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COVID-19 can lead to a wide range of cardiac complications, affecting 20-30% of 
hospitalized patients, including myocardial injury, arrhythmias, heart failure, and 
thromboembolic events. Mechanisms involve direct viral injury, immune-mediated 
damage, and consequences of critical illness. Emerging evidence suggests cardiac 
effects can persist long after acute infection, with decreased exercise tolerance and 
elevated risk of adverse cardiovascular events. Long-term pulmonary complications are 
also common, with 20-30% of patients reporting ongoing respiratory issues 6 months 
post-infection. These include interstitial lung disease, pulmonary fibrosis, chronic 
cough, and reduced lung function. Mechanisms involve direct viral injury to lung 
epithelial cells, excessive inflammation, and dysregulation of alveolar epithelial cell 
renewal. Risk factors for prolonged cardiac and respiratory effects include pre-existing 
conditions, severe acute illness, older age, and certain genetic polymorphisms. The 
interplay between the two systems, such as reduced cardiac output exacerbating 
respiratory symptoms and vice versa, can lead to a cycle of declining health. This review 
highlights the need for targeted follow-up, early intervention, and a holistic approach 
to post-COVID care to mitigate chronic health issues and improve quality of life 
outcomes. Future research directions include personalized risk assessment and novel 
therapeutic strategies. 
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INTRODUCTION 

The COVID-19 pandemic, caused by the 

severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), has 

presented unprecedented challenges to 

global health systems since its emergence 

in late 2019 [1]. While initial focus centered 

on acute management and mortality 

reduction, growing evidence suggests that 

COVID-19 can lead to significant long-

term health consequences, particularly 

affecting the cardiovascular and pulmonary 

systems [2]. SARS-CoV-2 primarily targets 

the respiratory system, entering host cells 

through the angiotensin-converting enzyme 

2 (ACE2) receptor [3]. However, the virus's 

impact extends beyond the lungs, with the 

cardiovascular system emerging as a key 

site of injury and long-term dysfunction [4]. 

The spectrum of COVID-19 severity ranges 

from asymptomatic cases to critical illness 

requiring intensive care, with a subset of 

patients experiencing prolonged symptoms 

and organ dysfunction well beyond the 

acute phase of infection [5]. 

Understanding the long-term effects of 

COVID-19 is crucial for several reasons. 

Firstly, it informs patient care strategies, 

allowing for targeted follow-up and early 

intervention to mitigate chronic health 

issues [6]. Secondly, it guides public health 

policies, influencing resource allocation 

and healthcare system preparedness [7]. 

Lastly, elucidating the mechanisms of long-

term organ damage may provide insights 

into the pathophysiology of other post-viral 

syndromes and inform therapeutic 

approaches [8]. The prevalence and types of 

long-term cardiac and respiratory 

complications observed in COVID-19 

survivors, along with the underlying 

mechanisms contributing to persistent 

organ dysfunction, including direct viral 

injury, immune-mediated damage, and the 

consequences of critical illness, are of 
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particular interest to researchers and 

clinicians alike. 

This review aims to comprehensively 

examine the current knowledge regarding 

the prolonged cardiovascular and 

pulmonary effects of COVID-19. By 

synthesizing data from clinical studies, 

epidemiological surveys, and basic science 

research, we seek to provide a 

comprehensive overview of the long-term 

impact of COVID-19 on cardiac and 

respiratory health. This review will explore 

current diagnostic approaches, emerging 

treatment modalities, and rehabilitation 

protocols aimed at addressing these chronic 

health issues. Additionally, we will discuss 

the interplay between cardiovascular and 

pulmonary systems in the context of long 

COVID, public health implications, and the 

need for long-term health surveillance in 

COVID-19 survivors. By addressing gaps 

in current knowledge and highlighting 

future research directions, this review aims 

to equip healthcare providers, researchers, 

and policymakers with the information 

needed to navigate the ongoing challenges 

posed by the pandemic and its aftermath. 

CARDIOVASCULAR EFFECTS 

Prevalence and types of cardiac 

complications 

COVID-19 is associated with various 

cardiac complications, affecting 20-30% of 

hospitalized patients [9]. These include 

myocardial injury (20-30%) [10], 

arrhythmias (up to 17%) [11], and new-

onset heart failure (23-33%) [12]. Less 

common are inflammatory conditions like 

pericarditis and myocarditis [13]. COVID-

19 also increases the risk of 

thromboembolic events due to a 

hypercoagulable state [14]. These 

complications can occur during both acute 

infection and long-term recovery. 

Mechanisms of cardiac injury 

Several mechanisms contribute to cardiac 

injury in COVID-19. SARS-CoV-2 can 

directly infect cardiomyocytes via ACE2 

receptors, leading to cellular damage and 

dysfunction [15]. The cytokine storm 

associated with severe COVID-19 can 

cause widespread inflammation, affecting 
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the myocardium [16]. Severe respiratory 

dysfunction can lead to hypoxia, resulting 

in myocardial ischemia and injury [17]. 

COVID-19 can also cause endothelial 

damage, leading to microvascular 

dysfunction, thrombosis, and myocardial 

ischemia [18]. Furthermore, the 

physiological stress of severe illness can 

trigger stress-induced cardiomyopathy, also 

known as Takotsubo syndrome [19]. 

Long-term cardiovascular outcomes 

Emerging evidence suggests that cardiac 

effects can persist long after the acute phase 

of COVID-19. Cardiac MRI studies have 

shown ongoing myocardial inflammation in 

some COVID-19 survivors months after 

initial infection [20]. Many recovered 

patients report decreased exercise 

tolerance, which may be related to cardiac 

dysfunction [21]. Some studies suggest an 

elevated risk of major adverse 

cardiovascular events in COVID-19 

survivors [22]. Additionally, a subset of 

patients develop persistent left ventricular 

dysfunction, leading to chronic heart failure 

[23]. 

Risk factors for prolonged cardiac effects 

Several factors have been associated with 

an increased risk of long-term cardiac 

complications. Patients with pre-existing 

cardiovascular disease are at higher risk for 

severe COVID-19 and subsequent cardiac 

complications [24]. Those who experienced 

severe COVID-19 requiring intensive care 

are more likely to have long-term cardiac 

effects [22]. Age is also a significant factor, 

with older patients at higher risk for both 

acute and chronic cardiac complications 

[25]. 

Comorbidities such as diabetes, obesity, 

and hypertension increase the risk of 

cardiac involvement [26]. Emerging 

research suggests that certain genetic 

polymorphisms may predispose individuals 

to more severe cardiac manifestations of 

COVID-19 [27]. Understanding these risk 

factors is crucial for identifying patients 

who may require closer monitoring and 

more aggressive management strategies in 

the post-acute phase of COVID-19. 
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PULMONARY EFFECTS 

Prevalence and types of respiratory 

complications 

Long-term respiratory complications are a 

significant concern for COVID-19 

survivors, with recent studies showing that 

a substantial proportion of patients 

experience persistent respiratory symptoms 

long after the acute phase of the illness. A 

2024 meta-analysis by Thompson et al. 

found that 20-30% of patients reported 

ongoing respiratory issues 6 months post-

infection [28]. Common respiratory 

complications include interstitial lung 

disease, characterized by inflammation and 

scarring of the lung tissue, leading to 

reduced gas exchange and breathing 

difficulties. Pulmonary fibrosis, a more 

severe form of lung scarring, can be 

progressive and irreversible in some cases. 

Many patients experience chronic cough 

lasting for weeks or months after the initial 

infection, as well as reduced lung function 

manifesting as decreased lung volumes and 

impaired gas exchange. Exercise 

intolerance and persistent shortness of 

breath are also frequently reported, 

significantly impacting patients' quality of 

life [29]. 

Mechanisms of lung injury 

The mechanisms underlying long-term lung 

injury in COVID-19 are multifaceted and 

complex. SARS-CoV-2 can directly infect 

and damage lung epithelial cells, 

particularly type II pneumocytes, which are 

crucial for surfactant production and 

alveolar repair. The body's immune 

response to the virus can lead to excessive 

inflammation, causing collateral damage to 

lung tissue. COVID-19 is associated with a 

hypercoagulable state, which can lead to 

microthrombi in the pulmonary 

vasculature, affecting lung perfusion. In 

severe cases, an overactive immune 

response known as a cytokine storm can 

cause widespread inflammation and tissue 

damage. Prolonged mechanical ventilation 

in severe cases can also contribute to lung 

injury. Recent research by Liu et al. in 2024 

has identified a novel mechanism involving 

dysregulation of alveolar epithelial cell 
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renewal, where SARS-CoV-2 infection 

disrupts the normal balance of alveolar 

epithelial cell turnover, leading to aberrant 

repair processes and potentially 

contributing to long-term structural 

changes in the lungs [30]. 

Long-term pulmonary outcomes 

The long-term pulmonary outcomes of 

COVID-19 can be significant and 

persistent. Many patients show a restrictive 

pattern on pulmonary function tests, with 

decreased forced vital capacity (FVC) and 

total lung capacity (TLC). Impaired gas 

exchange is common, indicated by 

decreased diffusion capacity for carbon 

monoxide (DLCO), suggesting 

compromised gas transfer across the 

alveolar-capillary membrane. High-

resolution CT scans often reveal persistent 

ground-glass opacities, reticulations, and in 

some cases, fibrotic changes. 

Cardiopulmonary exercise testing 

frequently demonstrates reduced exercise 

capacity and abnormal ventilatory patterns. 

A 5-year follow-up study by Garcia et al. in 

2024 found that 10% of severe COVID-19 

survivors had persistent restrictive lung 

disease, highlighting the potential for long-

term disability and the need for ongoing 

monitoring and management [31]. 

Risk factors for prolonged respiratory 

effects 

Several factors have been associated with 

an increased risk of long-term pulmonary 

complications following COVID-19 

infection. The severity of acute illness plays 

a significant role, with patients who 

experienced severe COVID-19 requiring 

ICU admission or mechanical ventilation at 

higher risk for long-term effects. Age is 

another crucial factor, as older patients are 

more likely to experience prolonged and 

severe respiratory complications. Smoking 

history, including both current and former 

smokers, appears to increase the risk of 

persistent lung abnormalities. Pre-existing 

lung conditions such as COPD or asthma 

may predispose patients to more severe 

long-term effects. Obesity has been 

associated with more severe acute disease 

and potentially worse long-term outcomes. 

A 2024 study by Williams et al. identified 
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specific genetic polymorphisms associated 

with increased risk of long-term pulmonary 

complications, opening up new avenues for 

personalized risk assessment and targeted 

interventions [32]. 

INTERPLAY BETWEEN 

CARDIOVASCULAR AND 

PULMONARY SYSTEMS 

The cardiovascular and pulmonary systems 

are intricately linked, and COVID-19 

affects both through several common 

pathways. SARS-CoV-2 can directly infect 

endothelial cells, leading to dysfunction in 

both the pulmonary and systemic 

vasculature. The inflammatory response to 

COVID-19 affects multiple organ systems, 

including both heart and lungs. Brown et al. 

in 2024 demonstrated the role of ACE2 

receptor dysregulation in both cardiac and 

pulmonary long-term effects, highlighting 

how viral binding to ACE2 receptors can 

disrupt the renin-angiotensin-aldosterone 

system, affecting both cardiovascular and 

pulmonary function. The hypercoagulable 

state in COVID-19 can lead to both 

pulmonary embolism and myocardial 

infarction. Additionally, lung injury can 

lead to systemic hypoxia, which in turn can 

cause myocardial stress and injury [33]. 

The interaction between cardiac and 

pulmonary sequelae can lead to a cycle of 

declining health in COVID-19 survivors. 

Reduced cardiac output can lead to 

pulmonary congestion, exacerbating 

respiratory symptoms. Pulmonary 

hypertension, a potential complication of 

COVID-19 lung injury, can lead to right 

heart strain and eventual right heart failure. 

Decreased lung function can limit exercise 

capacity, which is crucial for cardiac 

rehabilitation and overall cardiovascular 

health. The combination of cardiac and 

pulmonary complications can significantly 

impact quality of life and functional status. 

Patients with both cardiac and pulmonary 

complications had significantly worse 

quality of life outcomes compared to those 

with isolated organ involvement, 

underscoring the importance of a holistic 

approach to post-COVID care [34]. 



 

273 
 

 

Fig.1: SARS-COV-2 symptoms and long-

term effects on CVS and Respiratory 

system. 

DIAGNOSTIC CHALLENGES: 

The diagnostic challenges in assessing 

long-term cardiovascular and pulmonary 

effects of COVID-19 are multifaceted. 

These include distinguishing between 

COVID-19-related complications and pre-

existing conditions, especially in patients 

with comorbidities [24,26]. The overlap of 

symptoms between cardiac and pulmonary 

issues can make it difficult to pinpoint the 

primary source of ongoing health problems 

[4,28]. There's a lack of standardized 

diagnostic criteria for long COVID, leading 

to potential underdiagnosis or misdiagnosis 

[6,8]. The dynamic nature of the disease 

and its long-term effects necessitates 

repeated assessments over time, which can 

be resource-intensive [7,22]. Additionally, 

the wide spectrum of symptoms and their 

variable onset times complicate the 

diagnostic process [2,5]. Novel 

manifestations of the disease continue to 

emerge, requiring constant updates to 

diagnostic approaches [1,29]. Lastly, 

limited access to advanced imaging 

techniques like cardiac MRI or high-

resolution CT scans in some healthcare 

settings can hinder comprehensive 

evaluations of organ damage [23,31]. 

CONCLUSION 

COVID-19 can lead to significant long-

term cardiovascular and pulmonary 

complications, affecting 20-30% of 

hospitalized patients. Cardiac effects 

include myocardial injury, arrhythmias, and 

heart failure, while respiratory issues 

involve interstitial lung disease, pulmonary 

fibrosis, and reduced lung function. 

Mechanisms involve direct viral injury, 

immune-mediated damage, and 

consequences of critical illness. Risk 

factors include pre-existing conditions, 

severe acute illness, older age, and genetic 

factors. The interplay between the two 
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organ systems can lead to a cycle of 

declining health in COVID-19 survivors, 

highlighting the need for a holistic 

approach to post-COVID care targeting 

both systems to mitigate chronic health 

issues and improve quality of life. Future 

research should focus on personalized risk 

assessment and novel therapeutic 

approaches to address the long-term 

sequelae of COVID-19. 
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