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1. ABSTRACT 

COVID-19 symptoms for weeks or even months, is expected to 

affect the lives of millions of individuals Long COVID or post-

acute Coronavirus disease 2019 (COVID-19), a malady defined 

by the persistence of worldwide significantly. Cardiopulmonary 

symptoms such as chest discomfort, shortness of breath, fatigue, 

and autonomic manifestations such as postural orthostatic 

tachycardia syndrome, and arrhythmias are prevalent and 

widely recognized a variety of cardiovascular problems, 

including myocardial inflammation, myocardial infarction, 

ventricular dysfunction, and endothelial dysfunction, have been 

described in individuals following the initial acute phase. With 

over 10,000 published publications on COVID-19 and the 

cardiovascular system, presenting an unbiased thorough analysis 

of how SARSCoV-2 affects the system is essentially 

challenging. This review will provide an overview of frequent 

cardiovascular manifestations, emphasizing consequences,  

proposed pathophysiology, and clinical diagnostic manifestation strategy. 
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2. INTRODUCTION 

The year 2020 was a momentous occasion in both history and global health. The Coronavirus 

disease 2019. 

 

(COVID-19) pandemic has emphasized the dangers of fatal epidemic-prone illnesses 

wreaking havoc on the globalized world. 

 

In Wuhan, China, pneumonia with an unknown origin became common in December 2019. 

RNA was isolated and sequenced from bronchoalveolar lavage fluid samples from these 

individuals. 

 

The culprit responsible for COVID-19 was discovered to be a new beta coronavirus, 

SARSCoV-2, which has caused morbidity and mortality on an unparalleled worldwide 

scale.
[1-2] 

 

A significant number of organ dysfunctions have been discovered because of considerable 

and on-going studies on COVID-19. 

 

While the pharmaceutical armamentarium for COVID-19 is still being developed in order to 

minimize morbidity and death in COVID-19 patients, health communities must contend with 

a unique condition experienced by some COVID-19 survivors. 

 

This syndrome is associated with persistent symptoms and/or delayed or long-term 

complications beyond four weeks from the onset of symptoms, known as long haulers, long 

COVID, or post-acute COVID-19 syndrome (PACS).
[3]

 

 

3. Proposed Patho-mechanisms of Long COVID in the Cardiovascular System 

SARS-CoV-2 is already known to be responsible for the global COVID-19 pandemic on 

March 11, 2020.
[4]

 

 

This entity resembles SARS-CoV-1 in many ways since both are positive-stranded RNA 

viruses with four structural proteins that anchor on the viral envelope.
[5] 

 

Among these structural proteins, the spike (S) glycoprotein is the utmost important structure 

that is responsible for the host cell entrance mechanism.
[6] 

 

The SARS-CoV-2 entrance pathway occurs when the S glycoprotein binds to the host cell’s 

https://pubmed.ncbi.nlm.nih.gov/32651579/
https://pubmed.ncbi.nlm.nih.gov/33753937/
https://pubmed.ncbi.nlm.nih.gov/33753937/
https://pubmed.ncbi.nlm.nih.gov/32737833/
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angiotensin- converting enzyme-2 (ACE2) receptor, primarily in the type 2 pneumocytes, 

which results in viral membrane and host cell fusion.
[7]

 

 

The process is facilitated by the type II trans-membrane serine protease (TMPRSS2) by 

activating the S protein. ACE2 receptors are ubiquitously expressed in various organs such as 

the lungs, intestines, kidneys, and importantly, the heart and endothelium. 

 

Although both SARS-CoV-1 and 2 attach to the same receptors (ACE), enhanced infectivity 

has been observed in SARS-CoV-2. The reasons are twofold. To begin, SARS-CoV-2 has 

two-unit S glycoprotein, S1 and S2.
[8]

 

 

Then, changes in the virus’s receptor binding region dramatically boosted SARS-CoV-2 

affinity to ACE- 2 by 10 to 20-fold over SARS-CoV-19.
[9] 

 

The heightened virulency of SARS-CoV-2 also translates to causing more harm as we 

highlighted later in the review. 

 

 

Fig. 1: Pathophysiology of cardiovascular diseases in post-acute COVID-19 syndrome.
[3] 

 

https://pubmed.ncbi.nlm.nih.gov/32335367/
http://www.ncbi.nlm.nih.gov/books
https://pubmed.ncbi.nlm.nih.gov/32075877/
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 ACE-, angiotensin-converting enzyme; syndrome; RV, right ventricle; SNS, 

sympathetic nervous system. LV-, left ventricle; POTS, postural orthostatic tachycardia. 

 

4. ABERRANT IMMUNE AND INFLAMMATORY RESPONSE 

Types of immunities 

 Innate Immune Response 

Once within the human body, any pathogen, include in SARS-CoV-2, will elicit innate and 

adaptive immunity responses. Activation of toll-like receptors 7 and 8 (TLR7 & TLR8), as 

well as NOD-like receptors (NLR) on the surface of infected lung epithelial cells and alveolar 

macrophages, increases the production of type I and type III antiviral interferon (IFNs) and 

several distinct chemokines in the early phase of infection. These IFNs boost the expression 

of major histocompatibility complex (MHC) class in additional infected cells, allowing CD8+ 

cytotoxic cells and natural killer cells to block virus replication and restrict viral spread. 

Concurrently, other chemokine attract additional antigen-presenting cells (APCs) to the site of 

damage, such as dendritic cells, macrophages, and neutrophils, which then create more 

chemokine to recruit more CD4+ and CD8+ T cells.
[10]

 

 

 Adaptive Immune Response 

APCs and infected host cells initiated the adaptive immune response by presenting the 

antigen to naive CD4+ helper T cells and CD8+ cytotoxic T cells via MHC class I and II, 

respectively. This entire process eventually resulted in cytotoxic factors lysis of the infected 

cells; activation of B cells, which produce specific antibodies to kill SARSCoV-2; and 

secretion of numerous pro-inflammatory cytokines. such as IFN-, IL-4, IL-5, and IL-13, 

which activate macrophages and create a vicious cycle resulting in the pathological 

inflammatory process.
[11]

 

 

5. PACS 

In contrast to acute COVID-19, PACS is defined by the persistence of COVID-19 symptoms 

for >3–4 weeks. The pathophysiological mechanisms for PACS are not well defined but 

appear to be different from acute COVID-19. In a follow-up study of 384 patients 

hospitalized for COVID-19, elevations of D- dimer, ferritin, and C-reactive protein (CRP) 

normalized within 2 months following discharge. Chest radiographs remained abnormal or 

worsened in just over 10% of patients. However, in contrast to improving laboratory and 

imaging findings, fatigue and breathlessness were present in nearly two-thirds of patients.
[12] 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11270463/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11270463/
https://doi.org/10.1136/thoraxjnl-
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Chest ra-diagraphs remained abnormal or worsened in just over 10% of patients. However, in 

contrast to improving laboratory and imaging findings, fatigue and breathlessness were 

present in nearly two-thirds of patients. The course of PACS tends to be significantly 

prolonged. Huang et al. found 76% of patients had at least 1 persistent symptom of COVID-

19 at a mean of 186 days from hospital discharge.
[13] 

 

Generalized decon-ditioning was most common with 63% reporting fatigue and muscle 

weakness. One quarter had 6-minute walk times below the age- predicted lower limit of 

normal months after hospitalization. These findings of persistent symptoms are not limited to 

hospitalized patients. In a cohort of 98 non-hospitalized patients, fatigue was present in 29%, 

loss of smell and/or taste in 23%, and dyspnea in 9% several months after their initial 

COVID-19 illness.
[14] 

 

Other studies in cohorts of asymptomatic or mild COVID-19 report lower incidences of 

PACS, but persistent symptoms as far as 8 months are still reported in over 10% of these 

patients.
[15] 

 

Cardiovascular manifestations of PACS 

The most common cardiovascular (CV) symptoms present in PACS are chest pain or 

tightness, palpitations, dizziness, and an increase in resting heart rate (Table 1). These 

symptoms appear in both hospitalized and non-hospitalized groups. There is no clear 

relationship with CV symptoms and pre- existing CV disease in PACS. 

 

The underlying pathophysiological link between PACS and the CV system has not 

definitively been established, but several CV syndromes may be implicated. The evidence for 

each is summarized in the following sections.
[16]

 

 

https://doi.org/10.1016/s0140-6736(20)32656-8
https://doi.org/10.1093/cid/ciaa1792
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Fig. No. 1: Longitudinal Studies of Post-Acute COVID-19 Syndrome.
[16]
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 Management Of Cardiovascular Manifestations Of PACS 

The true risk of an underlying cardiovascular pathology for those with PACS is difficult to 

assess. While more cases of myocarditis, POTS, and pericarditis will undoubtedly be 

identified, indiscriminate testing will incur a substantial burden on the healthcare system. On 

the other hand, future studies are needed to prospectively follow and thoroughly evaluate 

those with PACS to determine the most appropriate workup. 

 

Basic science research is needed to identify the underlying pathophysiology of PACS and any 

links to similar syndromes such as MCAS and CFS. CMR techniques and reporting need to be 

more standardized to detect true myocarditis and these findings need to be correlated with 

symptoms and objective findings on ECG, ambulatory cardiac monitoring, and 

echocardiogram. 

 

 Table 2: Summarizes Priority Areas for Additional Study.
[17-20]

 

 

Fig. No. 2: Priority areas of further study of cardiovascular involvement in post-Aute 

COVID-19 Syndrome.
[21]

 

https://doi.org/10.1016/j.cjca.2020.11.007
https://doi.org/10.1016/j.cjca.2020.11.007
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6. Pathophysiology Of Angiotensin-converting enzyme 2 (ACE2) receptor 

ACE2 receptors are the binding sites for SARS-CoV-2 which uses its S-spikes to bind ACE2 

as the point of entry into the host cell. The pneumocyte like type 1 and type 2 are expressed 

and other cell types, like endothelial cells too. The renin-angiotensin-aldosterone system is 

inversely regulated by ACE2.
[3]

 ACE2 not only functions as a SARS-CoV-2 receptor.
[22] 

 

 

Fig. No. 3: Predicted potential collateral damage of the COVID-19 pandemic to 

cardiovascular services.
[23]
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Fig. No. 4: Post-COVID-19 associated cardiovascular complications.
[24]

 

 

7. Acute COVID-19 Treatment 

 Invasive Mechanical Ventilation 

A substantial number of severe and critical COVID-19 patients need mechanical ventilation to 

support ventilation and gas exchange in the alveoli.
[25]

 

 

Nonetheless, there are cardiac complications associated with mechanical ventilation use, 

primarily to the right ventricle (RV) and the left ventricle (LV). Generally, mechanical 

ventilation could decrease the RV preload and concurrently increase the RV afterload.
[26] 

 

Proposed algorithm for management of COVID-19 recovered patients with persistent 

cardiovascular symptoms or a previous COVID-19 hospitalization with cardiac 

complications. 
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a-POTS can generally be managed by primary care physicians, but in atypical or refractory 

cases, referral to a cardiologist or neurologist is advised. 

 

Abbreviations: BNP, brain natriuretic-peptide; CAD, coronary artery disease; CMR, cardiac 

magnetic resonance imaging; CRP, C-reactive protein; ECG, electrocardiogram. 

 

ETT, exercise treadmill test; HF, heart failure; MPI, myocardial perfusion imaging; POTS, 

Postural Orthostatic Tachycardia Syndrome; TTE, transthoracic echocardiogram.
[27]

 

 

 

Fig. No. 5: Proposed management pathway for COVID-19-associated myocardial 

injury.
[28]

 

https://ars.els-cdn.com/content/image/1-s2.0-S1050173820300694-gr5_lrg.jpg
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8. CONCLUSIONS 

With the emerging success of the COVID-19 vaccines, the burden of acute COVID-19 will 

wane, but we will likely be left with a significant number of patients with persistent 

symptoms even months after COVID-19 infection. 

 

PACS has become a top priority for the healthcare system, and federal institutions such as the 

National Institutes of Health have dedicated significant funding for research into this new, 

likely chronic disease process. As the medical community gains a deeper understanding of 

PACS and its cardiovascular manifestations over the coming years, we will hopefully 

enhance our ability to identify those at increased risk of these complications and discover 

effective strategies to prevent and treat this syndrome. 
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