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ABSTRACT

The ongoing severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic has pro-
foundly impacted all fields of medicine. Infection
with SARS-CoV-2 and the resulting coronavirus of
2019 (COVID-19) syndrome has multiorgan
effects. The pandemic has united researchers from
bench to bedside in attempts to understand the
pathophysiology of the disease and define opti-
mal treatment strategies. Cardiovascular disease is
highly prevalent and a leading cause of death
across gender, race, and ethnic groups. As the
pandemic spreads, there is increasing concern
about the cardiovascular effects of the viral
infection and the interaction of infection with
existing cardiovascular disease. Additionally,
there are concerns about the cardiac effects of the
numerous treatment agents under study. It will be
essential for cardiologists to understand the
interplay between underlying cardiac comorbidi-
ties, acute cardiovascular effects of COVID-19

disease, and adverse effects of new treatments.
Here we describe emerging evidence of the epi-
demiology of SARS-CoV-2 infection and under-
lying cardiovascular disease, the evidence for
direct myocardial injury in SARS-CoV-2 infection,
the specific presentations of cardiovascular
involvement by SARS-CoV-2, and the cardiac
effects of emerging treatments.

Keywords: Cardiovascular implications;
Coronavirus; COVID-19; SARS

Key Summary Points

The SARS-CoV2 virus, which causes
COVID-19 infection, has unique
cardiovascular manifestations that should
be recognized by treating cardiologists.

Specific demographic groups, those with
certain cardiovascular comorbidities, and
those with evidence of myocardial
involvement are especially susceptible to
aggressive COVID-19 infection.

COVID-19 infection can lead to
myocarditis, decompensated heart failure,
myocardial infarction, thrombosis, and
arrythmia.

Specific experimental therapies for
COVID-19 infection have potential
cardiovascular side effects.

Gregory L. Judson and Benjamin W. Kelemen are co-first
authors.
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INTRODUCTION

Coronavirus disease of 2019 (COVID-19) is caused
by the severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV2) and was first reported in
Wuhan, China, in December of 2019 [1]. Initial
presentations from Wuhan were consistent with
viral pneumonia and subsequent deep sequenc-
ing confirmed a novel RNA-based virus of the
Coronaviridae family. As of June 1, 2020, there
are 6.2 million confirmed worldwide cases of
COVID-19 with over 375,000 deaths [2]. COVID-
19 has become a worldwide pandemic and has
mobilized healthcare workers in all disciplines.

Since the initial presentation of COVID-19,
much has been learned about the pathophysi-
ology and specific cardiovascular manifesta-
tions of the disease. Early in the pandemic,
there was evidence that those with preexisting
cardiovascular conditions were over-repre-
sented in cases of severe infection [3]. Since that
time, it has become clear that certain racial and
ethnic groups are disproportionately affected by
COVID-19 [4]. Additionally, COVID-19 appears
to have several unique cardiovascular manifes-
tations that cardiologists must understand,
including worsening of heart failure,
myocarditis, a proclivity for thrombosis, and
arrythmia. Finally, the speed at which clinical
trials for COVID-19 are being conducted, using
both repurposed and new therapies, means that
cardiologists must be aware of potential car-
diovascular side effects for agents that are not
commonly used in cardiovascular practice.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

PATHOPHYSIOLOGY

SARS-CoV-2 is a novel RNA coronavirus that has
emerged as the causative infection responsible
for the current COVID-19 pandemic. Other
viruses from the coronavirus family include the
MERS-CoV virus, responsible for the Middle East
Respiratory Syndrome (MERS) outbreak, and the
SARS-CoV virus, responsible for the Severe

Acute Respiratory Syndrome (SARS) outbreak
[5–8]. Initial infection with SARS-CoV-2 is a
process that is still being understood but is
known to involve viral S proteins and host
angiotensin-converting enzyme 2 (ACE2)
receptor and the transmembrane protease, ser-
ine 2 (TMPRSS). SARS-CoV-2 expresses numer-
ous spike (S) proteins on the surface of the viral
envelope, which facilitates viral entry into the
host cell. TMPRSS, a serine protease expressed
on the host cell, primes the viral S proteins to
enable interaction with the host ACE2 receptor
[9]. The primed S protein then binds the S1
subunit of the host ACE2 receptor allowing for
viral entry into the cell [10]. The role of the
ACE2 receptor in human physiology remains
under investigation but it is believed to provide
counter regulation to the renin–angiotensin
system [11, 12]. The ACE2 receptor is com-
monly found in the lungs in type 2 alveolar cells
but is also expressed in vascular endothelium,
gut epithelium, and in the proximal tubule in
the kidneys [13–15]. The location of the ACE2
receptor is implicated in a multitude of disease
presentations associated with SARS-CoV-2
infection. After binding the ACE2 receptor, the
virus is internalized, and the viral RNA is
released. Immediately, the RNA-dependent RNA
polymerase is translated, which allows for viral
replication and spread of the infection. The role
of the ACE2 receptor expression and blockade
within both SARS-CoV-2 infection and disease
severity remains controversial, with both pro-
tective and deleterious effects hypothesized.

CLINICAL SPECTRUM
AND SEVERITY OF DISEASE

The United States has surpassed other countries
worldwide in case numbers with over 1.8 mil-
lion cases as of June 1, 2020 [16]. The epicenter
has spread from China to many European
countries and now the USA, with significant
clusters around the country. The number of
COVID-19-related deaths worldwide has now
climbed past 375,000. Due to the heterogeneity
of testing strategies and case ascertainment,
mortality rates remain controversial, with esti-
mates ranging from 0.7 to 10.8%.
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COVID-19 has a broad spectrum of severity
and phenotypic presentation. The most typical
presentation involves consequences of direct
respiratory infection ranging from cough and
dyspnea to hypoxia to acute respiratory distress
syndrome (ARDS). The initial cohort study of
COVID-19 patients included data from 552
hospitals in China with 1099 patients with
COVID-19 disease [17]. The study reported that
the most common symptoms at presentation
were cough (67.8%), fatigue (38.1%), and tem-
perature C 37.5 �C (43.8%). In the largest pub-
lished cases series of sequential COVID-19 cases
from the United States in New York City, of the
5700 patients admitted to 12 different hospitals,
30% of patients presented with an initial fever
and 20% presented with hypoxia [18]. Tachyp-
nea was present in 17.3% and tachycardia in
43.1%. Mechanical ventilation was required in
12.2% of patients and early mortality was seen
in 24.5%, with 3.2% of patients surviving to
discharge and 72.2% remaining in the hospital.
Thus, SARS-CoV-2 infection most commonly
causes respiratory illness with a wide range of
severity and outcomes that is relatively consis-
tent in presentation (cough, dyspnea, fever, and
hypoxia) across the globe.

PREVALENCE AND SIGNIFICANCE
OF COMORBID ILLNESS

The preexisting burden of comorbid chronic dis-
ease is well recognized to contribute to the
severity of SARS-CoV-2 infection and there are
concerns that underlying comorbid illnesses play
a role in the diverse spectrum of phenotypic
presentation. The initial study of 41 patients in
Wuhan, China, demonstrated a predominance of
male patients (73%) with pre-existing comor-
bidities including diabetes (20%), hypertension
(15%), and cardiovascular disease (15%) [1]. The
median age of patients in this group was 49 years
old. Only 7% of these initial patients had a his-
tory of tobacco use. However, since these initial
studies, a number of prospective and retrospective
studies out of China have demonstrated higher
rates of underlying comorbid conditions. Com-
mon underlying comorbidities include hyper-
tension (30–32%), diabetes (10–28%), and

cardiovascular and coronary artery diseases
(11–15%) [19–21]. Smoking history or obstructive
lung disease diagnoses were low, when docu-
mented (2–10%). In these studies, these comor-
bidities were associated with worse severity of
illness and mortality. A review of 44,672 con-
firmed COVID-19 cases from Wuhan, China,
demonstrated increased mortality in patients
with cardiovascular disease (10.5%), diabetes
(7.3%), and hypertension (6%), which was sig-
nificantly higher than the overall case-fatality rate
of 2.3% [22].

In the United States, there are similarities
and notable differences from the European and
Chinese experience. Among 1482 patients
admitted with COVID-19, 54.4% were men and
74.5% were over the age of 50 years, with the
majority (17.2%) being over 85 years old [23].
Comorbidities included hypertension (49.7%),
obesity (48.3%), diabetes mellitus (28.3%),
chronic lung disease (34.6%), cardiovascular
disease; including coronary disease and heart
failure (27.8%), and, less frequently, renal dis-
ease (13.1%) and immunocompromised condi-
tions (9.6%). These initial cases series have
shown a similar relationship between underly-
ing cardiac comorbidities with a higher preva-
lence of hypertension, diabetes, coronary artery
disease, and obesity in patients requiring
mechanical ventilation [24].

A concerning trend is the alarming rate at
which black and Hispanic/Latino Americans are
being infected and dying from COVID-19 [25].
There were early data from cities and states
across the country indicating higher mortality
from COVID19 in black and Hispanic/Latino
populations. These included Milwaukee, WI,
experiencing a 73% mortality rate in black
patients who make up 26% of the population;
Chicago, IL (67% of the mortality with 32% of
the population); and the states of Louisiana
(70% of the mortality with 32% of the popula-
tion) and Michigan (41% of the mortality with
14% of the population). In the COVID-NET
catchment population of the USA, a higher
percentage of black patients were infected
(33%) compared to the percentage of overall
population being black (18%) [23]. This trend
has been repeated across the country and has
brought into stark reality the devastating
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impact COVID-19 has had on communities of
color [26]. While it is well known that black and
Hispanic/Latino patients have a higher inci-
dence of diabetes and hypertension, this alone
does not explain the increased infected and
mortality rates. Studies during prior epidemics
have continued to demonstrate similar health-
care disparities on smaller scales likely related to
multiple factors including access to care, racial
and ethnical stigmas among medical profes-
sionals, crowded living conditions, income
instability, and continued rates of exposure and
protection [27–30]. It is crucial to acknowledge
the institutionalized barriers to health as a first
step to incite change and narrow the outcome
gap and improve healthcare for marginalized
individuals.

ACUTE CARDIAC INJURY

De novo cardiac injury has also been described
in patients presenting with COVID-19 disease.
Initial studies provide insight into the preva-
lence and incidence of acute cardiac injury
patients presenting with COVID-19. Early
studies reported a prevalence of acute cardiac
injury of 12% in the entire cohort as defined by
either high sensitivity troponin (Hs Tn) or the
MB fraction of creatinine kinase (CK-MB)[99
th percentile or new echocardiographic or
electrocardiographic abnormalities with greater
elevations in cardiac biomarkers among
patients requiring ICU care [1, 20]. A meta-
analysis further clarified the prevalence of acute
cardiac injury among Chinese patients pre-
senting with COVID-19 disease reporting a
similar prevalence of acute cardiac injury
defined as CK-MB or Hs Tn exceeding the 99th
percentile [31]. Case cohort studies included
data in patients for whom the outcome and
illness course helped further elucidate the role
of cardiac injury in COVID-19 disease. Zhou
et al. showed that the initial Hs Tn was not
dramatically elevated at illness onset, but that
in non-survivors there was a rapid rise starting
after day 10 that was not seen in survivors [3].
Ruan et al. reported the cause of death in the
non-survivors with the majority (53%) due to
respiratory failure but a clinically significant

number related to combined respiratory/cardiac
failure (33%) and cardiac failure (7%) [32].
Based on these studies, the authors hypothesize
that myocardial injury occurs frequently in
patients with severe COVID disease and that
myocardial dysfunction is involved in the
pathophysiology of severe disease. As the pan-
demic progressed and patient outcomes were
defined, investigators sought to evaluate the
association of myocardial injury with mortality.
In a multivariable Cox regression, acute cardiac
injury at any point during hospital stay was
associated with an increased risk of mortality
(HR 4.26, 95% confidence interval 1.92–9.49).
Guo et al. examined the association of cardiac
comorbidities and acute cardiac injury as
defined by Hs Tn above the 99th percentile with
mortality in a retrospective cohort of 187
patients [19]. In this cohort, 28% of patients
had acute cardiac injury. The proportion of
non-survivors was increased in the groups with
underlying cardiac comorbidities (hyperten-
sion, coronary artery disease, and cardiomy-
opathy) or myocardial injury and highest in
groups with both. The authors did not assess
measures of association beyond descriptive
statistics. Thus, myocardial injury occurs not
infrequently with COVID-19 disease and that
the presence of myocardial injury portends
both more severe disease and higher mortality.

The mechanism of this acute cardiac injury
remains elusive. Data from Zhou et al. and Guo
et al. have shown that the rise in troponin
typically occurs late in the disease process,
typically occurring 10–14 days after the onset of
symptoms and coincides with progressive res-
piratory decline and multiorgan failure [3, 19].
This would suggest that myocardial injury may
be a marker for more severe infection and not
causally associated. However, there are few
reports of systematic cardiac testing of patients
with COVID-19 disease, and cardiac injury
limited our ability to understand causal associ-
ations. A number of mechanisms have been
proposed including direct myocardial injury
and myocarditis, systemic hyperinflammatory
response leading to cytokine storm and
myocardial injury, microvascular thromboses,
acute plaque rupture physiology, stress car-
diomyopathy, and extreme oxygen
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supply–demand mismatch due to critical illness
[33, 34]. The relative mystery surrounding the
pathophysiology of acute cardiac injury has
resulted in conflicting recommendations
regarding the use of troponin to screen and
evaluate cardiac dysfunction in patients with
COVID-19 disease. A communication by the
American College of Cardiology (ACC) recom-
mended against routine cardiac biomarker test-
ing in patients presenting with COVID-19
disease [35]. Subsequent review papers have
advocated for systematic use of high-sensitivity
troponin as a biomarker of severe illness with
proven prognostic value in COVID-19 disease
[34, 36]. However, this risk prediction strategy
has not yet been evaluated prospectively.

SPECIFIC CARDIOVASCULAR
DISEASE ENTITIES

Myocarditis and Decompensated Heart
Failure

SARS-CoV2 has been implicated in cases of
myocarditis and acute decompensated heart
failure. Initial reports of myocarditis from
China described cases of cardiogenic shock and
reduced left ventricular ejection fraction among
COVID-19 patients [37, 38]. These patients had
extremely elevated levels of cardiac biomarkers
(namely troponin, CK-MB, and BNP) and
required inotropy or extracorporeal membrane
oxygenation (ECMO) to maintain adequate
cardiac output. Based on the clinical presenta-
tion and on these elevations in biomarkers,
these cases were deemed ‘‘fulminant myocardi-
tis’’ and were treated with a combination of
steroids, IVIG, antivirals, antibiotics, anti-in-
flammatory agents, renal replacement, and
mechanical ventilation.

During other outbreaks of similar coron-
aviruses in the last 20 years, namely SARS-CoV
and MERS, there was evidence to support direct
myocardial involvement. Among patients who
died from SARS-CoV in Toronto, Canada, viral
RNA was detected in 35% of samples and the
presence of viral RNA was associated with
increased levels of interstitial fibrosis and mac-
rophage activity within the myocardium, thus

potentially leading to a more rapid clinical
course compared to patients without viral RNA
in the myocardium [39]. However, hemody-
namically significant myocarditis appears to
have been a relatively rare complication of
SARS, with one case series noting only one
instance of potential myocarditis requiring
inotropy among 121 cases [40]. Myocarditis also
appears to have been a potential complication
during the MERS outbreak, with MRI findings
consistent with myocarditis reported [41].

There is now additional evidence that SARS-
CoV2 has a similar effect on the myocardium as
SARS-CoV and MERS. Myocardial involvement
has been confirmed in SARS-CoV-2-positive
patients via MRI and endomyocardial biopsy
[42–44]. Cardiac biopsy findings in COVID-19
patients have shown inflammatory infiltration of
the myocardium with T-lymphocyte and macro-
phages, interstitial edema, and in some cases,
evidence of cytoplasmic vacuoles indicating
direct viral involvement of myocardial cells
[43, 44]. In a post-mortem case series of 68
patients from China, 7% of COVID-19 patients
died of circulatory failure with some degree of
myocardial involvement, as marked by elevations
in troponin [32]. However, it is unclear if these
cases can truly be classified as myocarditis given
the lack of ejection fraction assessment via TTE,
MRI, or biopsy. From a different case series in
Seattle, WA, troponin elevation was seen in 15%
of patients, but none of the patients who under-
went TTE had evidence of a reduced ejection
fraction [45]. There is currently no standardized
approach to treatment of COVID-19 cardiomy-
opathy. In cases of more severe ‘‘fulminant’’
myocarditis resulting in cardiogenic shock, treat-
ments with immunomodulating drugs, namely
steroids and IVIG, but also more specific agents
like tocilizumab to inhibit IL-6, are being used.
Clinical trial data is as of yet lacking on the effi-
cacy of such therapies in COVID-19-related
myocarditis and are being extrapolated from
other causes of fulminant myocarditis, namely
giant cell subtype.

Decompensation of pre-existing heart failure
appears to be a more common cardiovascular
manifestation of SARS-CoV-2 infection than
clinically significant myocarditis. Prior to the
COVID-19 pandemic, influenza-like respiratory
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infections significantly increased the risk of
hospitalization for decompensated heart failure,
and in high influenza activity months, may
contribute to 19% of heart failure hospitaliza-
tions across the United States [46]. The rela-
tionship between respiratory infection and
decompensated heart failure appears to also be
true for COVID-19-like seasonal influenza. In
two retrospective case series from China of 113
and 191 patients, heart failure was observed in
49% and 52% of deaths, respectively [3, 47].
There appears to be a broad spectrum of disease
severity, ranging from stable to fulminant heart
failure requiring inotropes, and potentially
mechanical circulatory support for refractory
shock and or hypoxia. The use of ECMO in
COVID-19 cases is being studied in a prospec-
tive manner as part of the Extracorporeal Life
Support Organization (ELSO) Registry. As of
June 1, 2020, ECMO has been used in 1135
COVID-19-confirmed cases worldwide, with
52% discharged alive, and the vast majority of
patients receiving veno-venous ECMO for res-
piratory support [48].

There is interest in the role of ACEI/ARB in
both the overall risk of COVID-19 and the
severity of lung disease with studies suggesting
both the possibility of deleterious and beneficial
effects [49, 50]. Major guideline committees
have continued to advocate for the use of ACE/
ARB medications in hemodynamically
stable heart failure patients, hypertension, and
those with ischemic heart disease [51, 52].

Acute Coronary Syndromes
and Thrombosis

COVID-19 has been hypothesized to increase
the risk of acute coronary syndromes (ACS) and
systemic thrombosis. This premise is based on
prior experience with viral infections such as
influenza, which predisposes patients to devel-
oping ACS, and may increase the risk of
myocardial infarction (MI) by at least sixfold in
the week following infection [53]. This increase
in MI incidence is also seen following infection
with other respiratory infections such as respi-
ratory syncytial virus, and for non-viral respi-
ratory illnesses such as bacterial pneumonia.

Many MIs due to COVID-19 disease are likely
related to supply–demand mismatch from
hypoxia resulting in myocardial injury and
troponin release. However, MI from acute
atherothrombotic events were first reported in
Wuhan, China, soon after the onset of the
pandemic. As such, Chinese hospitals soon
developed treatment algorithms aimed at pro-
viding urgent reperfusion to COVID-19-sus-
pected patients while maintaining the safety of
catheterization lab staff. In the setting of ST-el-
evation MI (STEMI) and suspected SARS-CoV-2
infection, thrombolytics were often the first
choice for acute reperfusion therapy in China
[54]. Following this early experience in China,
ACC/SCAI released a joint recommendation
outlining care for COVID-19-suspected patients
[55]. This document highlights the need for
adequate personal protective equipment for
catheterization lab staff, the need to differenti-
ate true ACS from supply–demand mismatch,
consideration of deferring invasive angiography
in low-risk non-ST elevation myocardial infarc-
tion (NSTEMI) patients until hospital resources
improve, and the potential use of thrombolytics
for ST segment elevation myocardial infarction
(STEMI) cases where the risks of exposing staff
to SARS-CoV2 outweigh the benefits of a pri-
mary percutaneous coronary intervention
(PCI)-based approach. However, the authors
still expect primary PCI to remain the standard
of care for patients with STEMI and possible
COVID-19 and thrombolytics reserved for non-
PCI-capable hospitals [56].

Further adding to the complexity of treating
these patients, ST-segment elevations are seen
in COVID-19 patients who are then found to
have non-obstructive coronary disease. In a case
series of 18 patients in New York, NY, who
developed ST-segment elevations, nine patients
underwent invasive angiography. Of these nine
patients, three had no obstructive coronary
artery disease and 5/6 with obstructive disease
underwent PCI (1 after receiving thrombolytics)
[57]. These cases of ST-segment elevation with
no obstructive coronary disease on angiography
may be related to peri-myocarditis, although
the pathophysiology remains under investiga-
tion. Importantly, the mortality among patients
without no obstructive coronary lesion was
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higher (90%) than among those with obstruc-
tive coronary lesions (50%), although the
absolute numbers were limited. A similar inci-
dence of obstructive to non-obstructive coro-
nary lesions was reported in a population of
Italian patients with STEMI [58]. The high
prevalence of STEMI mimics in this population
further emphasizes the need for angiography
(either invasive or non-invasive) as opposed to
empiric fibrinolytic therapy given the potential
for harm when administering fibrinolytics for
non-ACS presentations.

While COVID-19 may potentially increase
the risk of ACS, activations for STEMI in the
United States have decreased significantly dur-
ing the pandemic. Among nine high-volume
centers in the US, there was a 38% reduction in
STEMI activations compared to the 14-month
period before the pandemic [59]. This finding is
similar to the 40% reduction in STEMI activa-
tions seen in Spain [60]. It is unclear what is
responsible for the significant reduction in
STEMI activations, but it may be related to
patients’ fear of exposure to SARS-CoV2 when
presenting to the hospital. In Hong Kong,
China, patients who presented with STEMI
during the height of the outbreak presented to
the hospital significantly longer after onset of
symptoms compared to a year prior (318 vs.
83 min) [61]. It is currently unknown how
many people worldwide may not be seeking
medical care for possible ACS due to fear of
COVID-19. It is possible that due to delays in
seeking appropriate medical care, patients may
eventually present to the hospital with heart
failure, cardiogenic shock, or mechanical com-
plications from ACS. Studies must be performed
to assess the impact COVID-19 could have on
cardiovascular mortality through such indirect
mechanisms.

SARS-CoV2 infection is theorized to predispose
to a hypercoagulable state through inflammation,
immune dysregulation, and activation of cyto-
kines. This process has been implicated in ACS,
but also in cases of thrombosis outside the coro-
nary arteries. Among 184 ICU patients in the
Netherlands, 31% were diagnosed with pul-
monary embolism, deep-vein thrombosis,
ischemic stroke, myocardial infarction, or sys-
temic embolism—all while receiving standard

prophylactic doses of anticoagulation as recom-
mended by the WHO [62]. Remarkably, none of
the patients in this study developed disseminated
intravascular coagulopathy (DIC), a known risk
factor for the development of arterial and venous
thromboembolism in critically ill patients. D-
dimer levels above 1500 ng/ml had a sensitivity of
85% and specificity of 89% for detecting venous
thromboembolism in a cohort from China [63].
Some centers have advocated for the use of
treatment dose anticoagulation for select patients
with COVID-19 and elevated D-dimer levels,
however this practice has yet to be well validated.

Arrhythmia

Among 187 patients with confirmed SARS-CoV-
2 in Wuhan, China, arrhythmia occurred in
5.9% of all patients admitted [19]. Elevated
troponin T was a statistically significant prog-
nostic marker with 82% having either ventric-
ular tachycardia or fibrillation. It is unclear
whether elevated troponin preceded or suc-
ceeded the arrhythmic events. Furthermore,
among 138 patients admitted to a single hos-
pital in Wuhan, China, arrhythmia (type not
specified) was reported in 17% with the major-
ity (44%) occurring in critically ill patients in
the intensive care unit [20]. Among patients
who suffered a cardiac arrest, the predominant
rhythm was asystole/pulseless electrical activity
(94%), followed by shockable ventricular
tachycardia/fibrillation (6%) [64]. Similar rates
in the New York City population were reported
by Goyal et al. Arrhythmia was seen in 7.4% of
the entire cohort, with higher rates in the
patients receiving ICU care (18.5%) as com-
pared to non-ICU care (1.8%) [24]. Arrhythmias
may be induced by the presence of acidosis and
metabolic disturbances, as seen in critical illness
with multiorgan dysfunction or catecholamin-
ergic pressor infusion for hypotension and
shock. Finally, QT-prolonging agents given to
some COVID-19 patients may increase the sus-
ceptibility to arrhythmia as discussed below
[65, 66]. Unfortunately, with the limited data
available, no trends have been apparent as of
yet [67, 68].
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Cardiovascular Considerations
with COVID-19 Therapies

There is suspicion that the aggressive nature of
the coronavirus pneumonia is related to an
exaggerated immune response mediated by
interferon and interleukins, as has been seen in

prior coronavirus infections [69, 70]. Targets for
COVID-19 therapies are therefore not only
focused on the intrinsic viral make up (includ-
ing proteins such as ACE-2 cell surface receptor,
3-chymotrypsin-like protease, Spike, RNA-de-
pendent RNA polymerase, and papain-like pro-
tease) but also the human immune system [71].

Table 1 Overview of select clinical trials and potential cardiotoxicities [72–85]

General class Drug Cardiotoxicities Clinical trials

Repurposed
agents
targeting viral
entry and
replication

Hydroxychloroquine sulfate/

chloroquine

phosphate ± azithromycin

Dilated cardiomyopathy, QT

prolongation

NCT04342221, NCT04307693,

NCT04315896, NCT04329923,

NCT04345692

Lopinavir/ritonavir QT prolongation, rhabdomyolysis

with statins

NCT04252885, NCT04307693,

NCT04307693, NCT04255017

Remdesivir ?hypotension NCT04292899, NCT04292730,

NCT04323761, NCT04302766,

NCT04280705

Repurposed
agents
targeting the
immune
system

Corticosteroids Fluid retention, hypertension,

electrolyte abnormalities,

arrhythmia

NCT04343729, NCT04329650,

NCT04327401, NCT04344288,

NCT04331054, NCT04348305,

NCT04355247

Tocilizumab Hypertension, hypercholesterolemia NCT04315480, NCT04320615,

NCT04317092, NCT04332913,

NCT04306705, NCT04310228,

NCT04346355, NCT04332094,

NCT04331795

Fingolimod Hypertension, conduction disease,

QT prolongation.

Contraindicated in prior MI or

known CAD, stroke, conduction

disease, prolonged QT,

decompensated heart failure

NCT04280588

Convalescent plasma None reported NCT04343755, NCT04346446,

NCT04342182, NCT04347681,

NCT04345523, NCT04344535,

NCT04340050, NCT04357106,

NCT04327349, NCT04292340,

NCT04261426, NCT04264858,

NCT04261426
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There are currently over 350 active clinical trials
searching for treatment options for COVID-19
both in novel therapies as well as repurposed
existing therapies, which has the benefit of
having a known safety profile. The following
table summarizes a selection of these drugs,
their mechanisms, known and proposed car-
diotoxicities, and ongoing clinical trials
(Table 1).

CONCLUSIONS

The ongoing COVID-19 pandemic poses an
enormous threat globally. Given the high
prevalence of existing cardiovascular disease
worldwide, it is not surprising that cardiovas-
cular comorbidities significantly impact disease
severity. The unique properties of the SARS-
CoV-2 infection and pathophysiology further
raise concern for de novo cardiac injury with
COVID-19. The cardiovascular presentations of
COVID-19 are still being elucidated, but appear
to at least include decompensated heart failure,
myocarditis, ACS, arrhythmia, and thrombosis.
The effect of the COVID-19 pandemic on car-
diovascular systems of care and whether
patients are delaying necessary treatment will
be of great importance to understand as the
pandemic progresses in the months and years to
come. Lastly, emerging therapeutic approaches
have expected and unexpected cardiac effects
that must be monitored as treatment algo-
rithms expand. Cardiologists will play a vital
role in the care of COVID-19 patients worldwide
and in the ongoing research into the patho-
physiology and population-based effects of the
SARS-CoV2 virus.
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