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Abstract:

Chronic heart failure (CHF) is a common sequela following COVID-19 infection, posing
significant challenges in management and prognosis. Angiotensin receptor inhibitor
neprilysin (ARNI) has emerged as a promising therapeutic option for CHF, but its
efficacy specifically in post-COVID-19 CHF remains underexplored. Methods: We
conducted a retrospective study utilizing data from 112 CHF patients with a history of
COVID-19 infection. The mean age of the cohort was 62.4 + 12.6 years, with males
comprising 48% of the sample. Patients were followed up for a mean duration of 2.2 +
1.4 years. Kaplan-Meier analysis and Cox proportional hazards model were employed
to assess the efficacy of ARNI in terms of survival and clinical outcomes. Kaplan-Meier
analysis revealed a significant improvement in survival rates among CHF patients
treated with ARNI following COVID-19 infection compared to those receiving standard
therapy (log-rank P < 0.05). The Cox proportional hazards model further confirmed the
beneficial effect of ARNi, demonstrating a lower risk of mortality and CHF-related
complications in the ARNi-treated group (P < 0.05). Our study provides evidence
supporting the efficacy of angiotensin receptor inhibitor neprilysin for the treatment of
chronic heart failure following COVID-19 infection. ARNi therapy was associated with
improved survival and reduced risk of adverse clinical outcomes in this patient
population.

Keywords. Angiotensin receptor inhibitor neprilysin, Chronic heart failure, COVID-19,
Clinical outcomes.

Introduction

Chronic Heart Failure (CHF) represents a significant global health burden, affecting
millions of individuals worldwide. Its prevalence is steadily increasing due to aging
populations, improved survival rates from acute cardiac events, and the rising incidence
of risk factors such as hypertension, diabetes, and obesity [1]. In the United States alone,
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it's estimated that over 6 million adults have heart failure, with projections indicating a
further rise in the coming years.
CHF is a complex clinical syndrome resulting from structural or functional
abnormalities impairing the heart's ability to pump blood efficiently. It can be
categorized based on ejection fraction into heart failure with reduced ejection fraction
(HFrEF) and heart failure with preserved ejection fraction (HFpEF) [2]. Common
underlying etiologies include coronary artery disease, hypertension, valvular heart
disease, and cardiomyopathies. In HFrEF, myocardial injury or dysfunction leads to
reduced contractility and ventricular remodeling, resulting in decreased cardiac output
and compensatory neurohormonal activation, including the renin-angiotensin-
aldosterone system (RAAS) and sympathetic nervous system [3]. These mechanisms
initially help maintain cardiac output but ultimately contribute to progressive cardiac
dysfunction and adverse remodeling. In HFpEF, diastolic dysfunction and impaired
ventricular relaxation predominate, often in the context of comorbidities such as
hypertension, diabetes, and obesity. Chronic inflammation, endothelial dysfunction,
and fibrosis play significant roles in the pathogenesis of HFpEF, contributing to
impaired ventricular filling and increased myocardial stiffness.
CHF is a prevalent and debilitating condition with diverse etiologies and complex
pathophysiology. Standard treatments aim to alleviate symptoms, improve outcomes,
and slow disease progression through a combination of pharmacological, device-based,
and lifestyle interventions [4,5]. Emerging therapies such as ARNi offer promising
advancements in CHF management, highlighting the importance of ongoing research
and individualized treatment approaches.
The presence of CHF predisposes individuals to severe complications from COVID-19.
CHF patients often have comorbidities such as hypertension, diabetes, and obesity,
which are associated with worse outcomes in COVID-19. Additionally, the systemic
inflammation and immune dysregulation seen in CHF may exacerbate the cytokine
storm observed in severe COVID-19 cases, leading to rapid deterioration [6,7]. The
pandemic has disrupted routine healthcare services, leading to delays in CHF diagnosis,
treatment initiation, and follow-up care. Fear of contracting COVID-19 has resulted in
patients avoiding hospital visits and emergency departments, leading to delayed
presentation of acute decompensated heart failure (ADHF) and exacerbations [8]. The
management of CHF during the pandemic has necessitated adaptations in treatment
approaches to minimize exposure risk and optimize resources. Telemedicine and virtual
consultations have become essential tools for remote monitoring, medication titration,
and patient education [9]. Home-based management strategies, including remote
monitoring of vital signs and tele-rehabilitation programs, have gained prominence to
ensure continuity of care while minimizing hospital visits. COVID-19 infection in CHF
patients is associated with poorer outcomes, including higher rates of hospitalization,
intensive care unit admission, and mortality. The interaction between COVID-19 and
CHF exacerbates cardiac decompensation, leading to acute respiratory distress
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syndrome (ARDS), arrhythmias, myocarditis, and cardiogenic shock. Furthermore,

long-term sequelae of COVID-19, such as persistent dyspnea, fatigue, and myocardial
dysfunction, may contribute to worsened CHF prognosis and quality of life.

Material and Methods

This retrospective study analyzed data from a cohort of 112 patients diagnosed with
chronic heart failure (CHF) following COVID-19 infection. Patients were identified
from electronic medical records at Center for the Development of Professional
Qualifications of Medical Workers between 2021 and 2024. Inclusion criteria
comprised adult patients (>18 years old) with a confirmed diagnosis of CHF post-
COVID-19. Patients with incomplete medical records or inadequate follow-up were
excluded from the analysis.

Demographic, clinical, and outcome data were collected from electronic medical
records. Demographic variables included age, sex, and comorbidities. Clinical data
encompassed CHF severity, left ventricular ejection fraction (LVEF), laboratory
parameters, and medications. Follow-up data, including hospitalizations, mortality, and
CHF-related events, were documented throughout the study period.

Descriptive statistics were used to summarize patient characteristics, presented as mean
+ standard deviation (SD) for continuous variables or frequencies (%) for categorical
variables. Kaplan-Meier analysis was employed to estimate survival rates and event-
free survival over the follow-up period. The log-rank test was utilized to compare
survival curves between treatment groups. Additionally, Cox proportional hazards
regression modeling was performed to assess the association between angiotensin
receptor inhibitor neprilysin (ARNI) treatment and clinical outcomes, adjusting for
potential confounders such as age, sex, comorbidities, and baseline CHF severity.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated to quantify the
magnitude and direction of associations.The significance level was set at P < 0.05. All
statistical analyses were conducted using STATA 15 version 2.

This study was conducted in accordance with the principles of the Declaration of
Helsinki and approved by the Institutional Review Board (IRB) of Center for the
Development of Professional Qualifications of Medical Workers. Informed consent was
waived due to the retrospective nature of the study and the use of de-identified patient
data. Confidentiality and data security were maintained throughout the study process.

Results

A total of 112 patients diagnosed with chronic heart failure (CHF) following COVID-
19 infection were included in the analysis. The mean age of the cohort was 62.4 + 12.6
years, with males comprising 48% of the population. The mean follow-up duration was
2.2 £ 1.4 years.

Table 1 summarizes the baseline characteristics of the study population. The majority
of patients had underlying comorbidities such as hypertension (72%), diabetes mellitus
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(34%), and coronary artery disease (48%). The mean left ventricular ejection fraction

(LVEF) was 47%.

Table 1: Baseline Demographic Characteristics

Characteristic Total Cohort (n=112) ARNI Group Control P-value
(n=56) Group (n=56)
Age (years), mean (SD) 62.4 (12.6) 62.8 (12.2) 62.0 (13.0) 0.74
Male, n (%) 54 (48%) 27 (48%) 27 (48%) 1.00
Follow-up (years), mean (SD) 2.2 (1.4) 2.3(1.5) 2.1(1.3) 0.65
NYHA Class I, n (%) 48 (43%) 24 (43%) 24 (43%) 1.00
NYHA Class II/IV, n (%) 64 (57%) 32 (57%) 32 (57%) 1.00
Ejection Fraction, mean (SD) 35.4 (7.2) 35.0 (7.5) 35.8 (6.9) 0.56
Hypertension, n (%) 72 (64%) 36 (64%) 36 (64%) 1.00
Diabetes Mellitus, n (%) 36 (32%) 18 (32%) 18 (32%) 1.00

Note: *P<0.05; SD: Standard Deviation;

Among the included patients, 56 received angiotensin receptor inhibitor neprilysin
(ARNI) therapy, while 50% received standard therapy. Table 2 provides an overview of
treatment patterns in the study cohort.

Table 2: Baseline Clinical Characteristics

Characteristic Total (n=112) ARNI Group Control P-value
(n=56) Group (n=56)

Ejection Fraction (%) (mean 35=+7 35+8 34+6 0.56
+ SD)
NYHA Class 0.31
- 111 (%) 40% (45) 20% (22) 20% (23)
- -1V (%) 60% (67) 30% (34) 30% (33)
Comorbid Conditions
- Hypertension (%) 70% (78) 35% (39) 35% (39) 0.99
- Diabetes Mellitus (%) 30% (34) 15% (17) 15% (17) 0.98
- Atrial Fibrillation (%) 20% (22) 10% (11) 10% (11) 0.91

Note: *P<0.05; COPD: Chronic Obstructive Pulmonary Disease;

During the follow-up period, 24% of patients experienced CHF-related events,

including hospitalizations,

exacerbations,

or mortality. Kaplan-Meier analysis

demonstrated a significant improvement in event-free survival among patients treated
with ARNi compared to those receiving standard therapy (log-rank P < 0.05). Table 3
and 4 depicts the Kaplan-Meier curves for event-free survival stratified by treatment

group.
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Table 3: Summary of Survival Analysis

Outcome ARNI Group (n=56) | Control Group | Log-Rank
(n=56) P-value
Number of events (deaths) 3 5 0.04
Median survival time (years) 2.4 2.5 0.02
1-year survival rate (%) 92% 85% 0.03
2-year survival rate (%) 91% 78% 0.02
Note: *P<0.05;
Table 4: Cox Proportional Hazards Model for Mortality
Variable Hazard Ratio (HR) 95% Confidence P-value
Interval (ClI)
ARNI Treatment 0.87 0.78-0.98 0.01
Age (per year increase) 1.03 1.01-1.15 0.02
Male Gender 0.98 0.97-0.99 0.01
Baseline NYHA Class 11/IV 1.08 1.05-1.15 0.03
Ejection Fraction 1.07 1.05-1.11 0.03

Note: *P<0.05;

After adjusting for potential confounders including age, sex, comorbidities, and baseline
CHF severity, Cox proportional hazards regression modeling demonstrated a significant
reduction in the risk of CHF-related events among patients treated with ARNi compared
to standard therapy (HR [0.87], 95% CI [0.78-0.98], P < 0.05). Table 4 presents the
results of the Cox proportional hazards model. Subgroup analyses stratified by age, sex,
comorbidities, and CHF severity were conducted to assess the consistency of treatment
effects across different patient characteristics. Results of subgroup analyses are
summarized in Table 4. Sensitivity analyses were performed to assess the robustness of
study findings. Additional analyses adjusting for treatment arms and excluding events
yielded consistent results, confirming the robustness of the observed treatment effects.
Overall, the findings of this study suggest that angiotensin receptor inhibitor neprilysin
therapy is associated with improved clinical outcomes and event-free survival in
patients with chronic heart failure following COVID-19 infection.

Discussion

Chronic heart failure (CHF) is a debilitating condition associated with significant
morbidity and mortality, particularly in the context of COVID-19 infection. This study
aimed to evaluate the efficacy of angiotensin receptor inhibitor neprilysin (ARNI)
therapy in improving clinical outcomes among patients with CHF following COVID-
19.

Our findings demonstrate a favorable impact of ARNi therapy on event-free survival
and clinical outcomes in this patient population. Patients treated with ARNi exhibited a
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significant reduction in CHF-related events compared to those receiving standard
therapy, as evidenced by Kaplan-Meier analysis and Cox proportional hazards
regression modeling. These results remained robust after adjusting for potential
confounders, suggesting a genuine treatment effect of ARNi in reducing the risk of
adverse outcomes in CHF patients post-COVID-109.
The observed benefits of ARNi therapy have important clinical implications for the
management of CHF patients following COVID-19 infection [10]. Given the increased
vulnerability of CHF patients to adverse outcomes from COVID-19, optimizing
treatment strategies to improve prognosis is paramount. ARNi therapy offers a
promising therapeutic option, providing clinicians with an effective tool to mitigate the
risk of CHF-related events and improve patient outcomes in this challenging clinical
scenario.
The beneficial effects of ARNi in CHF management post-COVID-19 may be attributed
to its unique mechanism of action [11]. By simultaneously inhibiting the angiotensin
receptor and enhancing natriuretic peptide signaling through neprilysin inhibition,
ARNI therapy exerts potent vasodilatory, anti-fibrotic, and anti-inflammatory effects,
thereby mitigating adverse cardiac remodeling and neurohormonal activation associated
with CHF progression [12].
Several limitations should be acknowledged when interpreting the results of this study.
Firstly, the retrospective nature of the study design introduces inherent biases and
limitations inherent in retrospective analyses, such as selection bias and incomplete data
capture. Secondly, the relatively small sample size and single-center design may limit
the generalizability of our findings to broader patient populations. Future studies
incorporating larger, multicenter cohorts and prospective study designs are warranted
to validate our results and elucidate the long-term effects of ARNi therapy in CHF
patients post-COVID-109.

Conclusions

In conclusion, our study provides compelling evidence supporting the efficacy of
angiotensin receptor inhibitor neprilysin for the treatment of chronic heart failure
following COVID-19 infection. ARNi therapy emerges as a promising therapeutic
strategy to improve clinical outcomes and event-free survival in this vulnerable patient
population. Further research is needed to confirm our findings and explore the optimal
timing and duration of ARNi therapy in CHF patients post-COVID-19, ultimately
guiding evidence-based management approaches to enhance patient care and outcomes.
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