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Abstract: Coronavirus disease 2019 (COVID-19) caused by the virus SARS-CoV-2 was declared a 

pandemic by the World Health Organization (WHO) in March 2020. The clinical spectrum of COVID-

19 can range from asymptomatic to severe symptoms and even death. Recent studies show that a 

growing number of patients with COVID-19 will experience prolonged symptoms (Post-Acute 

Sequalae of SARS-CoV-2), which now days known as “Long Covid”. A team of researchers from Italy 

reported that nearly 9 in 10 patients discharged were still experiencing at least one symptom 60 days 

after infection. Symptoms reported are fatigue, dyspnea, joint pain, chest pain, and other uncommon 

symptoms. Through ACE2 surface receptor, SARS-CoV-2 has been linked to cardiovascular events. 

As PASC symptoms vary widely, cardiovascular sequelae need to be considered through lifetime 

management. Therefore, this review aims to summarize an update of the long covid effect on 

Cardiovascular Disease (CVD), the impacts, and Post-Acute Sequalae of SARS-CoV-2 Infection 

(PASC) management. 
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1. Introduction 

The infection through the Coronavirus originated in the Wuhan city of China’s Hubei 

Province by the end of 2019 [1]. In March 2020, the Coronavirus disease 2019 (COVID-19), 

caused by the virus SARS-CoV-2, was declared a pandemic by the World Health Organization 

(WHO) [2]. Since then, there have been confirmed COVID-19 reports in 219 Countries and 

Territories around the world. Almost similar to its predecessor, SARS, the symptoms of 

COVID-19 make infected people feel with symptoms like the flu ones [3]. During this time, 

studies have shown that the clinical spectrum of COVID-19 can range from asymptomatic 

infection to mild upper respiratory tract illness to severe interstitial pneumonia with respiratory 

failure and even death. It is estimated that non-severe patients with no symptoms or mild 

symptoms could represent around 30-60% of all infections [4,5]. However, COVID-19 is a 

new disease, and uncertainties remain regarding the possible long-term sequelae of the 

infection after recovery. Patients with severe COVID-19 symptoms, especially those requiring 

mechanical ventilators during hospitalization, have developed long-term complications and 

have incomplete recovery after discharge [6]. Although SARS-CoV-2 primarily affects the 

lungs, it has been observed that several other organs, including the kidney, can also be affected.  

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC123.39893995
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-2488-5643
https://orcid.org/0000-0003-2414-9224
https://orcid.org/0000-0003-1458-4724


https://doi.org/10.33263/BRIAC123.39893995  

 https://biointerfaceresearch.com/ 3990 

2. Profile and Timeline Definitions   

As many COVID-19 signs and symptoms can occur during and after the infection, the 

National Institute for Health and Care Excellence (NICE) has provided a guideline on the 

clinical definition for the profiles and timelines [7]. These are the three clinical definitions; 

Acute COVID-19: COVID-19 signs and symptoms for up to 4 weeks.  Ongoing Symptomatic 

COVID-19: COVID-19 signs and symptoms from 4 to 12 weeks. Post-COVID-19 is COVID-

19 signs and symptoms for more than 12 weeks and are not explained by an alternative 

diagnosis. 

Recent studies show that a growing number of patients with COVID-19 will experience 

prolonged symptoms, in which the exact profiles and timelines remain uncertain [8,9]. Early 

in the course of the pandemic, patients identified this trend, referring to themselves as “Long-

Haulers” and the prolonged illness as “Long COVID” [10]. Therefore, this review aims to 

summarize an update of the long covid effect on Cardio Vascular Disease (CVD), the impacts, 

and Post-Acute Sequelae of SARS-CoV-2 Infection (PASC) management. 

3. Long COVID-19 

Weeks and months after the onset of Acute COVID-19, people may continue to suffer. 

“Long COVID” was first used by Elisa Perego from Lombardy in May 2020. It is being used 

to describe illness in people who have recovered from COVID-19 but still report lasting effects 

of the infection or have had the usual symptoms for far longer than expected.[10,11]. It is still 

unknown why some people’s recovery is prolonged [12]. 

A team of researchers from Italy reported that nearly 9 in 10 patients (87.4%) 

discharged from a Rome hospital after recovering from COVID-19 were still experiencing at 

least one symptom 60 days after onset. They found that 13% of the 143 people were completely 

free of any symptoms, while 32% had one or two symptoms, and 55% had three or more [13]. 

Symptoms reported are fatigue (53%), dyspnoea (43%), joint pain (27%), and chest pain (22%). 

Two-fifths of patients reported a worsened quality of life [11,13]. A prior study showed 78 out 

of 100 patients who had recovered from COVID-19 had abnormal cardiovascular MRI 

findings, and 36 of them reported unusual fatigue and dyspnoea [5]. 

A study cohort from Jin Yin-tan Hospital (Wuhan, China) reported 76% of patients 

after 6 months of illness onset have at least one symptom that persisted. More than 50% of 

patients presented with residual chest imaging abnormalities. At 6 months after symptom onset, 

fatigue or muscle weakness and sleep difficulties were the main symptoms of patients who had 

recovered from COVID-19 [14]. Studies from Renmin Hospital of Wuhan University show 

that 49.6% of patients who had recovered from COVID-19 still had one or more common 

symptoms, including physical decline, fatigue, and myalgia, 3 months after discharge [15]. 

From the clinical perspective, the COVID-19 incubation period and clinical phase 

involve 3 weeks. The post-acute-COVID can be described as the illness extending beyond three 

weeks from the onset of first symptoms, and the chronic COVID-19 as extending beyond 12 

weeks. The diagnosis of “Long COVID” or “Long-Haulers” should be considered if various 

symptoms and signs linger well beyond the period of convalescence in COVID-19 [7]. 

4. Impact of Covid-19 on Cardiovascular Disease 

The genetic factors and pathways related to COVID-19 involve the angiotensin-

converting enzyme 2 (ACE2) gene encoding the ACE2 surface receptor associated with the 
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SARS-CoV-2 virus [16]. ACE2 is localized in various human organs, including oral and nasal 

mucosa, nasopharynx, lung, and heart [17]. In the renin-angiotensin-aldosterone system 

(RAAS), ACE2 catalyst angiotensin II's conversion to angiotensin 1-7, which acts as a 

vasodilator, exerts a protective effect in the cardiovascular system [18,41].  Elevated 

angiotensin II in COVID-19 patients has been linked to vascular hyperpermeability and severe 

acute lung injury, as well as hypocalcemia and a possible sign of hyperaldosteronism [19-21]. 

Moreover, this mechanism is possibly explaining the increased prevalence of cardiac 

and renal complications. An additional pathophysiological explanation for the extent of 

cardiovascular involvement stems from the systemic inflammatory effects driven by the virus, 

predominantly through cytokine release and inflammatory cascade highlighted by serum 

biomarker elevation [22]. The expression of the ACE2 receptor on myocytes, coronary 

endothelial cells, and arterial smooth muscle increases the risk of organ damage in individuals 

with COVID-19, as the virus uses these receptors to gain entry into cells [23-25]. The prior 

study has shown that among hospitalized patients, cardiac injury is a common condition to find 

with a higher risk of in-hospital mortality [26]. This may be related to the ACE2 acting receptor 

for SARS-CoV-2 [27,28]. The possible mechanisms explaining this association include 

cytokine storm, microangiopathy, viral myocarditis, stress-induced cardiomyopathy, classic 

myocardial infarction due to infection-induced atherosclerotic plaque instability. All these 

mechanisms have a common denominator as endothelial injury [29,30]. 

As the most common pre-existing condition, CVD might have potentially exacerbated 

the severity of COVID-19. COVID-19 is mostly a lung disease. Initial local damage can be 

followed by an intense and relatively late cytokine storm originating from the imbalance of T 

cells' activation with dysregulated release of interleukin (IL)-6, IL-17, and other cytokines [31]. 

In parallel, COVID-19 can also begin with signs of severe coronary artery disease or 

myocarditis in the absence of a history of cardiovascular diseases or the presence of isolated 

cardiovascular risk factors [19,20,32]. 

The cardiac injury mechanism is not well established. Still, it likely involves increased 

cardiac stress due to respiratory failure and hypoxemia, direct myocardial infection by SARS-

CoV-2, indirect injury from the systematic inflammatory response, or a combination of all 3 

factors. Due to direct infection or global inflammation, dysfunction in cardiac pericytes and 

endothelial cells can disrupt coronary microcirculation with downstream ischemic 

consequences. Still, the relationship to COVID-19 is purely conjectural [33]. SARS-CoV-2 

effects on microvascular function, notably pericyte injury, particularly in heart failure patients, 

have also been reported [23]. Besides, a drug used to treat COVID-19 patients has 

cardiovascular side effects [34]. 

The major studies have focused on acute complications, but long-term sequelae may be 

possible based on the above mechanism. One hypothesized that following cardiovascular 

sequelae and complications may develop in individuals with COVID-19 and pre-exciting 

cardiovascular risk factors: acute coronary syndrome, myocardial infarction, arrhythmia, 

cardiogenic shock, heart failure, myocarditis, and venous thromboembolism [22]. The study 

found that 13% of patients had a cardiovascular sequel, the most important of which was 

increased resting heart rate. Besides, seven patients reported a recent diagnosis of hypertension 

after COVID-19’s long-term damage to the cardiovascular system [15]. 
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5. The Social Impact of PASC 

As a global pandemic with unprecedented medical, economic, and social consequences, 

COVID-19 has been potentially severe cardiovascular complications and sequelae [26]. 

Patients with pre-existing CVD also suffer worse outcomes with COVID-19 infection. Beyond 

these direct consequences, COVID-19 has reshaped the delivery of cardiovascular care—non-

critical and elective procedures are postponed, and distancing imperatives have led to rapid 

scaling of telemedicine and cancellation of cardiac rehabilitation. The repeated public health 

messages that those with chronic conditions should practice social and physical distancing may 

adversely affect the health-seeking behavior of patients with CVD [35,36]. 

Through the “Long Covid” cardiovascular symptoms, morbidity and mortality due to 

CVD might increase. Furthermore, long-term studies are required to determine the incidence 

and clinical course of myocardial damage caused by COVID-19 to implement a routine cardiac 

imaging screening that allows for the treatment of post-COVID-19 heart syndrome [37]. 

6. PASC Management 

According to the Office for National Statistics, one out of five patients with positive for 

Covid-19 testing exhibit symptoms for five weeks and more  This provides challenges for 

determining best-practice on the standard of care [38]. To assist clinicians, the National 

Institute for Health and Care Excellence (NICE), the Scottish Intercollegiate Guidelines 

Network (SIGND), and the Royal College of General Practitioners (RCGP) have developed 

the “COVID-19 rapid guideline: managing the long-term effects of COVID-19”. The guideline 

covers care for people who experience Covid-19 signs and symptoms for more than four weeks 

which is not explained by other alternative diagnoses[38]. The guidelines provide information 

to help the public understand their symptoms and to recognize when to seek help. With the 

guidelines, physicians can educate people who were suspected or confirmed with acute Covid-

19 on what they might expect during their recovery time. 

A person with symptoms 3 or more weeks after the Covid-19 onset needs to get a 

clinical assessment through full history, current symptom, and clinical testing that may be 

considered. Blood tests can pinpoint the causes of continuing symptoms and exclude conditions 

like pulmonary embolism or myocarditis [39]. Patient comorbidities, including diabetes, 

hypertension, kidney disease, or ischemic heart disease, need to be managed in conjunction 

with covid-19 treatment [39]. After all, medical management will be parallel with self-

management. Support from social, financial, and cultural may be needed to help “Long-

Haulers” survived all the symptoms of PASC [3,40].  

7. Conclusions  

“Long Covid” is a new medical term to describe the experience of prolonged symptoms 

of Covid-19 infections. As PASC symptoms vary widely, cardiovascular sequelae need to be 

considered through lifetime management. Since chest pain is common in PASC, further clinical 

priority needs to separate musculoskeletal and other non-specific chest pain from serious 

cardiovascular conditions.  Even though there are not yet definitive evidence-based 

recommendations for the management of PASC, the physician can use the NICE guideline to 

approach patient symptoms through better quality of life. 
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