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Abstract
Cardiac injury in patients infected with the novel Coronavirus (COVID-19) seems to be associated with higher
morbimortality. We provide a broad review of the clinical evolution of COVID-19, emphasizing its impact and implications
on the cardiovascular system. The pathophysiology of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
characterized by overproduction of inflammatory cytokines (IL-6 and TNF-α) leading to systemic inflammation and multiple
organ dysfunction syndrome, acutely affecting the cardiovascular system. Hypertension (56.6%) and diabetes (33.8%) are the
most prevalent comorbidities among individuals with COVID-19, who require hospitalization. Furthermore, cardiac injury,
defined as elevated us-troponin I, significantly relates to inflammation biomarkers (IL-6 and C-reactive protein (CRP),
hyperferritinemia, and leukocytosis), portraying an important correlation between myocardial injury and inflammatory
hyperactivity triggered by viral infection. Increased risk for myocardial infarction, fulminant myocarditis rapidly evolving
with depressed systolic left ventricle function, arrhythmias, venous thromboembolism, and cardiomyopathies mimicking
STEMI presentations are the most prevalent cardiovascular complications described in patients with COVID-19. Moreover,
SARS-CoV-2 tropism and interaction with the RAAS system, through ACE2 receptor, possibly enhances inflammation
response and cardiac aggression, leading to imperative concerns about the use of ACEi and ARBs in infected patients.
Cardiovascular implications result in a worse prognosis in patients with COVID-19, emphasizing the importance of
precocious detection and implementation of optimal therapeutic strategies.

Introduction

Currently, the world is facing a pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
etiological agent of COVID-19 disease [1]. The first signs of
the new virus began to show up in December 2019 in China.
In this century, two coronavirus epidemics occurred, the
severe acute respiratory syndrome coronavirus (SARS-CoV)
in 2002 and the Middle East respiratory syndrome cor-
onavirus (MERS-CoV) in 2012 [1]. SARS-CoV-2 presents a
transmissibility ten times faster than 2002 SARS-CoV [1].
Due to its fast dissemination, COVID-19 was declared
a pandemic by the World Health Organization (WHO).
By the end of June 2020, the world had already registered

more than 9 million individuals contaminated, with more
than 450,000 deaths.

The coronaviruses are single-stranded RNA viruses, with
great capacity for fast mutations and recombination, causing
respiratory or intestinal infections in humans and animals
[2]. The SARS-CoV-2 infection occurs through the cou-
pling of S-protein located on the surface of the virus with
angiotensin-converting enzyme 2 (ACE2), which acts as a
receptor for the virus. ACE2 is mostly present in the lungs
and seems to be the main gateway for the virus. It is also
present in great amounts in the heart, which can lead to
cardiovascular (CV) complications [2].

The main clinical manifestations of COVID-19 are
respiratory, varying from a mild presentation to acute
respiratory distress syndrome (ARDS), being potentially
fatal. Moreover, as in other respiratory infections, pre-
existing CV diseases and risk factors can increase the
severity of COVID-19, leading to the aggravation and
decompensation of chronic underlying cardiac pathologies
as well as acute-onset of new cardiac complications [3],
highlighting that myocardial injury can be present in
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approximately 12% of hospitalized patients with SARS-
CoV-2 infection [1].

Within the CV manifestations of COVID-19, we can
highlight four different aspects: (a) CV risk factors and
established CV disease is associated with a worse prog-
nosis, (b) appearance of acute CV complications in pre-
viously healthy individuals, (c) promising therapies with
antimalarials and antivirals present important CV side
effects, and (d) questioning the safety of the use of
renin–angiotensin–aldosterone system (RAAS) inhibitors
regarding an increased risk of COVID-19 [1]. Thus, the
need to elucidate the potential pathophysiological
mechanisms caused by COVID-19 and its CV repercus-
sions becomes evident.

Methodology

We performed a thorough literature review based on the
PubMed electronic bibliographic database. The following
descriptors were used in the search engines advanced tool:
“COVID-19,” “2019-nCoV,” “SARS-CoV-2,” “Myocardial
Infarction,” “Coagulation,” “Heart Failure,” “Cardiovascular
Risk Factors,” “Hypertension,” “Arrhythmias,” “Myocardi-
tis.” Authors included retrospective studies, prospective stu-
dies, meta-analysis, and clinical guidelines regarding
the cardiovascular implications related to COVID-19. Articles
with a central theme diverging or not related to the cardio-
vascular complications associated with SARS-CoV-2 infec-
tion were excluded from the revision. Articles that were not in
English were also excluded. A total of 35 citations were
thoroughly reviewed to compose the present article. Preprints
were included.

Discussion

Clinical evolution

The symptoms and clinical evolution of COVID-19 are
broad, ranging from asymptomatic to severe respiratory
failure requiring mechanical ventilation [3]. Therefore, to
better understand the pathophysiology of the CV system
injury, we will detail the clinical evolution of the disease.

The first, or “mild,” phase, commonly of benign evolution,
occurs in the first 7 days with symptoms characteristic of
upper respiratory tract infection. Nonspecific symptoms such
as anosmia, ageusia, and gastrointestinal manifestations may
also appear. Approximately 80% of the cases are resolved [3].

The second phase, or moderate pneumonia, occurs
approximately in 15% of the patients and from the tenth
day the symptoms begin to worsen with dyspnea, cough,
and oxygen saturation decrease [3], with signs and

symptoms suggesting progession for lower respiratory
tract infection. Laboratory evaluation reveals an increase
of inflammatory reagents such as C-reactive protein
(CRP), ferritin, and D-dimer, evidencing an important
inflammatory activity and a prothrombotic component of
the disease. Additionally, a chest computed tomography
(CT) may demonstrate a bilateral peripheral pulmonary
infiltrate in a well-defined ground-glass pattern, indicating
the development of viral pneumonia [3].

About 5% evolve to the third phase, or severe pneumonia,
with worsening of the respiratory condition, hypoxemia, and
fever [3]. In a pathophysiological standpoint, this phase is
characterized by hyperactivity of inflammatory immune
response, promoting a cytokinetic storm, resulting in hyper-
cytokinaemia, mainly at the expense of interleukin 6 and 2
(IL-6 and IL-2), and tumor necrosis factor-α (TNF-α) [4].
Hypercytokinemia causes endothelial damage and tissue
factor exposure with consequent activation of the coagulation
cascade, generating a state of hypercoagulability, throm-
boembolic events, and increased risk of bleeding by dis-
seminated intravascular coagulation (DIC). In addition,
this phase is characterized by cytopenias and increased D-
dimer [4].

Respiratory failure advances to ARDS. In chest CT, there
is an exacerbation of the bilateral pulmanary ground-glass
opacities with possible concomitant foci of consolidation [3].
Another severe complication is sepsis due to viral dissemina-
tion and inflammatory hyperactivity, progressing to multiple
organ dysfunction syndrome.

It is noteworthy that the systemic inflammation promoted
by SARS-CoV-2 plus hypercytokinaemia and hypercoa-
gulability results in myocardial injury with increase of tro-
ponin and N-terminal prohormone of brain natriuretic
peptide (NT-proBNP), and consequently CV complications,
which will be further clarified below [4].

Cardiovascular complications

Cardiovascular risk factors

Hypertension and diabetes are the most prevalent comor-
bidities among individuals with COVID-19 requiring hos-
pitalization. In a case-series study, 5,700 patients (average
age of 63 years; 39.7% female) were included, being the
most frequent comorbidities hypertension (56.6%), obesity
(41.7%), and diabetes (33.8%) [5]. In general, recent studies
demonstrate that patients with COVID-19 and hyperten-
sion have a higher mortality risk when compared with non-
hypertensives [6].

It is worth mentioning that these patients are already
naturally inflamed, where the association with the severe
inflammatory process caused by the virus leads to an
imbalance between the infection-induced increase in

Covid-19 and the cardiovascular system: a comprehensive review 5



metabolic demand and the decrease in cardiac reserve
[1, 4, 6]. On the other hand, we have to remember that the
patients with the worst evolution are the elderly, where the
prevalence of hypertension and diabetes is higher.

Hypertension, as a chronic illness, implies a proin-
flammatory state, as seen in several infectious disorders, as
well as the attenuation of the innate immune response, being
an important component of the COVID-19 pathogenesis,
particularly in critical patients. Furthermore, new evidence
is surfacing linking hypertension to a higher risk of devel-
oping severe disease due to SARS-CoV-2 infection [7].

A retrospective cohort study included 126 patients with
COVID-19 and pre-existent hypertension, and 125 age- and
sex-matched patients with COVID-19 without hypertension.
Among hypertensives, 21.3% had more severe SARS-CoV-2
infection and higher death rate, 10.3% vs. 6.4%, when com-
pared with the non-hypertension group, indicating that
hypertension is a critical risk factor associated with poorer
clinical outcomes. Also, hypertensives with COVID-19 pre-
sented higher concentrations of high-sensitivity CRP, pro-
calcitonin, and IL-6 when compared to controls, indicating
that hypertension enhances inflammation in SARS-CoV-2
infection. Interestingly, hypertensive patients undergoing anti-
hypertensive therapy with RAAS blockers presented a less
profound inflammatory profile when compared with non-
ARBs/ACEi treatment [8].

Hypertension seems to enhance the inflammatory profile in
patients with SARS-CoV-2 infection, inferring that resistant
hypertension possibly increases even more the risk for a more
severe illness, as it was already demonstrated that these
patients present higher levels of inflammatory biomarkers
such as TNF-α and IL-6; however, more evidence is still
necessary to elucidate the potential pathophysiological rela-
tionship, clinical evolution and eventual risk of patients with
resistant hypertension and COVID-19 [9].

Myocarditis

The SARS-CoV-2 infection, mainly in its severe forms,
apparently induce an aggression to the myocardium result-
ing in myocarditis [1]. Shi et al. [10] reported that patients
with myocardial injury, defined by the increase of troponin
levels, presented mortality greater than those without
myocardial injury (51.2% vs. 4.5%; p < 0.001), being an
independent risk factor for mortality [10]. In addition,
myocardial injury was associated with a higher incidence of
ARDS (58.5% vs. 14.7%), higher need of non-invasive
(46.3% vs. 3.9%) or invasive ventilation (22.0% vs. 4.2%),
and complications such as acute kidney injury (8.5% vs.
0.3%) and coagulopathy (7.3% vs. 1.8%) [10]. Thus, tro-
ponin seems to be a marker of worse prognosis and mor-
tality in patients with COVID-19. In addition, patients with
an increase of troponin present higher levels of leukocytes,

D-dimer, CRP, ferritin, and IL-6, portraying an important
correlation between myocardial injury and inflammatory
hyperactivity triggered by the viral infection [10].

The pathophysiology regarding myocardial damage
caused by COVID-19 infection is not completely eluci-
dated. However, studies highlight that the pathogenesis may
reflect a process of viral replication and dissemination
within the cardiomyocytes themselves. Moreover, it should
be noted that hypercytokinaemia triggered by SARS-CoV-2
with consequent systemic inflammation may induce myo-
cardial damage [4, 11]. Based mainly on experimental
studies in animals, the lower expression of ACE2 in the
myocardial tissue resulting in tissue inflammation is also a
hypothesis [12]. Therefore, the consequent myocardial
inflammation may result in an abrupt decrease of the cardiac
contractility strength, generating inotropic deficit, increased
filling pressures, and acute heart failure.

Myocarditis related to SARS-CoV-2 has been described
as an important acute ventricular dysfunction associated
with diffuse myocardial edema [13]. Furthermore, it is
important to accentuate the existence of reports revealing
the occurrence of myocarditis with fulminant evolution,
complicated with pericarditis, pericardial effusion, and
consequent cardiac tamponade [13]. Inciardi et al. [11]
emphasized that the myocardial involvement may occur
even in the absence of symptoms of upper respiratory tract
infection.

On physical examination, the presence of hypotension,
tachycardia, tachypnea, signs of low cardiac output, and a
third heart sound have been reported. It is noteworthy that the
electrocardiogram (ECG) may show diffuse ST segment
elevation with concave morphology in association with a
significant increase in troponin, brain natriuretic peptide
(BNP)/NT-proBNP, and evidence of inflammatory activity
[11]. Also, transthoracic echocardiography can demonstrate
diffuse hypokinesia with myocardial thickening and decrease
in the left ventricular ejection fraction, while cardiac magnetic
resonance imaging reveals diffuse interstitial edema [11]. It is
important to keep in mind that all of these complementary
exams have important restrictions requiring its own logistics
due to the high contagion power of SARS-CoV-2 [1]. From a
therapeutic standpoint, patients with clinical signs of tissue
hypoperfusion and fluid overload have been submitted to
inotropic support and diuretic therapy [11]. In addition, cir-
culatory assist devices such as venoarterial extracorporeal
membrane oxygenation (ECMO) have been used in patients
with cardiogenic shock and severe myocardial injury with
hemodynamic impairment [1, 10, 11, 13].

Myocardial injury is a factor of worse prognosis and is
directly associated with a higher mortality in COVID-19.
Thus, it is imperative the implementation of a thorough
screening through dosage of troponin, ECG, and bedside
echocardiography, mainly in patients presenting signs of
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greater severity and critical infection, due to the association
with exacerbated systemic inflammation [10–12].

Heart failure

Heart failure is an important cause of death in patients
with COVID-19 and occurs as a result of different myo-
cardial aggression mechanisms such as direct myocardial
injury by viral action, indirect and direct inflammatory
damage, O2 supply–demand imbalance, and increase of
atherothrombotic events due to inflammatory destabiliza-
tion of atheromatous plaques resulting in acute myo-
cardial dysfunction [11, 14].

Direct myocardial damage occurs as a result of SARS-
CoV-2 interaction with myocardial tissue by binding the
viral glycoprotein Spike 1, after its activation by the serine 2
transmembrane protease expressed by the host to ACE2
receptors, expressed especially in cardiac pericytes, leading
to direct tissue damage and, in a further moment, a down-
regulation of these receptors [14].

Guo et al. [14] reported that the increase of serum troponin
in patients with or without previous CV disease has been
directly related with an increase of plasmatic NT-proBNP
levels, increasing mortality, being characterized as a marker of
poor prognosis. Nonetheless, the increase of troponin in
individuals with previous CV disease characterized more
severe clinical outcomes and higher mortality when compared
to patients without previous heart disease and increased tro-
ponin values [11, 14]. Hence, the presence of heart disease is
an important risk factor regarding the prognosis of COVID-19
patients evolving with acute myocardial injury [10, 14].

The hypothesis of the cumulative effect of pre-
vious CV disease and troponin increase was postulated due to
the greater presence of ACE2 receptors in postmortem cardiac
pericytes extracted from patients with heart disease compared
with those without previous disease [15].

Acute myocardial infarction

Despite the level of scientific evidence on the subject is still
low, there are many studies correlating acute myocardial
injury (AMI) and the infection by SARS-CoV-2 [10, 16].
According to the Fourth Universal Definition of AMI, it can
be defined in the presence of AMI with clinical or labor-
atorial evidence of myocardial ischemia, being divided in
five different pathophysiological types [16].

Some of the hypotheses raised so far may clarify the
relationship between COVID-19 and ischemic events [4].
Together with the exacerbated inflammation, other factors
such as hypoxemia, immobilization, and, in some cases
DIC, culminate in a prothrombotic state. Therefore, it can
precipitate type-1 AMI, related to instability of the athero-
sclerotic plaque, leading to coronary thrombosis and

subsequent infarction [16, 17]. Nevertheless , when com-
pared to patients hospitalized with severe pneumonia due to
other etiologies, individuals infected with SARS-CoV-2
have greater thrombophilia, which raises questions about
the other mechanisms [17].

Bioinformatics studies suggested that some binding
proteins and viral envelope glycoproteins may bind to both
porphyrin and the β-chain of hemoglobin. This association
may lead to a decrease of available serum hemoglobin and,
consequently, to hypoxemia, with pulmonary and cardiac
consequences. The inability to perform gas exchange may
precipitate an intense inflammation of lung tissues [18].
Type-2 AMI, which occurs due to a myocardial oxygen
demand disproportionate to the supply, is explained by
hypoxemia associated with increased cardiac demand due to
systemic infection. It is estimated that ~7% of patients have
myocardial ischemia or myocarditis [16].

In addition, it is important to note the possibility of a last
adverse mechanism. Patients previously submitted to angio-
plasty may, due to the hypercoagulability state induced by the
infection, present an increased incidence of type-4b AMI due
to thrombotic occlusion of stent [16, 17].

Takotsubo cardiomyopathy

Takotsubo cardiomyopathy and its reverse presentation are
important differential diagnosis of myocardial injury. So far,
there are some very heterogeneous case reports, showing
laboratory and ECG changes typical of myocardial injury,
such as increased troponin, NTPro-BNP, T-wave inversion,
and ST segment elevation, in addition to transthoracic echo-
cardiogram revealing left ventricular dysfunction, associated
with hyperkinesia in apical ballooning, characteristic of
Takotsubo cardiomyopathy [19].

It is important to note that the current pandemic scenario
may represent a potential trigger for Takotsubo cardio-
myopathy, not only due to the respiratory infection, but by
the profound emotional stress caused by the isolation period
leading to an excessive release of catecholamines [19].

Venous thromboembolism

There is evidence that infection by COVID-19 predisposes
to a prothrombotic state by direct mechanisms (micro-
vasculitis due to viral damage), indirect mechanisms
(downregulation of ACE2 receptor, hypoxia, and DIC), and
even behavioral mechanisms (bed restriction due to pro-
longed mechanical ventilation and decreased deambulation
due to social isolation) [17, 20]. According to recent studies,
this prothrombotic state could increase the risk of arterial
thrombosis but also of venous thromboembolism, such as
deep vein thrombosis (DVT) and pulmonary thromboem-
bolism (PTE) described in patients with severe infection by
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SARS-CoV-2 [20]. This pathophysiological mechanism is
supported by the high values of D-dimer in patients with
PTE and COVID-19, which presented a high sensitivity and
specificity for the presence of thrombi in chest angioto-
mography [20].

A Chinese study with 449 patients, of whom 99 used
low-molecular-weight heparin for at least 7 days, demon-
strated that D-dimer levels, prothrombin time, and age were
positively associated with a 28-day mortality. The mortality
was similar between those who used or did not use heparin,
but it was lower among those who used heparin in the
subgroup with D-dimer six times greater than the upper
limit (40.0% vs. 64.2%, p= 0.029) and with sepsis-induced
coagulopathy score ≥ 4 (32.8% vs. 52.4%, p= 0.017) [21].
Thus, the anticoagulant treatment in patients with severe
COVID-19 based on serum D-dimer levels has been pre-
conized [21].

Arrhythmias

There are few reports in the literature regarding cardiac
arrhythmias in COVID-19, with no clear pathophysiological
correlation. The potential mechanism seems to be viral
myocarditis caused by SARS-CoV-2 [19]. Fulminant
myocarditis associated with cardiogenic shock may be
associated with the development of both ventricular and
atrial arrhythmias, as myocardial inflammation itself with
severe necrosis may develop re-entry points in the electrical
circuit, evolving with ventricular tachycardia and ven-
tricular fibrillation [22, 23].

Supporting this hypothesis, some reports describe a
strong correlation between high troponin levels and
increased CRP with a higher incidence of ventricular
arrhythmias and greater need of mechanical ventilation [22].
Guo et al. [14] also correlated the increase in NT-ProBNP
levels with the onset of malignant arrhythmias, suggesting
the relationship between acute myocarditis and arrhythmias.
However, it is necessary to keep in mind that these patients
who evolve with a severe inflammatory phase develop
severe hypoxemia and hydroelectrolytic disorder, causing
arrhythmias potentially related to potassium disorders [22].
Moreover, transient complete atrioventricular block was
also described in critical patient, raising the possibility
of myocarditis or due to increase of pulmonary artery
pressure [22, 23].

Antimalarial and antiviral use during COVID-19
pandemic: impact on the cardiovascular system

The ECG plays a key role in monitoring the corrected QT
interval (QTc) in hospitalized patients using hydroxy-
chloroquine (HCQ) and azithromycin. It is noteworthy that
this drug association is being used, by some centers, in

hospitalized patients because of their potential ability to
interfere in the cell endocytosis of the virus. However, both
drugs are correlated with the prolongation of the QT interval
and consequently with an arrhythmogenic potential for
malignant ventricular arrhythmias, especially polymorphic
ventricular tachycardia with enlarged QT interval (Torsades
des Pointes) [23]. It is worth noting that patients who
already present borderline QT interval have a greater risk of
developing ventricular arrhythmia.

A multicenter, open-label, randomized controlled trial of
150 patients with mild–moderate COVID-19 revealed that
antimalarial drugs led to a similar probability of virus eradi-
cation when compared to standard care, establishing neither
benefits nor significant increase of risks, discouraging the use
of HCQ in those patients [24]. However, in a cohort study of
90 hospitalized patients with COVID-19, patients taking
HCQ and azithromycin had greater QT interval prolongation
than those taking HCQ alone [25].

Macrolides, such as azithromycin, are antibiotics with
immunomodulatory and anti-inflammatory effects that also
carry the risk of QT interval prolongation and/or torsade des
pointes [26]. In a pathophysiological perspective, it is known
that both antimalarial drugs and macrolides produce a QT
interval prolongation via a blockade of the rapidly activating
delayed rectifier potassium current (IKr), encoded by the
human-ether-a-go-go-related gene, causing a delay in phase 3
rapid repolarization of the action potential. This mechanism
lengthens ventricular repolarization and the duration of ven-
tricular action potential, leading to after depolarizations, due
to activation of depolarizing currents, and resultant ventricular
extrasystoles. Moreover, recurring ventricular extrasystoles
associated with areas of slow conduction optimizes electrical
re-entry circuits, increasing the risk of torsades des pointes
and sudden cardiac death [27].

Antiviral drugs, such as remdesivir, lopinavir/ritonavir,
and ribavirin, are also being administered in patients with
more severe COVID-19 due to their potential benefit in
viral RNA synthesis inhibition, diminishing RNA transla-
tion and viral exocytosis in host cells. In a cohort of 61
patients who received remdesivir therapy, 12% of the
patients evolved with hypotension, being one of the most
common serious adverse event, particularly in patients
undergoing invasive ventilation. The improvement in oxy-
gen support status was observed in 68% of the patients in
the remdesivir group [28].

Ribavirin and lopinavir/ritonavir are also under investiga-
tion in numerous clinical trials for COVID-19 and they also
may result in QT interval prolongation, through IKr blockade,
especially in patients with baseline QTc abnormality. In a
randomized, controlled, open-label trial with 199 patients,
investigating lopinavir/ritonavir efficacy for SARS-CoV-2
infection, only 1.1% of the patients in the lopinavir/ritonavir
group developed QT interval prolongation and no clinical
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benefit was observed with lopinavir/ritonavir treatment
beyond standard care [20]. Furthermore, lopinavir/ritonavir
can affect anticoagulant therapy pharmacodynamics, making
it important to emphasize that critical SARS-CoV-2 can be
associated with hypercoagulability and a prothrombotic state
[28, 29].

RAAS and SARS-CoV-2

The interaction between the virus SARS-CoV-2 and RAAS
has been proposed as a potential factor in the infectivity of
patients, causing several concerns about the use of RAAS
inhibitors that may be linked to the action of ACE2, pos-
sibly responsible for the virulence of the disease. We know
that these drugs are among the most commonly prescribed
for the treatment of hypertension, diabetes, and heart failure
worldwide, clinical conditions that are strongly associated
with an increased risk of an unfavorable evolution of
COVID-19 [30].

Some studies suggest that the cardiac damage secondary to
SARS-CoV-2 may be linked to ACE2, present in the cell
membrane of CV, lung, and kidney tissues. The physiological
role of ACE2 is to perform the conversion of angiotensin II in
a molecule of angiotensin 1–7, causing vasodilation and
decrease of hydric retention, through Mas receptor, acting as
counter-regulator of the blood pressure elevation [31].

Preliminary studies showed that SARS-CoV-2, through
its surface protein Spike, is capable of binding to ACE2-
anchoring receptor in host cells, facilitating its entry in car-
diac and lung cells, specially deregulating RAAS and
causing a downregulation effect of ACE2, which leads to
the accumulation of angiotensin II with proinflammatory
effect. The SARS-CoV-2 surface features the multiple spike
glycoproteins (S) displayed in a crown-like appearance
(corona) which, after being primed by the host’s TMPRSS2
membrane protease, are used by the virus to engage its main
internalization receptor: ACE2, the same functional receptor
of the earlier SARS-CoV [2].

Nevertheless, despite preserving 8 of the 14 amino acid
residues that make up the coronavirus binding domain of
the spike protein of SARS-CoV, a three-dimensional ana-
lysis of the receptor-binding domain of SARS-CoV-2-
binding site reveals that enhanced ACE2 receptor-binding
affinity, along with the presence of a novel polybasic furin
cleavage site inserted at the boundary of the S1/S2 subunits
of the spike S-protein, may account for the increased
infectivity and virulence of the SARS-CoV-2 in comparison
with SARS-CoV [32–34]. Studies demonstrate that ACE2
deactivation may play a harmful role in the development of
respiratory failure and its progression [30]. It is important to
highlight that, despite the structural homology between
ACE2 and ACE, its enzymatic active sites are different and,
as a result, ACEi in clinical use do not directly affect ACE2

activity. In addition, ACE2 plays a well-known role in the
ventricular function recovery of patients with myocardial
injury, because it inhibits angiotensin II activity [30, 35].

Likewise, individuals with hypertension would have a
higher expression of ACE2 secondary to the use of RAAS
inhibitors, which would potentially increase the suscept-
ibility to infection by SARS-CoV-2. In animal models, the
use of these drugs can generate an upregulation effect,
producing a greater number of ACE2 receptors in the
myocardium and lung cells, inferring a facilitated entry of
the virus into the host cells consequently enhancing SARS-
CoV-2 virulence [30, 35]. Nonetheless, evidences initially
deducing that the use of RAAS blockers during the
COVID-19 might be deleterious were not confirmed.

In a large population-based case–control study, the impact
of RAAS blockers use on COVID-19 severity was assessed in
6,272 patients who tested positive for SARS-CoV-2 infection;
the use of ACEi/ARBs was not associated with an increased
COVID-19 risk or a worse prognosis [30]. Likewise, in a
retrospective study with 12,594 individuals evaluating the
relation between previous hypertension treatment with ACEi,
ARBs, β-blockers, calcium-channel blockers, or thiazide
diuretics and increased severe illness and contamination risk,
no substantial association between the use of these drugs and
more severe SARS-CoV-2 infection was demonstrated [33].

Therefore, ACEi/ARBs are possibly potential drugs for
COVID-19 treatment in patients with pre-existing hyper-
tension, due to their capacity of reducing the hyperin-
flammatory state particularly observed in patients with
critical SARS-CoV-2, although a less significant reduction
in 1L-6 serum levels suggests that RAAS blockers alone
might be inefficient towards inflammation control [8].
Hence, authors are postulating a possible beneficial synergic
effect between a ACEi/ARB combination with IL-6R
inhibitors towards inflammation attenuation in patients
with hypertension and COVID-19, requiring more robust
evidence through randomized controlled trials [8].

Initial concern regarding RAAS blockers during the
COVID-19 pandemic impelled international societies to issue
positions advocating the importance of RAAS therapy
maintenance in patients with formal indication during the
pandemic. Current evidence indicates that hypertension per se
might be a risk factor associated with a higher mortality and
worse outcomes in patients with COVID-19, particularly
patients with uncontrolled hypertension, and that controlled
hypertension specifically with RAAS blocker therapy might
be associated with more favorable outcomes.

Conclusion

Hypertension is strongly associated with SARS-CoV-2
infection possibly due to the proinflammatory state of this

Covid-19 and the cardiovascular system: a comprehensive review 9



chronic illness in addition to the hypercytokinaemia that
occurs in COVID-19. Myocardial injury is a prevalent
complication in hospitalized patients, with or without pre-
vious CV disease, and presents a significant association
with in-hospital mortality and a worse evolutive prognosis.
It is worthy to highlight the importance of serial troponin
dosage as a prognosis marker. In addition, myocardial insult
was associated with severe ventricular dysfunction and
higher incidence of ventricular arrhythmia, mainly evi-
denced through retrospective studies, emphasizing the
importance of early detection and implementation of a
proper therapy.
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