
Received: 17 May 2020 - Revised: 29 August 2020 - Accepted: 31 August 2020

DOI: 10.1002/rmv.2172

R E V I E W

Coronavirus disease‐19 and cardiovascular disease: A risk
factor or a risk marker?

Jing Liu1 | Salim S. Virani1,2 | Mahboob Alam1 | Ali E. Denktas1 | Ihab Hamzeh1 |

Umair Khalid1,2

1Department of Medicine, Section of

Cardiology, Baylor College of Medicine,

Houston, Texas, USA

2Department of Medicine, Michael E. DeBakey

VA Medical Center, Section of Cardiology,

Houston, Texas, USA

Correspondence

Umair Khalid, Michael E. DeBakey VA Medical

Center & Baylor College of Medicine,

Houston, TX 77030, USA.

Email: mukhalid@bcm.edu

Summary

Severe acute respiratory syndrome coronavirus‐2 causes the clinical syndrome of

coronavirus disease of 2019 (COVID‐19) which has become a global pandemic

resulting in significant morbidity and mortality. While the virus primarily affects the

respiratory system, it also causes a wide variety of complex cardiac manifestations

such as acute myopericarditis, acute coronary syndrome, congested heart failure,

cardiogenic shock and cardiac arrhythmias. There are numerous proposed mecha-

nisms of cardiac injury, including direct cellular injury, pro‐inflammatory cytokine

storm, myocardial oxygen‐demand mismatch, and systemic inflammation causing

multi‐organ failure. Additionally, medications commonly used to treat COVID‐19
patients have various cardiovascular side effects. We aim to provide a succinct

review about the pathophysiology and cardiac manifestations of COVID‐19, as well
as treatment considerations and the various adaptations made to the current

healthcare structure as a result of the pandemic.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2) is
the pathogen responsible for the clinical syndrome of coronavirus

disease of 2019 (COVID‐19), a global pandemic that has affected

over 26 million people worldwide as of 4 September 2020.1 Even

though the case fatality rate has remained low (estimated to be 1.4%)

among young and healthy individuals, the rate increases significantly

in patients age over 60 years and in those with pre‐existing medical

comorbidities.2 While the virus predominantly affects the respiratory

tract, it can lead to a wide variety of cardiovascular

manifestations.2–6 Therefore, a thorough understanding of this

complex interplay between SARS‐CoV‐2 and cardiovascular system

is critical. We aim to provide a succinct overview of the cardiac im-

plications of COVID‐19 with focused discussion on its pathophysi-

ology, clinical manifestations, treatment considerations, and the

various adaptations made to the current healthcare structure amid

the pandemic.

Abbreviations: ACC, American College of Cardiology; ACS, Acute coronary syndrome; ACE 2, Angiotensin‐converting enzymes 2; ACEIs, Angiotensin‐converting enzyme inhibitors; ARBs,
angiotensin II receptor blockers; ARDS, acute respiratory distress syndrome; AS, aortic stenosis; ASD, atrial septal defect; ASE, American Society of Echocardiography; COVID‐19,
coronavirus disease 2019; CK‐MB, creatinine kinase myocardial band; CRP, C‐reactive protein; DMR, degenerative mitral regurgitation; ECMO, extracorporeal membrane oxygenation;

FMR, functional mitral regurgitation; G‐CSF, granulocyte‐colony stimulating factor; GDMT, goal‐directed medical therapy; HCQ, hydroxychloroquine; HERG, Block Kv11.1; ICU, intensive

care unit; LAAO, left atrial appendage closure; MRI, magnetic resonance imaging; NT‐proBNP, N‐terminal (NT)‐pro hormone BNP; NSTEMI, non‐ST‐elevation cardiopulmonary

resuscitation myocardial infarction; PAPR, powered air purifying respirator; PPE, personal protective equipment; PFO, patent foramen ovale; POCUS, focus point‐of‐care cardiac

ultrasound; RAS, renin‐angiotensin system; SARS‐CoV‐2, severe acute respiratory coronavirus‐2; SCAI, Society for Cardiovascular Angiography and Interventions; STEMI, ST‐elevation
myocardial infarction; TAVR, trans‐catheter aortic valve replacement; TEE, transesophageal echocardiogram.
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2 | PATHOGENETIC MECHANISMS OF CARDIAC
INJURY

On a cellular level, the hallmark of COVID‐19 is a state of hyper‐
inflammation mediated by the cytokine storm. Numerous key in-

flammatory markers have been found to be elevated in these patients

with systemic illness, including IL‐6, IL‐2, IL‐7, TNF‐α, IFN‐γ, gran-
ulocyte‐colony stimulating factor (G‐CSF), C‐reactive protein (CRP),

procalcitonin and ferritin.2 Several mechanisms of cardiac injury have

been proposed. First, it has been hypothesized that SARS‐CoV‐2 can

cause direct myocardial injury by entering human cells via binding

with the angiotensin‐converting enzymes 2 (ACE2) receptor on cell

membrane. Subsequently, this can lead to acute myocardial injury by

affecting the neurohumoral pathways of the cardiovascular sys-

tem.7,8 The virus may also increase myocardial metabolic demand in

the setting of systemic infection and hypoxia, leading to oxygen

supply‐demand mismatch and acute myocardial injury. Additionally,

systemic inflammation caused by increased levels of pro‐inflamma-
tory cytokines may also cause multi‐organ failure, including the

heart.9,10 Furthermore, severe illness caused by the virus can lead to

significant electrolyte abnormalities, predisposing the patient to

cardiac arrhythmia.11 Increased coronary blood flow and systemic

inflammation may also increase shear stress on the vascular endo-

thelium, increasing the risk of plaque rupture and thrombosis, leading

to acute myocardial infarction.12 Finally, COVID‐19 is associated

with a hypercoagulable state. Case reports have found positive anti‐
cardiolipin IgA and anti–β2‐glycoprotein I IgA and IgG antibodies in

patients tested positive for the infection who suffered multiple in-

farcts.13–15

3 | CARDIAC MARKERS AND PROGNOSIS

Elevation of cardiac markers are common among patients with

COVID‐19, and several cardiac markers have been found to be helpful
in predicting prognosis in these patients. A study conducted inWuhan,

China, including 273 COVID‐19 patients, found that increased serum

levels of creatinine kinasemyocardial band (CK‐MB),myosin, ultra‐TnI
and N‐terminal (NT)‐pro hormone BNP (NT‐proBNP) correlated

directly with increased disease severity and case‐fatality rate.16 High‐
sensitivity cardiac troponin (s‐cTn) level has also been found to be

independently associated with mortality. In a cohort study of 191

patients with COVID‐19, the univariable odds ratio formortality when
s‐cTnI concentrationswere above the 99th percentile upper reference
limit was 80.1 (95% confidence interval [CI] 10.3–620.4, p < 0.0001).

This odds ratio was higher than those of all other biomarkers tested,

including D‐dimer.9 Additionally, a separate study including 416

patients hospitalized for COVID‐19 found that patients with

elevated troponin on presentation are more likely to require invasive

or non‐invasive ventilation (22% vs. 4% and 46% vs. 4%), to develop

acute respiratory distress syndrome (ARDS; 59% vs. 15%) or acute

kidney injury (9% vs. 0%, p < 0.001 for all). The mortality was also

10‐fold higher in those with elevated markers indicating cardiac

injury on presentation (51%vs. 5%), adjusted hazard ratio 3.41 (95%CI

1.62–7.16).17 However, while the rise of cardiac enzymes has been

associated with worse prognosis, it is worth noting that presence of

cardiac markers is fairly non‐specific in COVID‐19 patients and is

expected to be elevated in both non‐ischemic and ischemicmyocardial
injury. This has been identified as pathophysiologic basis of acute

cardiac injury in COVID‐19 patients, with non‐ischemic injury (sec-

ondary to cytokine storm, stress cardiomyopathy, viral myocarditis, or

hypoxia induced cardiac myocyte death) being the predominant

mechanism.18 Abnormal troponin, in particular, has been found in

more than half of the patients diagnosed with COVID‐19. Thus, clini-
cians are only advised to measure troponin if acute myocardial

infarction is suspected; abnormal troponin alone should not be

considered evidence of acute myocardial infarction without other

corroborating clinical evidence.19

4 | ACUTE MYOCARDITIS

Myocarditis/myopericarditis in COVID‐19 patients have been

reported in case reports or case series. In a case series including 150

hospitalized patients in Wuhan, China, 7% of deaths were attribut-

able to myocarditis and associated circulatory failure, while in 33% of

these cases myocarditis were thought to play a role, if not directly

causal for the patients' demise.20 However, despite increasing

number of case reports, the true prevalence of COVID‐19 myocar-

ditis remains unknown.21 Presenting symptoms are broad and non‐
specific, including fatigue, chest discomfort, dyspnoea, heart failure as

well as fulminant myocarditis with hemodynamic instability.22–33

Patients are often found to have ST‐T wave changes on electrocar-

diogram or diffuse ST‐segment elevation mimicking ST‐elevation
myocardial infarction (STEMI), as well as increased levels of cardiac

enzymes, such as NT‐proBNP and high‐sensitivity troponin T. Echo-

cardiogram may demonstrate left ventricular or biventricular systolic

dysfunction, with or without regional wall motion abnormalities.

Inversion recovery and T2‐mapping sequences on cardiac magnetic

resonance imaging (MRI) can show marked biventricular myocardial

interstitial edema, with diffuse late gadolinium enhancement

involving the entire biventricular wall.22–25 Autopsy studies have

suggested pathological evidence of myocarditis in these patients. In

the first autopsy series in the United States including four patients

who expired from COVID‐19, cardiomegaly was found to be a salient
feature. While sections of the myocardium did not show large area of

necrosis, cardiac histopathology did show scattered individual cell

myocyte necrosis in each heart examined. In rare areas, lymphocytes

were found adjacent to the degenerating myocytes. The clinical sig-

nificance of these pathologic findings is not immediately clear but

may represent early manifestation of viral myocarditis.34 Treatment

regimen for patients with suspected acute myocarditis/pericarditis

from COVID‐19 varied from case to case. Use of standard guideline‐
directed heart failure regimen, inotropes, antiviral medications

(lopinavir/ritonavir), steroids, chloroquine, or mechanical circulatory

support devices have been reported.26–33
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5 | ACUTE CORONARY SYNDROME

Acute coronary syndrome (ACS) secondary to acute myocardial

ischaemia must be distinguished from other forms of acute cardiac

injury. Because cardiac manifestations of COVID‐19 are variable,

mimickers of ACS like acute myocarditis/pericarditis, stress cardio-

myopathy or coronary artery spasm can often add to the diagnostic

dilemma.7 The systemic inflammation and catecholamine surge

caused by COVID‐19 also increases plaque vulnerability and

rupture.7,35 In a case series conducted by Bangalore et al., 18 patients

with COVID‐19 with ST‐segment elevation on electrocardiogram

indicating potential acute myocardial infarction were studied.36

Among these patients, 10 had ST‐segment elevation on presentation,
while the other 8 patients developed ST‐elevation during hospitali-

zation. Nine patients underwent coronary angiography, of whom 6

had obstructive disease, and 5 underwent percutaneous coronary

intervention (PCI). It is worth noting the high prevalence of non‐
obstructive disease on coronary angiography, possibly secondary to

coronary spasm, microthrombi, hypoxic injury, or direct endothelial

injury. The prognosis among these patients were poor, with 13

patients having in‐hospital mortality.36 There was also one case

report of spontaneous coronary artery dissection in France in a pa-

tient with COVID‐19 presenting as ACS.37 In light of the pandemic,

cardiology societies of the United States and other countries have

proposed guidelines regarding triage, management, and utilization of

the cardiac catheterization laboratories, which will be explored

further in the following sections.

6 | CONGESTIVE HEART FAILURE AND
CARDIOGENIC SHOCK

Development of new onset heart failure or cardiogenic shock have

also been reported in patients with COVID‐19. In a cohort study

including 191 hospitalized COVID‐19 patients in Wuhan, China, 44

(23%) developed new onset heart failure.9 In a separate case series

involving 21 patients admitted to the intensive care unit (ICU), car-

diomyopathy developed in 7 (33%) of the patients,38 and heart failure

was more common among those who did not survive the

hospitalization compared to those who survived (51.9% vs. 11.7%).

Additionally, right‐sided heart failure can develop in the setting of

concomitant lung disease as well as acute respiratory distress syn-

drome.39 Cardiogenic shock secondary to COVID‐19 has been

described in isolated case reports. For instance, there is a case report

of a 68‐year‐old patient with confirmed COVID‐19 infection who

presented with flu‐like illness then rapidly degenerated into ARDS

and cardiogenic shock requiring venous‐arterial extracorporeal

membrane oxygenation (ECMO) and mechanical ventilation. Endo-

myocardial biopsy in this patient demonstrated myocardial inflam-

mation as well as viral particles.40 Given that COVID‐19 patients

commonly present with pneumonia and ARDS, it is sometimes difficult

to differentiate pulmonary edema from cardiogenic shock from

ground glass opacities as a result of ARDS. Clinical presentation,

laboratory markers such as BNP, echocardiography, or right heart

catheterization in selected cases to determine cardiac output and

filling pressures may be helpful in distinguishing the two and guide

clinical decision making.41,42 Ascertaining whether the patient has a

cardiogenic shock component is important, especially in selection of

veno‐venous versus veno‐arterial ECMO cannulation for the critically

ill patients. Regardless, the prognosis in these patients remain poor. In

a case series of COVID‐19 patients with cardiogenic shock supported
by ECMO, 83.3% (5/6) of the patients did not survive.39,43 More data

is needed regarding the role of ECMO in COVID‐19 patients.

7 | CARDIAC ARRHYTHMIAS

Atrial and ventricular arrhythmia are common among patients with

COVID‐19. In a study including 138 hospitalized patients with

COVID‐19, cardiac arrhythmia was reported in 16.7% of hospitalized

and 44.4% of ICU patients.44 In a different study including 187

hospitalized patients with COVID‐19, ventricular tachycardia/ven-

tricular fibrillation was found in 5.9% of patients (11/187). In addi-

tion, patients with elevated troponin levels developed more frequent

malignant arrhythmias (6 patients [11.5%] vs. 7 patients [5.2%]),

including ventricular tachycardia/ventricular fibrillation, compared to

patients without elevated troponin.45 Atrial and ventricular

arrhythmia have also been reported in association with fulminant

myocarditis with cardiogenic shock.25,39 Furthermore, there had

been anecdotal reports and experiences of patients developing car-

diopulmonary arrest with pulseless electrical activity or ventricular

fibrillation during recovery phase of acute pulmonary illness. Based

on these findings, the Heart Rhythm Society, American College of

Cardiology Electrophysiology Council and American Heart Associa-

tion Electrocardiography and Arrhythmias Committee published a

joint statement addressing the issues facing electrophysiologists

during the pandemic. The statement recognized that improved un-

derstanding of this condition is important in guiding the need for

additional arrhythmia monitoring, such as mobile cardiac telemetry

post discharge and whether an implantable cardioverter defibrillator

is warranted in those with impaired left ventricular systolic function

secondary to COVID‐19.46

8 | IMPACT OF SOCIAL DISTANCING AND
SELF‐QUARANTINE

Self‐quarantine and shelter‐at‐home orders in response to COVID‐
19 pandemic have also played an adverse role in the cardiovascular

outcomes of patients. Dramatic reduction in physical activity because

of the shelter‐at‐home order is seen. The lock‐down has had effects

not only on individuals who routinely performed recreational sports

but also for individuals who commuted to work by walking or cycling.

Fitbit data showed that the severity of decline in steps varied country

by country. The United States had a 12% decline in steps count, and

the European countries had decline in steps count ranging from 7% to
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38%, during the week ending 22 March 2020.47 The reduction in

physical activity in turn can lead to development of insulin resistance,

decreased muscle mass, bone loss, decreased aerobic capacity,

worsening hypertension, and dyslipidaemia. Additionally, as weight

gain has been reported during extensive leave‐periods in the past, it

has been hypothesized as one of the adverse consequences of the

current pandemic, driven by physical inactivity, unhealthy diet, and

prolonged television viewing. Social isolation and depression can also

amplify the burden on the cardiovascular system.48,49 On a societal

level, as most hospitals have suspended elective procedures and

admissions, there has been a significant drop in access to emergency

department (by 30% in Milan) and a up to 50% decrease in the

incidence of non‐ST‐elevation myocardial infarction cases reported in
some regions of the world. The emphasis on prevention and early

recognition of chest pain symptoms might be lost in the pandemic,

resulting in deleterious delay in care, and late presentations with

more advanced disease process on arrival.50–52

9 | EFFECT ON THE RENIN‐ANGIOTENSIN
SYSTEM

ACE2 plays an important role in the renin‐angiotensin system (RAS)

and have been long established to play a critical role against heart

failure with reduced ejection fraction, myocardial infarction, hyper-

tension and diabetes. The ACE2 receptor is widely expressed in the

human body, including the cardiovascular system, lungs, gastroin-

testinal tract, kidneys, central nervous system and adipose tissues.53

More recently, controversy has arisen regarding the role of ACE2

receptor in patients infected with COVID‐19, as ACE2 also acts as

the cellular receptor for SARS‐CoV‐2. Infection occurs when SARS‐
CoV‐2 spike proteins bind to the ACE2 receptor. ACE2 receptors can

be upregulated by the use of renin‐angiotensin‐aldosterone system

inhibitors in different organs and tissues, including heart, kidney and

aorta, in rodent models.54,55 Therefore, it has been hypothesized that

the use of angiotensin‐converting enzyme inhibitors/angiotensin II

receptor blockers (ACEI/ARB) in COVID‐19 patients may lead to

more severe infection and harmful effects.5,56–58 However, this hy-

pothesized harmful effect has not been corroborated in humans so

far. In a retrospective, multi‐center study including 1128 adult hos-

pitalized patients with hypertension diagnosed with COVID‐19 (188

patients taking ACEI/ARB and 940 patients without taking the

medicine), all‐cause mortality was found to be lower in the ACEI/ARB
group after adjusting for age, gender, co‐morbidities, and in‐hospital
medications.59 In a separate single‐center case series involving 1178
patients with COVID‐19, the percentage of severe and non‐severe
infections (32.9% vs. 30.7%, p ¼ 0.65), and the percentage of non‐
survivors and survivors (23.7% vs. 33.0%, p ¼ 0.34) did not differ

significantly between the group of taking ACEI/ARB and those who

were not on the medications, suggesting that ACEI/ARB are not

associated with severity or mortality of COVID‐19 in such patients.60

Thus, both the American and European Societies of Cardiology have

published statements expressing that RAS inhibitors are safe and

should be continued in patients with COVID‐19 infections according

to established guidelines.61,62

10 | CATH LAB PROTOCOLS AND
CONSIDERATIONS

Cardiac catheterization during the pandemic poses a unique

challenge to healthcare professionals. Timely intervention must be

balanced against adequate screening of patients for COVID‐19 and

proper protection of healthcare personnel. Groups from different

regions of the world have published protocols regarding the

screening, triage, revascularization choice in patients with suspected

or confirmed COVID‐19, as well as personnel protection,

environmental engineering and administrative control measures.63–65

Professional societies have provided guideline recommendations

regarding patient selection for catheterization procedures as well as

resource allocation and protection of healthcare workers (Figure 1).

The guideline recommends that most elective procedures (such as

coronary angiography for stable ischemic heart disease) should be

deferred, though what is truly elective requires clinical judgment.

While China has published a report on protocols using fibrinolytic

therapy in patients with STEMI,66 this remains a controversial subject

in the United States, where PCI is the primary method of

revascularization. Fibrinolysis can be considered in relatively stable

STEMI patients with advanced COVID‐19. In patients with STEMI

who requires PCI, proper personal protective equipment (PPE)

(including gown, gloves, goggles, and N95 masks) must be worn.

Powered air purifying respirator (PAPR) is reasonable in patients who

require cardiopulmonary resuscitation (CPR), intubation or those

who were vomiting. For most patients presenting with non‐ST‐
elevation CPR myocardial infarction (NSTEMI), diagnostic testing for

COVID‐19 should be performed prior to cardiac catheterization to

allow a more informed decision regarding infection control. Unstable

NSTEMI patients, however, should be considered under the STEMI

umbrella. As for resource allocation, guideline recommends shift‐
based allocation of staff/physicians, with separation of individuals

with overlapping skillsets. Additionally, pulmonary artery catheter

placement, pericardiocentesis, and intra‐aortic balloon pump inser-

tion could be considered for bedside performance to limit infectious

risk of transporting patient from wards to the catheterization lab.67

11 | REFERRAL FOR STRUCTURAL PROCEDURES

Challenges in caring for patients with structural heart disease in the

usual fashion have ensued from the pandemic caused difficulties in

effectively triaging these patients. As a result, the American College

of Cardiology (ACC) and the Society for Cardiovascular Angiography

and Interventions (SCAI) published a joint statement to provide a

framework for triaging and intervention on patients with structural

heart disease, especially those in need of trans‐catheter aortic valve
replacement (TAVR) and percutaneous mitral valve repair (Figure 1).
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With regards to TAVR, the urgency of procedure is dictated by

severity of symptoms associated with aortic stenosis (AS). The

statement recommends that it is reasonable to schedule TAVR for

inpatients with severe to critical symptomatic AS associated with

class III or IV heart failure symptoms or syncope. For patients with

minimally symptomatic (NYHA Class I–II CHF) severe‐to‐critical AS,
it is reasonable to consider either urgent TAVR or close outpatient

virtual monitoring by a valve coordinator. For patients with

asymptomatic severe to critical AS, TAVR should be postponed until

hospital operations return to normal. Additionally, the majority of

TAVR procedures should be performed with moderate sedation, and

most patients should not require ICU level care after the procedure.

This is important in conserving critical care beds for the critically ill

patients, especially in parts of the country most hard‐hit by the

pandemic. With regards to mitral valve procedures, the committee

determined that most edge‐to‐edge repair of mitral valve can be

safely deferred. The procedure should be considered in inpatients

with severe functional mitral regurgitation (FMR) or degenerative

mitral regurgitation (DMR) who cannot be safely discharged despite

goal‐directed medical therapy (GDMT) and those with congestive

heart failure, outpatients with severe FMR or DMR with hospitali-

zation within 30 days despite GDMT, or patients with severe DMR or

FMR who are in low‐output, decompensated heart failure requiring

ICU level care where edge to edge repair might improve the

hemodynamics of the patient. On the other hand, transcatheter

mitral valve in valve replacement and paravalvular leak closure

procedures are resource‐intensive and should be deferred until the

pandemic has resolved, provided that such patients can be safely

managed with medical therapy in the meantime. Other commonly

performed structural heart disease interventions, such as patent fo-

ramen ovale (PFO) closure, atrial septal defect (ASD) closure, left

atrial appendage (LAA) closure and alcohol septal ablation for hy-

pertrophic cardiomyopathy, are rarely urgent and should be deferred

until the resolution of the pandemic when deemed medically safe.68

12 | ECHO LAB CONSIDERATIONS

In light of the COVID‐19 outbreak, the American Society of

Echocardiography (ASE) has also published a statement to help

address triaging and clinical decision making for COVID positive

patients. On a bird's eye view, it is recommended that all echocar-

diographic (transthoracic echocardiograms, stress echocardiogram

and transesophageal echocardiogram [TEE]) indications be reviewed

to identify ‘non‐elective or urgent/emergent indications.’ All others

should be deferred. Specifically, TEE carries a heightened risk for

spread of SARS‐CoV‐2 because it provokes aerosolization of large

amount of virus due to coughing or gagging during the procedure.

F I G U R E 1 Summary of the major clinical decision branching points for triaging coronary and structural procedures during the coronavirus
disease of 2019 pandemic. AS, aortic stenosis; CAD, coronary artery disease; DMR/FMR, degenerative/functional mitral regurgitation; GMDT,
goal‐directed medical therapy; HF, heart failure; NSTEMI, non‐ST‐elevation myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST‐elevation myocardial infarction; TAVR, transcatheter aortic valve replacement
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Cautious consideration of benefit versus risks of exposure to

healthcare personnel should be weighed for every TEE request.

Alternative modalities (such as use of contrast enhanced computed

tomography or MRI) should also be considered when appropriate,

such as for evaluation of left atrial appendage thrombus prior to

cardioversion. Similarly, treadmill or bicycle echocardiographic tests

in patients with COVID‐19 also increase risk of exposure to health-

care personnel due to deep breathing and/or coughing during exer-

cise, and therefore should generally be deferred. Alternatively, a

pharmacologic stress echocardiogram could be performed if it will

change clinical management. Location of the echocardiographic

procedure should be carefully chosen. For example, imaging patients

with suspected or confirmed COVID‐19 status in their isolation

rooms might help prevent spread of disease to other parts of the

hospital. For outpatient procedures, a separate room or separate

machine maybe set aside for suspected or confirmed COVID‐19
patients. As for imaging protocols, a focus point‐of‐care cardiac

ultrasound (POCUS) performed at bedside by clinicians who are

already taking care of these patients might be effective for

identifying important cardiac abnormalities and assessing cardiac

contribution to overall disease process, all without exposing others or

utilizing additional resources. POCUS images could also be saved and

interpreted remotely by other practitioners if needed.

Echocardiographic protocols should be as focused as possible to

answer the clinical questions without need to return for further

images, and scan time should be minimized by excluding students or

novice practitioners from performing imaging.69

13 | TREATMENT CONSIDERATIONS

Many medications have been trialed in COVID‐19 positive patients

with hope to improve outcomes. However, many of these medica-

tions have considerable cardiovascular side effects. Among these

are the anti‐viral medications (ribavirin and lopinavir/ritonavir),

whose potential cardiac side effects (with incidence >0.01%) include
tachycardia, myocardial infarction, cardiomyopathy, arrhythmia,

hypo‐ or hypertension, vasculitis, deep vein thrombosis, ischemic

events, atrial ventricular block. Lopinavir/Ritonavir is also known to

increase the concentration of anti‐arrhythmic medications such as

amiodarone, dronedarone. Glucocorticoids have also been used to

treat COVID‐19 positive patients. Glucocorticoids such as methyl-

prednisolone can cause fluid retention, hypertension as well as

electrolyte disturbances. Other medications studied, including

biologics such as (eculizumab and tocilizumab) and immunosup-

pressive agents, have been reported to cause bradycardia, atrial

ventricular block as well as hypertension.50 Specifically, the use of

hydroxychloroquine (HCQ) in COVID‐19 positive patients has

garnered wide‐spread interest. HCQ is known to block Kv11.1

(HERG) and induce prolong QT, thus predisposing the patient to

malignant arrhythmia such as torsade de points.70,71 However,

studies have found that these arrhythmic toxicities are mostly

encountered in chronic use with multiple concomitant QT pro-

longing agents, metabolic abnormalities, renal insufficiency, as well

as medication overdose.72,73 Because the use of HCQ in COVID‐19
has relatively short duration, the risk of developing significant

T A B L E 1 Summary of notable cardiovascular side effects of medications used to treat coronavirus disease of 2019

Medications Cardiovascular side effects

(A) Anti‐viral medications

Ribavirin Chest pain (5%–9%), flushing (3%–4%)

Lopinavir/Ritonavir Vasodilatation (<3%), atrial fibrillation (<2%), second‐ and
third‐degree AV block (<25), bradycardia (<2%) and deep vein thrombosis (<2%)

Remdesivir Under‐investigation for coronavirus disease of 2019, safety

and efficacy not yet established

(B) Glucocorticoids

Methylprednisolone Bradycardia, arrhythmias, heart failure, edema, hypertension, syncope, thromboembolism

(C) Anti‐malarial drugs

Hydroxychloroquine Cardiomyopathy, prolonged QT intervals, torsade de pointes,

ventricular arrhythmias

(D) Macrolide antibiotics

Azithromycin Chest pain (<1%), palpitations (<1%), cardiac arrhythmias, QT
prolongation, torsades de pointes, ventricular tachycardia

(E) Biological drugs

Eculizumab, tocilizumab Bradycardia, Atrioventricular block, hypertension

Notes: Frequencies of the side effects, when known, are noted in the table. QT interval denotes the time period from the start of Q wave to the end of

the T wave on an electrocardiogram.
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arrhythmia is relatively low. Special precautions should be consid-

ered, however, in patents with (1) known congenital long QT syn-

drome; (2) severe renal insufficiency; (3) concomitant QT prolonging

medications; and (4) significant electrolyte imbalances (hypomag-

nesemia and hyper‐ or hypokalaemia). In patients with CrCl <10
mL/min, HCQ dose should be reduced by 50%, and any significant

electrolyte abnormalities should be corrected prior to administra-

tion of the medication. Additionally, it is also reasonable to

temporarily stop class III anti‐arrhythmic while the patient is on

HCQ. Electrocardiogram monitoring should also be considered as an

additional precautionary step.46,74 Azithromycin, a macrolide and

frequently used antibiotic, has pro‐arrhythmic properties, with

epidemiologic studies estimating over 47 cardiovascular deaths

presumed arrhythmic per 1 million completed courses.75,76 The data

evaluating the pro‐arrhythmic effect of chloroquine and azi-

thromycin combination is limited. However, an in vivo study has not

shown synergistic arrhythmic effect of azithromycin with or without

chloroquine.77 Cardiovascular side effect of the above‐mentioned
medications are summarized in Table 1.

14 | CONCLUSION

In summary, the ongoing COVID‐19 pandemic poses an almost un-

precedented challenge to the healthcare community. The infection

can lead to a variety of complex cardiovascular complications and has

caused significant morbidity and mortality to numerous patients. It is

important for healthcare providers to be familiar with these cardiac

manifestations, diagnostic criteria as well as management consider-

ations in order to provide timely and adequate care to patients.

However, much remains to be learned about this novel virus and its

clinical presentations, as well as options in prevention and treatment.

As the medical community gains more experience with COVID‐19,
information and best‐practice experiences should be shared in a

timely manner.
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