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Abstract
Purpose of Review The world is currently facing the largest global health crisis since the early 1900s due to a novel coronavirus.
While SARS-CoV-2 infection causes predictable symptoms in COVID-19 patients, including upper respiratory distress and
fever, the heterogeneity of manifestations is surprising. This review focuses on direct and indirect causes of myocardial injury in
COVID-19 patients and highlights current knowledge, treatment strategies, and outstanding questions in the field.
Recent Findings Data are emerging that highlight the extent of cardiovascular involvement in COVID-19 patients, including
evidence that SARS-CoV-2 causes myocarditis and increases cardiac risk. The incidence of cardiac injury is much greater in
patients with severe disease presentation and those in intensive care.
Summary During the past year, COVID-19 patient mortality rates have improved due to tailored pharmacological treatments and
patient management strategies that address the unique presentation of symptoms, which will hopefully also reduce the incidence
of cardiac injury.
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Introduction

Severe Acute Respiratory Syndrome coronavirus 2 (SARS-
CoV-2) represents a current public health crisis. The
positive-sense single-stranded RNA virus, SARS-CoV-2, is
a novel virus in the Coronaviridae subfamily and closely re-
lated to the genus Betacoronavirus [1]. Sars-CoV-2, which
shares 79.6% sequence homology with Sars-CoV-1 [2] simi-
larly infects hosts through the angiotensin-converting enzyme
2 (ACE2), the functional receptor in lung epithelial cells. For
an illustration depicting viral entry see Fig. 1. The most com-
mon clinical manifestations of SARS-CoV-2 include fulmi-
nant pneumonia and acute respiratory distress syndrome

(ARDS) [3]. Infection of other cell types possessing ACE2
receptors has been described including the epithelial cells of
the lung, intestine, kidney, heart, and blood vessels inducing
cardiotropic damage [4, 5]. The manifestation of tropism
throughout the body has shown the unique complexity of this
novel pathogen. Several new SARS-CoV-2 variants have re-
cently been identified throughout the world including a new
B.1.1.7 variant in the United Kingdom [6].

The disease caused by SARS-CoV-2 is now being under-
stood as a multisystem infection and harms other organs be-
sides the lungs. Therefore, Thus it is imperative that we un-
derstand the prolonged impact this illness may have on heart
health in recovered patients. A growing number of reports
have shown that COVID-19 patients are being hospitalized
for lung-related symptoms yet dying of heart failure [7].
Therefore, it is of utmost importance to establish the frequen-
cy of infection of heart tissue in COVID-19 patients with
multiple presentations of the disease. Since SARS-CoV-2
has marked affinity for the ACE2 receptor, it is certainly pos-
sible that the vascular endothelium and myocardium could be
directly infected [8]. The heart can become damaged in
COVID-19 by three distinct mechanisms: (i) the acute hy-
per-inflammatory response increases blood coagulability,
which can cause blood clots that obstruct arteries and indirect-
ly affect the heart. (Or the heart becomes damaged directly due
to); (ii) by Infection of the heart muscle and the associated
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inflammatory response; (iii) infection of vascular
endothelium/ heart pericytes with subsequent local inflamma-
tion (vasculitis) and clot formation [9]. For further insight on
mechanisms leading to cardiac injury, see Fig. 2.

Myocardial damage in COVID-19 patients [10] is evident
when high levels of troponins are present in the blood and are
significantly associated with death in hospitalized patients
[10, 11]. Early studies from Wuhan described heart failure
as one of the most common complications seen in 24% of
all patients and in 49% of patients who succumbed to the
disease [3]. Heart failure can occur due to weakening of the
heart muscle due to damage from systemic or localized in-
flammation or possibly due to infection. Therefore, SARS-
CoV-2 along with its myocardial implications appears to be
a multifaceted health issue. In addition, the severity of the
disease seemingly affects a subset of patients with comorbid-
ities such as diabetes mellitus and hypertension [3]. Thus, the
correlation between chronic damage to the cardiovascular sys-
tem and infection by SARS-CoV-2 presents an additional
challenge for clinicians.

SARS-CoV-2 Infection and the Heart

Mechanism of SARS-CoV-2 Entry

The mechanism of cardiac/cellular entry by SARS-CoV-2 be-
gins with the binding of SARS-CoV-2 to the ACE2 receptor
via the S1 region of the virus spike (S) protein [12, 13]. ACE2
is a membrane receptor that downregulates the pro-
inflammatory cytokine, angiotensin II (Ang II) [12]. The S2
region of the S-protein facilitates fusion of the virus with host
cell membranes followed by endocytosis of both SARS-CoV-
2 and ACE2 receptor into cells (see Fig. 1). This causes a
general down regulation of ACE2 receptors leading to accu-
mulation of Ang II in serum [12]. After infection, a cascade of
stimulators induces various pro-inflammatory cytokines and
chemokines such as TNFα and IL-6, which drive inflamma-
tion. While ACE2 is highly expressed in type 2 lung alveolar
cells, single-cell RNA sequencing studies have shown that
more than 7.5% of myocardial cells have positive ACE2 ex-
pression [14].

Fig. 1 Mechanism of SARS-CoV-2 Cellular. Entry into host cells is an
important determinant of infectivity and infection and pathogenesis of
viruses. SARS-CoV-2 has various proteins on its surface including (M)
membrane protein, (E) envelope small membrane protein and (S) spike
glycoproteins. Interaction of the SARS-CoV-2 spike protein with
angiotensin-converting enzyme 2 (ACE2) receptors on target the cell
surface mediates SARS-CoV-2 entry into cells that is facilitated by

transmembrane protease serine 2 (TMPRSS2) and lysosomal proteases.
Once SARS-CoV-2 enters the body it can elicit a hyper inflammatory
response characterized by high levels of interleukin-6 (IL-6), interleukin-
1 (IL-1), tumor necrosis factor-alpha (TNFα) that can damage the
myocardium or through direct infection of cardiomyocytes which can
damage the heart. Activated T-cells are one of the immune cells
involved in the antiviral response. Figure created using BloRender.com
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Fig. 2 Various Routes to Cardiac Injury Due to SARS-CoV-2 Infection.
(A) Several studies suggest that SARS-CoV-2 can directly infect cardiac
cells of the myocardium and may cause heart damage by a “direct effect“.
(B) The heart can also be injured by a systematic hyper inflammatory
response that has been reported in COVID-19 patients by an “indirect
effect“. High levels of cytokines and chemokines can cause ”bystander
effects” and cardiac inflammation also classified as myocarditis or
weakening of heart muscle function and may manifest as dilated
cardiomyopathy (DCM) and/or heart failure. (C) Severe respiratory
infection of SARS-CoV-2 infection can reduce pulmonary function and
cause hypoxic injury in many organs including the heart due to low tissue
oxygenation. (D) Increased stress on the cardiovascular system of

COVID-19 patients can worsen underlying cardiac risk factors
including rupture of atherosclerotic plaques leading to ST-segment
myocardial infarction (STEMI) myocardial infarction. COVID-19
patients with severe infection can also exhibit non-STEMI myocardial
infarction. (E) Various alterations in heart rhythm may occur as the first
cardiac symptom in COVID-19 patients and can manifest as ventricular
arrhytmias and atrial fibrillation that are detectable by electrocardiogram
(ECG). (F) Coagulation abnormalities lead to formation of thrombi that
can block blood flow in larger vessels or microthrombi that occlude small
blood vessels and capillaries to affect microcirculation. The location and
size of the blood vessel blockage dictate extent of ischemic tissue
damage. Figure created with BioRender.com
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It has been demonstrated that SARS-CoV-2 exhibits cardi-
ac tropism similar to SARS-CoV andMERS-CoV. Some con-
troversy exists over whether SARS-CoV-2 directly infects
heart muscle cells, although several studies have identified
viral particles by RT-PCR in adult endomyocardial biopsy
specimens [15] and also cardiac macrophages [16]. An
in vitro study confirmed the possibility of viral entry into
cardiac cells using human induced pluripotent stem cell-
derived cardiomyocytes (hiPSC-CMs) utilizing microscopy
coupled with RNA sequencing to demonstrate that SARS-
CoV-2 can gain entry into the cells via ACE2 [17].

Cytokine Storm in Response to SARS-CoV-2 Infection

Infection with coronaviruses SARS-CoV, MERS-CoV, and
now SARS-CoV-2 has been shown to induce the immune
system to release multiple cytokines and chemokines [18].
The innate immune response is the initial response to SARS-
CoV-2 infection (Fig. 3) and primes the adaptive immune
response. This cytokine release syndrome can directly cause
myocardial injury due to the hyper induction of pro-inflam-
matory cytokines including IL-1, IL-6, TNFα, and IFN-γ. It
has been previously documented that the heart is impacted by
damaging inflammatory cascades that are generated in re-
sponse to infection with coronaviruses and other viruses [19,
20]. The mechanisms of myocardial injury due to cytokine
storm involve imbalance in type 1 and type 2 immune re-
sponses mediated by T helper cells [21, 22, 23]. Hyper-in-
flammatory shock has been reported in children with
COVID-19 causing symptoms similar to Kawasaki disease
that include coronary vessel abnormalities and cardiac dys-
function [24].

Heart Damage Observed in COVID-19 Patients

To date, clinical cardiovascular manifestations of COVID-19
include an elevation of cardiac biomarkers, cardiac arrhyth-
mia, arterial and venous thromboembolism, and development
of cardiogenic shock and cardiac arrest [25]. Initial reports that
SARS-Co-V2 causes cardiac injury came out of Wuhan,
China, and statistics from some studies reached as high as
23% of reported cases [21]. In patients admitted to the inten-
sive care unit (ICU), biomarkers of cardiac injury including
cardiac troponin I (cTnI) were significantly higher than in
non-ICU patients. COVID-associated cardiac injuries demon-
strate multiple etiologies that range from myocardial infarc-
tion (MI), myocarditis, sepsis-mediated myocardial injury, or
stress-induced takotsubo cardiomyopathy.

Furthermore, it is challenging to differentiate the causes of
cardiac injury in COVID-19 patients since underlying causes
can be diverse, including acute coronary syndrome (ACS)
caused by plaque rupture or thrombosis (type I MI) or
supply–demand mismatch (type II MI), stress-induced

cardiomyopathy, and cytokine release syndrome [25]. In ad-
dition, patients with cardiac injury exhibit increased signs of
severe systemic inflammation including higher leukocyte
counts, C-reactive protein, procalcitonin, and increased levels
of myocardial injury biomarkers such as creatine kinase, NT-
proBNP, and myoglobin [26]. While other proposed mecha-
nisms of damage may be attributed to ACE2-related signaling
pathways including downregulation of ACE2 expression [27].
Dysfunction of the respiratory system causes hypoxemia or
low blood oxygenation and is one mechanism that increases
susceptibility of the myocardium to damage [27]. Initial hy-
per-inflammatory events and cytokine syndrome seen in se-
vere cases of COVID-19 cause hypercoagulability and coro-
nary microvascular thrombosis. This can cause coronary
plaque rupture or supply-demand mismatch leading to myo-
cardial ischemia/infarction that can also lead to cardiac dam-
age [28].

Co-Morbidities Impact Cardiac Risk

According to a meta-analysis of 65,484 patients, the consen-
sus was that individuals suffering from preexisting comorbid-
ities had a greater risk of mortality during infection, particu-
larly patients with cardiovascular disease indicating two-fold
greater mortality risk [29]. Comorbidities such as cardiovas-
cular disease and diabetes mellitus in SARS-CoV-1 patients
presented an 8% and 11% rate of mortality, respectively [30].
This severity of infection and mortality was also implicated in
individuals suffering from underlying diseases such as hyper-
tension, diabetes mellitus, congestive heart failure, chronic
kidney disease, and cancer [29]. Diabetic patients for example
had a worse prognosis, which was attributed to poor metabolic
control [31]. Furthermore, obesity which is also a comorbidity
for many cardiovascular diseases leads to a compromised im-
mune response and difficulties during mechanical ventilation
[32].

Cardiovascular Complications in COVID-19
Patients

The presence of myocardial injury was associated with a sig-
nificantly worse prognosis in patients in a study in China [3]
indicated by increased blood troponin levels. In a study of 416
patients in ICU, 20% had evidence of cardiac injury, which
was associated with a five-fold increase in the need for me-
chanical ventilation [33]. In a study based upon a patient co-
hort in the Mount Sinai Health System, 36% of the 2,736
patients had elevated troponin blood concentrations, and when
adjusted for relevant clinical factors and severity of disease,
even small amounts of myocardial injury (e.g., troponin I >
0.03–0.09 ng/ml) were associated with a significantly higher
risk of death [34]. A range of cardiovascular complications
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have been implicated and described in combination with
SARS-CoV-2 infection. Acute cardiac injury is associated
with troponin elevation above the 99th percentile which

indicates cardiac strain and injury [3]. (See Fig. 2). In a recent
study, it was shown that acute heart failure patients who had
acquired COVID-19 had nearly twice the risk of dying [35].

Fig. 3 Innate Immune Activation in SARS-CoV-2 Infection. The SARS-
CoV-2 virus gains entry to cells by (1) binding to angiotensin converting
enzyme 2 (ACE2) receptors on the cell surface through endocytosis or
membrane fusion. (2) After entry the (+ sense) viral genome is released
into the cytoplasm, (3) ribosomes (periwinkle) bind to viral genome to
translate viral message into viral polymerase protein (light blue) and (4)
RNA replication to produce (- sense) RNA genomes. A hyper
inflammatory response can occur in SARS-CoV-2 infection and the
presence of viral genomic and subgenomic RNA species activate

cytosolic sensors such as toll-like receptor 3, 7 and 8 (TLR3/TLR7/
TKR8). The activation of TRAF-6 leads to nuclear localization of NF-
kB, IRF5 and IRF7 to induce expression of interferon stimulated genes
that encode antiviral proteins and pro-inflammatory cytokines. Activation
of TRAF-3 causes IRF3 to assume nuclear localization to stimulate
production of Type I/II interferons. Produced using BioRender.com and
adapted from a template provided by Natalya Odoardi Clinical Research
Coordinator, Children’s Hospital of London
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Arrhythmias

The development of new-onset and or progressive arrhythmia
may be the first clinical sign of cardiac involvement in
COVID-19 patients. A study fromWuhan examining a cohort
of 137 COVID-19 patients reported that heart palpitations
were among the presenting symptoms [36]. Additional reports
showed increased incidence of arrhythmias in patients admit-
ted to the ICU [23], and patients with elevated Tn exhibited
higher incidence of malignant arrhythmias compared to pa-
tients with normal Tn levels [11]. Arrhythmias are a relatively
common occurrence in COVID-19 patients; however, the
pathophysiology behind their development is not well defined
but may include direct cardiomyocyte injury, edema from
pericardial infection, re-entrant arrhythmias from fibrotic
scars, pro-inflammatory cytokines, and ischemia [37].
Arrhythmias that are more common in severe COVID-19
cases arise as a nonspecific clinical presentation of COVID-
19. Therefore, these arrhythmias are likely linked to “systemic
illness rather than direct infection” [38].

Myocarditis

Myocarditis is an inflammatory disease of themyocardium that
is characterized by inflammatory infiltrates and injury to heart
tissue without ischemic insult [39]. In a study by Puntmann
and associates., myocarditis was found to be one of the most
common cardiac presentations in COVID-19 patients, as evi-
denced by magnetic resonance imaging (MRI) analysis [40].
This inflammation acquired during infection places additional
stress on the heart even after resolution of infection [37].
Numerous studies have been directed toward illuminating the
mechanisms of cardiac inflammation in COVID-19 patients
and defining the extent that cardiac injury is due to direct
infection by virus versus indirect inflammatory effects.

Infection of heart tissue by SARS-CoV-2 may cause
nonischemic myocardial injury including acute and fulminant
myocardi t is and stress-induced cardiomyopathy.
Cardiomyopathy may develop in COVID-19 patients that
present with only mild or no respiratory symptoms. A case
study of a 35-year-old male patient, with a sole cardiovascular
risk factor—being overweight—presented with chest pain and
fatigue. Clinical evaluation showed ECG changes but no fever
or respiratory symptoms, while cardiacMRI indicated signs of
acute myocarditis. The patient's test COVID-19 test was pos-
itive, and serological tests were confirmed negative for other
viruses [41]. Supporting evidence for a connection between
acute myocarditis and SARS-CoV-2 infection has been re-
ported in a 53-year-old Italian woman who developed heart
failure symptoms after COVID-19 diagnosis and had no pre-
viously documented heart complications [42]. In a study by
Lindner and colleagues, tissues were obtained from patient
autopsies to establish the presence of SARS-CoV-2 in

myocardial tissue. Not only was SARS-CoV-2 present in the
hearts of 24 of 39 patients, 16 of these patients had higher viral
loads and also increased expression of pro-inflammatory
genes when assayed with a cytokine response panel. This
study documented viral presence in the myocardium [43].
Distinctions between acute and fulminant myocarditis caused
by SARS-CoV-2 infection are highlighted in Fig. 4.

A case study in Brazil was the first to document SARS-
CoV-2 viral particles in the heart of a child with multisystem
inflammatory syndrome related to COVID-19 (MIS-C). The
11-year-old girl developed heart failure one day after admis-
sion to the hospital for MIS-C. Although she presented with
systemic inflammation and multiorgan failure, heart failure
was ruled the main determinant of her fatal outcome. SARS-
CoV-2 viral particles were identified by electron microscopy
in different heart cell lineages including cardiomyocytes, mes-
enchymal cells, endothelial cells, and immune cells suggest-
ing that the myocarditis was likely due to virus infection of the
heart [44]. These studies prove the difficulty in assessing
whether cardiac injury is triggered directly by immune reac-
tion to SARS-CoV-2 infection of the myocardium or due to
severe systemic immune responses that can also damage car-
diac tissue.

Acute coronary syndrome

Inflammation and stress can cause coronary plaque rupture or
supply–demand mismatch leading to acute events such as
myocardial ischemia/infarction or unstable angina [28].
These plaques must bear remarkably increased mechanical
stress at particular regions, and weakening of the extracellular
matrix at these sites may lead to fibrous cap rupture [45]. For
example, activated macrophages secrete collagenases that de-
grade collagen, a major constituent of the fibrous cap on ath-
erosclerotic plaques, which can cause plaque rupture [3].
Activatedmacrophages are also known to secrete tissue factor,
a potent pro-coagulant that triggers thrombus formation when
the plaque ruptures [3]. Addition of SARS-CoV-2 infection to
acute coronary syndrome has been linked to deleterious out-
comes in patients.

Myocardial Infarction

Ischemic myocardial injury can arise during severe viral in-
fections that increase risk of plaque rupture and formation of
thrombus and result in MI with ST-elevation and non-ST-el-
evation. ST-elevation myocardial infarction (STEMI) is
caused by blockage of one of the major arteries, e.g., coronary
artery of the heart and is a very serious condition. While non-
ST segment elevation myocardial infarction (NSTEMI) is
caused by partial or temporary coronary artery blockage
[46]. The type of infarct is not specific to SARS-CoV-2 infec-
tion and previously reported in hospitalized SARS [47] and
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influenza patients [48]. Type I MI is myocardial injury caused
by acute coronary atherothrombotic injury that occurs with
either erosion or plaque rupture and frequently associated with
thrombosis. The link between type IMI in COVID-19 patients
has not yet been confirmed; however, additional findings may
establish this connection. The risk of decreased oxygen deliv-
ery to the myocardium and vasoconstriction is inherent in
SARS-CoV-2 infection and may lead to mismatch in supply
and demand especially in patients with coronary heart disease.
Diagnosis of MI in COVID-19 patients will have to be con-
firmed by clinical signals and testing and may represent a
serious complication of SARS-CoV-2 infection.

Additional postmortem data or biopsies need to be collected
from COVID-19 patients to ascertain whether cardiac injury is a
direct result of myocardial infection. One study examining a 50-
year-old male in China who died of cardiac arrest revealed a lack
of substantial myocardial damage. In fact, the patient had only a
few sites of interstitial mononuclear inflammatory infiltrates in
his hear [49]. Another study by Sala and colleagues provided
more direct evidence of myocardial inflammation in a COVID-
19 patient seen as T-lymphocytic inflammatory infiltrates, a sub-
stantial amount of interstitial edema with limited focal necrosis,
but no detectable SARS-CoV-2 genome [50].While limited data
have thwarted attempts to establish the frequency of SARS-CoV-
2 infection of the myocardium, it is important to further uncover
sources of myocardial injury in COVID-19 patients as it contrib-
utes to substantially worsened clinical course and increased
mortality.

Thrombosis and Coagulation Issues

Coagulation abnormalities are a common manifestation in se-
vere coronavirus disease with patients also developing

thromboembolisms related to coagulopathy [45]. The devel-
opment of thromboembolisms may further decrease pulmo-
nary oxygen exchange, a prevalent issue in COVID-19 pa-
tients [45]. High D-dimer levels have been detected in several
patients indicating a risk for clotting abnormalities that is cor-
related with a six-fold increase in the requirement for mechan-
ical ventilation [45]. In addition, elevations in D-dimer may
involve modest reductions in platelet counts and increased
prothrombin time and, therefore, coagulation issues. In early
studies from China, elevated D-dimer levels were observed at
a higher prevalence in patients with severe illness [51] and in a
large percentage of patients who died [52].

A pathogenic hallmark of disseminated intravascular coagu-
lation is dysregulated thrombin generation that is caused by
heightened expression of pro-inflammatory cytokines such as
IL-6 that induce expression of tissue factor on mononuclear cells
that subsequently activates coagulation. While IL-6 and other
pro-inflammatory cytokines are elevated in COVID-19, there is
no definitive proof of thrombin generation in these patients [3].
Some patients, however, had an elevation in fibrinogen and fac-
tor VIII; therefore, they were susceptible to forming a hyperco-
agulable state [53]. Overall, it can be concluded that a substantial
number of COVID-19 patients have coagulation abnormalities
that may be below criteria established by the International
Society of Thrombosis and Haemostasis. This may in fact con-
tribute to a wide array of cardiovascular presentations.

Long-Term Ramifications of SARS-CoV-2
Infection on the Heart

Myocarditis, for example, is characterized by inflammation
and myocardial injury without an ischemic cause. This

Fig. 4 Myocarditis due to SARS-
CoV-2 Infection. Myocarditis can
manifest in two distinct
presentations and cause acute or
fulminant infection of heart tissue
which can lead to future long-
term complications
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inflammation acquired during infection adds stress to the heart
even after resolution of the infection [37] and may contribute to
“long-hauler syndrome” [54]. COVID-19 has also been found to
“mimic an ST-elevation MI without the presence of an occluded
artery.”With the unknowns and unpredictability of SARS-CoV-
2, limited evidence is available concerning the cardiac long-term
ramifications. Studies prior to the pandemic have linked pneu-
monia with an increased risk of cardiovascular disease for at least
ten years after recovery due to resulting lung damage [55]. Given
the minimal information, previously found associations between
clinical presentations in COVID-19 patients can serve as a guide
for predicting future impacts. A recent article published in the
NEJM discusses the onset of diabetes in patients with COVID-
19. This poses a serious long-term ramification as not only is the
quality of life altered, but diabetes patients are also at a higher risk
of serious cardiac issues from COVID-19 [56].

Researchers from Germany have been able to provide some
insight into long-term impacts through a study they conducted
which showed that 78% of COVID-19 patients had cardiac ab-
normalities evident inMRI scans twomonths after recovery [35].
Another study found more than the majority of recovered
COVID-19 patients had ongoing myocardial inflammation
[57]. A separate study found that approximately “80%of patients
with severe COVID-19 have cardiac involvement and nearly
25% have evidence of ongoing myocardial inflammation three
months after diagnosis” [40]. In a published preprint, a team of
researchers assessing the impact of COVID-19 on the heart used
immunofluorescence to detect structural changes in cultured
cardiomyocytes incubated with SARS-CoV-2 virus and found
significant alterations in sarcomere structure and signs of DNA
damage [58]. This finding is evenmore alarming given the report
of heart damage in 20% of individuals with mild or no COVID-
19 symptoms [40]. The potential long-term impact of infection is
already widespread as cases of cardiac inflammation are being
reported in college athletes with minimal or no symptoms [59].
Furthermore, the true number of COVID-19 cases will likely
remain unknown throughout the world. Therefore, undiagnosed
or mild cases of SARS-COV-2 infection may be to blame for
cardiac symptoms or injury in previously healthy individuals.

Although there have been reports of long-term cardiac con-
sequences from SARS-CoV-2 infection, an optimistic point is
that many cases of mild heart inflammation show no symp-
toms and can improve without treatment. While this may be
the case, structured follow-up care for patients who have re-
covered from a severe case of COVID-19 is essential to avoid
missing critical warning signs of cardiovascular disease.

Treatments Strategies to Mitigate Cardiac
Injury in COVID-19 Patients

Given the alarming long-term ramifications, the Director of
the National Institute of Allergies and Infectious Disease, Dr.

Anthony Fauci, expressed in a JAMA viewpoint article the
vitality of therapeutics. Monitoring the clinical course of car-
diac symptoms in patients who recovered from COVID-19 is
critical for treating long-term ramifications of the virus [60].
Vaccines were fast tracked for FDA approval with mRNA
vaccines leading the way, the Pfizer-BioNTech and
Moderna vaccines are now being administered throughout
the world. These vaccines meet the desired efficacy of above
80% [61]. After vaccination of a sufficient percentage of the
population, rates of new infections should begin to decline.
However, treatment options must also be available in the un-
fortunate case that the vaccine effective rates are lower than
expected.

As of November 17, 2020, the FDA Coronavirus
Treatment Acceleration Program has reported that the most
common type of COVID-19 treatments being studied are im-
munomodulators. The diversity of treatments being investi-
gated include but are not limited to gene therapies, antivirals,
and neutralizing antibodies. Excessive noneffective host im-
mune reponses to SARS-CoV-2 can be eliminated utilizing
monoclonal antibodies to neutralize key immune effectors
[62]. Antivirals such as remdesivir and therapies such as
reconvalescent serum are not amenable to oral delivery, which
reduces their suitability for controlling virus transmission
[63]. On the horizon is an effective oral ribonucleoside ana-
logue inhibitor used to inhibit influenza virus, MK-4428/
EIDD-2801, that has been found in a ferret model to reduce
SARS-CoV-2 infection and block transmission of the virus
[64]. Therefore, oral MK-4428/EIDD-2801 may provide an
effective antiviral measure capable of countering transmission
through the community [65]. Current therapies that were used
consistently for cardiac issues prior to the pandemic have
failed to prevent or reverse a deleterious cycle which dimin-
ishes cardiac function. A treatment that can accelerate healing
or replace the damaged myocardium may be the only strategy
to help patients avoid future heart failure and acute MI after
COVID-19 infection. Stem cell-based therapies have taken a
different approach than most therapeutics undergoing tests.
Instead of targeting structural and functional adverse cardiac
remodeling, these therapies regulate immune cells to promote
healing of myocardial damage [66].

Anti-inflammatories such glucocorticoids may modulate
inflammation-mediated inury in the lungs in COVID-19 pa-
tients. Inflammatory-based organ injury is prevalent in patients
with severe COVID-19, and a subgroup of patients also exhibit
marked elevations in inflammatory markers. Therapeutic strat-
egies have been explored to counter inflammatory organ injury
that manifests in viral pneumonia; however, the value of glu-
cocorticoid treatments has remained unclear [67, 68]. In the
open-label Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial, dexamethasone has been shown to reduce
28-day mortality in hospitalized COVID-19 patients receiving
invasive mechanical ventilation or oxygen [69].
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Early administration of anticoagulation therapies may be
an answer to reducing cardiovascular morbidity and mortality
[70]. However, a French study revealed that heparin could
potentially worsen cardiac conditions for COVID-19 patients
with severe disease presentation. The blood thinner heparin
may increase the risk of heparin-induced thrombocytopenia
(HIT). When discussing HIT in COVID-19 patients, it is im-
portant to note that it is not yet known whether this reaction is
directly due to heparin administration or the virus [71]. Based
on currently available evidence, COVID-19-assisted coagu-
lopathy appears to be more “thrombotic rather than
haemorrhagic” [72]. An important point of study for therapeu-
tics is determining whether COVID-19 patients who had taken
anticoagulants prior to infection have a decreased risk of mor-
tality. Early detection and prevention of micro clotting present
in COVID-19 patients could have a valuable role in therapy
[73]. Autopsies conducted from deceased COVID-19 patients
showed clotting in both large and small vessels [74].
Individuals have differing numbers of ACE2 receptors, which
could affect how COVID-19 impacts blood clotting in re-
sponse to infection. Statins are also being studied for their
potential to reduce cardiovascular complications and to deter-
mine if additionally, they possess any antiviral activity.
Evidence suggests that therapies lowering cholesterol such
as statins could reduce viral infectivity [75].

Another type of therapeutic binds to ACE2 receptors are
referred to as ACE2 soluble recombinants. ACE inhibitors
have also shown to be successful in improving survival rates
[76].Multiple therapeutic strategies are being explored includ-
ing targeting Notch signaling. Notch signaling is a crucial
regulator of cardiovascular function and has a role in mediat-
ing viral infections [77]. Ultimately, repurposing drugs using a
network medicine strategy could promote major advance-
ments in therapeutics [78].

Conclusions

The understanding of cardiac involvement in COVID-19 pa-
tients is growing in regards to early and later stages of the
illness. Reports of cardiac inflammation and indeed infection
of heart cells by SARS-Co-V2 will need to be followed up by
longitudinal studies and reporting of hard outcome data. The
definition of myocarditis is also a source of discussion and has
been diagnosed based upon myocardial biopsies, which are
only performed in patients with considerable impairment of
heart structure. Criteria regarding biopsies have also been
shifting to now include additional immunohistological param-
eters [79].We need to consider the results from current studies
with that the understanding the long-term impact of COVID-
19 on the heart will only be revealed over time. During acute
COVID-19 illness, cardiovascular damage and heart failure
are more common in individuals with preexisting

cardiovascular conditions that may result from hypoxia, over-
exertion in febrile state, and tachycardia. Whereas in later
stages, COVID-related cardiac concerns can involve inflam-
matory myocardial involvement, heart palpitations, and per-
sistent fatigue. Interpretation of myocardial biopsies should
take these factors into consideration [80].

When assessing cardiac biomarkers on myocardial injury,
it is crucial to recognize that these biomarkers are impacted by
factors such as hypoxia and infection. As a result, evaluating
cardiac events based on biomarkers alone is not suitable.
Given the confounding variables posing troubles in evaluating
data, researchers have found utilizing data from large-scale
genetic association studies can help investigate associations
between cardiac outcomes and SARS-CoV-2 infection. With
this technique, cardiometabolic traits can be assessed to pin-
point factors leading to an increased risk of severe adverse
effects from COVID-19. Overall, we have learned a great deal
over the last year concerning the novel coronavirus of 2019,
and we now have a much deeper appreciation of the highly
variable severity of the disease and its diverse presentation.
With mass scale vaccinations becoming a reality, focus on
follow-up studies of individuals with history of COVID-19
infection remains crucial as well as the development of new
antiviral therapies that can help further mitigate the severity of
the disease.
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