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Introduction:

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the causative organism of Coronavirus disease
2019 (COVID-19) pandemic, which has created a havoc
globally. It took its origin in late Dec. 2019 in the city of
Wuhan, Hubei province, china16,5 and since then it has
taken millions of lives and resulted in significant
morbiditiesworldwide. It was declared a pandemic by
WHO on 11th March 2020, and as of 28th March 2022,
more than 482 million cases have been reported worldwide
with more than 4.82 million deaths.15,17,5 At the start of
the pandemic, it was known to be a respiratory pathogen
but as the pandemic is getting older, our understanding of
the cardiovascular consequences of covid-19 is getting
better. Available datasuggest that elderly patients and those
with comorbidities have adverse prognosis.20,10 These
patients have a high risk of cardiovascular adverse events,
including death from cardiovascular causes. Covid-19
patients can present acutely to the cardiac emergencies
with myocardial infarction (MI), arrythmias, cardiac arrest,
heart blocks, heart failure and coagulation abnormalities.
It has varied presentations ranging from asymptomatic
disease to severe respiratory failure, myocardial
involvement has been detected in unto 20-30% of
hospitalized Covid-19 patients manifested by an elevation

in troponin levels.2 As we are getting close to the end of
pandemic, there are accumulating data and the increasing

reports of persistent and prolonged effects after acute

Covid-19.

Pathophysiology

SARS-CoV-2 is a single stranded, positive-sense RNA

virus.24,25 The structure of SARS-CoV-2 is a nucleo-capsid

surrounded by a protein membrane and a lipo-containing

outer cell, from which the clavate spine processes extend

called “spike”.26,1 It uses its spike protein to attach to host

cells using the angiotensin-converting enzyme 2 (ACE2)

as its receptor for membrane fusion.30,33 The spike protein

contains 2 functional subunits. The S1 subunit contains

the receptor- binding domain that binds to ACE2 and the

S2 subunit is responsible for the fusion and entry into the

host cell. Before entry, the spike protein must be primed

by a serine protease TMPRSS2.34 In a living organism,

the coronavirus has the highest affinity for the integral

plasma membrane protein of ACE2[28,1].It is wide spread

in the body and can be found in the surface of the

membrane of the endothelial cell, including the epithelium

of the nervous system, nerve endings, and also in the cells
of the reproductive system.27,1
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Penetration into the cell occurs by binding of the SARS-
CoV-2 protein S to the zinc ACE2 peptidase. After S
binding, the protein is cleaved in two regions (S protein
priming) by the transmembrane serine proteaseTMPRSS2,
which, in turn, promotes the fusion of the viral membrane
with the host cell and the direct penetration of the virus
into the cytoplasm by endocytosis where replication and
amplification of the virus occurs.28,1,30,9

ACE2, part of the renin-angiotensin system, is responsible
for cleaving angiotensin (Ang) II into Ang (1-7).31,32,9 The
involvement of ACE2 likely contributes to the
development of cardiovascular complications.The ACE2
is highly expressed in pulmonary tissues, but also in adult
human hearts and endothelial cells, indicating an intrinsic
susceptibility of these organs to a direct invasion of SARS-
CoV-2. Furthermore, SARS-CoV-2 probably produces a
downregulation in the ACE2 activity, reducing the
conversion of angiotensin II (Ang II) to Ang-(1-7) which
in turn leads to increased blood level of angiotensin II,
mediating pulmonary vasoconstriction.Ang-II binding to
Ang receptors causes vasoconstriction, inflammation,
vascular remodeling and fibrosis.35,29 Inhibition of ACE2
can be one of the factors of lung damage, as well as the
cause of systemic inflammation with the release of
cytokines, which ultimately contributes to the development
of acute respiratory distress syndrome and multiple organ
dysfunction[4].Liu et al. (2020)29 showed that elevated
angiotensin II (ATII) level in the serum were significantly
associated with high viral load and more severe lung injury
in COVID-19. Excessive angiotensin II potentially
activates the pro-thrombotic p38 Mitogen-Activated
Protein Kinase (MAPK) pathway, which may lead to
thromboembolic events.53 Angiotensin II may also induce
Nox2-related reactive oxygen species (ROS) production,
resulting in myocardial injury.54 Downregulation of ACE2
may cause des-Arg9-bradykinin (DABK) accumulation
and excessive G-protein-coupled receptor B1 (BK1)
activation, potentially contributing to HF.55 Beyond the
local inflammatory effects caused by the virus’s entry, a
systemic inflammatory response has been proposed to play
an essential role in cardiovascular complications.5

Due to the immune response, high levels of chemokines
are synthesized to attract inflammatory effector cells.52

An exacerbated inflammatory response with cytokine
storm mediated through pathologic T cells and monocytes
leading to myocarditis, is another possible mechanism
postulated to explain cardiac injury due to COVID-19.64,65

But the exact mechanism of cardiovascular complications
in long COVID is not fully understood.

ACE2 is also expressed in adipose tissue and there has
been a pathophysiological link between COVID-19 and
obesity as pointed out by recent publications[56]. Obesity
modulates inflammatory response through secretion of pro-
and anti-inflammatory adipokines, modulation of
interleukin 6; therefore, COVID-19 infection and its
interaction with adipocytes may contribute to deleterious
outcomes.56 Inflammation involving the epicardial adipose
tissue may be affected by myocarditis because of the
contiguity of the myocardium and epicardial adipose
tissue. Epicardial fat has been linked with atrial fibrillation
and coronary artery disease.5 Hence, the COVID-19
interaction with epicardial fat may provide a plausible link
to acute or long-term atrial fibrillation and coronary artery
disease.2

Long term impact on cardiovascular system

The sufferings of a covid-19 patient may not get over after
the acute infection is resolved but may extend far beyond the
acute illness. Post recovery manifestations of patients who
have recovered from coronavirus disease 2019 (COVID-19)
have become another challenge for the clinicians. Numerous
reports have shown that COVID-19 has a variety of long-
term effects on almost all systems including respiratory,
cardiovascular, gastrointestinal, neurological, psychiatric, and
dermatological systems[60].It is of concern that after 60 days
from the onset of infection, as many as 87.4% of 143 patients
in an Italian study were affected by Long COVID symptoms
and only 12.6% of patients were completely free of any Covid-
19 related symptoms.42,43 The symptoms and the clinical
manifestations of these patients are clinically heterogenous
and suggesting involvement of multi-organ/system including
the cardiovascular system, the main persistent symptoms
being fatigue & dyspnea.19,59 It may last for several months

Figure 1. The spike protein downregulates ACE2 that in
turn increases Ang II and decreases Ang (1–7), resulting
in adverse effects. The spike protein also directly activates
cell signaling through the ACE2 receptor, which may also
promote adverse events.
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but the duration is still a matter of observation. Cardiovascular
involvement commonly manifest with symptoms such as
palpitation and chest pain, and less commonly with events
such as late arterial and venous thromboembolism, heart
failure episodes, strokes or transient ischemic attack, myo-
pericarditis.19 Long COVID is a still not fully understood
entity comprising a constellation of heterogenous symptoms
of uncertain etiology and uncertain direct causality of SARS-
CoV-2 infection.

Different terminologies have been used in different articles
to represent these groups of patients such as “long Covid”,
“Chronic Covid syndrome.” “Long-Haul COVID.” “Post-
Acute sequelae of SARS-CoV-2 infection” and “post-acute
COVID-19 syndrome (PACS)”.8 Post-acute covid-19 is
defined as presence of symptoms extending beyond 3
weeks from the initial onset of symptoms and long covid
(or chronic covid-19)as extending beyond 12 weeks.18,3,19

In a German study of 100 patients who recently recovered
from COVID-19, cardiac magnetic resonance imaging
(performed a median of 71 days after COVID-19
diagnosis) revealed cardiac involvement in 71% and
ongoing myocardial inflammation in 60%.51 Following
cardiovascular symptoms are commonly reported so far;

Palpitations

Commonest cardiac symptom complained by patients of
Long COVID; it may correspond to simple sinus
tachycardias or supraventricular or ventricular
arrhythmias.19 Although it has no diagnostic specificity,
but since it is a frequent cause of requests for medical
assistance it must be carefully considered.21,19 It is rarely
associated with de novoelectrocardiographic changes. In
fact, these changes should be considered de novo only
when a baseline pre-COVID electrocardiogram (ECG) is
available.22,19

Chest pain

Chest pain is another symptom commonly complained of
by patients with Long COVID. These pains often do not
correspond to instrumental findings useful for a correct
interpretation.23 Chest pain was reported in up to 20% of
COVID-19 survivors at 60 day follow-up61,62 whereas
ongoing palpitation and chest pain were reported in 9 and
5%, respectively, at 6 months follow-up in the post-acute
COVID-19 Chinese study.63

Postural Orthostatic tachycardia syndrome (POTS)

A number of case reports have been published on patients
who developed POTS after SARS-CoV-2 infection. The
diagnosis is made in presence of an increase of >30 b.p.m.

in adults (>40 b.p.m. in patients aged 12–19 years) within
10 min of assuming the upright position in the absence of
orthostatic hypotension with associated symptoms of
orthostatic intolerance.The association between preceding
viral illness and POTS has been previously established.
With ACE2 found on neurons, alteration to the autonomic
nervous system has been implicated in COVID-19.22

De novo arrhythmia

Supraventricular and ventricular arrhythmias together with
conduction disturbances have been reported among the
possible manifestations of long COVID although the exact
timing of its onset is difficult to establish.22

The venous thrombotic manifestations

The thromboembolic events recorded in Long COVID
within the first year after recovering from acute COVID-
19 include deep vein thrombosis (2.4%) and pulmonary
thromboembolism (1.7%).36

Heart failure

Heart failure occurring De novo in patients recovered from
COVID-19 is rare.Most cases have been studied on
patients with pre-existing HF possibly worsening after
COVID-19 are reported along with the few cases of de

novo HF. This limits the ability to identify those cases in
which HF is indeed a clinical manifestation of Long
COVID. Maestre-Muñiz et al.36 report HF onset in 11 of
the patients (2.0%) who recovered from COVID-19. 

Arterial thrombosis

Arterial thrombosis in subjects without known vascular
pathology is found on occasion. In addition to the coronary
arteries, with manifestations of acute coronary syndromes
in subjects at low risk and without significant coronary
artery disease on angiography,37 unexplained thrombotic/
thromboembolic events continue to be described at the
peripheral/ cerebral/ splanchnic level.38

Myocarditis, pericarditis, myopericarditis

Myocarditis is a debated issue in both COVID-19 and
Long COVID mainly due to diagnostic incompleteness
and therefore lack of certainty, in particular pathological
evidence. In several studies, the diagnosis of myocarditis
is based either on the levels of isolated hypertroponinaemia
or on the combination of hypertroponinaemia and signs
of myocardial oedema on CMR.39  It would be correct to
describe persistent hypertroponinaemia and/or oedema,
without forcing its interpretation into myocarditis.19

Cardiometabolic conditions

Diabetes, both type 1 and type 2, is associated with severe
COVID-19 and Long COVID. Interventions to target
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multiple risk factors, combined with the use of novel
glucose-lowering agents that improve metabolic function
and the key processes that are impaired in COVID-19,
should be the preferred therapeutic options for the
management of people with long COVID.19

The use of imaging modalities may boost our
understanding of the cardiovascular involvement in Long
COVID. Imaging studies have shown cardiovascular
changes that occur following a COVID-19 infection.44-47

Myocardial oedema and late gadolinium enhancement
(LGE) have been observed in 58% of 26 Chinese patients
presenting with Long COVID cardiac symptoms.48

Myocarditis-pattern LGE have been observed up to a
month post-infection in 27% of 148 patients in the UK
who have had myocardial injury; among which, one-third
had findings consistent with an active myocarditis.49

Furthermore, up to 78% of 100 mild COVID-19 cases in
Germany—despite having fewer co-morbidities—had
CMR abnormalities of similar extent and severity to that
of patients requiring hospitalization.50 Thus, while
cardiovascular changes have been observed following a
COVID-19 infection, its relationship with Long COVID
is still unclear. Furthermore, we are unsure if there are
other cardiovascular changes that have been yet to be
detected.

Conclusion:

COVID-19 impacts on the cardiovascular system is both
the short and long term. With the emerging success of the
covid-19 vaccines, the survival of patients has dramatically
improved and so we now are left with significant number
of survivors having persistent symptoms even months after
COVID-19 infection. COVID-19 patients with myocardial
injury are likely to remain at risk of cardiovascular events
in the long term. Since, we are not yet out of the covid-19
pandemic, it is possible that even larger number of patients
will experience long-term sequelae and the term “long
haulers” has been suggested to refer to these patients.while
clinicians endure to battle COVID-19, we also need to
develop broad strategies to manage post-COVID-19
symptoms and encourage those affected to seek suitable
care.It will therefore, be imperative to open out-patient
post-covid-19 clinics in locality where large outbreaks
have occurred and, to provide them healthcare facility in
a multidisciplinary approach with a thoughtfully integrated
research agenda, to avoid health system fragmentation and
to allow the comprehensive study of long-term health
consequences of COVID-19 on multiple organ systems
and overall health and wellbeing. Special attention is to
be paid to athletes with resolved infection who are at risk
for exercise-induced arrhythmias and should have graded
resumption of activity and exercise.

Fig.-2: Reviewofthe definitions and symptomatic manifestations, and current principles of management for potential

COVID/postural orthostatic tachycardia syndrome overlap
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