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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2 is responsible for the 2019 coronavirus disease (COVID-19), a global pandemic that began in March
SARS-CoV-2 2020 and is currently in progress. To date, COVID-19 has caused about 935,000 deaths in more than 200
ACE-2 countries. The respiratory system is most affected by injuries caused by COVID-19, but other organs may be
Cardiovascular

involved, including the cardiovascular system. SARS-CoV-2 penetrates host cells through the angiotensin 2
conversion enzyme (ACE-2). ACE-2 is expressed not only in the lungs, but also in other organs, including the
cardiovascular system. Several studies have found that a good percentage of patients with severe COVID-19 have
cardiac lesions, including myocardial fibrosis, edema and pericarditis. Pathological remodeling of the extra-
cellular matrix caused by viral infection leads to myocardial fibrotic lesions. These fibrotic scars can cause
cardiac dysfunction, reducing the ejection fraction caused by the presence of stiffened myocardial matrix, or
cardiac arrhythmias that cause an alteration in the electrical conduction system of the heart. These cardiac
dysfunctions can cause death. It is therefore essential to identify cardiac involvement early in order to act with
appropriate therapeutic treatments. In this review, we describe what is known about cardiac injury from COVID-
19, highlighting effective pharmacological therapeutic solutions to combat cardiac injury, particularly cardiac
fibrosis, caused by COVID-19.
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1. Introduction
1.1. SARS-CoV-2 (COVID-19)

On March 11, 2020 the World Health Organization (WHO) declared the
state of global pandemic caused by the SARS-CoV-2, virus responsible for
the coronavirus disease (COVID-19). To date, the data provided by the
Coronavirus Resource Center of Johns Hopkins University (JHU) (https://
coronavirus.jhu.edu/) recorded 29.6 million infected people and 935,000
deaths worldwide [1]. The global COVID-19 pandemic is causing serious
and unexpected medical and socio-economic consequences and represents
one of the greatest health challenges in human history. To date, 7 vaccines
have entered phase 3 trials, representing an important hope for the final
victory against SARS-CoV-2 (https://www.who.int/publications/m/item/
draft-landscape-of-covid-19-candidate-vaccines [2]. Therefore, pending ef-
fective vaccines, the understanding of the pathophysiology and clinical
features of COVID-19 infection and the use of valid therapeutic strategies to
reduce serious complications are of paramount importance [3,4]. SARS-
CoV-2 infection (COVID-19) usually occurs asymptomatically or with mild
flu-like symptoms such as fever, cough, fatigue, less common gastro-
intestinal symptoms such as diarrhea and vomiting. In a small number of
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infected patients, however, especially in elderly patients or patients with
existing diseases, the infection can seriously damage the patient's health by
causing respiratory distress syndrome, which causes serious lung injury,
which can even lead to death. SARS-CoV-2 penetrates host cells through the
angiotensin 2 conversion enzyme (ACE-2). ACE-2 is expressed not only in
the lungs, but also in other organs, including the cardiovascular system.
Several studies have found that a good percentage of patients with severe
COVID-19 have cardiac lesions, including myocardial fibrosis, edema and
pericarditis [5,6,7].

1.2. Cardiovascular risk factors associated with COVID-19

Patients in old age and with pre-existing pathologies may have an
increased risk of severe clinical outcome COVID-19 [8]. In particular,
physiological conditions of the cardiovascular system (CV) appear to be
of particular importance for COVID-19 outcome and severity. The
COVID-19 itself can also induce severe myocardial lesions, cardiac ar-
rhythmia, acute coronary syndrome and venous thromboembolism [9].

Epidemiological data indicate that mortality from COVID-19 is
higher in patients with diseases such as diabetes, heart disease, chronic
respiratory diseases (e.g. COPD, asthma) [10]. Some data show that
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COVID-19 severity is more influenced by CV pathologies present,
compared to respiratory pathologies [11], although further epidemio-
logical data are needed to define it, however, if the effects that co-
morbidities of the cardiovascular system may have a higher suscept-
ibility and risk of infection remain to be clarified.

1.3. Cardiac injury and COVID-19

Cardiovascular diseases have been associated and observed already
in epidemics caused by SARS and MERS [12,13]. Epidemiological evi-
dence shows that cardiac disease is also associated with COVID-19 [14].
The cardiovascular system (CV) seems to have complex interactions
with COVID19.

As already mentioned, in a good percentage of patients hospitalized
with COVID19 the presence of myocardial lesions and high levels of
cardiac troponin I and NT-pro-BNP has been observed.

In particular, severe cases of COVID-19 are associated with a rapid
progression of systemic inflammation, caused by a sudden release of
pro-inflammatory mediators, called “cytokine storm”, which causes
multi-organ lesions particularly in the lungs and heart. In particular, the
excessive and sudden release of pro-inflammatory mediators can cause
direct cardiac lesions (Fig. 1).

In a situation of systemic inflammation, cardiac lesions caused, such
as myocarditis, cardiac fibrosis, edema, and pericarditis [15] are re-
sponsible for a poor prognosis in COVID-19 patients. Cardiac injury
caused by COVID-19 may have a direct cause mediated by virus pe-
netration into the organ or an indirect cause mediated by the abnormal
inflammatory/immune response that may be generated by the infec-
tion.

SARS-CoV-2 penetrates through the transmembrane protein ACE-2
into host cells, particularly type 2 pneumocytes, macrophages, en-
dothelial cells and cardiac myocytes, causing inflammation and multi-
organ damage. In particular, virus penetration into endothelial cells can
be responsible for microvascular and macrovascular dysfunctions, as
well as inflammatory/immune hyperreactivity, can destabilize athero-
sclerotic plaques and cause acute coronary syndromes. In addition, an
increase in D-Dimer and a procoagulative effect have been observed in
patients with severe COVID-19. Epidemiological data indicate that high
levels of serum creatine kinase (CK) and lactate dehydrogenase (LDH)
were found in patients with COVID-19 [16]. Similarly, viral penetration
into cardiac cells [17] can cause damage and cardiac electrophysiology
dysfunction. In addition, systemic inflammation and high levels of
circulating cytokines can indirectly cause serious cardiac lesions and
fulminating myocarditis [18]. A recent study provides important clin-
ical and molecular information on cardiac involvement during COVID-
19, advocating an association between (hyper)inflammation and myo-
cardial damage and demonstrating that inflammatory/immune dysre-
gulation SARS-CoV-2-induced and high cytokine concentrations may
contribute to myocardial lesions and a worse prognosis [19]. Another
interesting study analyzing autopsy cases COVID-19 showed that the
SARS-CoV-2 genome was present in myocardial tissue, confirming that
SARS-CoV-2 receptors are expressed within myocardial cells, and de-
monstrating that cytokine-induced organ dysfunction contributes to the
disease process [20]. Finally, recent evidence shows the presence of
pericardial effusion in COVID-19 patients with no history of cardio-
vascoular disease [21]. These studies show that direct or indirect car-
diac damage induced by SARS-CoV-2 can result in short-term and acute
effects leading to cardiac dysfunction, or in long-term effects. Another
serious condition caused by the unregulated inflammatory/immune
state typical of the more severe stages of SARS-CoV-2 infection is the
formation of cardiac fibrotic tissue [22,23,24].

The presence of cardiac fibrotic tissue is probably a consequence of
the cytokine storm and the sudden and elevated release of proin-
flammatory mediators, such as tumor necrosis factor alpha (TNF-a) and
interleukin-1-beta (IL-1f).

Cardiac fibrosis is a process of pathological remodeling of the
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extracellular matrix (ECM), which leads to structural abnormalities and
impaired cardiac function [25]. Excessive and continuous deposition of
ECM leads to impairment of cardiac tissue function. These described
aspects underline the importance of the need for multidisciplinary
evaluation and treatment of the COVID-19 patient, including assess-
ment of CV system conditions and the most appropriate therapy, to
reduce mortality but also serious complications after the post-positive
SARS-CoV-2 infection, in the convalescence period.

A combination therapy that acts with anti-inflammatory and anti-
fibrotic properties in a synergistic way, and with agents effective in
preventing or reducing cardiac damage is inevitable to reduce mortality
from COVID-19.

1.4. The role of ACE-2 in cardiac damage caused by COVID-19

To date, the pathophysiological mechanisms underlying the devel-
opment of cardiac lesions caused by COVID-19 are not completely clear.
However, the role that ACE-2 plays in specific tissue infection is the
subject of scientific debate. As mentioned above, SARS-CoV-2 infection
is triggered by the binding of the viral S protein to human ACE-2. ACE-2
is known to play a key role in cardiovascular function [26]. Therefore
ACE-2 may play a dual role in cardiac damage caused by SARS-CoV-2,
in particular its cardiac tissue expression may mediate the entry into
cardiac cells, causing direct damage, moreover the decrease in ACE-2
concentrations highlighted in the most severe stages of viral infection
may further cause lung and cardiac damage, considering the role of
ACE-2 on cardiovascular and respiratory homeostasis.

1.5. Pharmacological agents and therapeutic strategies

The management of the COVID-19 patient's therapeutic strategies is
complex. To date there are no authorized vaccines or antiviral directed
against SARS-CoV-2, there are ongoing clinical trials in this direction,
about 300 studies are testing various therapeutic interventions against
COVID-19 (ClinicalTrials.gov), 7 vaccines have entered phase 3 of
clinical trials. In the meantime, the available and effective therapeutic
treatments are pharmacological agents that can be considered to sup-
port the viral infection, among them there are immunomodulants, an-
tiretrovirals, anticoagulants. In light of the above, it is also essential to
adopt a therapeutic strategy aimed at preserving and protecting car-
diovascular homeostasis and avoiding cardiac damage, especially in
patients with more severe COVID-19. In view of the above, cardiac
complications such as cardiac ischemia, cardiac arrhythmia, heart
failure or venous thromboembolism caused by COVID-19 can be treated
with common pharmacological therapeutic solutions. Finding added
values to current therapeutic solutions may be important to preserve
and eventually treat cardiac damage from COVID-19. Specifically, an
interesting therapeutic strategy could be represented hypothetically by
acting on the renin agiotensin system (RAS), in fact a decrease in ACE-2
concentrations could decrease the probability of SARS-CoV-2 penetra-
tion into cardiac cells. In this direction one could act with antibodies
directed against ACE-2 [27], or alternatively by decreasing the ex-
pression of ACE-2 with renin angiotensin system modifiers (RAS), such
as direct renin inhibitors (DRi). However, it should be considered that
in the most severe stages of infection ACE-2 could play a protective role
for both the respiratory and cardiac systems, In this case the use of ACE
inhibitors or AT1-r receptor blockers (ARB), which have been shown to
have in vitro modifying effects on ACE-2 concentrations, may have an
added value. These scenarios are the subject of scientific discussion and
at the moment there is no epidemiological evidence. In addition, with
the use of RAS modifying agents such as AT1-r receptor blockers (ARB),
it may be increased stimulation of AT2-r receptor with antifibrotic,
antiflammatory and vasodilatory properties, in addition the vasocon-
strictive, profibrotic, hyperproliferative and proinflammatory effects
mediated by AT1r stimulation are also blocked. Finally, after ARB ad-
ministration the response to hypertrophic and inflammatory growth
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Fig. 1. The massive and sudden release of pro-inflammatory cytokines can be responsible for contractile dysfunction and myocytic cardiac apoptosis with consequent
Cardiac lesion. The TNF-a is a cytokine with pro-inflammatory properties that has an inotropic negative effect on the heart.

TNFa acts by binding to two specific receptors: TNF-R1 and TNF-R2. TNF-R1 has cytotoxic activity and induces the proliferation of fibroblasts and mediates apoptosis
with negative inotropic effect on the heart. The activity mediated by TNF-R1 may play an important role in cardiac lesions COVID-19 induced.

induced by TNF-a is significantly attenuated [28]. Other drugs that can
be used to influence the fibrotic response to cardiac lesions are beta-
blockers, endothelin antagonists [29] and eplerenone (FDA approved
since 2002) which was introduced as a drug that suppresses the for-
mation of fibroses by blocking the aldosterone pathway [30]. Another
pharmacological hypothesis to avoid cardiac lesions is the use of ne-
prilisin inhibitors (NEPi) such as Sacubitril [31]. The beneficial effects
of neprilisin inhibitor (NEPi) are attributable to the decrease in de-
gradation of natriuretic peptides. Natriuretic peptides cause vasodila-
tion by stimulating the guanylate cyclase receptor to produce cGMP. In
addition, sacubitrile administration is known to decrease NT-proBNP,
which in severe cases COVID-19 is increased. In addition, natriuretic
peptides act to suppress the renin-angiotensin (RAS) and sympathetic
systems and decrease endothelin secretion. In addition, natriuretic
peptides also exert anti-inflammatory and antifibrotic effects. In parti-
cular, some evidence shows direct mediated anti-inflammatory effects
(Fig. 2).

On the basis of the evidence described and in relation to the

hypotheses suggested, the use of sacubitril especially in severe cases,
could be of therapeutic benefit, with cardioprotective, anti-in-
flammatory and antifibrotic effects [32,33,34]. The hyperactive and
generalized inflammatory state caused by COVID 19 may be responsible
for the above mentioned cardiac lesions. The use of immunomodulatory
agents such as IL-6 Inhibitors [35] or steroids in this direction may be of
clinical benefit. Pericarditis as described above may be another com-
plication caused by COVID-19. In this direction the use of colchicine, a
low cost drug used for many years for the treatment of diseases such as
Bechet's disease, prevention and treatment of pericarditis and family
Mediterranean fever, could be a valid therapeutic option. Colchicine's
multiple effects with the reduction of IL-1, IL-6 and IL-18 that interfere
with the NLRP3 inflammatory protein complex, a factor increasingly
recognized for its role especially in recurrent idiopathic pericarditis and
Mediterranean fever, could be of great benefit in patients with COVID-
19. Finally, in patients with an altered profibrotic state, anticoagulant
therapy is necessary to avoid further serious complications [36,37].
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Fig. 2. The use of AT1-r receptor blockers (ARB), can induce increased AT2-r receptor stimulation with antifibrotic, antifibrotic and vasodilatory properties, and the
vasoconstrictive, profibrotic, hyperproliferative and proinflammatory effects mediated by AT1-r stimulation are also blocked. Finally, after ARB administration the
response to hypertrophic and inflammatory growth induced by TNF-a is significantly attenuated. Neprilisin inhibitors decrease the degradation of natriuretic
peptides. Natriuretic peptides cause vasodilation by stimulating the guanylate cyclase receptor to produce ¢cGMP natriuretic peptides that also exert anti-in-

flammatory and antifibrotic effects.

2. Conclusions
2.1. Perspectives and suggestions

In addition to lung damage, there may be significant cardiac in-
volvement in patients with COVID-19, which is responsible for wor-
sening the clinical condition of the host. The main cardiac manifesta-
tions can be edema, pericarditis, cardiac fibrosis, myocarditis and
impairment of contractile function and cardiac electrophysiology. The
cardiac status of patients with ongoing SARS-CoV-2 infection, or of
surviving patients in convalescence period should be carefully mon-
itored. There are many pharmacological agents therapeutic choices
available to the clinician that, if used appropriately, and within the
right timeframe, can be very useful to preserve cardiac homeostasis or
reduce cardiac damage, lowering COVID-19 mortality. Finally, several
pharmacological scientific hypotheses are to be demonstrated, well-
structured clinical studies are necessary to generate further EBM in this
direction.
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