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Abstract

The COVID-19 pandemic has had lasting global health effects, with many survivors experiencing persistent symptoms
known as long COVID. Cardiovascular complications, including myocarditis, arrhythmias, and thromboembolic events,
are among the most severe. However, the pathophysiology, risk factors, and optimal management strategies remain
unclear, posing significant challenges for healthcare systems.

Studies estimate that 10-70% of COVID-19 survivors experience long-term symptoms, with cardiovascular
manifestations among the most prevalent. Large cohort studies report increased risks of hypertension, heart failure,
and major adverse cardiovascular events post-infection. Mechanisms such as viral persistence, immune dysregulation,
endothelial dysfunction, and microvascular thrombosis are implicated. Retrospective and prospective analyses show
an elevated incidence of myocardial infarction and stroke among COVID-19 survivors, particularly those hospitalized.
Despite growing awareness, there are no standardized clinical guidelines for diagnosing or managing long COVID-
related cardiovascular conditions.

Long COVID presents a substantial public health burden, particularly due to its cardiovascular effects. There is an urgent
need for systematic screening, long-term monitoring, and targeted interventions to mitigate risks. Future research
should focus on defining diagnostic criteria, identifying at-risk populations, and developing effective treatment
strategies to improve post-COVID patient outcomes.
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1. Introduction

The COVID-19 pandemic has left a lasting impact on global health and economies, disrupting healthcare systems and
causing significant mortality worldwide. By November 2023, over 770 million cases and nearly 7 million deaths had
been reported globally by the World Health Organization (WHO), with Ukraine alone recording more than 5.5 million
cases and over 100,000 deaths [1-2]. However, it is likely that these figures underestimate the true extent of the
pandemic, particularly in regions with limited diagnostic capabilities and in populations where asymptomatic cases are
common [3-5].

Since the early stages of the pandemic, the rate of recovery has risen substantially, driven by improvements in medical
treatment, effective public health measures, and the rollout of preventive vaccinations [6]. This progress has given hope
that the global healthcare system has managed to control the acute phase of the virus. Nevertheless, as more individuals
recover from COVID-19, it has become evident that the virus can lead to persistent health issues, manifesting as long-
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term, systemic, and organ-specific complications. These post-acute conditions are emerging as a complex global health
problem for the 21st century [6-8].

Studies show that many people who have survived COVID-19, including those with mild or asymptomatic cases,
continue to experience a range of persistent symptoms, impacting their cardiovascular, pulmonary, neurological, and
general health [9-10]. These long-lasting effects extend well beyond the initial infection period, influencing the quality
of life for a considerable number of patients and posing new challenges for healthcare systems [3, 11].

Research indicates that between 10-15% [12] and up to 50-70% [13] of COVID-19 survivors report symptoms that last
for six months, a year, or even longer. Cardiovascular symptoms, including chest pain, heart palpitations, and shortness
of breath, are among the most common. Despite substantial ongoing research, gaps remain in our understanding of the
epidemiology, diagnosis, and prevention of these cardiovascular complications. This is partly due to an incomplete
understanding of the physiological and morphological changes that occur in the post-COVID state [6]. Moreover, the
field lacks systematic data, unified terminology, and clinical definitions that can guide diagnosis and treatment.

Current research efforts are focused on understanding the pathophysiological mechanisms of long COVID, identifying
high-risk groups, and developing effective prevention and treatment strategies. By addressing these challenges,
healthcare systems can better respond to the ongoing burden of this "pandemic after the pandemic."

2. Results and discussion

2.1. Long COVID: Definition and Key Clinical Manifestations

For some individuals, COVID-19 can lead to prolonged health issues that significantly impact quality of life. According
to data from the UK Office for National Statistics, approximately one in five people who tested positive for COVID-19
experienced persistent symptoms for five weeks or more. By January 2023, around 2 million individuals in the United
Kingdom (3.1% of the population) reported ongoing symptoms that could not be attributed to other causes [14].

The terms “long COVID,” “post-COVID syndrome,” and “post-COVID conditions” emerged in public and medical
discussions even before their official recognition. This development underscores the undeniable reality of prolonged
health disturbances that persist even after the acute phase of the SARS-CoV-2 infection [15]. To support improved
healthcare delivery and harmonize epidemiological and clinical research, the World Health Organization (WHO)
introduced a provisional clinical definition for “long COVID” in October 2021. According to the WHO, long COVID is a
condition experienced by patients with a history of probable or confirmed SARS-CoV-2 infection, which develops at least
three months after the onset of symptoms, lasts for a minimum of two months, and cannot be explained by other
diagnoses [16].

The UK’s National Institute for Health and Care Excellence (NICE) distinguishes between ongoing symptomatic COVID-
19 (lasting between 4 and 12 weeks) and post-COVID syndrome (beyond 12 weeks) [17]. In contrast, the Centers for
Disease Control and Prevention (CDC) in the United States refers to these cases as “post-COVID conditions,”
encompassing symptoms that persist for at least four weeks after infection [18]. Some researchers further divide the
post-acute phase into pre-12 months post-infection (post-COVID) and long COVID (lasting over a year) [3]. Despite
differences in terminology and definitions, the general consensus is that common long COVID symptoms include fatigue,
breathlessness, and cognitive dysfunction. These manifestations can be severe, leading to reduced physical capability
and an inability to return to work, school, or normal daily activities [19].

Recent studies over the past two years indicate that long COVID is a multifaceted condition with diverse symptoms,
including neurological, neuropsychiatric, pulmonary, gastrointestinal, and cardiovascular issues [20]. Among the most
frequently reported neurological and neuropsychiatric symptoms are fatigue (29-58%), headaches (10-44%), and
anxiety or depression (22-28%) [9, 21-22]. Pulmonary symptoms, such as shortness of breath or difficulty breathing
(21-24%) and loss of taste or smell (12-15%), are also common among long COVID patients [23].

Cardiovascular manifestations include tachycardia, palpitations, chest pain [3], newly identified arrhythmias, heart
failure, orthostatic hypotension, sustained hypertension [24], postural orthostatic tachycardia syndrome [25],
myocarditis, pulmonary hypertension, and other potentially severe conditions [12].

The extensive number of symptoms reported after COVID-19 has prompted large-scale cohort, prospective,
retrospective, and population-controlled studies aimed at understanding the clinical progression of long COVID,

identifying at-risk patient groups, and developing strategies to manage these long-term effects. For example, the
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German cohort study CORONA-MONITORING local (CoMoLo), which tracked participants over 452 days, found
significant differences in quality of life and health indicators between those with confirmed or clinically suspected SARS-
CoV-2 infection and those who were never infected [26]. In a large cohort study involving the US Department of Veterans
Affairs (DVA) and its healthcare database, long-term cardiovascular outcomes in COVID-19 survivors included
hypertension, arrhythmias (particularly tachycardia), circulatory disorders, chest pain, coronary artery atherosclerosis,
and heart failure [27-28]. Notably, these cardiovascular conditions were more prevalent in hospitalized COVID-19
patients compared to non-hospitalized patients [27].

In another cohort study, patients who survived the first 30 days post-COVID-19 were at increased risk of cardiovascular
disease for 12 months, including thrombotic complications (stroke, transient ischemic attack), arrhythmias (atrial
fibrillation, sinus tachycardia or bradycardia, ventricular arrhythmias), pericarditis/myocarditis, ischemic heart
disease (acute coronary syndrome, ischemic cardiomyopathy, angina), other conditions (acute or chronic heart failure,
non-ischemic cardiomyopathy), and thromboembolic disorders (pulmonary embolism, deep vein thrombosis) [29].
Retrospective studies have shown that both hospitalized and non-hospitalized patients had a higher incidence of major
adverse cardiovascular events (MACE) within 30 days to 4 months post-COVID-19 [30]. Ongoing multicenter
prospective studies, such as the COVID-HEART study in the UK, have already demonstrated associations between
COVID-19 and myocardial injury, thrombotic complications, and elevated cardiac biomarkers [31].

Over 50 long-term symptoms of COVID-19 have been documented in various large-scale studies [9, 32], and in some
cases, more than 100 symptoms have been reported [33]. It is estimated that up to 80% of patients may experience one
or more persistent symptoms, with approximately 30% reporting ongoing symptoms up to six months post-infection
[9, 34]. However, the sheer volume of research conducted to date is still insufficient. There are currently no standardized
clinical guidelines or official documents that address the definition, symptoms, and diagnosis of long COVID, leaving
issues related to prevention and treatment largely unexplored [3, 9].

Beyond the nonspecific complaints and symptoms recognized in the WHO'’s October 2021 definition of long COVID,
studies also report more severe and life-threatening cardiovascular conditions (e.g., myocardial infarction, stroke, acute
heart failure), which, although they may be considered separate clinical entities, should be viewed as complications or
long-term consequences of COVID-19. The lack of clear terminology, classification, clinical characterization, and
understanding of the pathogenesis of these processes, along with the inability to assess risk, underscores the need for
effective prevention and treatment strategies. This gap in medical science and clinical practice must be addressed
urgently.

2.2. Mechanisms of Long-Term Consequences of COVID-19: Current Insights

Our review of the literature identifies several potential mechanisms underlying the long-term effects of SARS-CoV-2
infection, highlighting the complex interplay of viral, immune, and systemic factors.

2.2.1. Viral Persistence

SARS-CoV-2 RNA has been detected in tissues weeks and even months after acute infection, suggesting that viral
reservoirs may contribute to chronic immune activation. For instance, Nature reported that SARS-CoV-2 RNA persists
in multiple anatomical sites, including the brain, up to 230 days post-symptom onset, without significant inflammation
outside respiratory tissues [34-36]. Circulating spike antigens have been identified in 60% of long COVID patients up to
12 months after diagnosis, supporting the theory of residual viral activity [37]. This persistence may trigger prolonged
inflammation through pathogen-associated molecular patterns (PAMPs), exacerbating systemic dysregulation [36-37].

2.2.2. Reactivation of Latent Viruses

Dormant viruses like Epstein-Barr virus (EBV) can be reactivated by COVID-19, leading to symptoms such as chronic
fatigue and immune hyperactivation. Studies indicate higher antibody responses to herpesviruses in long COVID
patients compared to uninfected individuals, underscoring the role of viral reactivation [13, 38-39].

2.2.3. Autoimmunity and Immune Dysregulation

Viral infections are known to induce autoimmunity, and SARS-CoV-2 has been linked to elevated levels of autoantibodies
targeting receptors such as ACE2, f2-adrenergic, and muscarinic M2 receptors [40-43]. These autoantibodies may
contribute to symptoms like arrhythmias, hypertension, and inflammation in long COVID. Additionally, autoantibodies
targeting tissues, endothelial cells, and coagulation factors have been reported, suggesting that immune dysregulation
plays a significant role [43]. However, some studies argue that autoimmunity may not be a universal driver of long
COVID [44].
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2.2.4. Chronic Inflammation and Tissue Damage

Persistent inflammation following SARS-CoV-2 infection is a key mechanism behind long COVID. DAMPs released during
tissue injury can trigger a cascade of inflammatory responses, potentially leading to organ dysfunction. Elevated
cytokines such as IL-1(3, IL-6, and TNF have been documented, alongside increased levels of CCL11, which is associated
with cognitive impairments [45-48]. These findings underscore the role of systemic inflammation in perpetuating long-
term symptoms.

2.2.5. Microthrombosis and Coagulation Abnormalities

Formation of microthrombi in small blood vessels is a hallmark of both acute and long COVID, contributing to ischemia,
organ damage, and systemic dysfunction. Long-term alterations in blood cell size and oxygen delivery parameters have
also been observed, complicating recovery in some patients [49-50]. These findings suggest that targeting
microvascular thrombosis could provide therapeutic benefits.

2.2.6. Endothelial Dysfunction

Damage to endothelial cells during SARS-CoV-2 infection may result in prolonged vascular complications, including
atherosclerosis, hypertension, and coronary artery disease. Studies report reduced capillary density and impaired
angiogenesis in long COVID patients up to 18 months post-infection, indicating sustained endothelial injury [50-52].

2.2.7. Gut Microbiome Alterations

SARS-CoV-2 infection disrupts gut microbiome diversity, reducing beneficial bacterial populations and enriching
pathogenic species. This dysbiosis is associated with increased gut permeability, systemic inflammation, and immune
dysregulation, potentially contributing to long COVID symptoms [52-55].

2.2.8. Neurological Dysregulation

Dysfunction in neurological regulation has been implicated in persistent symptoms such as limb weakness, seizures,
and sensory abnormalities. These findings suggest that SARS-CoV-2 may disrupt neural pathways, leading to chronic
functional deficits [56].

These mechanisms reflect the multifactorial nature of long COVID, with overlapping processes such as immune
dysregulation, vascular damage, and viral persistence contributing to a wide spectrum of symptoms. Further research
is essential to clarify these pathways and develop effective treatments to mitigate long-term outcomes.

3. Cardiovascular Diseases as Long-Term Consequences of COVID-19

Understanding the cardiovascular impacts of COVID-19 is crucial for identifying and managing the complications that
may arise after the acute phase of the disease. Retrospective cohort studies from Hong Kong and the UK, as well as one-
year follow-ups using echocardiography and biomarkers, have raised concerns about the prevalence of cardiovascular
sequelae in COVID-19 survivors. These sequelae include myocardial injury, myocarditis, acute coronary syndrome,
arrhythmias, heart failure, cardiomyopathies, and cardiogenic shock [57-58]. Research from the U.S. adult population
further highlights an elevated risk of adverse cardiovascular events and increased all-cause mortality following the
acute phase of COVID-19 [59].

COVID-19 has significant effects on the cardiovascular system, as demonstrated by numerous studies. Hypoxia-induced
myocardial injury, microvascular damage, and venous thromboembolism are commonly reported complications,
resulting in microvascular ischemia, pulmonary embolism, acute right ventricular failure, and left ventricular
dysfunction [59]. The mechanisms underlying these effects remain incompletely understood, but understanding the
cardiovascular impacts of COVID-19 is essential for effective management and treatment strategies.

3.1. Myocarditis and Pericarditis

Myocarditis and pericarditis are notable cardiovascular complications associated with COVID-19 [29, 60-63]. While
some retrospective studies, such as one involving 196,992 adults in Israel, found no significant association between
COVID-19 and these conditions [60], others report increased rates of myocarditis and pericarditis during the acute
phase of the disease [61]. Persistent myocarditis has been observed as part of long COVID, with symptoms ranging from
asymptomatic inflammation to life-threatening heart failure [62]. A study involving 153,760 COVID-19 patients found
a higher risk of cardiovascular diseases, including myocarditis and pericarditis, within 30 days post-infection [63].
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3.2. Cardiac Dysautonomia and Arrhythmias

Cardiac dysautonomia and arrhythmias are frequently reported in long COVID [25, 64]. Conditions such as postural
orthostatic tachycardia syndrome (POTS) and sinus tachycardia are common manifestations. Dysautonomia,
characterized by autonomic nervous system dysfunction, has been linked to chronic systemic inflammation caused by
COVID-19, which may exacerbate sympathetic nerve activity and lead to cardiovascular complications [65].

3.3. Ischemic Myocardial Damage and Microvascular Diseases

COVID-19 is associated with ischemic myocardial damage and microvascular complications [66-68]. Hypoxia,
endothelial dysfunction, and thrombosis contribute to myocardial ischemia and long-term heart issues. Studies
highlight the role of preexisting conditions such as hypertension, diabetes, and chronic kidney disease in increasing
susceptibility to ischemic injury [67]. Persistent myocardial damage and fibrosis are reported in COVID-19 survivors,
underscoring the need for continued monitoring [68].

3.4. Myocardial Fibrosis

Myocardial fibrosis, characterized by excessive extracellular matrix protein deposition, has been identified in patients
with mild COVID-19 who experience persistent cardiac symptoms [69-70]. Non-hospitalized individuals with chronic
symptoms have also shown signs of myocardial fibrosis, which may contribute to long-term cardiovascular
complications [70].

3.5. Cardiomyopathy

COVID-19 has been linked to various forms of cardiomyopathy, including stress-induced (Takotsubo) cardiomyopathy
and right ventricular arrhythmogenic cardiomyopathy [71-72]. The virus-induced myocardial damage, combined with
systemic inflammation, can exacerbate cardiac dysfunction.

3.6. Heart Failure and Dysfunction

Hypoxia and myocardial injury caused by COVID-19 can lead to heart failure. Long-term complications include
myocardial fibrosis and systolic dysfunction, which are reported in a significant number of patients post-COVID-19 [60,
73].

3.7. New-Onset Hypertension

COVID-19 has been associated with the development of new-onset hypertension, particularly in older adults, men, and
individuals with preexisting cardiovascular conditions [74-75]. Research highlights the need to identify risk factors and
implement strategies to prevent long-term hypertension in COVID-19 survivors.

3.8. Pulmonary Hypertension

While the link between COVID-19 and pulmonary hypertension remains under investigation, severe respiratory
infections associated with COVID-19 can lead to pulmonary hypertension as a secondary complication [76].
Understanding these connections is critical for managing long-term cardiopulmonary outcomes.

3.9. Stroke and Pulmonary Embolism

COVID-19 significantly increases the risk of stroke and pulmonary embolism, reflecting the virus’s impact on
cardiovascular and cerebrovascular systems [77-80]. Studies report a higher prevalence of pulmonary embolism among
COVID-19 patients, correlating with disease severity [77]. COVID-19-associated coagulopathy and immune-mediated
hyperinflammation further increase the risk of thromboembolic events [78].

4., Conclusion

The COVID-19 pandemic has had profound global consequences, significantly impacting public health and continuing to
do so. Symptoms persisting after recovery from acute SARS-CoV-2 infection have reached a scale now described as the
"pandemic after the pandemic." In response, the WHO introduced the term "long COVID" in 2021, alongside related
terms such as "post-COVID" and "post-COVID syndrome." However, these definitions remain vague, with no
standardized diagnostic criteria, diagnostic methods, or treatment approaches for the long-term effects of COVID-19.
This underscores the urgent need for further research into these areas.
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Pathogenetic mechanisms contributing to long COVID are actively being studied, with notable progress in
understanding links between health disorders and viral persistence, reactivation of latent pathogens, immune system
dysregulation, autoimmunity, and microvascular thrombotic and endothelial dysfunctions. These findings represent
complementary theories of the pathogenesis of long COVID, rather than contradictory ones, yet a unified concept
explaining the condition remains elusive. Numerous large-scale studies emphasize the importance of focusing on
cardiovascular consequences of COVID-19. These include myocarditis, pericarditis, acute and chronic heart failure,
acute and chronic coronary syndromes, hypertension, arrhythmias, pulmonary embolism, cerebrovascular disorders,
and cardiomyopathies. Considering the prevalence of cardiovascular diseases and their leading role in global mortality,
these processes pose a significant threat to healthcare systems worldwide in the post-pandemic era.

Understanding the relationship between COVID-19 and cardiovascular diseases by elucidating the pathogenetic
mechanisms, identifying risk factors and high-risk groups is essential. Only through this can we improve prevention and
treatment strategies for cardiovascular complications of COVID-19 and achieve effective control over these processes
on a global scale.
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