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Abstract

INTRODUCTION: Acute decompensated heart failure 
(ADHF) holds a special place in the structure of acute heart 
failure, accounting for up to 50 % of emergency hospitaliza-
tions in cardiology hospitals. Its clinical significance is de-
termined by high readmission rates: over 50  % within six 
months, nearly 70 % in the first year, and up to 80 % within 
two years after an ADHF episode. With an in-hospital mor-
tality rate of about 5 %, the risk of a fatal outcome increases 
significantly in the long term, reaching 30 % or more with-
in the first year after discharge. Given the increasing prev-
alence of chronic heart failure in the Russian Federation 
(8.2  %), development of tools for effective outcome pre-
diction in this patient category is an important clinical task. 
OBJECTIVE: To develop a model for stratifying the risk of 
mortality in patients with ADHF hospitalized in the intensive 
care unit. MATERIALS AND METHODS: A pilot prospective 
single-center cohort study of 140  patients with ADHF was 
conducted. A comprehensive analysis of clinical, anamnestic, 
laboratory, and instrumental parameters was performed us-
ing multivariate logistic regression and ROC analysis (receiver 
operating characteristic). RESULTS: The overall mortality in 
the cohort was 15.7 %. A prognostic model (nomogram) with 
good discriminatory ability (area under ROC 0.80; 95%  CI 
0.66–0.94) was created, including three independent predic-
tors: systolic blood pressure < 100 mm Hg (OR 9.96), D-di-
mer level ≥ 785 ng/ml (OR 4.90), and International normal-
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Реферат

АКТУАЛЬНОСТЬ: Острая декомпенсация сердечной не-
достаточности (ОДСН) занимает особое место в  струк-
туре острой сердечной недостаточности, составляя 
до  50  % всех экстренных госпитализаций в  кардиоло-
гические стационары. Актуальность проблемы под-
черкивается данными о  высокой частоте повторных 
госпитализаций: более 50 % — в течение полугода, поч-
ти 70  %  — в  первый год, до  80  %  — в  двухлетней пер-
спективе после эпизода ОДСН. При внутрибольничной 
летальности около 5  % риск фатального исхода значи-
тельно возрастает в отдаленный период, достигая 30 % 
и  более в  течение первого года после выписки. В  усло-
виях роста распространенности хронической сердечной 
недостаточности (ХСН) в Российской Федерации (8,2 %) 
разработка эффективных инструментов прогнозирова-
ния исходов у данной категории пациентов представляет 
важную клиническую задачу. ЦЕЛЬ ИССЛЕДОВАНИЯ: 
Разработка модели стратификации риска летального 
исхода у пациентов с ОДСН, госпитализированных в от-
деление реанимации и  интенсивной терапии (ОРИТ). 
МАТЕРИАЛЫ И  МЕТОДЫ: Проведено пилотное про-
спективное одноцентровое когортное исследование 
140  пациентов с  ОДСН. Выполнен комплексный анализ 
клинико-анамнестических, лабораторных и  инструмен-
тальных показателей с использованием многофакторной 
логистической регрессии и  ROC-анализа (receiver oper-
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ized ratio ≥ 1.39 (OR 5.88). At an optimal cutoff of 13 points, 
the model demonstrates sensitivity and specificity of 77 % 
each. CONCLUSIONS: A model based on three easily deter-
mined parameters has been developed, which allows for the 
stratification of the risk of mortality in patients with ADHF in 
intensive care unit, potentially contributing to the optimiza-
tion of treatment strategies and resource allocation.

KEYWORDS: heart failure, prediction, mortality, nomogram, 
risk factor, critical care
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ating characteristic). РЕЗУЛЬТАТЫ: Общая летальность 
в  когорте составила 15,7  %. Создана прогностическая 
модель (номограмма) с  хорошей дискриминационной 
способностью (AUROC 0,80; 95%-й доверительный ин-
тервал [95% ДИ] 0,66–0,94), включающая три независи-
мых предиктора: систолическое артериальное давление 
(САД)  <  100  мм рт.  ст. (отношение шансов  [ОШ] 9,96), 
уровень D-димера  ≥  785  нг/мл (ОШ 4,90) и  междуна-
родное нормализованное отношение (МНО) ≥ 1,39 (ОШ 
5,88). При оптимальном пороге отсечения в  13  баллов 
модель демонстрирует чувствительность и  специфич-
ность 77  %. ВЫВОДЫ: Разработана модель на  основе 
трех легко определяемых параметров, которая позволяет 
стратифицировать риск летального исхода у  пациентов 
с ОДСН в условиях ОРИТ, что может способствовать оп-
тимизации лечебной тактики и распределения ресурсов.

КЛЮЧЕВЫЕ СЛОВА: сердечная недостаточность, 
прогнозирование, летальность, номограмма, фактор 
риска, интенсивная терапия
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Introduction

Chronic heart failure (CHF) remains a major challenge 
in contemporary medicine. In the Russian Federation, the 
prevalence of CHF has reached 8.2 %, while the average an-
nual mortality rate is approximately 6 %, highlighting the 
considerable medical, social, and economic burden asso-

ciated with the decompensation of this condition [1]. The 
primary goal in the management of these patients is the 
optimization of guideline-directed medical therapy. In con-
trast, acute heart failure (AHF) is associated with substan-
tially higher in-hospital mortality rates, reaching 4–7 %, and 
an extremely high annual mortality rate exceeding 35  %, 
according to international registries  [2–7]. Acute decom-

https://doi.org/10.21320/1818-474X-2026-3-149-159
mailto:vatsikmv@zdrav.mos.ru
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pensated heart failure (ADHF) represents a particularly 
important subtype of AHF, accounting for up to 50 % of all 
emergency admissions to cardiology departments [1, 8].

Despite advances in treatment, the prognosis of pa-
tients with ADHF remains poor. In-hospital mortality is ap-
proximately 5 %, while the risk of death increases marked-
ly after discharge, exceeding 30 % within the first year [9]. 
Frequent rehospitalizations substantially contribute to dis-
ease severity and adversely affect prognosis. Contemporary 
data indicate that more than 50 % of patients are rehospi-
talized within six months following an episode of ADHF, 
nearly 70  % within the first year, and up to 80  % within 
two years  [8,  9]. Beyond objective measures of mortality 
and morbidity, each episode of ADHF is associated with 
a significant deterioration in patients’ quality of life, em-
phasizing the importance of not only prolonging survival 
through treatment but also preserving an acceptable quality 
of life [10, 11].

These findings underscore the need for improved 
risk stratification strategies in patients with ADHF. 
Identification of factors associated with mortality is criti-
cally important for patient triage, resource allocation, treat-
ment optimization, and improvement of clinical outcomes 
in this population. 

Objective

The aim of the present study was to develop a prognos-
tic model for mortality in patients with acute decompensat-
ed heart failure based on a comprehensive analysis of clin-
ical, anamnestic, laboratory, and instrumental parameters.

Materials and methods

A pilot single-center prospective cohort study was 
conducted to identify risk factors associated with mortal-
ity in patients with ADHF admitted to the intensive care 
unit (ICU), followed by the development of a risk stratifi-
cation model. Patient enrollment was performed between 
2021 and 2023 in the cardiac ICU of the V.V. Vinogradov 
University Clinical Center, Peoples’ Friendship University 
of Russia named after Patrice Lumumba. The study was 
approved by the local Ethics Committee (Protocol No. 
4/1 dated June 17, 2021). Reporting of this study con-
forms to the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) checklist (provid-
ed in the online supplementary material).

The inclusion criteria were: age > 18 years; ICU ad-
mission; diagnosis of ADHF, defined as the development of 
new or worsening symptoms and signs of dyspnea, fatigue, 
or edema occurring in the setting of pre-existing chronic 
heart failure and requiring medical attention  [1,  12]; and 
provision of informed consent or approval by a medical 
board. No exclusion criteria were applied in order to max-

imize sample representativeness and enhance the external 
validity of the study.

For the purposes of the study, data collection and anal-
ysis included the etiology of CHF, precipitating factors of 
decompensation, baseline clinical, demographic, hemody-
namic, and laboratory parameters at ICU admission, as well 
as characteristics of in-hospital treatment. Hematological 
and biochemical blood analyses were performed using a 
Beckman Coulter analyzer (USA). Coagulation parame-
ters were assessed using an ACL TOP hemostasis analyzer. 
Enzyme-linked immunosorbent assay (ELISA) was used to 
measure plasma N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) levels (NT-proBNP-ELISA-BEST test sys-
tem).

Statistical analysis

Continuous variables were described as median and 
interquartile range (IQR) (Me [Q1–Q3]), while categor-
ical variables were presented as absolute and relative fre-
quencies. Comparisons of continuous variables between 
groups were performed using the Mann-Whitney U test, 
whereas differences in the distribution of categorical vari-
ables were assessed using Fisher’s exact test. To identify 
factors independently associated with the outcome of in-
terest, multivariable logistic regression analysis was per-
formed using a backward stepwise Wald selection pro-
cedure. Variables demonstrating statistically significant 
differences in the univariate analysis were included in the 
multivariable model. Continuous variables were dichoto-
mized according to optimal cut-off values determined by 
receiver operating characteristic (ROC) curve analysis us-
ing the Youden index.

The predictive performance of the model was evaluated 
by ROC curve analysis with calculation of sensitivity, spec-
ificity, and overall accuracy. A two-sided p-value < 0.05 was 
considered statistically significant. Statistical analyses were 
performed using IBM SPSS Statistics version 27.0 and Stata 
version 18.0.

Results

Patient characteristics

A total of 140 patients were screened, and all were in-
cluded in the study. Overall mortality in the cohort was 
15.7 % (22 patients) (Figure 1).

Univariate analysis demonstrated that patients who 
died more frequently had a history of coronary artery by-
pass grafting (CABG) (13.6 vs 2.5 %; p = 0.049) and periph-
eral atherosclerosis (31.8 vs 10.2 %; p = 0.013). Arterial hy-
pertension as a trigger of ADHF was more common among 
survivors (63.6 vs 36.4 %; p = 0.032), whereas progression of 
comorbid conditions was more frequently observed among 
non-survivors (27.3 vs 8.5 %; p = 0.021) (Table 1).
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Analysis of physical examination findings and instru-
mental data revealed a significant difference in the preva-
lence of systolic blood pressure (SBP) below 100 mmHg, 
which was observed in 38.1 % of non-survivors compared 
with 8.5 % of survivors (p = 0.001). Other parameters were 
comparable between the groups (Table 2).

Laboratory analysis demonstrated significantly high-
er levels of urea (12.8  vs  10.0 mmol/L; p  =  0.031), total 
bilirubin (25.6  vs  15.9 μmol/L; p  =  0.047), direct biliru-
bin (8.4 vs 3.9 μmol/L; p = 0.019), lactate dehydrogenase 
(LDH) (405 vs 266 U/L; p = 0.002), and C-reactive protein 
(CRP) (59.9  vs 18.7 mg/L; p =  0.002) among non-survi-
vors. In addition, higher international normalized ratio Fig. 1. Flowchart presenting patients enrolling process

Screened: 140

Included: 140

Survivors: 118 Deaths: 22

Met inclusion criteria: 140

Table 1. Clinical, demographic and anamnesis data of patients with acute decompensated heart failure

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

Clinical and demographic characteristics

Male sex 58 (49.2 %) 10 (45.5 %) 0.819

Age, years 75 (65; 84) 80 (76; 84) 0.187

BMI, kg/m² 30.5 (26.3; 36.6) 30.5 (27.8; 33.1) 0.931

Ischemic heart disease 60 (51.3 %) 16 (72.7 %) 0.101

Previous myocardial infarction 52 (44.4 %) 10 (45.5 %) > 0.9

History of CABG 3 (2.5 %) 3 (13.6 %) 0.049

History of PCI 28 (23.7 %) 3 (13.6 %) 0.406

Permanent pacemaker implantation 5 (4.2 %) 1 (4.5 %) > 0.9

Comorbidities

Arterial hypertension 118 (100.0 %) 22 (100.0 %) > 0.9

Peripheral atherosclerosis 12 (10.2 %) 7 (31.8 %) 0.013

Diabetes mellitus 52 (44.1 %) 9 (40.9 %) 0.819

Chronic kidney disease 40 (33.9 %) 9 (42.9 %) 0.463

COPD / bronchial asthma 27 (22.9 %) 6 (28.6 %) 0.583

History of stroke 21 (17.8 %) 5 (22.7 %) 0.560

Malignancy 21 (17.8 %) 3 (14.3 %) > 0.9

CHF etiology

Arterial hypertension 51 (44.3 %) 8 (38.1 %) 0.640

Ischemic heart disease 46 (40.0 %) 10 (47.6 %) 0.631

Cardiomyopathy 11 (9.6 %) 3 (14.3 %) 0.454

Valvular heart disease 5 (4.3 %) 0 (0.0 %) > 0.9

Arrhythmia 2 (1.7 %) 0 (0.0 %) > 0.9

NYHA functional class

Class II 14 (12.2 %) 2 (10.0 %) > 0.9

Class III 37 (32.2 %) 6 (30.0 %) > 0.9

Class IV 64 (55.7 %) 12 (60.0 %) 0.810

Primary trigger of ADHF

Arterial hypertension 75 (63.6 %) 8 (36.4 %) 0.032
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(INR) values (1.47 vs 1.34; p = 0.036) and D-dimer levels 
(1,028 vs 574 ng/mL; p = 0.026) were observed in the de-
ceased patient group (Table 3).

The median ICU length of stay was significantly lon-
ger among non-survivors than among survivors (6 [2–11] 
days  vs  3  [2–4] days, p  =  0.023), whereas total hospital 
length of stay was comparable between groups (p = 0.344). 
Regarding treatment modalities, non-survivors more fre-
quently required hemodynamic support with vasopressor 
and/or inotropic agents (36.4 % vs 14.4 %; p = 0.029), as 
well as respiratory support using non-invasive ventila-
tion (NIV) (31.8 % vs 10.2 %; p = 0.013) and invasive me-
chanical ventilation (IMV) (22.7  %  vs 5.1  %; p =  0.015). 
Furthermore, infectious complications occurred signifi-
cantly more often in this group (72.2 % vs 40.2 %; p = 0.019) 
(Table 4).

The results of binary logistic regression analysis are 
presented in Table 5.

Multivariable logistic regression identified the fol-
lowing independent predictors of mortality in ICU pa-
tients with ADHF: systolic blood pressure < 100 mmHg 
(odds ratio [OR] 9.96, 95% confidence interval [CI] 1.56–
63.79; p =  0.015), D-dimer ≥785 ng/mL (OR 4.90, 95% 
CI 1.06–22.55; p = 0.041), and INR ≥1.39 (OR 5.88, 95% 
CI 1.09–31.81; p = 0.040). Based on these risk factors, a 
nomogram for mortality risk prediction was developed 
(Figure 2).

Nomogram interpretation: For each of the three eval-
uated parameters, a point value is assigned by drawing a 
vertical line from the corresponding parameter value to the 
“Points” scale. The points obtained for all three variables 
are then summed. Patients with a total score exceeding 13 

Table 2. Results of physical and instrumental examination in patients with acute decompensated heart failure

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

Physical examination

Systolic blood pressure, mmHg 134 (110; 158) 127 (96; 140) 0.056

Systolic blood pressure < 100 mmHg 10 (8.5 %) 8 (36.4 %) 0.001

Heart rate, beats/min 91 (76; 110) 96 (86; 109) 0.379

Acrocyanosis 41 (34.7 %) 9 (42.9 %) 0.471

Ascites 16 (13.6 %) 6 (28.6 %) 0.104

Instrumental findings

SpO₂, % 94 (90; 97) 94 (92; 96) 0.593

Left ventricular ejection fraction (LVEF), % 48 (28; 55) 45 (35; 52) 0.773

Aortic valve stenosis 14 (15.9 %) 3 (16.7 %) > 0.9

PASP, mmHg 51 (30; 60) 53 (46; 58) 0.845

IVC diameter, cm 2.5 (1.9; 2.9) 2.2 (1.9; 2.5) 0.641

Lung ultrasound B-lines 30 (15; 33) 33 (18; 58) 0.291

Note: Quantitative data are presented as Me (IQR), where Me — median and IQR — interquartile range. Qualitative data are presented as absolute 
and relative frequencies. Bold values denote statistical significance. HR — heart rate; SpO₂ — blood oxygen saturation (pulse oximetry);  
IVC — inferior vena cava; PASP — pulmonary artery systolic pressure; LVEF — left ventricular ejection fraction.

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

Arrhythmia 13 (11.0 %) 3 (13.6 %) 0.718

Poor treatment adherence 11 (9.3 %) 2 (9.1 %) > 0.9

Progression of comorbidities 10 (8.5 %) 6 (27.3 %) 0.021

Infection 8 (6.8 %) 2 (9.1 %) 0.657

Dietary non-adherence 1 (0.8 %) 1 (4.5 %) 0.291

Note: Quantitative data are presented as Me (IQR), where Me — median, IQR — interquartile range. Qualitative data are presented as absolute 
and relative frequencies. Bold values denote statistical significance.

ADHF — acute decompensated heart failure; BMI — body mass index; CABG — coronary artery bypass grafting; CHF —chronic heart failure;  
COPD — chronic obstructive pulmonary disease; NYHA — New York Heart Association functional classification of chronic heart failure;  
PCI — percutaneous coronary intervention.

End of the tabl. 1
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Table 4. In-hospital course characteristics of patients with acute decompensated heart failure

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

ICU length of stay, days 3 (2; 4) 6 (2; 11) 0.023

Hospital length of stay, days 9 (7; 13) 9 (5; 12) 0.344

Acute kidney injury (KDIGO criteria) 7 (6.1 %) 3 (13.6 %) 0.205

Infectious complications (positive culture result) 43 (40.2 %) 13 (72.2 %) 0.019

Hemodynamic support 17 (14.4 %) 8 (36.4 %) 0.029

Respiratory support

Conventional oxygen therapy 104 (88.1 %) 18 (81.8 %) 0.486

High-flow oxygen therapy 13 (11.0 %) 3 (13.6 %) 0.718

Table 3. Laboratory data of patients with acute decompensated heart failure on ICU admission

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

Red blood cells, ×10¹²/L 4.26 (3.80; 4.85) 4.20 (3.71; 4.67) 0.766

Hemoglobin, g/L 121 (106; 137) 125 (97; 138) 0.853

Hematocrit, % 36.7 (32.5; 41.5) 36.6 (31.1; 41.0) 0.822

White blood cells, ×10⁹/L 9.10 (6.84; 12.72) 10.15 (7.06; 14.72) 0.373

Creatinine, μmol/L 112.0 (89.2; 149.0) 123.0 (100.3; 168.5) 0.109

Urea, mmol/L 10.0 (6.9; 13.4) 12.8 (8.1; 17.8) 0.031

Estimated glomerular filtration rate (eGFR), mL/min/1.73 m² 45.8 (34.5; 61.2) 36.7 (27.0; 43.7) 0.081

Potassium, mmol/L 4.3 (3.9; 4.7) 4.4 (3.9; 4.8) 0.813

Sodium, mmol/L 141.1 (137.0; 144.5) 140.6 (131.5; 143.6) 0.222

Total bilirubin, μmol/L 15.9 (9.1; 27.2) 25.6 (11.4; 42.4) 0.047

Direct bilirubin, μmol/L 3.9 (2.2; 7.5) 8.4 (3.6; 12.1) 0.019

Alanine aminotransferase (ALT), U/L 21.7 (12.9; 36.3) 22.9 (12.1; 58.5) 0.820

Aspartate aminotransferase (AST), U/L 25.6 (20.8; 45.8) 33.9 (19.1; 79.9) 0.359

Lactate dehydrogenase (LDH), U/L 266 (220; 351) 405 (259; 594) 0.002

Alkaline phosphatase, U/L 98.8 (76.2; 125.0) 92.0 (80.4; 114.4) 0.911

C-reactive protein (CRP), mg/L 18.7 (8.6; 49.2) 59.9 (22.5; 129.0) 0.002

Total protein, g/L 67.7 (61.4; 72.0) 63.6 (59.9; 67.5) 0.056

Albumin, g/L 32.7 (29.3; 37.4) 31.1 (27.1; 33.9) 0.135

Glucose, mmol/L 6.7 (5.6; 9.4) 7.0 (5.8; 7.6) 0.947

Total cholesterol, mmol/L 3.7 (2.9; 4.7) 3.2 (2.9; 4.0) 0.183

Iron, μmol/L 5.4 (3.6; 9.0) 4.0 (2.7; 5.6) 0.092

Troponin I, ng/mL 0.042 (0.020; 0.111) 0.078 (0.066; 0.153) 0.068

NT-proBNP, pg/mL 963.5 (235.6; 1575.1) 1656.4 (1254.0; 2234.0) 0.144

D-dimer, ng/mL 574 (295; 1698) 1028 (555; 4207) 0.026

International normalized ratio (INR) 1.34 (1.20; 1.65) 1.47 (1.39; 1.82) 0.036

Note: Quantitative data are presented as Me (IQR), where Me — median and IQR — interquartile range. Qualitative data are presented as 
absolute and relative frequencies. Bold values denote statistical significance.
NT-proBNP — N-terminal pro-B-type natriuretic peptide; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CI — confidence 
interval; LDH — lactate dehydrogenase; INR — international normalized ratio; GFR — glomerular filtration rate; CRP — C-reactive protein.
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points are classified as being at high risk of mortality. In 
addition, the total score can be projected onto the proba-
bility scale to estimate the individual risk of death during 
hospitalization. For example, a total score of 17 points cor-
responds to an estimated mortality risk of approximately 
40–45 %.

The area under the receiver operating characteristic 
curve (AUROC) was 0.80 (95% CI 0.66–0.94) (Figure 3). 
The optimal cut-off value was 13 points. The model demon-
strated a sensitivity of 77 % (95% CI 46–95%), specificity of 
77 % (95% CI 66–86 %), and overall accuracy of 77 % (95% 
CI 67–85 %). The odds ratio associated with the high-risk 
category was 11.18 (95% CI 2.76–45.29).

Discussion

Key findings

This prospective single-center study included 140 pa-
tients with ADHF admitted to the ICU and demonstrated 

an overall mortality rate of 15.7 %. A nomogram for predict-
ing mortality was developed, showing good discriminative 
performance (AUROC 0.80, 95% CI 0.66–0.94), with both 
sensitivity and specificity of 77 %.

Three independent predictors of adverse outcome were 
identified: systolic blood pressure (SBP) < 100 mmHg (OR 
9.96), D-dimer ≥785 ng/mL (OR 4.90), and internation-
al normalized ratio (INR) ≥1.39 (OR 5.88) at admission. 
Patients who died had longer ICU stays, more frequently re-
quired respiratory support (non-invasive ventilation and in-
vasive mechanical ventilation) and hemodynamic support, 
and experienced infectious complications more often than 
survivors.

Comparison with previous studies

The present study proposes a risk stratification model 
for predicting in-hospital mortality among patients with 
ADHF. The findings are generally consistent with previous-
ly published data while also demonstrating several import-
ant differences.

Table 5. Results of a univariable regression analysis of the parameters that proved statistically significant when comparing 
the groups

Parameter OR (95% CI) p-value

History of CABG 6.05 (1.14; 32.23) 0.035

Peripheral atherosclerosis 4.12 (1.40; 12.11) 0.010

Arterial hypertension as the primary trigger of ADHF 0.33 (0.13; 0.84) 0.021

Progression of comorbid disease as the primary trigger of ADHF 4.05 (1.30; 12.67) 0.016

Systolic blood pressure < 100 mmHg 6.65 (2.23; 19.83) 0.001

Urea, mmol/L 1.05 (1.00; 1.10) 0.059

Total bilirubin, μmol/L 1.03 (1.00; 1.05) 0.020

Direct bilirubin, μmol/L 1.05 (1.00; 1.11) 0.042

Lactate dehydrogenase (LDH), U/L 1.00 (1.00; 1.01) 0.010

C-reactive protein (CRP), mg/L 1.01 (1.00; 1.01) 0.023

D-dimer, ng/mL 1.00 (1.00; 1.00) 0.033

International normalized ratio (INR) 1.65 (0.90; 3.05) 0.106

Note: Statistically significant results are highlighted in bold.
CRP — C-reactive protein; CABG — coronary artery bypass grafting; BP — blood pressure; CI — confidence interval; LDH — lactate dehydrogenase; 
INR — international normalised ratio; ADHF — acute decompensated heart failure; OR — odds ratio.

Parameter Survivors (n = 118) Non-survivors (n = 22) p-value

Non-invasive ventilation (NIV) 12 (10.2 %) 7 (31.8 %) 0.013

Invasive mechanical ventilation (IMV) 6 (5.1 %) 5 (22.7 %) 0.015

Note: Quantitative data are presented as Me (IQR), where Me — median and IQR — interquartile range. Qualitative data are presented as absolute 
and relative frequencies.
HFO — high-flow oxygen therapy; CI — confidence interval; IMV — invasive mechanical ventilation; NIV — non-invasive ventilation;  
LFO — low-flow oxygen therapy; AKI — acute kidney injury; ICU — intensive care unit.

End of the tabl. 4
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The ASCEND-HF study developed a model for pre-
dicting 30‑day mortality that similarly incorporated SBP, 
using a cut-off value of 100 mmHg as a risk factor for adverse 
outcomes  [13]. Additional independent predictors in the 
ASCEND-HF model included age, plasma sodium concen-
tration, blood urea nitrogen, and the presence of dyspnea at 

rest. These variables were not included in our final model. In 
contrast, we identified D-dimer and INR as significant pre-
dictors of mortality risk. The differences between the mod-
els may be attributable to variations in patient populations 
as well as differences in the prediction horizon. Notably, the 
predictive performance of the two models was comparable: 
the ASCEND-HF model demonstrated a C-index of 0.74, 
whereas the AUROC of our model reached 0.80.

A decision-tree model for in-hospital mortality risk 
stratification derived from the ADHERE registry also 
demonstrated partial overlap with our findings  [14]. SBP 
was again identified as a predictor of adverse outcome, al-
though with a higher cut-off value of 115 mmHg. However, 
the ADHERE model primarily relied on serum creatinine 
and blood urea nitrogen, which were not retained as in-
dependent predictors in our analysis. The differences in 
predictor structure are most likely explained by disparities 
between the study populations. Specifically, the ADHERE 
registry included all hospitalized patients with ADHF, 
whereas our study focused exclusively on critically ill pa-
tients requiring ICU admission. The difference in disease 
severity between the cohorts is reflected by the substantial-
ly higher mortality rate observed in our population (15.7 %) 
compared with that reported in ADHERE (4.2 %).

Clinical implications

The findings support the use of the proposed nomo-
gram for early mortality risk stratification in ICU patients 
with ADHF. The model is based on a comprehensive assess-

Fig. 2.	 Nomogram for predicting mortality in patients with acute decompensated heart failure in the ICU

Note: INR — international normalized ratio; SBP — systolic blood pressure.
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ment combining a simple hemodynamic parameter (SBP) 
with readily available laboratory biomarkers (D-dimer 
and INR). The pathophysiological significance of INR and 
D-dimer as independent predictors of mortality in ADHF 
is related to their role within a common pathogenic path-
way involving venous congestion, hepatic dysfunction, 
activation of coagulation and fibrinolysis, systemic inflam-
mation, and neurohormonal imbalance. Elevated INR may 
reflect both increased consumption of coagulation factors 
secondary to coagulation activation and impaired hepatic 
synthesis resulting from venous congestion and hypoperfu-
sion. D-dimer, as a direct marker of coagulation and fibri-
nolytic activation, reflects endothelial dysfunction and mi-
crothrombus formation, thereby providing complementary 
prognostic information to that offered by INR. The prog-
nostic value of these biomarkers has also been demonstrat-
ed in previous studies [15, 16].

The proposed model enables identification of patients 
at high risk of mortality at the time of ICU admission, which 
may facilitate optimization of treatment strategies in crit-
ical care settings. Such risk stratification may support the 
implementation of enhanced monitoring protocols, timely 
initiation of respiratory and hemodynamic support, and in-
tensified measures aimed at preventing infectious compli-
cations. Because the model is based on three objective and 
rapidly obtainable parameters, it may serve as a practical 
decision-support tool in routine clinical practice.

Strengths and limitations

The major strengths of this study include its prospec-
tive design and the inclusion of a homogeneous cohort of 
critically ill patients with ADHF, ensuring high clinical rele-
vance and strong internal validity. Comprehensive data col-
lection encompassing clinical history, laboratory findings, 
and instrumental assessments allowed for the identification 
and evaluation of key prognostic factors.

The principal limitations include the single-center de-
sign and the moderate sample size, both of which may have 
reduced the statistical power for detecting associations in-
volving some variables and may limit the generalizability of 
the findings. Consequently, the proposed prognostic model 
requires independent external validation in larger multi-
center cohorts before widespread clinical implementation 
can be recommended.

Conclusion

A model for predicting the risk of mortality was devel-
oped in patients with chronic heart failure hospitalized in 
the intensive care unit for acute decompensated heart fail-
ure. The model demonstrated good prognostic accuracy, 
with moderate sensitivity and specificity.
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