyopathy Questionnaire-12; LVAD, Left Ventricle Assist Device; NT-proBNP, N-terminal 
pro b-type natriuretic peptide;
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them into two clinically meaningful groups based on length of stay (≤ 8 days vs. > 8 days), consistent with ESC 
recommendations for defining prolonged hospitalization1,18. Such a large study population ensures strong 
statistical power and good representativeness of results, reflecting real-world inpatient care challenges and 
allowing us to identify risk factors that warrant particular attention in managing extended hospital stays.

Unlike studies such as Sricharoen et al.19, which focused on predictors identified in the emergency department, 
or Ignatavičiūtė et al.10, which emphasized NT-proBNP, eGFR, and discontinuation of chronic therapies, our 
analysis combined the assessment of a broad spectrum of clinical parameters with a detailed evaluation of in-
hospital management and multivariate modeling (Fig. 2) that incorporated both the prevalence and strength 
of influence of individual factors on the risk of prolonged hospitalization. Our study included a wide range of 
variables (Table 1), from patient-reported functional status (KCCQ-12) to symptoms at admission, laboratory 
and diagnostic results, and detailed data on in-hospital therapies.

In analyzing factors associated with length of stay (Table 1), we observed significantly higher in-hospital 
mortality, longer mean hospitalization duration, and longer mean stays in the intensive cardiac care unit, as 
well as a greater burden of comorbidities such as anemia, iron deficiency, and chronic kidney disease in patients 

Fig. 2.  Forest Plot Illustrating Independent Risk and Protective Factors Associated with Prolonged 
Hospitalization in Patients with Acute Decompensated Heart Failure—Multivariate Logistic Regression 
Analysis. Blue color: protective factors, red color: risk factors, Statistical significance indicated by p-value. CI, 
Confidence Interval; ECG—Electrocardiography; KCCQ-12—Kansas City Cardiomyopathy Questionnaire; 
OR-Odds Ratio.
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hospitalized for more than 8 days. These findings are consistent with prior studies by Gheorghiade et al.20 and 
Gyalai-Korpos et al.21, which noted that longer hospitalizations are often associated with more severe clinical 
presentations, higher mortality, multimorbidity, and more advanced stages of disease—particularly advanced 
chronic kidney disease.

Our clinical parameter analysis (Table 1) demonstrated that patients hospitalized for more than 8 days had 
lower diastolic blood pressure, more advanced NYHA class, and more symptoms on admission, including more 
frequent findings such as ascites, hepatojugular reflux, laterally displaced apical impulse, peripheral oedema, 
pleural effusion, weight gain, third heart sound, dyspnea at rest, and orthopnea. We also observed a higher 
frequency of radiographic signs of pulmonary infection among patients with longer stays (Table  1). These 
findings align with Tarekegn et al.6, who identified clinical congestion markers such as jugular venous distention, 
third heart sound, ankle edema, hepatomegaly, and pleural effusion as significant predictors of prolonged 
hospitalization in an Ethiopian cohort. Similarly, Gyalai-Korpos et al.21 highlighted the key role of advanced 
NYHA class and comorbidities in extending length of stay in older Romanian patients. In contrast, Tigabe et 
al.22 identified not only orthopnea, paroxysmal nocturnal dyspnea, and the number of comorbidities, but also 
the presence of infection as a factor associated with length of hospital stay.

In our study, we observed significant correlations between length of stay and laboratory parameters such as 
elevated NT-proBNP, procalcitonin, and creatinine levels (Table 2), confirming the relationship between systemic 
inflammation, volume overload, renal dysfunction, and disease severity. These results are consistent with earlier 
observations by Ignatavičiūtė et al.10 and Deng et al.23. Additionally, negative correlations with parameters 
such as hemoglobin, hematocrit, and sodium levels (Tables  1 and 2) emphasize the impact of anemia and 
electrolyte disturbances as factors worsening prognosis and prolonging hospitalization24. Similarly, Sricharoen 
et al.19 identified anemia and hypoalbuminemia as important prognostic factors for prolonged hospital stays in 
patients with acute heart failure. Future analyses could also benefit from incorporating additional biomarkers 
and predictive factors suggested in the literature, such as hypoalbuminemia and novel heart failure biomarkers 
linked to length of stay and mortality25,26.

Pharmacologic management, especially prolonged intravenous diuretic therapy and the use of inotropic 
agents, was strongly associated with longer hospital stays, reflecting more severe clinical trajectories in patients 
requiring advanced treatment (Table  2). Our analysis specifically examined the use of intravenous diuretics, 
inotropic therapy (norepinephrine, dopamine), and oral iron supplementation, demonstrating their association 
with prolonged hospitalization in both correlation and multivariate analyses. The association with oral iron 
therapy may reflect pre-existing chronic anemia managed with continued inpatient treatment. Correlation 
analysis allowed us to identify not only strong risk factors such as duration of intravenous diuretic therapy and 
procalcitonin levels but also weaker yet statistically significant associations (Table 2). The more frequent need for 
mechanical circulatory support and invasive mechanical ventilation (Table 1) further confirmed the complexity 
and severity of clinical status in the group with prolonged hospitalization27.

Importantly, our study is among the first to identify independent protective predictors against prolonged 
hospitalization, such as higher systolic blood pressure at admission, prior statin use, and better functional status 
as assessed by KCCQ-12 (Fig. 2). KCCQ-12 results demonstrated significant associations with length of stay, 
with patients hospitalized longer exhibiting significantly lower scores across all domains (Table 1). Similarly, 
lower subjective quality of life assessed by the Visual Analogue Scale was significantly associated with longer 
hospitalizations. These findings are consistent with those of Nguyen et al.28, who showed that poorer patient-
reported health status correlates with longer hospital stays and adverse clinical outcomes. Moreover, Kakutani 
et al.29 demonstrated that early mobilization is associated with shorter hospital stays and improved activities of 
daily living (ADL) outcomes in patients with acute heart failure.

In summary, the HEROES study provides a comprehensive, multifactorial assessment of risk factors for 
prolonged hospitalization in patients with acute decompensated heart failure. Our findings emphasize the need 
to consider not only traditional markers of disease severity and comorbidities but also in-hospital treatment 
strategies and patient-reported functional status. Such an approach enables better identification of patients at 
higher risk of extended stays, supports personalized care planning, and optimizes healthcare resource allocation. 
Ultimately, this may improve the quality of care for heart failure patients and help reduce hospital lengths of stay.

Limitations
Despite the multicenter design of the study and the involvement of multiple investigators, certain limitations 
must be acknowledged. Organizational factors that could affect the length of hospitalization—such as the delay 
between symptom exacerbation and the initiation of diagnostic procedures (e.g., timing of echocardiography)—
were not evaluated. Additionally, detailed pharmacotherapy parameters, including treatment duration and 
administered dosages, were not collected. The absence of these data may limit the full assessment of the 
therapeutic impact on hospitalization course. Future studies should incorporate these elements to allow more 
accurate identification of risk factors and to support optimization of individualized treatment strategies.

Conclusions
An extended length of hospital stay exceeding 8 days was associated with worse clinical status at admission, 
a higher burden of comorbidities, anaemia, chronic kidney disease, the need for vasoactive support, and 
radiological signs of inflammation. Predictive factors linked to shorter hospitalizations included higher systolic 
blood pressure at admission, prior statin therapy, and better functional status, as reflected by higher KCCQ-
12 scores. Identification of risk factors for prolonged hospitalization highlights the need for further research 
evaluating targeted interventions and organizational strategies that may reduce hospital stay duration and 
improve patient outcomes, as well as emphasizing the importance of early risk stratification.
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Data availability
The data presented in this study are available on request from the first author. The data are not publicly available 
due to ethical restrictions. The availability of the data underpinning this study can be accessed upon request 
from the corresponding author.
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