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(Jinyintan Hospital) and were isolated using 
airborne precautions. Bronchoalveolar lavage 
samples were collected from symptomatic 
patients, and the initial specimens tested 
positive for the presence of a previously unre-
ported respiratory virus.1 Whole-genome 
sequencing, polymerase chain reaction, and 
viral cultures revealed that the causal agent 
of the outbreak is a novel coronavirus that is 
capable of infecting humans and shares 
close sequence similarity to other 

In late 2019, clusters of patients presenting 
with atypical pneumonia of unknown eti-

ology were reported in Wuhan in the Hubei 
Province of China.1 These patients were epi-
demiologically linked to a shared exposure 
to the Huanan Seafood Wholesale Market 
in Wuhan’s Jianghan District, where a number 
of exotic livestock and wild animals, including 
rabbits, civets, pangolins, and snakes, were 
sold and traded. On December 31, 2019, an 
epidemiologic alert was raised by the Wuhan 
Municipal Health Commission to the World 
Health Organization (WHO) China Country 
Office, and the market was immediately closed 
on January 1, 2020, for environmental sani-
tation and disinfection.2

Suspected patients were immediately trans-
ferred to a designated hospital in Wuhan 
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ABSTRACT
COVID-19 has emerged as one of the most 
devastating and clinically significant infectious 
diseases of the last decade. It has reached 
global pandemic status at an unprecedented 
pace and has placed significant demands on 
health care systems worldwide. Although 
COVID-19 primarily affects the lungs, epide-
miologic reports have shown that the disease 
affects other vital organs of the body, includ-
ing the heart, vasculature, kidneys, brain, and 
the hematopoietic system. Of importance is 
the emerging awareness of the effects of 
COVID-19 on the cardiovascular system. The 
current state of knowledge regarding cardiac 

involvement in COVID-19 is presented in this 
article, with particular focus on the cardio-
vascular manifestations and complications 
of COVID-19 infection. The mechanistic 
insights of disease causation and the rele-
vant pathophysiology involved in COVID-19 
as they affect the heart are explored and 
described. Relevant practice essentials and 
clinical management implications for patients 
with COVID-19 with a cardiac pathology are 
presented in light of recent evidence.
Key words: acute coronary syndrome, coro-
nary artery disease, COVID-19, nursing, 
pathophysiology, SARS-CoV-2
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pathogenic betacoronaviruses such as the 
severe acute respiratory syndrome coronavi-
rus (SARS-CoV) and Middle East respiratory 
syndrome coronavirus (MERS-CoV).3 The 
virus was provisionally named “2019 novel 
coronavirus” and the disease caused named 
“novel-coronavirus infected pneumonia.”4

In early January 2020, laboratory tests con-
firmed 41 patients admitted to Jinyintan Hos-
pital positive for 2019 novel coronavirus, with 
66% of them (n = 27) having direct exposure 
to the Huanan Seafood Wholesale Market 
(as workers, handlers, or frequent visitors) 
and 32% (n = 13) admitted to intensive care 
for ventilatory support and management of 
hypoxemia.1 Soon after, cases of COVID-19 
were reported in other parts of China, in Thai-
land, Japan, Singapore, South Korea, Austra-
lia, the United States, and the Philippines, all 
involving recent travel or exposure to individ-
uals coming from Wuhan. 

On January 20, 2020, the WHO confirmed 
evidence of human-to-human transmission in 
Wuhan. On January 30, 2020, the WHO 
Emergency Committee declared the COVID-
19 outbreak a Public Health Emergency of 
International Concern, and on March 11, 
2020, the WHO declared the outbreak of 
COVID-19 a global pandemic.

Virology and Characterization 
of SARS-CoV-2

The first complete genome of the novel 
coronavirus isolated from bronchoalveolar 
lavage fluid samples of patients initially 
infected in Wuhan were submitted by the 
Chinese National Institute of Viral Disease 
Control and Prevention to the Global Influ-
enza Data Initiative on January 10, 2020.5 
Using a combination of Sanger, Illumina, 
and Oxford Nanopore sequencing, 6 bron-
choalveolar lavage samples all tested positive 
for the nearly identical, complete genome 
of the 2019 novel coronavirus. Phylogenetic 
analysis showed that the new coronavirus 
shares close sequence homology to bat-derived 
coronaviruses, namely bat-SL-CoVZC45 
(87.6%) and bat-SL-CoVZXC21 (87.7%), 
both isolated from Chinese horseshoe bats 
(Rhinolophus sinicus) collected in 2018 in 
Zhoushan, and to Bat-nCoV RaTG13 (96.2%) 
detected from R affinnis in Yunnan.3 This new 
coronavirus strain, however, was less geneti-
cally similar to SARS-CoV and MERS-CoV, 
sharing only 82.4% and 69.5% of its sequence 

homology, respectively.4 Genomic sequence 
data confirmed that the novel coronavirus 
belonged to the Betacoronavirus-2b lineage of 
the Sarbecovirus subgenus of the Orthocorona-
viriniae. On February 11, 2020, the Interna-
tional Committee on Taxonomy of Viruses 
adopted the official nomenclature “severe 
acute respiratory syndrome coronavirus 2” 
(SARS-CoV-2) and “coronavirus disease 2019” 
(COVID-19) to name the virus and the disease 
it causes, respectively.6

SARS-CoV-2 is an enveloped virus with a 
nonsegmented, single-stranded, positive-sense 
RNA as its genetic material.7 Electron micros-
copy shows that SARS-CoV-2 has a spherical 
morphology with some pleomorphism, mea-
sures between 60 and 160 nm in diameter, 
and has spikes ranging from 9 to 12 nm long, 
giving the appearance of a solar corona, con-
sistent with viruses in the Coronaviridae.8

The close homology of SARS-CoV-2 to 
other severe acute respiratory syndrome–like 
coronaviruses isolated from bats suggests 
SARS-CoV-2 has a zoonotic origin and that 
bats may have served as its natural host and 
reservoir. Phylogenetic studies show that 
RaTG13, a coronavirus isolated from bats, is 
SARS-CoV-2’s closest ancestor, based on a 
remarkably high similarity of its full-length 
genome (96.2%), receptor-binding protein 
spike (S), and RNA-dependent RNA poly-
merase gene sequences.3 Although bats appear 
to be key natural hosts of the virus, recent 
evidence suggests that another live animal 
present in Huanan may have served as its 
intermediate reservoir, as in the case of SARS-
CoV (the masked palm civet, Paguma larvata)9 
and MERS-CoV (dromedary camels, Camelus 
dromedarius).10 This possibility is based on 
reports that no bats were sold or found in 
Huanan Seafood Wholesale Market during 
the environmental survey and that most bat 
species in Wuhan hibernate around that time 
of the year (late November to December). 
Furthermore, coronaviruses with high sequence 
similarities (85.5%-92.4%) to SARS-CoV-2 
were identified in Malayan pangolins (Manis 
javanica) in Guangxi and Guanzhou, species 
that are commonly illegally trafficked in 
China for food and medicine, strongly sug-
gesting the possibility of cross-species trans-
mission through an intermediate host.11 
Environmental samples collected from the 
market were also found positive for SARS-
CoV-2, but because the wild animals were 
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cleared soon after the outbreak started, 
determining the original animal source of 
virus remains elusive.12

SARS-CoV-2 Mode  
of Transmission

COVID-19 is primarily transmitted by 
person-to-person contact through inhalation 
of respiratory droplets generated when an 
infected individual coughs, sneezes, or speaks.13 
Droplet transmission occurs when larger par-
ticles (> 5 μm) containing the infective agent 
are released into the air and come into con-
tact with the conjunctiva and mucous mem-
branes of a susceptible host. It is possible, 
however, for some respiratory droplets to be 
converted into aerosol particles (called bio-
aerosols) with smaller diameters and conse-
quently become airborne, and such airborne 
particles can potentially infect individuals 
when they are inhaled.14 Airborne particles 
have smaller aerodynamic diameters (< 5 μm), 
linger in the air longer, drift farther away 
than droplets, and reach the respirable frac-
tion of the lungs deeper than droplets do, 
which are usually trapped in the upper air-
ways.15 Given that some medical procedures 
can be both aerosol and droplet generating 
(eg, tracheal intubation, high-flow oxygen 
therapy, tracheostomy tube insertion, bron-
choscopy, cough-assist therapy, transesopha-
geal echocardiography), risk of nosocomial 
transmission of SARS-CoV-2 in hospitals can 
be potentially high, especially in areas where 
aerosol-generating procedures are commonly 
used (eg, intensive care units, respiratory 
wards, operating rooms).16

COVID-19 also is transmitted by direct con-
tact with infected fomites (inanimate objects), 
followed by subsequent self-inoculation of 
the mucous membranes of the nose, mouth, 
or eyes.13 Given that SARS-CoV-2 can per-
sist on inanimate surfaces for long periods (ie, 
≤ 6 days), viral transmission through infected 
fomites and self-inoculation can occur as 
the result of poor hand hygiene, inappropri-
ate use of personal protective equipment, 
and frequent touching of contaminated objects 
and surfaces.17 The measurable risk of fomite-
mediated transmission in real-life conditions, 
however, is small and unlikely to occur, and 
it can be easily ameliorated with good envi-
ronmental practices (ie, sanitation and 
decontamination of surfaces), meticulous 

hand hygiene, and reasonable use of personal 
protective equipment.18

SARS-CoV-2 Mechanism of 
Cellular Entry and Invasion

The initial step of SARS-CoV-2 infection 
involves the specific binding of the coronavirus 
S protein to the host cellular entry receptor, 
which is the human angiotensin-converting 
enzyme-2 (ACE2) located on the cell surface.19 
Both SARS-CoV and SARS-CoV-2 recognize 
and use human ACE2 as their receptor; 
however, according to in vitro studies, the 
SARS-CoV-2 receptor-binding domain has 
significantly higher ACE2 binding affinity 
(10- to 20-fold higher) than SARS-CoV does, 
and this accounts for SARS-CoV-2’s higher 
rate of infectivity and spread.20 After receptor 
binding, viral fusion is facilitated by proteo-
lytic cleavage of coronavirus S protein into 
2 domains (ie, the S1 domain responsible for 
receptor binding and the S2 domain, which 
mediates membrane fusion by host cell–derived 
protease at S1/S2 site) by the cell-surface ser-
ine protease type II transmembrane protease, 
serine 2.21 Inhibition of this protease’s activity 
blocks viral entry, and serine protease inhibitors 
have been investigated as potential therapeutic 
options for preventing SARS-CoV-2 infection.22 
Similar to other coronaviruses, SARS-CoV-2 
contains furin-like protease recognition-pattern 
sequences in its S protein that act as furin cleav-
age sites.23 Furin, a proprotein convertase 
located in the trans-Golgi network, is a pro-
teolytic enzyme that plays an important role 
in the cleavage and activation of a wide vari-
ety of precursor proteins into their biologi-
cally active and mature forms. According to 
in vivo studies, furin cleavage of viral glyco-
proteins can enhance viral fusion with host-
cell membranes, expand and widen cellular 
tropism, and increase viral pathogenicity. In 
addition, the presence of furin cleavage sites 
in SARS-CoV-2 accounts for its high rate of 
infectivity and pathogenicity.23,24

After binding, the viral envelope proteins 
fuse to the host-cell membrane and enter the 
cytoplasm via the endosomal pathway. After 
endocytosis, viral RNA is released in the 
host cytoplasm, undergoes translation, and 
the virion proteins are assembled in the endo-
plasmic reticulum and Golgi complex before 
they are released out of the cells through 
vesicular transport.25
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Unique Role of ACE2 in 
COVID-19 Pathogenesis

The ACE2 receptor is located in several tis-
sues and cell types in humans and is most 
abundantly expressed in type II alveolar epithe-
lial cells of the lung parenchyma.26 Angiotensin-
converting enzyme-2 is similarly enriched on 
the surface of the epithelial cells lining the oro-
nasal mucosa and the nasopharynx, indicating 
that the respiratory passages provide a rich 
and abundant target for SARS-CoV-2 attach-
ment and binding.27 Angiotensin-converting 
enzyme-2 is also highly expressed in cardiomy-
ocytes and cardiac pericytes, and less so in 
fibroblasts, endothelial cells, and cardiac leuko-
cytes.28 Outside the heart and lungs, ACE2 
receptors are found in the brush border of the 
enterocytes of the small intestines26; the brush 
border of kidney proximal tubular cells and 
podocytes29; in the arterial and venous endo-
thelium lining the lungs, kidneys, stomach, and 
brain26; and in the neurons of the cortex, stria-
tum, hypothalamus, and brainstem; and in glia 
and astrocytes.30

Angiotensin-converting enzyme-2 has exten-
sive biological function in health and disease 
and plays an important role in the maintenance 
of blood pressure, regulation of circulating 
blood volume, electrolyte and fluid homeostasis, 
and maintenance of vascular tone and integ-
rity.31 In the renin-angiotensin-aldosterone 
system, ACE cleaves the prohormone angio-
tensin I to produce angiotensin II, a potent 
vasoconstrictor. Angiotensin II increases sym-
pathetic outflow in the brain, leading to increased 
epinephrine and norepinephrine release, and 
stimulates the sympathetic ganglia, which leads 
to inhibition of norepinephrine uptake in the 
sympathetic nerve terminals and vasoconstric-
tion.32 Angiotensin II also stimulates vascular 
smooth muscle growth, enhances the expression 
of cytokines involved in mediating inflamma-
tion, activates gene transcription of some proto-
oncogenes, triggers the synthesis of collagen type 
I and III in fibroblasts leading to the thickening 
of vascular wall and myocardium, and activates 
the neurohormonal responses involved in devel-
opment of heart failure (HF).33

Angiotensin II then binds to either angioten-
sin II receptor type 1, which causes increased 
sympathetic and noradrenergic activity, vaso-
constriction, reduction in renal blood flow, 
smooth muscle cell proliferation, and stimula-
tion of cardiac hypertrophy; or to angiotensin 
II receptor 2 type 2, which is more protective 

and leads to vasodilation via increased nitric 
oxide production, lowering of blood pressure 
via enhanced natriuresis, downregulation of 
mediators involved in inflammation, and inhi-
bition of cellular proliferation.31 Angiotensin-
converting enzyme-2 converts angiotensin II 
to angiotensin1-7, a potent vasodilator and 
important counter-regulatory mechanism for 
the pressor, proliferative, and stimulatory effect 
of angiotensin II. Angiotensin1-7 opposes the 
action of angiotensin II through stimulation 
of prostaglandin and nitric oxide activity, 
suppression of aldosterone and vasopressin 
release, increased natriuresis, and inhibition 
of vascular growth, leading to relaxation of 
arterioles, vasodilation, and reduction in 
blood pressure.34

SARS-CoV-2 binding to ACE2 causes the 
internalization of the virus-receptor complex, 
which leads to ACE2 downregulation and 
disruption of the normal angiotensin II-to-
ACE2 ratio.21,35 Lower availability of ACE2 
and loss of ACE2 activity result in a lower rate 
of angiotensin II degradation and a higher-
than-normal level of circulating angiotensin 
II. Elevated angiotensin II level contributes to the 
development of arteriosclerosis and microvas-
cular thrombosis by stimulating the release of 
tissue factor and platelet-derived growth fac-
tor, resulting in a prothrombotic endothelium 
and increased rate of platelet aggregation.36 
Unopposed angiotensin II also accelerates endo-
thelial dysfunction through cyclooxygenase-2 
activation and generation of prostaglandins and 
reactive oxygen species, increasing vascular 
permeability, promoting the secretion of vas-
cular endothelial growth factor, and inducing 
the expression of endothelial adhesive mole-
cules, including selectins.37

Increased activity of angiotensin II also 
upregulates the inflammatory response by 
increasing the systemic and local levels of 
pro- and anti-inflammatory cytokines such 
as interleukin-6 (IL-6), interferon γ, tumor 
necrosis factor α, and IL-1β.38 This action 
allows immune cells to be recruited to sites 
of injury and accentuates the killing activity 
of macrophages by enhancing phagocytosis 
and increased production of reactive oxygen 
species, which is particularly useful in limit-
ing pulmonary infection.39 However, an 
unabated response can lead to dysregulated 
inflammatory process and tissue damage, 
which enhanced lung injury in mice in 
experimental studies.40
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SARS-CoV-2 Pathophysiology
The human respiratory passages are the 

main portal of entry for SARS-CoV-2. Upon 
inhalation of infected droplets, the viral parti-
cles attach and bind to the surface of the cili-
ated epithelial cells lining the upper respiratory 
airways.41 In in vitro studies, SARS-CoV 
infected nasal and tracheobronchial ciliated 
epithelium more effectively than it did the 
cells in the alveolar regions, demonstrating 
that SARS-CoV infection of the proximal air-
way is crucial for establishing infection.27,42 
Inside the cells, the virus replicates and prop-
agates, and the viral particles co-locate and 
accumulate in the microvilli, cilia shafts, and 
the airway surface microenvironment sur-
rounding the apical surface of the ciliated 
cells. This is followed by subsequent release 
of large quantities of virus in the lumen of 
the conducting airways during viral replica-
tion.27 At this stage, infected individuals, even 
those without any symptoms, may already 
be infectious, with actual viral shedding easily 
detectable by nasopharyngeal viral reverse 
transcription–polymerase chain reaction.41

A majority of patients may remain com-
pletely asymptomatic or may only exhibit 
constitutional symptoms such as cough, fever, 
myalgia, and fatigue as a result of the mild 
immune response elicited by a localized viral 
infection. In approximately 20% of patients, 
infection will progress to severe disease as the 
virus propagates and migrates down the lower 
respiratory tract, infects the endothelium, and 
leaks out into the bloodstream.43

A considerable proportion of patients 
with severe disease will manifest pulmonary 
involvement characterized by hypoxemia, 
dyspnea, and development of bilateral infil-
trates and diffused alveolar injury with exu-
dative and interstitial inflammation, which 
explains the purpose of administering anti-
inflammatory drugs in early COVID-19 to 
curb the hyperinflammatory response.44,45 
Postmortem analysis of COVID-19 lungs 
reveal a wide range of pathologic findings 
ranging from an adult respiratory distress 
syndrome (ARDS)–like picture of profound 
capillary congestion, pneumocyte necrosis, 
hyaline membrane formation, and platelet-
fibrin thrombi deposition46 to a clinical pic-
ture that resembles deranged angiogenesis 
characterized by severe endothelial injury, 
disrupted endothelial membrane, widespread 
vascular thrombosis with microangiopathy, 

and occlusion of alveolar capillaries.47 COVID-
19 lung autopsy results also indicate there is 
extensive complement involvement and acti-
vation of the membrane-attack complex and 
clotting pathway that lead to the development 
of thrombotic microvascular lung injury and 
alveolar capillary damage.48

Moderate to severe COVID-19 can also trig-
ger a widespread inflammation and immune 
response activation evidenced by high levels 
of expression of IL-6, IL-1β, interferon γ, 
interferon-γ–inducible protein 10, and 
monocyte chemoattractant protein 1—pro-
inflammatory cytokines associated with 
activated T-helper type-1 cell activation.49 
Accumulated evidence and clinical studies 
also show that individuals with severe 
COVID-19 generally experience cytokine-
release syndrome or cytokine storm, which 
plays a crucial role in disease progression 
and is considered a major cause of COVID-
19–associated ARDS and multiorgan dys-
function syndrome.50 High levels of IL-6, the 
main mediator of inflammatory and immune 
response to viral challenge, are also seen in 
patients who have severe presentation and 
are being investigated as an important prog-
nosticator for negative outcomes in COVID-
19.51 Presently, agents blocking the IL-6 
response (eg, tocilizumab, sarilumab) and 
the cytokine-release syndrome are being 
investigated as potential therapeutic strate-
gies for COVID-19.52

Cardiovascular Involvement  
in COVID-19

The main organ primarily affected by SARS-
CoV-2 is the lungs; however, most hospitalized 
patients with COVID-19 present with some 
degree of cardiovascular involvement, which 
can range from mild unspecific cardiac injury, 
acute elevation of troponin, acute myocardial 
infarction (AMI), myocarditis, arrhythmias, 
acute exacerbation of HF, and thrombotic 
derangement (Figure 1).53,54 Early reports in 
Wuhan suggested that myocardial involvement 
in COVID-19 was common, with 12% of those 
who presented early in the pandemic showing 
signs of acute cardiac injury.1 In addition, a con-
siderable proportion of patients with moder-
ate to severe COVID-19 infection who are 
admitted to hospitals are older adults with 
preexisting morbid conditions, and accumu-
lated evidence shows that the presence of 
cardiovascular risk factors or a preexisting 

D
ow

nloaded from
 http://aacnjournals.org/aacnacconline/article-pdf/doi/10.4037/aacnacc2021302/135644/2021302.pdf by guest on 09 M

ay 2021



WWW.AACNACCONLINE.ORGCAJANDING

e6

diagnosis of a cardiovascular disease (CVD) 
predispose patients to worse outcomes from 
COVID-19.55 In a large Chinese study, of 
44 672 patients diagnosed with COVID-19 
during the first wave of the pandemic, 12.8% 
had hypertension, 5.3% had diabetes, and 
4.2% had a CVD diagnosis.56 Similar results 
were reported in a large New York study in 
which, of 5700 patients with COVID-19, a 
vast majority had a cardiovascular risk fac-
tor, including hypertension (56.6%), obesity 
(41.7%), diabetes (33.8%), coronary artery 
disease (11.1%), and congestive heart failure 
(CHF) (6.9%).57 A recent meta-analysis of a 
total of 77 317 patients showed that cardiovas-
cular comorbidities in COVID-19 are common 
and include hypertension (36.1%), obesity 
(33.8%), diabetes (19.5%), coronary artery 
disease (11.7%), smoking (10.7%), and CHF 
(9.4%).58 Several clinical features are associated 
with poorer short-term outcomes in COVID-19 
infection, including obesity (body surface area 
> 40 kg/m2), asthma, chronic obstructive pul-
monary disease, hypertension, CHF, coronary 
artery disease, diabetes, and arrhythmias. In 
addition, a vast majority of these risk factors 
were confounded and complicated by age.53

Cardiovascular complications are common 
in COVID-19 and include acute cardiac injury, 
myocarditis, acute coronary syndrome (ACS), 
HF, arrhythmias, thromboembolic events, and 
sudden cardiac death, the causes of which are 
thought to be the result of the complex inter-
play between several host and viral factors 
(Figure 2). Some patients may present with 
cardiac symptoms as the first clinical mani-
festations of COVID-19, and some patients 

with an undiagnosed heart condition may 
present with symptoms that are unmasked 
by the existence of a viral infection.53 A few 
patients may experience cardiac symptoms 
that mimic other cardiac conditions (eg, ACS) 
but without the pathologic lesions or findings 
(ie, plaques or changes in an electrocardio-
gram); a few may present with fulminant 
conditions that rapidly progress and can cause 
sudden cardiac death. Finally, cardiac symp-
toms may occur as a complication of the pul-
monary insult (ie, consequences of hypoxia), 
the multisystem inflammatory response, viral 
sepsis, or as a side effect of medications or 
treatments given during hospitalization.

Interestingly, there is also increasing recog-
nition that a COVID-19 diagnosis is, in itself, 
an important risk factor for the development 
of CVD, given that hypercoagulability, sys-
temic inflammatory activity, and cardiac injury 
can persist for a long period after the acute 
phase of illness.53 Although the long-term 
effects of COVID-19 are still being identified, 
continuous vigilance and surveillance of signs 
and symptoms of residual organ dysfunction 
and perturbation appear judicious in light of 
developing a more holistic and preventive 
approach in managing the short- and long-
term impacts of a very complex and enig-
matic disease.59

Myocardial Injury and Myocarditis
Myocardial injury is common among patients 

with COVID-19 and was demonstrated in 12%1 
to 23%60 of patients in early reports. Defined 
as a decline in ejection fraction and a marked 
increase in levels of troponin I above the 99th 

Figure 1: Cardiovascular risk factors associated with poor outcomes in COVID-19 and the cardiovascular 
complications manifested in patients with COVID-19 infection. COPD indicates chronic obstructive pulmo-
nary disease.
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percentile in the presence of normal epicardial 
coronary arteries, myocardial injury was first 
reported and identified in initial cases of 
COVID-19 in China, providing early evidence 
of cardiac involvement in COVID-19.1 Indeed, 
in several prospective studies, researchers have 
identified a wide range of cardiac injuries 
associated with COVID-19 infection, rang-
ing from a mild elevation in troponin I level 
to an impairment in left ventricular function 
as visualized in an echocardiogram.1,53,60,61 
According to a retrospective study conducted 
in China during the early stages of the COVID-
19 pandemic, cardiac injury was prevalent 
in hospitalized patients (19.7%; n = 82), and 
these patients were more likely to be ill and 
to die, compared with those in whom cardiac 
injury did not develop.61 Elevated troponin lev-
els also are associated with a higher mortality 
rate and higher frequency of arrhythmias, even 
among patients without underlying CVD.62

Acute cardiac injury appears to be driven 
by the hyperinflammatory reaction and cyto-
kine storm induced by COVID-19 infection, 
which, in the context of a developing ARDS 
and pulmonary hypertension, can cause right 
ventricular strain.63 The development of acute 
cardiac injury is observed more frequently in 
individuals with hypertension and coronary 

heart disease, indicating that a preexisting 
CVD is a risk factor for acute cardiac injury.61 
The activation and hyperstimulation of the 
renin-angiotensin-aldosterone system path-
way also appears to play a significant role in 
the uncontrolled vasoconstriction, inflamma-
tion, proliferation, and fibrosis that accelerate 
adverse myocardial remodeling, which can lead 
to an acute cardiac injury.54

Myocarditis is a clinical syndrome charac-
terized by inflammation of the myocardium 
in the absence of a predominant acute or 
chronic ischemia characteristic of coronary 
artery disease. The WHO and International 
Society and Federation of Cardiology Task 
Force on the Definition and Classification of 
Cardiomyopathies define myocarditis as the 
disease of the myocardium diagnosed by 
established histologic, immunologic, and 
immunohistologic criteria, which include the 
presence of inflammatory infiltrates associ-
ated with myocyte degeneration.64

Several viruses have been implicated as 
major causes of myocarditis, the most com-
mon of which include the cardiotropic viruses 
adenovirus, enterovirus, Epstein-Barr virus, 
parvovirus B19, and cytomegalovirus.65 The 
development of viral myocarditis largely 
depends on several host-pathogen factors, 

Figure 2: Putative pathophysiologic mechanisms explaining disease causation in COVID-19 infection as it 
affects the cardiovascular system. ACE2 indicates angiotensin-converting enzyme-2; RAAS, renin-angiotensin-
aldosterone system.
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hyperdynamic state 

Generalized endotheliitis 
and microangiopathy
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which include successful viral entry into the 
host myocardial cell, replication of viruses 
that managed to evade the cellular immune 
response, the production of viral proteins that 
cause myocardial injury, the activation of 
adaptive immunity including the infiltration 
of T lymphocytes in the heart, and the remod-
eling that occurs in the myocytes as the dis-
ease develops and progresses.66

Despite being a minor cause of all viral 
myocarditis cases, human coronaviruses have 
been shown to cause myocarditis.67 SARS-CoV 
and MERS-CoV, respiratory betacoronaviruses 
that infect humans, have been detected in heart 
tissues of infected individuals,68,69 suggesting 
that coronaviruses may possess selective car-
diotropism. One crucial component required in 
the infection of the myocardial cell is the avail-
ability of receptors to which the viruses can 
attach and interact. Angiotensin-converting 
enzyme-2, the SARS-CoV-2 receptor, is found 
in cardiomyocytes; in single-nuclei RNA 
sequencing studies, ACE2 was also expressed 
in cardiac pericytes, fibroblasts, endothelial 
cells, and leukocytes.28 Furthermore, ACE2 
expression is upregulated in patients with 
HF (namely, ischemic and dilated cardiomy-
opathy),70 and patients treated with ACE 
inhibitors have higher-than-usual ACE2 car-
diomyocyte expression.71 Given that cardiac 
cells are enriched with the attachment sites 
for SARS-CoV-2, direct viral entry into the 
heart cells was proposed to result in direct 
cell injury and that the resulting T-lymphocyte–
mediated cytotoxicity drives development 
of myocarditis in patients with COVID-19 
who have an existing cardiac injury.65-67

Tavazzi et al72 first reported the evidence 
of SARS-CoV-2’s ability to directly invade 
myocardial cells when they detected viral parti-
cles in the inflamed interstitial myocardial tis-
sues of a 69-year-old patient who presented 
with cardiogenic shock. In a more recent study, 
Dolhnikoff et al73 reported SARS-CoV-2 viral 
particles in the cardiac myocyte biopsy speci-
men of a 11-year-old child who died of mul-
tisystem inflammatory syndrome associated 
with COVID-19 infection. Histopathologic 
examination revealed marked myocarditis, 
pericarditis, and endocarditis with inflamma-
tory cell infiltration and cardiomyocyte necro-
sis, with viral particles present in various cardiac 
cell types (namely, cardiomyocytes, capillary 
endothelium, endocardium endothelium, fibro-
blasts, and macrophages), confirming that 

SARS-CoV-2 infection of myocardial cells can 
lead to cellular necrosis and myocarditis.73

Researchers also postulated that COVID-19 
myocarditis could be a result of SARS-CoV-2 
infection of cardiac pericytes, which can lead 
to capillary endothelial cell dysfunction and 
induction of microcirculatory disorders.74 Last, 
the cytokine storm elicited during the initial 
infection and the associated exaggerated 
immune response can trigger direct myocar-
dial tissue damage leading to cardiomyocyte 
necrosis, and this can predispose fulminant 
myocarditis development.35,75

Acute Coronary Syndrome and 
Acute Myocardial Infarction

Acute coronary syndrome refers to a spec-
trum of clinical conditions characterized by 
myocardial ischemia and is manifested by 
acute angina (chest pain) or an anginal equiv-
alent (ie, breathlessness, heartburn, diaphore-
sis) with accompanying characteristic changes 
on electrocardiogram. Albeit uncommon, 
acute infections, particularly respiratory tract 
infections like pneumonia, bronchitis, and 
influenza, are associated with increased risk 
of ACS, including an AMI. Reports of viral 
infections being implicated with increased 
incidence of AMI have been published since 
the 1930s and are based on epidemiologic 
studies showing that cardiovascular deaths 
are statistically increased during influenza 
season.76 In a recent meta-analysis, authors 
showed that influenza infection is highly asso-
ciated with AMI, flu vaccination is associated 
with lower incidence of AMI, and vaccination 
against respiratory viruses can reduce the risk 
of AMI even in patients with no preexisting 
heart disease.77

Viral infections can trigger both type 1 AMI, 
characterized by thrombosis due to plaque 
rupture and plaque ulceration, and type 2 AMI, 
also called demand ischemia, whereby myocar-
dial necrosis occurs as a result of demand–
supply mismatch brought about by hypoxia, 
hyperthermia, tachycardia, hypotension, or 
anemia.54 Severe viral infections can cause a 
systemic inflammatory response that can trig-
ger a hypercoagulable state, which can accel-
erate thrombosis of the coronary arteries and 
result in either an ST-elevation myocardial 
infarction or a non–ST-elevation myocardial 
infarction. Viral infections can also induce 
coronary endothelial dysfunction, which can 
lead to thromboxane A2 overproduction, 
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platelet activation, vasoconstriction, and 
platelet aggregation.78 Viral infections can 
also cause fever, tachycardia, hypoxia, and 
a hyperdynamic state, which can increase 
myocardial oxygen demand, predisposing 
patients to type 2 myocardial infarction. Exces-
sive sympathetic stimulation and elevated cate-
cholamine levels can trigger a hyperdynamic 
cardiovascular response, which can alter sys-
temic and coronary vascular tone, promote 
vasoconstriction, and induce occlusion by pre-
existing atherosclerotic plaques.79 The changes 
in vascular tone, the hypercoagulable state, 
increased platelet aggregation, and accentu-
ated frictional or shear stress can increase the 
biomechanical stress present on preexisting 
atherosclerotic coronary artery plaques and 
trigger a rupture.80 A combination of these 
mechanisms may explain how SARS-CoV-2 
infection can unmask symptoms of coronary 
ischemia or aggravate preexisting predispos-
ing factors, leading to signs of an AMI.

Heart Failure
Acute HF complicates the clinical course 

of COVID-19 and a new diagnosis of acute 
HF in a patient with COVID-19 is associated 
with very high mortality rate.81 Development 
of HF is also common among patients with 
COVID-19. In a single-site study, HF devel-
oped in 23% of patients who were hospital-
ized with COVID-19 during the course of 
treatment.82 Patients with a history of CHF 
also have higher risk of acute decompensa-
tion after a COVID-19 diagnosis, and these 
patients are more likely to die in the course 
of hospitalization compared with those who 
do not have a HF diagnosis.81

Viral infections complicate HF and trigger 
HF events, due to a combination of factors 
that includes endothelial dysfunction, uncon-
trolled inflammation, increased coagulation, 
and increased blood viscosity during febrile 
illness.83 In COVID-19, the associated sys-
temic inflammation, elevated ischemic risk, 
and conduction disturbances can induce car-
diac stress, which can trigger myocardial 
injury, cell death, and HF.84 In addition, chronic 
inflammation can drive HF by various mech-
anisms.83-86 Ischemic-induced inflammation 
and myocyte necrosis can lead to immune-cell 
infiltration, activation of fibroblasts, collagen 
transformation, generation of scar tissue, and 
replacement of dead cardiac tissue with fibrotic 
scar.83 In time, the fibrotic scar can impair the 

structural integrity of the cardiac walls, and 
the increased stiffness can lead to diastolic 
dysfunction, which, in the presence of pres-
sure overload, can lead to ventricular dilation 
and rupture, precipitating HF.85,86

Other COVID-19–related factors that can 
precipitate HF include the respiratory failure 
and hypoxia that can aggravate the patient’s 
low oxygen supply and increase myocardial 
energy demand; the use of high positive end-
expiratory pressure during mechanical venti-
lation, which can increase right ventricular 
afterload and reduce cardiac output; recur-
rent arrhythmias; hypervolemia; fever; and a 
hyperdynamic state.83,84,86 COVID-19–induced 
cytokine storm can also predispose patients 
to stress cardiomyopathy and cytokine-
related endothelial dysfunction, which, in 
turn, can precipitate acute decompensation 
in a failing heart.84

Arrhythmias and Conduction 
Disturbances

Although arrhythmias are not uncommon 
events in viral infections, the causes of arrhyth-
mias in COVID-19 are multifactorial and are 
a result of several host- and pathogen-related 
factors.87 Early reports in Wuhan showed that 
7.3% of patients diagnosed with COVID-19 
experienced heart palpitations as the initial 
disease symptom.88 Cardiac arrhythmias occur 
in an estimated 2% to 30% of patients with 
COVID-19; 5.9% of them are malignant 
arrhythmias, and they are more prevalent in 
critically ill patients admitted to intensive 
care.62 In a single-center study, admission to 
an intensive care unit was associated with 
greater than 10-fold odds of development of 
an arrhythmia independent of other risk fac-
tors or comorbidities, and cardiac arrhyth-
mias were more likely to develop in patients 
with more severe systemic illnesses.89 The most 
common pathologic arrhythmias reported 
among patients with COVID-19 include atrial 
fibrillation, atrial flutter, ventricular tachycar-
dia, ventricular fibrillation, bradycardia with 
high degree atrioventricular block, and pulse-
less electrical activity.87,89

Arrhythmias and disorders of the conduc-
tion system are seen in patients with viral 
infections, particularly with infections involv-
ing cardiotropic viruses (eg, influenza H1N1, 
Zika virus, Epstein-Barr virus, SARS-CoV), 
that can invade the conduction tissues of the 
heart or cause an inflammatory infiltration in 
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any part of the conduction pathway.87 In 
COVID-19, the autonomic imbalance and 
sympathetic nervous system stimulation in 
the setting of a raging infection can contrib-
ute to arrhythmogenicity, and the systemic 
inflammatory response syndrome response 
predisposes patients to tachyarrhythmias.89 
Viral invasion of the dorsal vagal complex 
situated in the medulla oblongata has been 
proposed to contribute to the development 
of bradyarrhythmias, which may occur as a 
result of retrograde viral invasion of the neu-
rons of the nasopharyngeal epithelium or by 
hematogenous spread, crossing, and viral inva-
sion of the blood-brain barrier.90

Arrhythmias may also occur in the context 
of acute myocardial injury, AMI, or myocar-
ditis, in which ventricular arrhythmias seem 
to be the more predominant presentations. 
Other important triggers include hypoxia in 
the context of severe pulmonary involvement, 
fever, electrolyte imbalances, sepsis, hypovole-
mia, hypervolemia, preexisting or new renal 
dysfunction, and existence of other premor-
bid conditions.53

Finally, several pharmacologic interventions, 
including both rare and common drug-drug 
interactions, have been implicated as major 
causes of arrhythmias in COVID-19. Of note, 
the use of chloroquine/hydroxychloroquine 
and azithromycin, pharmacologic agents ini-
tially investigated to treat COVID-19, predis-
poses patients to prolongation of the QT 
interval and development of polymorphic ven-
tricular tachycardia (ie, torsades des pointes).91 
Chloroquine, a quinoline antimalarial drug 
also used for the treatment of rheumatoid 
arthritis and autoimmune diseases, interacts 
and inhibits hERG potassium channels in a 
time- and concentration-dependent manner, 
leading to prolongation of action potential 
duration, an increase in the action potential 
dispersion, development of repolarization 
alternans, and initiation of polymorphic ven-
tricular tachycardia.92 Macrolide antibiotics 
(eg, erythromycin, clarithromycin, azithromy-
cin) have similar effects as class III antiar-
rhythmics and prolong the QT interval by 
induction of early-action depolarization and 
transmural dispersion. Some macrolides are 
CYP3A4 inhibitors and co-administration 
with other drugs that inhibit CYP34A activ-
ity or are metabolized by the CYP3A4 enzyme 
system can lead to significant toxicity and 
more potent pro-arrhythmic action.93

Other agents tested for treatment of COVID-
19 also are arrhythmogenic, including the anti-
virals lopinavir and ritonavir. Co-administration 
with chloroquine and azithromycin can put 
patients at higher risk for development of 
arrhythmia, which can occasionally be fatal.88

Thrombosis and Clotting 
Derangement

Reports of unexpectedly high numbers of 
patients with COVID-19 who present with 
thrombotic pathologies such as pulmonary 
embolism, cerebrovascular complications, 
deep venous thrombosis, and massive dissemi-
nated intravascular coagulopathy (DIC) 
prompted clinicians to investigate whether 
disorders in clotting and thrombosis are asso-
ciated with COVID-19 infection.94 Early 
autopsy findings of patients with COVID-
19 demonstrated presence of fibrin thrombi 
in capillaries and small vessels, leading to 
thrombotic microangiopathy and hemor-
rhage.95 At 1 center, most of the deaths due 
to COVID-19 demonstrated significant pulmo-
nary embolisms and deep venous thrombosis 
as the major causes of death.96 In a retrospec-
tive study, DIC was a common occurrence in 
worsening COVID-19 infection, and abnor-
mal coagulopathy was associated with more 
deaths and poorer prognosis.97

Patients with COVID-19 have a dispropor-
tionately high thrombotic risk characterized 
by elevated levels of D-dimer, fibrinogen, and 
fibrin-degradation products, with modest 
reduction in platelet counts conferring small 
bleeding risks, suggesting that the coagulopa-
thy associated with COVID-19 infection is 
not typical DIC.94 The suggestion has been 
made that the systemic coagulopathy and 
hypercoagulability observed in patients with 
COVID-19 are a result of an endotheliopathy 
causing microcirculatory clots and macroan-
giopathic changes in small vessels.98 Research-
ers reported that SARS-CoV-19 can directly 
infect endothelial cells via the ACE2 receptors 
in the cell surface, and this causes diffused 
endothelial inflammation, immune-mediated 
destruction, necrosis, and pyroptosis.99 The 
resulting endotheliitis and endothelial dys-
function cause vasoconstriction with resultant 
organ ischemia, inflammation, and thrombo-
sis.98,99 Thrombotic manifestations also may 
be a novel condition incited by SARS-CoV-2 
infection, whereby the thrombotic macroangi-
opathy is triggered by complement mediation 
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similar to those seen in autoimmune disor-
ders such as systemic lupus erythematosus or 
antiphospholipid antibody syndrome.94 Viral 
invasion into epithelial cells triggers an innate 
immune response that includes activation of 
type-1 interferons and complement activation, 
and this incites a complement-initiated dam-
age to vessels that promotes inflammation and 
additional release of cytokines, leading to a 
prothrombotic hypercoagulable state.94,100 
Last, the activation of coagulation pathways as 
a sequela of cytokine-release syndrome may be 
contributory to the DIC-like picture seen in 
severe COVID-19 cases, given that sepsis is 
an established cause and initiator of DIC.101

Therapeutic Considerations, 
Practice Implications, and 
Management

The wide spectrum of cardiac involvement 
in COVID-19 poses unique challenges in terms 
of clinical management and decision-making. 
In the context of the COVID-19 pandemic, the 
treatment of patients with an existing or a risk 
factor for CVD should be focused on active 
prevention of infection and complications, 
establishing an accurate and prompt diagno-
sis, and selection of the best available treat-
ment without compromising the safety of the 
patient and the health care professional.53 The 
allocation of medical and human resources 
(eg, diagnostic equipment, treatment facilities, 
medical and nursing staff) should be based 
on a prudent and informed risk-versus-benefit 
approach, because clinical resources may be 
scarce and access to treatment can be particu-
larly limited.

Patients with preexisting CV morbidities 
can be at increased risk for complications and 
more severe presentation of COVID-1954; thus, 
at-risk individuals should meticulously observe 
and follow established guidelines to prevent 
inadvertent exposure and infection. It is rec-
ommended that patients at risk for cardiac 
conditions, including the elderly, diligently 
adhere to and continue protective measures 
such as shielding, self-isolation, social dis-
tancing, use of face masks in public spaces, 
and frequent and meticulous handwashing to 
prevent disease transmission and propagation. 
Individuals with a preexisting CVD should 
continue to maintain a healthy lifestyle even 
when self-isolating (eg, balanced diet, avoid-
ance of smoking and alcohol, modest exercise, 
fluid and sodium restriction, if applicable) 

and engage in physical activity, because phys-
ical restrictions can lead to inactivity and 
increased risk of deep venous thrombosis.53 
Patients with CVD must continue to adhere 
to their prescribed medication and monitoring 
regimens (eg, blood pressure, blood glucose 
monitoring) and seek advice when needed.

Medical help must be sought immediately 
when a person is experiencing chest pain, 
severe breathing difficulties, uncontrolled 
bleeding, or signs of stroke. Authors of a 
recent report from the United Kingdom 
found that patients with symptoms of an 
AMI ignored heart attack symptoms and 
delayed medical care due to fear of being 
exposed to COVID-19 and putting pressure 
on the already overburdened National Health 
Service.102 A massive decline in hospital admis-
sions for ACS during the first wave of the 
pandemic and the government-implemented 
lockdown in the United Kingdom raised con-
cerns regarding patients missing in-hospital 
assessment and rapid revascularization and 
early reperfusion therapies, particularly for 
those with signs of ST-elevation myocardial 
infarction. Delaying or missing treatment 
puts these patients at increased risk for out-
of-hospital cardiac deaths and long-term 
complications of AMI.103 Public campaigns 
and reminders for patients with heart attack 
symptoms to go to the hospital early can be 
useful in facilitating early assessment and 
instituting prompt interventions, including 
timely reperfusion if indicated.

Symptomatic patients presenting to clinics or 
being admitted to hospitals should undergo 
routine clinical investigations (ie, physical assess-
ment, 12-lead electrocardiogram, chest radio-
graphs, and biochemical tests), similar to those 
who are being admitted for any other reasons. 
Given, however, that hospital transmission of 
COVID-19 is high, patients with CVD should 
be protected from inadvertent exposure and 
infection by having their diagnostic procedures 
done in a clean, COVID-19–free area. Mea-
sures should be implemented to keep cardiac 
outpatient visits as short as possible, encour-
age and facilitate the use of telemedicine for 
follow-up checks, and delay elective procedures 
to minimize the risk of disease propagation 
and avoid overloading the health system.53 
The Table summarizes the list of diagnostic 
tools and modalities that are commonly used 
to investigate cardiovascular involvement in 
patients with COVID-19.
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Modality Indication Nursing Implications

Chest imaging
Chest  

radiograph

Computed  
tomography

Lung ultrasound

Useful for rapid evaluation of thoracic involvement in 
COVID-19

Aids in triaging and risk-stratification of patients, espe-
cially those awaiting or without swab results

Can help detect pulmonary edema, effusions, and 
cardiomegaly

Useful in detection of early parenchymal disease
Aids in screening and accelerates providing a diagnosis, 

especially with shortage or long waiting times for a poly-
merase chain reaction assay

Useful in assessing severity of disease and enables surveil-
lance of the disease time course

Can aid in diagnosis of complications such as pulmonary 
embolus and ruling out other pathologies such as pulmo-
nary nodules and other COVID-19 mimics

Useful in diagnosing pleural effusions, alveolar consolida-
tion, and interstitial syndromes, because of its higher 
sensitivity, specificity, and diagnostic accuracy

Radiologic imaging findings 
should be correlated with clinical 
and laboratory parameters.

Risk of exposure, complications, 
and cross-infection should be 
balanced with benefits obtained 
from imaging findings.

Less invasive measures should be 
used first.

12-lead electro-  
cardiogram

Useful for detection of myocardial injury, ischemia, and 
infarction

Aids in diagnosis of conduction abnormalities and other 
aberrant cardiac rhythms (pre-excitation syndromes)

Aids in diagnosing pericarditis, myocarditis, ventricular 
hypertrophy, and other chamber enlargement

Aids in diagnosing electrolyte imbalances, other  
metabolic disorders, and drug toxicities

Aids in evaluation of syncope and other vasovagal-related 
pathologies

Can guide decision-making regarding selection and initi-
ation of drug therapies for COVID-19 (eg, avoidance of 
QT-prolonging drugs in those with higher risks of 
arrhythmias)

Aids in evaluation of effectiveness of pharmacotherapy 
(eg, use of β-blockers, antiarrhythmics) 

Minimally invasive, almost no con-
traindications, cheap and easily 
accessible

ECG findings suggestive of myo-
cardial ischemia should be inves-
tigated and all possible causes 
ruled out.

Laboratory tests
Cardiac 

biomarkers

Complete  
blood cell count

C-reactive  
protein

Lactate 
dehydrogenase

B-type natriuretic peptide and troponin I levels aid in diag-
nosing suspected acute cardiac injury, ACS, or AMI.

Serial determination of high-sensitive troponin I level 
can be useful in ruling out cardiac causes of ischemia 
or chest pain.

CBC can be used to provide a general picture of the 
patient’s hematopoietic state, including presence of 
infection, inflammation, or anemia, and for monitoring 
response to treatment.

C-reactive protein determination is useful in identifying 
the presence of inflammation, determining its degree or 
severity, and monitoring response to treatment.

Serum LDH level is a nonspecific indicator of cellular 
death in many diseases and can be used as a useful 
marker of COVID-19 severity and risk for death.

Troponin is the recommended bio-
marker to identify myocardial 
injury, ACS, or AMI.

Elevated troponin level can be 
used as a biomarker of disease 
severity and as a predictor of 
adverse outcomes in COVID-19.

Common CBC count findings in 
COVID-19 include increased neu-
trophil count, reduced lympho-
cyte count, and anemia. CBC 
count results are poor prognostic 
indicators for COVID-19.

LDH is released during tissue dam-
age; thus, serum LDH level reflects 
organ injury due to decreased 
oxygenation and can be used as 
a useful predictor of worse out-
comes in COVID-19.

Table: Summary of Diagnostic Tools and Modalities Used in the Assessment and 
Evaluation of Cardiovascular Involvement in COVID-19

 

Continued
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The British Society of Thoracic Imaging rec-
ommends that during the pandemic, patients 
with respiratory symptoms and high degree 
of clinical suspicion should have a chest radio-
graph done as the first-line imaging interven-
tion.104 Imaging findings can be useful in 
facilitating quick triaging of patients, particu-
larly of those presenting to the emergency 
department with unknown COVID-19 status 
or who are awaiting a definitive diagnosis (ie, 
a polymerase chain reaction assay result). The 
American College of Radiology, in line with the 
Centers for Disease Control and Prevention, 
however, does not recommend chest radiographs 
or computed tomography (CT) to diagnose 
COVID-19 and only recommends CT imaging 

be used sparingly and reservedly for hospital-
ized, symptomatic patients with specific clini-
cal indications.105 The use of chest imaging for 
diagnosis is complicated because COVID-19–
related pneumonia may not be easily visible on 
chest radiograph, even in those presenting with 
respiratory symptoms. In a large, single-center 
US study, 58.3% of patients with COVID-19 
had normal chest radiographs, suggesting that 
chest radiography, as a lone modality, may not 
be specific enough to either diagnose COVID-19 
or rule out COVID-19.106

In China, where patients are encouraged to 
seek care early in the course of disease, chest 
radiographs are of little diagnostic value, and 
chest CT remains the more preferred initial 

Modality Indication Nursing Implications

Cardiac imaging studies

Transthoracic  
and/or transe-
sophageal 
echocardiogram

Cardiac  
computed 
tomography

Useful in detecting and investigating the causes of left 
(myocardial infarction, myocarditis, Takotsubo cardio-
myopathy) and right (right ventricular dilation, ele-
vated pulmonary pressures) ventricular dysfunctions

Useful in detecting valvular problems, heart failure, and 
pericardial effusion

Aids in diagnosing endocarditis, myxoma, cardiac tam-
ponade, and intracardiac thrombi

Aids in investigating the causes of elevated cardiac bio-
marker levels in the absence of symptoms or electro-
cardiogram changes

Facilitates guided titration of hemodynamic support, 
institution and adjustment of disease-specific thera-
pies (heart failure, AMI), optimization of treatment 
(endocarditis), and admission to intensive care.

Useful for selected patients who have elevated levels of 
cardiac biomarkers (acute cardiac injury), inconclusive 
echocardiograms, and signs and symptoms of an ACS 
to rule out coronary artery disease

Remains the preferred modality for diagnosis and rul-
ing out the presence of an intracardiac thrombus

Useful adjunct for evaluating patients who are planning 
to have urgent cardiac procedures, including transcath-
eter aortic valve replacement, cardioversion, or ablation 

Useful for diagnosing coronary artery stenosis, valve 
dysfunctions, coronary dissection, and intracardiac 
device dysfunction

Calcium-score screening heart scan can be used to 
detect calcium deposits in atherosclerotic plaques to 
evaluate risks of coronary artery disease

Aids in determining extracardiac causes of chest pain 
(eg, aortic dissection, hiatal hernia) and in detecting 
other pathologies (eg, pulmonary embolism) in high-
risk patients with COVID-19 

Nonurgent or elective cardiac 
imaging should not be routinely 
performed in the absence of a 
clinical indication.

Imaging studies should be per-
formed if the clinical manage-
ment is likely to be affected by 
imaging results.

Patients undergoing transesopha-
geal echocardiogram should be 
tested for SARS-CoV-2, because 
the procedure is highly aerosol 
generating.

Scanning time for an echocardio-
gram should be shortened to 
avoid prolonged exposure but 
should attempt to achieve high-
quality recording.

Risks involved in transport of 
critically ill patients, direct con-
tamination from scans, and 
cross-infection to nurses, opera-
tors, and technicians should be 
balanced with the benefits of 
doing the procedure.

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; CBC, complete blood cell; LDH, lactate dehydrogenase.

Table: Continued
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imaging modality.104 Chest CT scans are more 
sensitive for detecting early parenchymal dis-
ease and is more useful for tracking disease 
progression and excluding alternate diagno-
sis, including myocardial pathologies.107 Its 
routine utility, however, is limited by cost, 
availability, expertise in interpretation, time 
required to clean and disinfect the equipment, 
and exposure to contrast or radiation.108 The 
recommended use of chest radiography and 
CT varies regionally; thus, clinicians should 
follow established guidelines within their area 
of practice. The choice of imaging should be 
guided by the clinical utility of the procedure 
and the risk of cross-infection involved; for 
instance, the risks of aerosol generation and 
additional support required in transporting 
intubated patients to a CT facility are signifi-
cantly higher than when a portable chest radio-
graph is done at the patient’s bedside.104

Routine 12-lead electrocardiography is an 
extremely valuable diagnostic tool for assess-
ing and diagnosing the extent of cardiac 
involvement in COVID-19 and has the advan-
tage of cost, accessibility, noninvasiveness, and 
high specificity in ruling out cardiac pathol-
ogies. All patients presenting with angina, chest 
discomfort, or other symptoms presumptive 
of an ACS or an acute cardiac injury should 
have a 12-lead electrocardiogram reading at the 
initial onset of symptoms, and all ST-segment 
changes (depression or elevation), T-wave 
inversions, and presence of Q waves be inves-
tigated further to rule out ACS or evolving 
myocardial infarction. Appropriate and timely 
recognition of electrocardiogram changes 
indicative of myocardial ischemia is essential 
because immediate management and treatment 
(ie, early revascularization and reperfusion) 
is lifesaving and crucial to prevent long-term, 
disabling complications.103 Patients with myo-
carditis may present with ST-segment changes, 
tachyarrhythmias, T-wave abnormalities, 
bradyarrhythmias, and conduction defects 
such as intraventricular conduction delays 
and branch blocks.109 These electrocardiogram 
abnormalities, however, lack sensitivity and 
specificity for diagnosing myocarditis and, 
therefore, must be correlated with clinical 
symptoms, because there is a potential over-
lap in symptoms of primary COVID-19 infec-
tion and COVID-19 myocarditis.60 Patients 
with COVID-19 receiving QT-prolonging 
medications should be monitored closely and 
preemptive discontinuation of proarrhythmic 

drugs may be beneficial to prevent precipitating 
fatal arrhythmias and cardiac death.89,93

Laboratory tests and biomarkers play an 
important role in the detection, diagnosis, and 
management of COVID-19, and certain car-
diac, inflammatory, thrombotic, and immuno-
logic blood tests can be helpful in predicting 
the course, severity, and outcome of the dis-
ease.110 Early in the pandemic, levels of HF 
biomarkers, including troponin and B-type 
natriuretic peptide, were noted to be elevated 
in severely ill patients, strongly suggesting that 
the extent of myocardial injury can be predictive 
of poor disease outcomes.111 Indeed, in a recent 
meta-analysis, authors reported that higher 
troponin levels, which are more commonly 
observed in severely ill patients and in those 
who died, can be used as an important tool 
in predicting the risk of death due to COVID-
19.112 Some other hematologic parameters 
commonly abnormal in COVID-19 include 
elevated levels of C-reactive protein, lactate 
dehydrogenase (LDH) and transaminases, 
and a low white blood cell count count.110,113 
Serum LDH level is a sensitive indicator of 
the cellular metabolic state (ie, aerobic and 
anaerobic direction of glycolysis) and is a non-
specific indicator of cellular death and turn-
over in many diseases, because it is released 
in the bloodstream when there is actual tissue 
damage.114 Serum LDH levels may be useful 
as a marker for evaluating COVID-19 sever-
ity and for monitoring treatment response in 
COVID-19 pneumonia. In addition, measure-
ment of serum LDH levels potentially may 
be useful for risk stratification and predict-
ing in-hospital outcomes.115 It appears prudent 
that all patients with COVID-19 undergo a 
battery of laboratory examinations that include 
a complete blood cell count with differentials; 
measurement of levels of serum electrolytes, 
serum LDH, and troponin I; liver function tests; 
and kidney function tests to aid diagnosis, man-
agement, and treatment of the disease.

Cardiac imaging (eg, echocardiography, car-
diac CT scans, cardiac ultrasound) of patients 
with COVID-19 should be performed if there 
is clinical benefit and only if it is likely to sub-
stantially change patient treatment or be life-
saving.116,117 Echocardiography has been helpful 
in studying hemodynamics in patients with 
AMI, myocarditis, and cardiogenic shock, 
and can be useful for quantifying systolic and 
diastolic function, wall-motion abnormality, 
ventricular performance, ejection fraction, 
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wall thickness, and presence of pericardial 
effusion. Hemodynamic surrogate informa-
tion derived from imaging data can aid dis-
ease management and decision-making at the 
bedside, including selection of appropriate 
pharmacologic options, or as an adjunct to 
other invasive therapies (eg, quantification of 
pericardial effusion for drainage, or a revascu-
larization procedure in the presence of regional 
wall-motion abnormality).118 Cardiac CT imag-
ing is useful for investigating the causes of 
elevated biomarker levels, diagnosing valvular 
and cardiac device problems, and detecting or 
ruling out the presence of an intracardiac 
thrombus.117 The benefits of imaging studies 
for patient with confirmed or suspected 
COVID-19 should be balanced with the risk 
of inadvertent exposure to the operator (eg, 
aerosolization can occur in transesophageal 
echocardiography), misuse of resources, and 
contamination risks to patients.117 In the pres-
ence of a clinical indication, patients should 
undergo the least invasive imaging modality 
available, using facilities and equipment that 
are properly disinfected, in a dedicated facil-
ity or a room where the risk of spread is min-
imal, and using proper personal protective 
equipment throughout the procedure.

Nursing Management 
Implications

The treatment and care of patients with 
COVID-19 who have cardiac involvement 
is a major challenge for all health care pro-
fessionals, because a vast majority of these 
patients require critical care services and 
intensive care beds. According to a recent 
report from the United Kingdom, two-thirds 
of patients with COVID-19 who required 
critical care admission received mechanical 
ventilatory support within 24 hours of admis-
sion, and a considerable percentage of these 
patients presented with cardiovascular symp-
toms.119 This observation has specific implica-
tions for nursing care, because nurses must 
deal with more than the usual number of 
medically complex patients with multiple 
organ involvement requiring specialist care 
and interventions. With increased demand 
for beds, increasing volumes of cases, limited 
numbers of qualified critical care staff, and 
high sickness rates among health care profes-
sionals, delivery of high-quality intensive 
nursing care will require practical and creative 
efforts, strategies, and solutions.

The nurse’s main role in the management 
and care of a patient with a cardiac condi-
tion and COVID-19 is to ensure safe and 
timely delivery of care even when the ideal 
staffing ratio needs to be temporarily set 
aside.120 Because these patients usually are 
the sickest patient subset during this pan-
demic, meticulous, individualized patient 
assessment and prompt institution of life-
saving interventions are paramount; the 
risks of deterioration in these patients can 
lead to catastrophic outcomes. 

All patients with cardiac conditions and 
COVID-19 ideally should be placed in a mon-
itored bed with facilities for continuous 5- or 
12-lead electrocardiogram, and blood pres-
sure and pulse oximetry monitoring. Intrave-
nous access should always be available, and 
for patients requiring inotropes, vasopressors, 
inodilators, antiarrhythmics, and other cardiac 
medications, a central venous access device 
with multiple lumens or ports for simultane-
ous infusions and access for blood sampling is 
recommended. Patients who are hemodynam-
ically unstable or require significant pharma-
cologic or mechanical support to maintain 
cardiovascular stability may benefit from a 
cardiac-output monitoring device (eg, pulmo-
nary artery catheter, pulse contour cardiac out-
put, lithium dilution cardiac output) to guide 
management and evaluate effectiveness of inter-
ventions. Access to and availability of facili-
ties to provide more invasive cardiorespiratory 
support (eg, cardiac catheterization, pacing, 
intra-aortic balloon counterpulsation, extra-
corporeal membrane oxygenation, ventricular 
assist devices, operating rooms) should be 
included in the care planning, because these 
interventions may be required in patients who 
are in cardiogenic shock, decompensated HF, 
or severe myocardial ischemia.

Most patients with COVID-19 with cardiac 
involvement are at higher-than-usual risk of 
deteriorating clinically; therefore, drugs and 
equipment for resuscitation, including for 
establishing an artificial airway and mechani-
cal ventilatory support, should be readily acces-
sible at the bedside. Identifying the “sickest” 
patients in the unit should be a part of the 
daily handover to ensure safe allocation of skill 
mix and allow increased frequency of monitor-
ing. The goals and plan of care should be 
reviewed regularly with the medical team and 
communicated to the rest of the staff to ensure 
care is delivered within agreed time frames and 
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unexpected deviances are promptly addressed. 
Effective care planning with collaboration 
and active involvement of the multidisciplinary 
team is crucial because it facilitates continuity 
of care, teamwork, accountability, and better 
outcomes for patients.121

Conclusion
Our current understanding of the patho-

physiology of COVID-19 infection is rapidly 
evolving, and although more is learned and 
discovered every day, there is still a lot that is 
unknown about the disease and the virus that 
causes it. SARS-CoV-2 can invade various 
cell types, resulting in organ-specific impair-
ment; similarly, the virus can elicit a whole-
body response mediated by an uncontrolled 
inflammatory process.49-50 In vivo and in vitro 
studies have been helpful in furthering our 
understanding of the molecular and cellular 
mechanisms of disease causation, and epide-
miologic studies have been beneficial in dis-
covering novel signs and symptoms that are 
unique to the disease and may have impor-
tant diagnostic significance.

Despite being a disease that primarily targets 
the respiratory system, there is increasing 
recognition that COVID-19 also affects the 
cardiovascular system, and this has important 
implications for patient care and treatment. 
Cardiovascular diseases rank as the number 
1 cause of death globally, with an estimate 
of 17.9 million people dying each year—an 
estimated 31% of all deaths worldwide.122 
The risk factors for CVD are also increasing 
worldwide, and the economic burden, soci-
etal cost, and health care demands of a CVD 
diagnosis remain substantial, particularly in 
poorer countries where medical and human 
resources are scarce.123 Given that the compli-
cations and outcomes of COVID-19 in patients 
with CVD are catastrophic, efforts should be 
made to develop safe, timely, effective, and 
evidence-based interventions aimed at improv-
ing patient outcomes. Collaboration among 
researchers and clinicians in all disciplines is 
crucial if we are to further our understanding 
of COVID-19 pathways and causation, and use 
this knowledge to develop treatments, inter-
ventions, and preventive actions to address 
this complex disease.
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