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Abstract: Background — Chronic heart failure (CHF) is one of the leading causes of mortality. Many factors can influence the risk of
mortality in patients with CHF. Therefore, it is necessary to clarify the predictors of mortality in patients with CHF.

The goal of our study was to identify predictors of adverse prognosis in patients with CHF.

Methods — The study included 591 patients with CHF at 60 medical facilities registered in Samara Region CHF Registry during one month in
2022. Their median age was 71.0 (64.0-80.0) years, and 339 (57.4%) of them were men. The follow-up period lasted 18 months, during
which 198 (33.5%) patients died.

Results — According to the results of multivariate analysis, prognostic factors associated with mortality in patients with CHF were age (OR
1.024, 95% confidence interval [CI] 1.007-1.042, p=0.006), NYHA functional class IV (OR 2.226, 95% Cl 1.358-3.649, p=0.002), pleural
effusion (OR 1.423, 95% ClI 0.973-2.083, p=0.069), oxygen therapy in outpatient settings (2.401, 95% ClI 0.963-5.988, p=0.06), inotropic
therapy in a hospital settings (OR 1.559, 95% ClI 0.924-2.630, p=0.096), and left ventricular ejection fraction (LVEF) < 40% (OR 1.580, 95% ClI
1.066-2.342, p=0.023). Previous cardiac surgery was inversely associated with the probability of death (OR 0.476, 95% Cl 0.3-0.755,
p=0.002). The area under the ROC curve, corresponding to the relationship between mortality and the value of the logistic regression
function, was 0.691 (p=0.023) (95% ClI 0.645-0.736).

Conclusion — Predictors of mortality in patients with CHF over an 18-month follow-up period include age, NYHA functional class IV CHF,
pleural effusion, oxygen therapy in outpatient settings, inotropic therapy in a hospital setting, and LVEF < 40%. Previous cardiovascular
surgeries had a favorable effect on mortality in these patients.
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Introduction aimed at assessing predictors of adverse outcomes in patients with
CHF are of paramount importance. Special attention should be
paid to the assessment of leading clinical markers associated with
the risk of mortality within 1 year after hospital discharge, which
can improve specialized palliative care programs.

The importance of accurately assessing the severity of chronic
heart failure (CHF) is increasing due to the ongoing aging of the
population, numerous comorbidities in elderly people, and the risk
of inadequate treatment. The aforementioned factors contribute

to an increase in the prevalence of CHF [1]. According to The goal of our study was to identify predictors of adverse
epidemiological studies, the most common diseases leading to prognosis in patients with NYHA functional classes Ill and IV CHF
heart failure in Russia, Europe, and the USA are hypertension in within 18 months after hospital discharge.

95.5% of cases and coronary artery disease (CAD) in 69.7% of

cases. Patients with CHF usually have an adverse prognosis: 1-year Material and Methods

and 5-year mortality rates after diagnosis of all types of heart
failure were 20% and 53%, respectively, in the Olmsted County
cohort [2]. 1-year mortality in patients with severe heart failure
ranges from 25% to 75% [3]. The prognosis of patients with CHF
can be influenced by various risk factors, mainly left ventricular
ejection fraction (LVEF), gender, and significant comorbidities [3].
Currently, many studies are being conducted to assess predictors
of adverse prognosis in patients with heart failure [4, 5].
Nevertheless, the existing data are contradictory, which may limit
their application in actual clinical practice. Additional studies

We conducted a prospective multicenter observational study
(registry) with an 18-month follow-up period (Figure 1). The study
included 591 patients with CHF at 60 medical facilities registered
in Samara Region CHF Registry over a one-month period in 2022.
Their mean age was 71.0 (64.0-80.0) years, 339 (57.4%) of them
were men. The study included patients with CHF caused by CAD,
previous myocardial infarction, valvular heart disease,
cardiomyopathies, and other heart diseases. All patients included
in the study had signs and symptoms of NYHA functional classes llI
and IV CHF and at least one additional feature as follows:
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Design: prospective multicenter observational study (registry) (2022)

Data collected on:
1. Cases of hospitalization for CHF in the previous 365 days;
2. Inotropic therapy in the anamnesis or currently (dobutamine, dopamine, norepinephrine);
3. Left ventricle ejection fraction < 40%;
4. Systolic blood pressure <100 mmHg;
5. Dialysis, including CKD stages 4 and 5, GFR < 30 mL/min/1.73m?;

6. Implantable cardioverter-defibrillator (ICDV cardiac resvnchronization theranv (CRTY pacemaker:

Follow-up over 18 months: collecting death certificates (2024)

Figure 1. Study design.

Table 1. Baseline characteristics of patients with CHF

Parameter n=591
Men, n (%) 339 (57.4)
Age, years 71.0 (64.0-80.0)
11, n (%) 8(1.3)
NYHA class I, n (%) 491 (79.4)
IV, n (%) 84 (13.6)
CAD, including previous Ml, n (%) 381 (64.5)
Cardiomyopathy, n (%) 53 (9.0)
Valvular pathology, n (%) 19(3.2)
Hypertension, n (%) 9(1.5)
Other, n (%) 111 (18.8)
Hospitalization within 1 year prior, n (%) 513 (86.8)
LVEF < 40%, n (%) 229 (37.1)
LBBB, n (%) 108 (17.5)
VT, n (%) 55 (8.9)
AF, n (%) 125 (21.2)
Sp02, % 97(96;97)
Cancer, n (%) 46 (7.4)
Previous heart surgery, n (%) 160 (25.9)

AF, atrial fibrillation; CAD, coronary artery disease; LVEF, left ventricle
ejection fraction; LBBB, left bundle branch block; MI, myocardial infarction;
VT, ventricular tachycardia.

Table 2. Complications in patients with CHF

Parameter n=591
Pleural effusion, n (%) 270 (43.7)
Ascites, n (%) 67 (10.8)
SBP < 100 mmHg, n (%) 160 (27.1)
Inotropic therapy in a hospital setting, n (%) 84 (13.6)
Heart transplant waiting list, n (%) 12 (1.9)
Inotropic therapy in outpatient settings, n (%) 54(8.7)
Oxygen therapy in outpatient settings, n (%) 25 (4,0)
Opioid analgesics therapy in outpatient settings, n (%) 5(0.8)
Predialysis or dialysis (CKD stages 4 and 5, GFR less than 23(3.7)

30 mL/min/m?), n (%)

1. More than 1 hospitalization for HF in the previous 365 days;

2. Inotropic therapy in the anamnesis or currently
(dobutamine, dopamine, norepinephrine);

3. LVEF < 40%;

4. Systolic blood pressure < 100 mm Hg;

5. Dialysis, including CKD stages 4 and 5, GFR < 30

mL/min/1.73 m?;

6. Implantable cardioverter-defibrillator ~ (ICD)/cardiac

resynchronization therapy (CRT)/pacemaker;
7. Fluid retention and/or increasing need for diuretics;
8. Need for opioid analgesics after discharge;
9. Being on the waiting list for a heart transplant;
10. Need for oxygen therapy after discharge;
11. Need for inotropic agents after discharge.

Death certificates were obtained from the Samara Region
Death Certificate Database.

Exclusion criteria included decompensation of liver and kidney
diseases, diabetes mellitus, and severe coagulopathy. The
diagnosis of CHF was established in accordance with the Russian
Society of Cardiology (RSC) 2020 Clinical Practice Guidelines for
Chronic Heart Failure [1].

The baseline characteristics of the patients are presented in
Table 1. Only 49 (24.1%) patients with CHF were younger than 65
years old. Elderly men predominated among patients with CHF.
Interestingly, more than 25% of patients had undergone cardiac
surgery. Atrial fibrillation, as one of the most common
arrhythmias, was observed in more than 20% of patients. Most
patients with severe CHF had CAD, including a history of
myocardial infarction.

More than 40% of patients had pleural effusion, over 25% had
low systolic blood pressure (SBP), and >10% of patients had ascites
(Table 2). More than 10% of patients required inotropic therapy,
oxygen, or opioids in an outpatient setting. A permanent
pacemaker was implanted in 58 (9.8%) patients, an ICD was
implanted in 8 (1.3%), and a CRT defibrillator in 12 (2.2%) patients.
The developed questionnaire with the above parameters was
distributed by the Ministry of Healthcare of Samara Region to each
medical institution (outpatient or inpatient), where doctors
included the eligible patients in the study. After collecting
information on all patients, a dataset was formed. The proportion
of missing data was less than 10%.

Statistical analysis was performed using the SPSS Statistics
26.0 software (USA). Quantitative variables are presented as the
median, and 25th and 75th percentiles (due to the non-normal
distribution of continuous variables). Differences between groups
for continuous variables with a non-normal distribution were
assessed using the Wilcoxon-Mann-Whitney rank-sum test.
Qualitative variables are presented as counts and percentages of
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the total number of patients with available data for each group.
Univariate and multivariate logistic regression analysis was
employed to identify factors associated with fatal outcome after
1.5 years of follow-up. Nagelkerke coefficient of determination
(R2) was calculated to assess the predictive ability of the model.
Model validation was performed on both the training and test
samples. We calculated accuracy, sensitivity, specificity, and
positive and negative predictive values. ROC analysis was also
performed with calculation of the AUC value. Values of p<0.05
were considered statistically significant.

Results

During the 18-month observation period, 198 (33.5%) patients
died from various causes (Figure 2). To determine predictors of
adverse prognosis, all patients were divided into two groups.
Group 1 included deceased patients (n=198), while Group 2
included surviving patients (n=393). The clinical characteristics of
the patients are presented in Table 3.

6.10%

21.70%

11.60% 7

3.00%
2.50%

6.60%

7.60%
s DM = CAD+AHD = VD » CMP n LD =other HD ® NsD mother

Figure 2. Main causes of mortality in patients with CHF.

DM, diabetes mellitus; CAD, coronary artery disease; AHD, atherosclerotic
disease; other HD, other heart diseases; VD, other vascular diseases; CMP,
cardiomyopathy; LD, lung diseases; NsD, nervous system diseases.

08 4

06 ya
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Figure 3. ROC curve demonstrating the quality of binary classification.

We observed significant differences between the two groups
in age, NYHA class of CHF, presence of pleural effusion, history of
cardiovascular surgery, inotropic therapy during hospitalization,
and oxygen therapy in outpatient settings.

Subsequently, predictors of adverse prognosis were identified
using binary logistic regression. The regression model was
statistically significant (p<0.001). Based on the value of the
Nagelkerke coefficient of determination, 12.9% of the variance in
the probability of mortality was determined by the factors
included in the model. Prognostic indicators associated with the
risk of death were age, presence of NYHA class IV CHF, pleural
effusion, oxygen therapy in outpatient settings, inotropic therapy
in the hospital, and LVEF < 40%. Previously performed heart
surgeries were inversely associated with the probability of death.
The relationship of predictors with the probability of death in
patients with CHF is presented in Table 4.

The regression equation was constructed using the following
coefficients:

R =-5.964 + 0.031*A + 0.896*B + 0.262*C + 1.084*D - 0.713*E +
0.499*F + 0.488*G

where: R is the standard regression equation;
-5.694 is the constant;
Ais age, years;
Bis NYHA class (0 —IIl, 1 —1V);
Cis pleural effusion (0 — absence, 1 — presence);
D is oxygen therapy (0 — absence, 1 — presence);

E is previous cardiovascular surgeries (0 — absence, 1 —
presence);

Fis LVEF < 40% (0 —absence, 1 — presence);

G is inotropic therapy in a hospital setting (0 — absence, 1 —
presence).

1
T 14eR

R

where: R is the standard regression equation;

e is the base of the natural logarithm approximately equal to
2.72.

If R is less than 0.323, the risk of death is not predicted; if R
exceeds or equals to 0.323, the risk of death in the patient is
predicted.

The area under the ROC curve, corresponding to the
relationship between mortality and the value of the logistic
regression function, was 0.691 (p=0.023) (95% confidence interval
[CI] 0.645-0.736), which indicates the average quality of the
developed model and the need for further evaluation of the
parameters of each patient included in the study to re-evaluate
the developed model (Figure 3). The threshold value of the P
function at the cutoff point was 0.31986. Values of the function
equal to or exceeding this value corresponded to a prediction of a
fatal outcome. The sensitivity and specificity of the model were
68.7% and 60.6%, respectively. Positive predictive value was
46.3%, negative predictive value was 79.4%, and diagnostic
significance was 63.3%.
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Discussion

CHF is the terminal stage of almost all cardiovascular diseases.
The 5-year mortality rate in patients with CHF is 53-67% [1, 6]. The
prognosis in patients with CHF depends on various clinical,
laboratory, and other factors. One of the most important factors
associated with an adverse long-term prognosis in patients with
CHF is the LVEF. The prognosis in patients with CHF and
moderately reduced ejection fraction is significantly better vs.
patients with reduced LVEF [7, 8]. Our results are consistent with
the aforementioned studies: in our study, LVEF <40% is statistically
significantly associated with an adverse prognosis in patients with
CHF in univariate and multivariate analysis and, therefore, serves
as an independent predictor of mortality.

The overall incidence of heart failure is increasing due to the
aging population [3]. The prevalence of heart failure is 1-2% in
adults, significantly increasing with age [3]. According to previous
studies, older age is a predictor of mortality in acute and chronic
heart failure [9, 10]. Based on multivariate analysis, our study
showed that age is an independent predictor of mortality in
patients with CHF. Therefore, our study also confirms that age is
associated with higher mortality in patients with heart failure.

NYHA class is an important predictor of mortality in patients
with acute heart failure [11, 12]. The role of NYHA class
assessment in the prognosis of patients with CHF cannot be

Table 3. Characteristics of surviving and deceased patients with CHF

underestimated. NYHA class assessment in patients with CHF is
very useful for diagnosis, treatment, and even for making decisions
about device implantation. In our study, NYHA functional class IV
CHF is associated with mortality in patients with CHF.

Interestingly, our results demonstrate that previous
cardiovascular surgeries are associated with reduced mortality in
patients with CHF. In this regard, our findings differ from those of
Nader et al. (2023), who included only patients with acute
coronary syndrome with a follow-up period of 2.5 years and did
not confirm a significant effect of coronary revascularization on
short-term outcomes in these patients [13]. In our study, only
64.5% of patients had a history of CAD, which may explain this
difference. On the other hand, our results are consistent with the
meta-analysis by laconelli et al. (2023), who also demonstrated a
positive effect of coronary revascularization on mortality in
patients with heart failure [14]. However, this effect was not
statistically significant and consistent and was observed for overall
and cardiovascular mortality, but not for the composite endpoint
including hospitalization for heart failure plus all-cause mortality
[14]. The association of previous cardiovascular surgeries with
mortality in patients with CHF in our study is stronger than in the
study by laconelli et al., but, in contrast, we did not specify the
type of cardiovascular surgery and included only patients with
CHF.

Indicator Group 1 (n=198) Group 2 (n=393) p-value
Males, n (%) 110 (55.6%) 229 (58.3%) 0.529
Age, years 75.0 (66.0;83.0) 71.0 (64.0;78.0) 0.001
NYHA class, n (%)
I, n (%) 1(0.5%) 1(1.8%)
I, n (%) 150 (76.5%) 341 (88.1%) <0.001
IV, n (%) 45 (23.0%) 39 (10.1%)
LVEF <40%, n (%) 87 (44.4%) 142 (36.4%) 0.062
LBBB, n (%) 43 (21.8%) 65 (16.5%) 0.117
VT, n (%) 17 (8.6%) 38 (9.7%) 0.669
Sp02, % 96.5(96.0;98.0) 97.0(96.0;98.0) 0.338
Implantable devices, n (%) 19 (9.6%) 39 (10.1%) 0.869
Pleural effusion, n (%) 108 (54.8%) 162 (41.3%) 0.002
Ascites, n (%) 28 (14.1%) 39 (9.9%) 0.130
SP <120 mm Hg 59 (29.8%) 101 (25.8%) 0.298
Previous cardiovascular surgery, n (%) 37 (18.8%) 122 (31.7%) 0.001
Inotropic therapy in a hospital setting, n (%) 38 (19.2%) 46 (11.7%) 0.014
Heart transplant waiting list, n (%) 3(1.5%) 9 (2.3%) 0.759
Inotropic therapy in outpatient settings, n (%) 24 (12.2%) 30 (7.7%) 0.072
Oxygen therapy in outpatient settings, n (%) 15 (7.6%) 10 (2.6%) 0.008
Opioid analgesics therapy in outpatient settings, n (%) 3(1.5%) 2 (0.5%) 0.340
Predialysis or dialysis (CKD stages 4 and 5, GFR < 30 mL/min/m?), n (%) 6 (3.0%) 17 (4.3%) 0.506
Cancer, n (%) 19 (9.6%) 27 (6.9%) 0.250
Table 4. Characteristics of the relationship between independent prognostic factors and the probability of death in patients with CHF
predictor Univariate analysis Multivariate analysis

COR; 95% Cl p-value AOR; 95% Cl p-value
Age, years 1.026; 1.010-1.042 0.001 1.024; 1.007-1.042 0.006
NYHA class IV 2.647; 1.683-4.165 <0.001 2.226; 1.358-3.649 0.002
Pleural effusion 1.723; 1.220-2.433 0.002 1.423; 0.973-2.083 0.069
Oxygen therapy 3.148; 1.387-7.144 0.006 2.401; 0.963-5.988 0.060
Previous cardiovascular surgery 0.499; 0.329-0.756 0.001 0.476; 0.300-0.755 0.002
LVEF < 40% 1.394; 0.983-1.977 0.062 1.580; 1.066-2.342 0.023
Inotropic therapy in a hospital setting 1.792;1.121-2.863 0.015 1.559; 0.924-2.630 0.096
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Pleural effusion is a common feature in patients with CHF. We
found that the presence of pleural effusion is associated with
increased mortality in patients with CHF. Our results differ from
those by Morales-Rull et al. (2018) and Davutoglu et al. (2010),
who showed that pleural effusion in patients with acute
decompensated heart failure was not an independent predictor of
1-year and 6-month mortality, respectively [15, 16]. Importantly,
in our study, the presence of pleural effusion is associated with
mortality in patients with CHF according to the results of
univariate, but not multivariate analysis. Nevertheless, we decided
to include it in the final model since the p-value was less than 0.1.
Ultimately, we can interpret pleural effusion as a dependent
predictor of mortality in patients with CHF.

Oxygen therapy should be used in patients with acute heart
failure or acute decompensation of CHF if oxygen saturation is less
than 90%. At the same time, it is unclear whether this therapy can
lead to a reduction in mortality in patients with heart failure. In
the study by Alasdair Gray et al. (2008), there was no significant
difference in short-term (7-day) mortality between patients with
acute cardiogenic pulmonary edema receiving standard oxygen
therapy and non-invasive ventilation [17]. According to the results
of Nicolas Berbenetz et al. (2019), non-invasive mechanical
ventilation significantly reduced in-hospital mortality in patients
with cardiogenic pulmonary edema compared with oxygen
therapy [18]. We can assume that oxygen therapy in patients with
heart failure is stronger associated with alleviating symptoms of
heart failure than with improving outcomes. On the other hand,
patients with CHF who have indications for oxygen therapy are
considered to have more severe decompensation of heart failure
vs. patients who do not require oxygen therapy. In our study,
patients with CHF receiving oxygen therapy in an outpatient
setting had higher long-term mortality compared with patients
who did not have indications for this therapy. Our study supports
the idea that patients with CHF requiring oxygen therapy have a
worse prognosis than patients without indications for oxygen
therapy. Our study differs from the aforementioned studies in the
way long-term mortality was assessed in patients with CHF —
specifically, in our study, we observed a statistically significant
association between oxygen therapy and mortality was observed
only based on univariate analysis. However, we did not exclude
this factor from the model for the same reasons as pleural
effusion.

Inotropic agents may be used in patients with heart failure
accompanied by low cardiac output and hypotension [3] to
alleviate the symptoms of heart failure. Patients requiring
inotropic drugs in clinical practice have severe heart failure, and
are expected to have higher mortality vs. patients who do not
require this therapy. Our study confirms this point: we found that
inotropic therapy in the hospital is associated with increased long-
term mortality in patients with CHF. In any case, this indicator can
be considered dependent, since we revealed a significant
association between inotropic therapy and mortality only based on
univariate analysis, while multivariate analysis yielded the p-value
of 0.096. Still, we did not exclude this indicator from the final
model, since the p-value was less than 0.1.

Limitations of the study

The presented study is a registry-based one; therefore, we
cannot exclude all associated systematic errors. We did not assess
the levels of some laboratory parameters, e.g. NT-proBNP, which

could have influenced mortality in patients with heart failure. We
also did not analyze the treatment strategy.

Conclusion

Predictors of mortality in patients with heart failure over an
18-month follow-up period are age, NYHA functional class IV CHF,
pleural effusion, oxygen therapy in outpatient settings, inotropic
therapy in inpatient settings, and LVEF < 40%. Previous
cardiovascular surgery had a favorable effect on mortality in these
patients.
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