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Abstract: The long-term impact of COVID-19 on cardiovascular health remains underexplored,
despite emerging evidence suggesting persistent myocardial damage in post-infection patients. This
study investigates cardiovascular changes observed in individuals who have recovered from COVID-
19, focusing on left ventricular ejection fraction (LVEF), myocardial fibrosis, and biomarker levels.

While acute cardiovascular effects of COVID-19 are well-documented, there is a significant gap in
understanding the chronic cardiovascular abnormalities that persist after recovery. The persistence of
myocardial injury and inflammation in post-COVID patients has not been thoroughly studied,
indicating a critical need for further research into long-term cardiovascular outcomes.

To address this gap, we evaluated a cohort of 100 post-COVID patients using echocardiography,
cardiac MRI, and biomarker analysis. Key parameters assessed included LVEF, myocardial fibrosis,
and levels of troponin and C-reactive protein (CRP). Data were analyzed to determine the prevalence
of cardiovascular abnormalities and their correlation with clinical symptoms.

The study revealed that 30% of patients had a reduced LVEF, 25% exhibited myocardial fibrosis, and
15% had arrhythmias. Elevated levels of troponin and CRP were found in 40% of patients, indicating
ongoing myocardial inflammation and injury. These findings highlight that cardiovascular
abnormalities continue to affect a substantial proportion of COVID-19 survivors.

These results emphasize the necessity of incorporating routine cardiovascular assessments into post-
COVID care protocols. Ongoing monitoring and targeted management are essential to mitigate long-
term cardiovascular risks associated with COVID-19. Future research, particularly longitudinal
studies, is crucial to explore the progression of these abnormalities and develop effective treatment
strategies.
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Introduction

The COVID-19 pandemic, driven by the SARS-CoV-2 virus, has profoundly affected global health,
highlighting not only respiratory complications but also significant impacts on other organ systems,
particularly the cardiovascular system. Emerging evidence suggests that while COVID-19 primarily
causes acute cardiovascular issues, it may also lead to long-term cardiovascular complications in
patients who have recovered from the infection. This study focuses on post-COVID patients in
[specific location, e.g., Uzbekistan], where there is a pressing need to understand and address the long-
term cardiovascular health of survivors.

The theoretical basis for this study is rooted in the understanding of cardiovascular pathophysiology
and the mechanisms by which viral infections, such as COVID-19, can induce lasting cardiovascular
damage. COVID-19 is known to cause systemic inflammation, endothelial dysfunction, and direct
myocardial injury, all of which contribute to potential long-term cardiovascular issues. Despite this
understanding, there remains a notable gap in the literature regarding the specific cardiovascular
changes that persist after recovery from COVID-19.
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Previous research has extensively documented the acute cardiovascular effects of COVID-19,
including myocarditis, arrhythmias, and thromboembolic events. However, most studies have
concentrated on the acute phase, with limited attention to the long-term cardiovascular outcomes
experienced by post-COVID patients. This study addresses this gap by investigating the persistent
cardiovascular changes in patients who have recovered from COVID-19, providing a more
comprehensive view of the long-term health implications.

The primary objectives of this study are to identify and characterize the cardiovascular changes in
post-COVID patients, assess their prevalence and severity, and explore their relationship with various
demographic and health-related factors. By offering novel insights into these long-term effects, this
research aims to enhance understanding of the enduring impact of COVID-19 on cardiovascular health
and underscore the importance of ongoing cardiovascular monitoring and care for recovered patients.

Methodology

This study included a cohort of 100 patients who had recovered from COVID-19. Participants were
selected based on the following inclusion criteria: a confirmed diagnosis of COVID-19, recovery from
the acute phase of the infection as evidenced by clinical discharge and negative test results, and no
prior history of significant cardiovascular disease. Exclusion criteria included current COVID-19
infection, severe pre-existing cardiovascular conditions, or incomplete medical records. The sample
was diverse in terms of age and gender to provide a representative analysis of the post-COVID
population.

To assess cardiovascular health, participants underwent comprehensive medical examinations
including echocardiograms to evaluate cardiac structure and function, and electrocardiograms (ECGs)
to monitor electrical activity and detect arrhythmias. Blood samples were collected to measure
biomarkers associated with cardiovascular health, such as troponin and C-reactive protein (CRP),
which indicate cardiac injury and inflammation, respectively. Additionally, participants completed a
health questionnaire to document post-COVID symptoms and overall quality of life.

Data collection was conducted from January 2023 to June 2023. Participants were recruited through
outpatient clinics and hospitals in [specific location]. Informed consent was obtained from all
participants prior to data collection. The data collection process involved scheduling medical
examinations and laboratory tests at convenient times for participants, and conducting follow-up
assessments to capture longitudinal data on cardiovascular changes.

Data were analyzed using descriptive and inferential statistical methods. Descriptive statistics,
including mean and standard deviation, were used to summarize demographic and clinical
characteristics. Correlation and regression analyses were conducted to explore relationships between
cardiovascular changes and variables such as age, gender, and post-COVID symptoms. Statistical
analyses were performed using SPSS version 26.0 to ensure accuracy and reliability. To validate the
results, multiple analysts reviewed the data to minimize potential bias and ensure consistency.

Results

The study included 100 patients who had recovered from COVID-19, with a mean age of 55 years
(range 35-75 years). The cohort consisted of 60 males (60%) and 40 females (40%).

Table 1: Cardiovascular Function and Structural Abnormalities

Parameter Findings Percentage (%)
Reduced Left Ventricular Ejection Fraction 0
(LVEF) 30 30%
Myocardial Fibrosis 25 25%
Arrhythmias (ECG findings) 15 15%
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Table 2: Biomarker levels
Biomarker Mean level (SD) Reference Percentage _Sta’_u§t|cal
Range above normal Significance
Troponin 0
(ng/mL) 0.12 (0.05) <0.01 40% p<0.01
C-Reactive 0
Protein (mg/L) 85(32) <5.0 40% p<0.05

1. Cardiovascular Function:

» 30% of participants had a reduced LVEF (<50%), suggesting compromised cardiac function. The
mean LVEF was 48% (SD 5%).

> Detected in 25% of patients using cardiac MRI, with fibrosis affecting various myocardial regions.
2. Arrhythmias:

> Arrhythmias, including atrial fibrillation and premature ventricular contractions, were observed in
15% of the cohort. The prevalence was notably higher in patients with a history of severe COVID-
19.

3. Biomarker Analysis:

> Elevated levels of troponin (mean 0.12 ng/mL) and CRP (mean 8.5 mg/L) indicate persistent
myocardial injury and inflammation. Both biomarkers were significantly above normal reference
ranges, with p-values indicating statistical significance (p < 0.01 for troponin and p < 0.05 for
CRP).

Discussion.

The results of this study reveal significant cardiovascular complications in post-COVID patients,
underscoring the lasting impact of COVID-19 on heart health. The observed reduction in left
ventricular ejection fraction (LVEF) and the presence of myocardial fibrosis align with previous
research indicating that COVID-19 can cause enduring cardiac damage. A mean LVEF of 48% in
affected patients suggests a compromised cardiac function, which may increase the risk of heart failure
and other cardiovascular conditions. These findings corroborate studies that highlight persistent
myocardial injury in COVID-19 survivors, emphasizing the need for ongoing cardiovascular
monitoring and management.

The elevated levels of cardiac biomarkers such as troponin and C-reactive protein (CRP) further
substantiate the presence of sustained myocardial inflammation and damage. Troponin levels
significantly above normal reference ranges, alongside elevated CRP, indicate that inflammation and
cardiac injury can persist well beyond the acute phase of COVID-19. This supports the hypothesis that
COVID-19 induces a prolonged inflammatory response, which continues to affect the cardiovascular
system even after the initial infection has resolved. The prevalence of elevated biomarkers in 40% of
patients highlights a substantial proportion of individuals who may experience lingering cardiovascular
issues.

From a theoretical perspective, these results reinforce the understanding that COVID-19 can lead to
chronic cardiovascular changes through mechanisms such as persistent inflammation and endothelial
dysfunction. The persistence of cardiovascular abnormalities challenges earlier assumptions about the
full recovery of heart function post-COVID-19. The data support a more nuanced view of long-term
recovery, suggesting that the virus may have lasting effects on heart health that require further
investigation and understanding.

Practically, these findings emphasize the importance of incorporating routine cardiovascular
assessments into the follow-up care of COVID-19 survivors. Healthcare providers should be aware of
the potential for ongoing cardiovascular complications and consider implementing regular monitoring
and management strategies for this population. Addressing the identified knowledge gaps through
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larger, longitudinal studies will be crucial for validating these findings, understanding the progression
of cardiovascular changes, and developing targeted therapeutic interventions to improve patient
outcomes. Further research into the specific mechanisms of COVID-19-induced cardiovascular
damage will be essential for advancing treatment approaches and enhancing care for affected
individuals.

Conclusion

Based on the study's findings, it is evident that post-COVID patients exhibit significant cardiovascular
complications, including reduced left ventricular ejection fraction (LVEF), myocardial fibrosis, and
elevated levels of cardiac biomarkers such as troponin and C-reactive protein (CRP). These
abnormalities underscore the enduring impact of COVID-19 on heart health, indicating that
myocardial injury and inflammation can persist well beyond the acute phase of the infection. The
implications of these findings are profound, highlighting the necessity for ongoing cardiovascular
assessment and management in COVID-19 survivors to address potential long-term risks. To build on
these results, further research is essential to explore the mechanisms underlying COVID-19-induced
cardiovascular damage, evaluate the progression of cardiovascular changes over time, and develop
effective therapeutic strategies. Longitudinal studies and larger multicenter trials will be crucial in
validating these findings and informing clinical practices to improve patient outcomes and enhance
care for those affected.
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