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As the severe acute respiratory syndrome coronavirus 2 virus pandemic continues to grow globally, an association is apparent 
between patients with underlying cardiovascular disease comorbidities and the risk of developing severe COVID-19. 
Furthermore, there are potential cardiac manifestations of severe acute respiratory syndrome coronavirus 2 including myocyte 
injury, ventricular dysfunction, coagulopathy, and electrophysiologic abnormalities. Balancing management of the infection 
and treatment of underlying cardiovascular disease requires further study. Addressing the increasing reports of health care 
worker exposure and deaths remains paramount. This review summarizes the most contemporary literature on the relationship 
of the cardiovascular system and COVID-19 and society statements with relevance to protection of health care workers, and 
provides illustrative case reports in this context. (Am Heart J 2020;226:174-87.)
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) appears to have emerged from Wuhan,
China, in December of 2019 and has now resulted in
pandemic spread. As of May 14, 2020, this virus has
resulted in more than 4.4 million documented infections
and has exceeded 300,000 deaths worldwide.1 The SARS-
CoV-2 virus, although structurally similar to SARS-CoV-1
and Middle East respiratory syndrome (MERS)-CoV, has
unique properties distinct from the other coronaviruses
and spreads the disease known as COVID-19.2 ,3 This
illness can be fatal in those with and without comorbid
conditions. It is particularly deadly in vulnerable popula-
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tions such as the elderly and individuals with comorbid-
ities and in exposed health care workers (HCWs).4

Mortality is often attributed to progressive pulmonary
failure with the development of acute respiratory distress
syndrome (ARDS). There are increasing reports of cardiac
involvement of COVID-19, ranging from myocyte bio-
marker elevation, electrocardiographic abnormalities,
myocardial dysfunction, and arrhythmias.5-8 With the
increasing number of cases, an association is apparent
between underlying cardiovascular disease (CVD) co-
morbidities and risk of developing severe COVID-19. This
article will summarize the most contemporary literature
on the relationship of the cardiovascular system and
manifestations of COVID-19 and society statements
addressing HCW safety, and provide illustrative case
reports relevant to the topics discussed. The summary of
key takeaways from this article is shown in Table I.
Cardiac relevance of SARS-CoV-2
infection
Established CVD and incident cardiac abnormalities are

both of relevance in the context of infection with SARS
and “SARS like” RNA viruses. A systemic analysis of 637
MERS patients demonstrated that 50% of cases had
significant risk factors (diabetes and hypertension) for
CVD and 30% had established cardiac diseases.9,10 In
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Table I. Summary of key takeaways for COVID-19 and CVD

Topic Key takeaways

Role of established CVD
and comorbidities

• The overall SARS-CoV-2–infected population is young with low rates of comorbidities compared to the general population.
• Those patients with a severe clinical course from COVID-19 are often older and have diabetes, hypertension, underlying lung
disease, or baseline CVD.
• In-hospital outcomes appear worse as the number of comorbid conditions increases.

Elevation of cardiac
injury biomarkers

• Evidence of myocardial injury in the form of troponin elevation is common in patients hospitalized with COVID-19.
• The prevalence of troponin elevation appears to increase with disease severity.
• Biomarker elevation may be present without underlying obstructive CAD.
• The presence of troponin elevation is an independent predictor of mortality for inpatients.

Ventricular dysfunction
and myocarditis

• Frank ventricular dysfunction and myocarditis appear to be infrequent when compared to troponin elevation.
• The true incidence of ventricular dysfunction appears unclear.
• In cases of shock with ventricular failure and/or in refractory pulmonary failure, VA and VV ECMO, respectively, may play a role.

Thrombotic events • Elevation of D-dimer levels is common in patients with COVID-19.
• Both macro- and microvascular coagulopathies have been described.
• Macrovascular thrombosis in arterial and venous beds is a concern in these patients, and the use of anticoagulation has been
associated with improved outcomes in one observational study.

Electrophysiologic
manifestations

• Diffuse or focal ST-segment elevation can be seen in COVID-19 patients.
• The ST-segment elevation can be present even without obstructive CAD.
• New-onset supraventricular arrhythmias including atrial fibrillation and flutter are described.
• Early interest in the combination therapy of azithromycin and hydroxychloroquine has been tempered by
negative observational data. This combination of drugs has been associated with QT interval prolongation and TdP.
• Given that fever is central symptom of COVID-19, unmasking or manifestation of Brugada syndrome is a concern in relevant
patients.

Controversy regarding
ACEi and ARB use

• There are theoretical paradigms which propose harm or benefit for the use of RAS blockade in the context of COVID-19.
• The data to date suggest no increase in SARS-CoV-2 viral positivity in patients based on baseline RAS blockade use.
• Most retrospective analyses suggest no deleterious impact of RAS blockade on outcomes in patients with COVID-19.

Protection of HCWs • The shortages of PPE during the initial period of the pandemic have been well documented and contributed to the deaths
of many HCWs.
• Although cardiac catheterization is typically not an aerosol-generating procedure, the potential need for CPR or intubation
exists—especially in acutely ill patients. The use of PPE for the staff including covering for the head, eyes/face, and body and
N95 masks appears as a common recommendation in societal consensus documents for patients with documented and those at
risk of SARS-CoV-2.
• Treatment delays for ACS (particularly STEMI) on the part of patients fearing exposure and on the health care system related to
need for more thorough patient evaluation have been noted. Time delays related to staff donning of PPE and room preparation
may be present.
• Consensus recommendations still emphasize a goal of minimizing total ischemic time in patients with STEMI. Primary PCI
when performed safely (for the staff and patients) remains the reperfusion therapy of choice.
• Transesophageal echocardiography risks the performing team to exposure, and PPE along with risk/benefit
of the study should be considered. CT imaging may provide an alternative imaging modality for specific anatomical and
clinical subsets.
• CPR is a high-risk procedure in patients with COVID-19. Emphasis on aggressive PPE protection and early defibrillation
(prior to chest compressions) has been recommended.

Abbreviations: VA (veno‐arterial), VV (veno‐venous), ECMO Extracorporeal membrane oxygenation, CVD Cardiovascular disease, RAS Renin angiotensin system, PPE personal
protective equipment, ACS Acute coronary syndrome, STEMI ST segment elevation myocardial infarction.
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patients with confirmed SARS, diabetes was an indepen-
dent predictor for both morbidity and mortality.9 ,11

MERS has been associated with troponin elevations and
the acute development of myocarditis and congestive
heart failure.12 Further, new-onset and reversible sub-
clinical left ventricular (LV) diastolic dysfunction was
commonly seen during acute SARS infection, suggesting
that LV impairment in the acute phase could be attributed
to the inflammatory and cytokine storm induced by acute
viral infection.13 The cytokine storm syndrome is
characterized by an uncontrolled immune response due
to continuous activation and proliferation of lymphocytes
and macrophages. Similar evidence is emerging that
patients with severe COVID-19 have evidence of cardiac
injury and elevated levels of inflammatory markers, such
as C-reactive protein, procalcitonin, and leukocytes.14

This increased cytokine milieu may be contributory to the
clinical findings in COVID-19 patients.15-17

Established CVD and comorbidities in
patients with COVID-19
The current COVID-19 literature is significantly limited

by inconsistent data reporting, variable definitions of
CVD, and study data overlap.18 SARS-CoV-2–infected
patients are mostly young (b65 years of age) with low
rates (compared to pre–COVID-19 population data) of
established CVD, diabetes, hypertension, or cerebrovas-
cular disease.19 ,20 A severe clinical course such as
requiring intensive care or intubation, or progressing to
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ARDS is more common in older individuals and those
with multiple underlying comorbidities.21 Similarly,
mortality rates are consistently higher in older patients
who have age-associated increases in CVD risk factors.21

An analysis limited to fatal cases of COVID-19 from the
Chinese health authorities demonstrated a mean age of
70.6 years with a prevalence of 26.2% for diabetes, 40.5%
for hypertension, and 23.3% for established CVD or
cerebrovascular disease.22 The specific contribution of
established coronary heart disease (CAD), prior myocar-
dial infarction (MI), or pre-existing heart failure (HF) as
direct causative factors to adverse outcomes remains
unclear. A publication by Wu et al described the
characteristics of 201 patients with SARS-CoV-2 pneumo-
nia who required admission to the hospital.21 In this
study, risk factors for development of ARDS were older
age (median 58.5 vs 48.0 years), presentation with higher
fevers, male gender, and the presence of hypertension
and diabetes. Patients who died were significantly older
than those who lived (median 68.5 vs 50.0 years) with
numerically higher rates of hypertension and diabetes.
The largest Chinese analysis of CVD and mortality was
obtained by examination of more than 44,000 confirmed
cases of COVID-19 from China's Infectious Disease
Information System.23 Those who died were older with
an age-associated rise in mortality—exceeding 30% death
rate in patients more than the age of 60 years. Mortality
was also associated with diabetes, hypertension, and pre-
existent CVD. Although distribution between genders
was similar, mortality rate was higher in men versus
women. Importantly, the case fatality rate was markedly
increased by comorbidities: 0.9% for those without risk
factors and 10.5%, 7.3%, and 6.0% for those with
established CVD, diabetes, or hypertension, respectively.
Beyond China, relevant data are now emerging from the

United States and Italy. In one of the earliest published
reports from a single hospital in Washington State, Arentz
et al described the characteristics of 21 SARS-Cov-2–
infected patients treated in the ICU and demonstrated an
overall clinical profile similar to the Chinese experience.24

Subsequent to this publication, more robust evidence from
the United States is now available.24-27 A key limitation of
the broader COVID-19 literature is a lack of granular
information about CVD details—specifically of CAD.
Advancing our understanding of these conditions in this
context, Richardson et al and Goyal et al reported patient
characteristics and outcomes from the Northwell Health
System and from2hospitals inNewYorkCity, respectively.
In the former data set, CADwas present in 11.1% (andHF in
6.9%) of patients, whereas in the latter analysis, CAD was
present in 13.7% of all individuals.25,26

As of the submission of the present manuscript, there have
been more than 1.7 million cases and more than 100,000
deaths from COVID-19 in the United States. Reflecting data
up to May 30, 2020, an analysis of 1,320,488 COVID-19 cases
in the United States was reported by the Centers for Disease
Control and Prevention (CDC). Of these, 287,320 (22%) had
information on clinical characteristics and risk factors
published in the CDC's Morbidity and Mortality Weekly
Report.20 Nearly 22% of all of these patients had at least 1
comorbid condition, most commonly CVD (92,546 patients,
32.2%) diabetes mellitus (86,737 patients, 30.2%), and
chronic lung disease (50,148 patients, 17.5%). Furthermore,
hospitlizationswere six timeshigher inpatientswith at least 1
underlying condition compared to patients without any
reportedunderlying condition (45.4%vs 7.6), ICUadmissions
were increased (8.5% vs 1.5%) and deathwas 12 times higher
compared topatientswithout co-morbidities (19.5%vs 1.6%).
The Italian experience provides additional support to the

themes highlighted above for China and the United States.
An analysis of 3,200 mortality cases from 19 regions in Italy
as of March 20, 2020, demonstrated that patient deaths
were largely in older individuals with on average 2.7
comorbidities.28 Overall, 1.2% of the deceased patients
presented with no comorbidities, 23.5% with 1 comorbid-
ity, 26.6% with 2, and 48.6% with 3 or more. With respect
to CVD risk factors, ischemic heart disease was present in
30.1%, atrial fibrillation in 22.0%, stroke in 11.2%,
hypertension in 73.8%, and diabetes in 33.9% of patients.
Comparable data were also published from the Lombardy
ICU Network which included 1,591 critically ill patients
(mean age 63 years) from 72 hospitals.29

A key point emphasized in theMorbidity and Mortality
Weekly Report is that the prevalence of underlying diseases
increases your risk of developing severe outcomes
including increased hospitalization(s), admission to the
ICU, and death.20 However, there appears to be an
important association between pre-existing health condi-
tions and the development of severe COVID-19 disease.
The specific mechanism and degree by which underlying
heart disease or diabetes impacts the clinical course of
COVID-19 patients remain to be determined.

Cardiovascular biomarker elevation in
patients with COVID-19
Multiple nonspecific laboratory and biochemical ab-

normalities have been described in COVID-19 patients,
including hypoalbuminemia, elevated C-reactive protein,
high lactate dehydrogenase, lymphopenia, and increased
erythrocyte sedimentation rate. Increasing evidence
suggests that a cytokine cascade or “storm” may play a
pathophysiological role in severe illness with increases in
interleukin-2, interleukin-6, granulocyte-colony stimulat-
ing factor, interferon-γ inducible protein 10, monocyte
chemoattractant protein 1, macrophage inflammatory
protein 1-α, and tumor necrosis factor-α.16,17

D-dimer elevation has also been described and appears
to be a common abnormality.19 Finding of an elevated D-
dimer level in the presence of overt sepsis and
disseminated intravascular coagulopathy has been report-
ed.30,31 The association between the severity of SARS-
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CoV-2 infection and D-dimer levels has been studied in
several retrospective studies from China. In a study of 140
patients investigating the severity of COVID-19 (with
severity defined based on the degree of hypoxemia and
respiratory rate), more severe patients had higher D-
dimer levels compared to nonsevere patients.32 Elevated
D-dimer levels may also be associated with the develop-
ment of ARDS. Furthermore, among patients with ARDS,
higher D-dimer levels appear to be related to an increase
in in-hospital mortality rate.31 In a cohort of 191 patients
from Wuhan, D-dimer levels greater than 1 μg/mL at
admission were associated with higher odds of in-hospital
death.31 The authors of this latter study speculated that
causative factors for D-dimer elevation included a
reflection of systemic inflammatory cytokine responses
and potentially induction of procoagulant factors—both
of which predispose to tissue ischemia and vascular
thrombosis. Coagulopathy and micro- and macrovascular
thrombosis have been described in patients with COVID-
19.33 Specifically, there are now numerous case reports
of thrombosis involving a diverse array of vascular beds.
Thrombus formation has been described in lower
extremity arterial and venous vessels, abdominal veins,
bypass grafts, coronary arteries, cerebral veins, pulmo-
nary arteries, large vessel cerebral and carotid arteries,
and small distal arteries with vaso-occlusive inflammatory
clots causing a chilblains-like presentation.34-41 Standard
of care venous thromboembolism prophylaxis for criti-
cally ill individuals with COVID-19 appears reasonable
with close monitoring of markers of coagulation and
blood counts. However, the tendency to develop
thrombotic events appears to be greater than what
would be expected from otherwise critically ill patients.
This concern is centered on the growing reports of clotting
coupled with common findings of abnormal coagulopathy
including elevated D-dimer, high lactate dehydrogenase,
prothrombin time and partiral thromboplastin time, and
frequent antiphospholipid positivity.42,43 Whether more
aggressive anticoagulation (AC) is warranted in COVID-19
patients remains an area of investigation.98 Paranjpe et al
examined data from 2,773 patients hospitalized with
COVID-19 (28% of whom received anticoagulation) at
Mount SinaiHospital inNewYork.44 Survivalwas greater in
the overall patient cohort and more so in those that were
mechanically ventilated (doubling of survival) with admin-
istration of systemic AC. More prolonged duration of AC
was also associated with a reduced risk of death (adjusted
hazard ratio of 0.86 per day, 95% CI 0.82-0.89, P b .001).
Bleeding events were not significantly elevated in the AC
group as compared to the non-AC group (3% vs 1.9%, P =
.20). These data provide important hypothesis generation
that aggressive AC may play a role in this disease. Figure 1
outlines a challenging case of thrombosis complicating the
clinical course of a COVID-19 patient.
Cardiac biomarker elevation is now being recognized

as a common occurrence in COVID-19. Complicating
clinical decision making is the need to differentiate
between an evolving acute coronary syndrome (ACS), a
type 2 non–ST-segment elevation myocardial infarction
(NSTEMI), and myocarditis. Infection with SARS-CoV-2
can cause new-onset myocardial dysfunction or trigger an
exacerbation of pre-existing CVD. One proposed mech-
anism of direct cardiac injury is via the severe cytokine-
induced inflammatory response described earlier which
could trigger unstable plaque rupture and coronary
thrombosis (type 1 NSTEMI). This process has been
documented in other viral illnesses such as influenza.45

Similarly, increased myocardial oxygen demand due to
inflammatory stress or frank sepsis can cause a type 2
NSTEMI seen with demand ischemia.
Myocardial injury, as evidenced by elevated troponin

levels, is associated with acute COVID-19 disease in several
studies. A single-center observational study from Wuhan,
China, found that 26% (36 of 138) of COVID-19 patients
treated in the ICU had significant elevation of cardiac
enzymes.46 The National Health Commission of China also
reported that 11.8% of patients who died of COVID-19
disease had elevation of troponin-I levels despite no prior
history of knownunderlyingCVD.47 In the earlyWashington
State experience from Evergreen Hospital, troponin eleva-
tion was present in 14% of patients admitted to the ICU.24

The central question is whether cardiac biomarkers have
predictive value for the clinical outcomes in COVID-19
patients. A meta-analysis of studies from China which
included 341 patients demonstrated that severe SARS-CoV-
2 infection was related to a larger rise in troponin levels as
compared to milder cases.48 A cohort study from Wuhan
that included 416 COVID-19 hospitalized patients with a
median age of 64 years found that 82 patients (19.7%) had
cardiac injury. This analysis demonstrated that patients
with myocyte injury with biomarker elevation had a
significantly higher mortality than those without cardiac
injury (51.2% vs 4.5%).14 Similar observations were seen in
anotherWuhan case series study of 187 inpatients ofwhom
27.8% hadmyocardial injury shown by elevated troponin T
(TnT) levels. Biomarker-positive patients had a higher
death rate compared to patients with normal TnT levels
(59.6% vs 8.9%).6 Patientswith elevated TnT levels also had
greater rates of malignant arrhythmias and more mechan-
ical ventilation as compared to patients with normal TnT
levels. This study also reported that the highest mortality
rates were seen in patients with elevated TnT levels with
underlying CVD compared to patients with elevated TnT
levels and no underlying CVD (69.4% vs 37.5%). It was also
demonstrated that TnT levels were associated with
increased C-reactive protein and NT-proBNP levels,
which implicate a link between myocardial injury and the
degree of systemic inflammation and ventricular stress.49 A
recent study of 671 patients in China demonstrated that
elevation of troponin I was independently predictive of
mortality with an area under the curve of 0.92 (CI 0.87-
0.96, sensitivity 0.86 and specificity 0.86), P b .001.50



Figure 1

Case Presenta�on #1

History
• A 66 year old man with no known coronary artery disease, a history of diabetes, and hypertension presented with sep�c shock and hypoxic respiratory 

failure. SARS-Cov-2 tes�ng was posi�ve. 
• The pa�ent was hemodynamically unstable requiring mul�ple vasopressor agents. 
• The troponin-I level was elevated at 6.32 ng/ml. 
• Other relevant laboratory tests included an elevated NTProBNP 16801 pg/ml and D-dimer >35.20 mcg/ml.
Electrocardiogram: Sinus rhythm with diffuse T wave inversions. 
Transthoracic echocardiography: LVEF 50-55%, RV mildly dilated and func�on moderately reduced. Ventricular septal fla�ening consistent with volume 
overload.
Lower extremity ultrasound: Mul�ple segments of acute deep venous thrombosis (DVT) were seen in bilateral lower extremi�es. Panel A and B.
Hospital course: The troponin rise was felt to be likely due to demand ischemia. Given DVTs and subtle RV overload, there was concern for pulmonary 
embolism(PE). A CTA to evaluate for PE was unable to be completed due to pa�ent instability. He was empirically given unfrac�onated heparin and 
thrombolysis with tPA. The pa�ent’s condi�on rapidly worsened and he expired due to hypoxia and shock.
Discussion Points:  Thrombosis is an emerging concern in pa�ents with COVID-19. D-dimer eleva�on is o�en seen and imaging for thrombosis should be 
considered. Obtaining a CTA to rule out PE may not be feasible in unstable pa�ents and clinical judgement should guide therapy.
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Thrombus

A case of deep venous thrombosis in a patient with COVID-19.
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Taken together, these studies strongly suggest that
myocardial injury can be precipitated by COVID-19
infection and is related to adverse outcomes.

Ventricular function and COVID-19
Frank ventricular dysfunction and clinical HF have also

been described. From the 191-patient case series from
Wuhan, the incidence of acute HF was 23% and
significantly higher among nonsurvivors (52% vs 21%).
31 Ruan et al in a review of 150 critically ill patients noted
that of 68 mortalities, the cause of death was reported as
cardiac damage and HF in 7% of patients and combined
respiratory failure and HF in 33% of patients.51 In the
early Washington State experience of 21 critically ill
patients, 7 (33%) developed new cardiomyopathy.24

The mechanisms of myocardial injury in COVID-19 are
likely multifactorial. Direct viral infection of the cardiac
muscle leading to myocarditis has been described.47 The
affinity of SARS-CoV-2 for the angiotensin-converting
enzyme 2 (ACE-2) receptor, which is abundantly found
in myocytes, may play a role in direct viral infection of the
myocardium.52 The infection can lead to focal or global
myocardial involvement, in some cases mimicking an ST-
segment elevation myocardial infarction (STEMI), and
may result in severe LV dysfunction.53,54 Noninvasive
imaging modalities may be helpful in evaluation of these
patients. Myocardial interstitial edema with diffuse late
gadolinium enhancement on cardiac magnetic resonance
imaging has been reported in SARS-CoV-2 myocarditis.53

The manifestation of myocardial involvement appears
highly variable, ranging from isolated troponin elevation
to autopsy-confirmed interstitial inflammation to frank
ventricular dysfunction and shock.55 Figure 2 outlines a
case example of biomarker elevation and LV dysfunction
in a SARS-CoV-2–infected patient. In patients with
isolated cardiac biomarker elevation or subclinical
ventricular dysfunction, there is no current consensus
on treatment. In patients with hemodynamic instability or
pulmonary failure, mechanical support may be required.
The mortality in COVID-19 patients who require me-
chanical ventilation is high, and venovenous (VV)
extracorporeal membrane oxygenation (ECMO) may
play a role in this condition. VV ECMO can be lifesaving
in patients with severe forms of ARDS.56,57 Beyond
pulmonary support, venoarterial (VA) ECMO may addi-
tionally be a relevant modality in patients with COVID
and shock. The Extracorporeal Life Support Organization
has an ongoing registry study looking at the use of and
outcomes for ECMO in COVID-19 patients. As of June
20th, 2020, this registry has 1,511 patients with
confirmed SARS-CoV-2 infection who have received
ECMO primarily for respiratory failure with a 56%
discharged-alive rate.46 The full outcome data from this
registry are not yet available. For reference, an overall
framework for the use of ECMO in COVID-19 patients has
been published by Pham et al.58

Electrocardiographic findings and ar-
rhythmias
Patients infected with the SARS-CoV-2 virus can

develop electrophysiologic manifestations ranging from
ST-segment changes to rhythm abnormalities with

Image of 


Figure 2

Case Presenta�on #2

History
• 64 year old female presented with chest discomfort, hypoxia and cardiogenic shock.
• SARS-Cov-2 tes�ng was posi�ve. The pa�ent was hemodynamically unstable requiring inotropic support. 
• Cardiology was consulted for an elevated troponin-I level of 18.6 ng/ml. 
Electrocardiogram: Sinus rhythm with diffuse ST segment eleva�on (panel A)
Transthoracic echocardiography: LVEF 40% with global biventricular hypokinesis
Coronary Angiography: No obstruc�ve coronary artery disease (CAD).
Hospital course: Troponin rise was felt to be most likely due myocardial inflamma�on. The pa�ent was weaned off of inotropic support and successfully 
discharged.
Discussion Points:  Elevated troponin, a diffuse myocardial injury pa�ern on electrocardiography, and depressed ventricular func�on can be seen in pa�ents 
with COVID-19. These findings can be present with no obstruc�ve CAD. 
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Case example of diffuse ST-segment elevation with no obstructive coronary disease.
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increased risk of sudden cardiac death. ST-segment
elevation may be diffuse or regional, mimicking a
STEMI without an angiographic culprit lesion. These
changes may be indicative of myopericardial inflamma-
tion.53 Figure 3 provides a case example of focal ST-
segment elevation in an injury pattern with no evidence
of obstructive CAD. This latter case is in contrast to an
actual STEMI in a patient with COVID-19, as shown in
Figure 4. In a case series of 18 patients from New York, a
wide variety of ST segment elevation patterns can be
present with or without underlying obstructive CAD or
actual MI.59 Of note, diffuse ST segment elevation (n = 4
patients) was associated with noncoronary myocardial
injury in all cases.
It is expected that sinus tachycardia will be a common

rhythm—particularly in critically ill COVID-19 patients.
During the 2003 SARS-CoV-1 coronavirus outbreak, 71.9%
of patients presenting with respiratory distress had sinus
tachycardia which persisted during follow-up in 39% of
recovered patients.60 Arrhythmias, mainly supraventric-
ular tachycardia, were present in 17% of admitted COVID-
19 patients and were more common in ICU setting.46 In
another report, malignant arrhythmias including ventric-
ular tachycardia and fibrillation were more common
among those with elevated troponin levels (11.5% vs
5.2%).6 From the coauthor's experiences, atrial arrhyth-
mias can be seen in these patients. We report 5 patients
(age range 31-73 years) presenting with new-onset atrial
arrhythmias (4 with atrial fibrillation with rapid ventric-
ular rate, 1 with atypical flutter). Four of these individuals
presented to the hospital with the arrhythmia, 2 with
chest pain, 1 with shock, and 3 with fever and dyspnea.
Three of the patients required antiarrhythmic therapy,
and 4 converted to sinus rhythm over their hospitaliza-
tion. In this cohort, the arrhythmias did not appear to
predict a worse outcome, as 4 of them recovered to
discharge. However, similar to prior reports, 3 patients
who had myocardial injury endured a complicated
course, requiring ICU admission and inotropic support.
There are electrophysiological considerations with

respect to proposed therapies for COVID-19. Preliminary
research has suggested that hydroxychloroquine alone or
in combination with azithromycin may prove to be an
effective treatment for COVID-19.61 Since initial reports,
there was an empiric increase in use of those drugs in
management of COVID-19 patients despite equipoise
regarding benefit.62 There is concern that these drugs,
especially in combination, can prolong the QT interval
and may lead to torsades de pointes (TdP) and sudden
death.63 Factors that increase the risk of drug-induced
TdP include congenital long-QT syndromes, female sex,
structural heart disease, electrolyte abnormalities, hepat-
ic/renal failure, and concomitant QT-prolonging medica-
tions. In a cohort of 90 COVID-19 patients, Mercuro et al
demonstrated that QT interval prolongation was common
with the use of hydroxychloroquine alone or in
combination with azithromycin.64 More recent observa-
tion data suggest a lack of efficacy of this treatment
regimen—with randomized trial data required for a more
definite conclusion.65,66

Fever is a well-known trigger for ventricular arrhyth-
mias in patients with Brugada syndrome, with more than
50% in some cohort experiencing syncope or arrest
during fever.67,68 Because fever is one of the most
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Figure 3

Case Presenta�on #3

History
• 59 year old female with no cardiac history brought to the emergency department obtunded in respiratory distress.
• The pa�ent was intubated in the emergency department with suspicion of COVID-19.
• SARS-Cov-2 tes�ng was posi�ve.
Electrocardiogram: Sinus rhythm with anterior ST segment eleva�on (panel A)
Point of care transthoracic echocardiography: LVEF 35% dilated le� ventricle with apical ballooning (panel B)
CT Angiogram: Ground glass opaci�es in both lung bases. No pulmonary embolism. Calcifica�on in le� anterior descending coronary artery distribu�on. (panel C)
Coronary Angiography: A�er evalua�on, the decision was made to proceed with coronary angiography with personal protec�ve equipment (PPE) for the cath lab
staff. The PPE included gowns, face shields, N95 masks, and eye protec�on. The angiogram demonstrated no obstruc�ve coronary artery disease (CAD).
Hospital course: Troponin rise was felt to be most likely due myocardial inflamma�on. The pa�ent was weaned off of inotropic support and successfully discharged.
Discussion points: Focal electrocardiographic changes and wall mo�on abnormali�es may suggest ST segment eleva�on myocardial infarc�on. Coronary
angiography may be required to reach a defini�ve diagnosis. The careful deployment of PPE for the cath lab staff is paramount for safety in COVID-19 cases.
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A. B. C.

Case example of a patient with COVID-19 and regional ST-segment elevation mimicking a STEMI.
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common presenting signs of COVID-19, it is not
surprising that known Brugada syndrome patients,
especially those with spontaneous type I pattern, could
be at risk for arrhythmias and sudden death. In one case
report, COVID-19 unmasked a Brugada pattern on the
electrocardiogram during the initial presentation in
someone with no known Brugada syndrome.69 There-
fore, it is recommended to treat fever aggressively in all
patients with Brugada syndrome— including those with
concomitant COVID-19.

Controversies regarding ACE inhibitors/
angiotensin receptor blockers
Significant controversy exists as to the benefit versus

harm of renin-angiotensin system (RAS) blockade via
ACE inhibitors (ACEi) or angiotensin receptor blockers
(ARBs) in patients with COVID-19. Similar to SARS-CoV-
1 but with much greater affinity, SARS-CoV-2 uses the
cell entry receptor ACE-2 in the lungs to gain entry into
host cells. ACE-2 is a counterregulator of RAS and
converts angiotensin II to Ang-. Ang- decreases
inflammation and causes vasodilation. Two competing
theories of RAS modulation based largely on preclinical
studies have been forwarded.70 The scenarios include
one of harm by which ACEi/ARBs lead to ACE-2
increase and thus enhanced viral entry into cells, and
alternatively, ACEi/ARBs prevent lung injury by reduc-
ing production/receptor binding of angiotensin II to
the type 1 angiotensin receptor (which is responsible
for inflammation), downregulation of ACE-2 expres-
sion, and activation of antifibrosis pathways.70 ,71
To determine if ACEi or ARB use might predispose to
SARS-CoV-2 infection, Reynolds et al examined medica-
tion use in 12,594 patients tested for the virus and found
no relationship of RAS blocking medications and test
positivity.72 The aggregate of published outcome data
demonstrates neutral or potential benefit of baseline ACEi
and/or ARB use in hospitalized patients. A retrospective
analysis of RAS blockade in SARS-CoV-2–positive patients
suggested less severe disease in those who took an ARB
prior to hospitalization.73 A larger analysis of 1,178
patients (31.8% with ACEi/ARB use) from Wuhan found
no association between ACEi/ARB use and disease
severity or mortality.74 In 6,272 patients from Italy,
ACEi and ARB use was more common in COVID-19
patients (due to pre-existing CVD), but there was no
relationship with disease outcome.72 A retrospective
analysis of 4480 patients found prior use of ACEi or ARB
was not associated with the diagnosis of COVID-19,
severity of disease, or mortality.103 However, another
retrospective multi-instiution study of 1,128 patients
found the inpatient use of ACEi/ARB for hypertension
lowered the risk of all-cause mortality compared to
patients who did not receive ACEI/ARB.99 At present,
there are not enough prospective human data to support
either paradigm. Given the known benefit of RAS
blockade in patients with CVD, there is no evidence-
based rationale to withhold (or initiate) these agents for
COVID-19 specific indications.

Protection of HCWs
One of the most visible aspects of the SARS-CoV-2

pandemic is the impact on HCWs. The virus has a well-
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Figure 4

Case Presenta�on # 4
History
• 71 year old man with hypertension, presented to the hospital with acute chest discomfort, found to have inferior ST segment eleva�on.
• He had a prodrome of fevers and dyspnea at home, and therefore COVID-19 was strongly suspected.
• Coronary angiography findings revealed a thrombo�c occlusion of the mid right coronary artery that was treated by primary PCI.
Electrocardiogram: Sinus rhythm with inferior ST segment eleva�on with reciprocal lateral ST segment depressions (panel A)
Transthoracic echocardiography: LVEF 50-55%, mild hypokinesis of the basal inferoseptum, and basal-mid inferior wall.
Hospital course: The pa�ent did well post PCI. There was resolu�on of the ST segment eleva�on on ECG (panel B). SARS-Cov-2 tes�ng returned posi�ve a�er the
pa�ent was discharged. He was informed over the phone and agreed to self-quaran�ne.
Discussion Points: Differen�a�on of an actual STEMI from ST eleva�on in the context of myocardi�s is a challenging clinical scenario. The presence of reciprocal ST
depressions may be a sign of actual STEMI. This finding requires further valida�on.
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A.A. B.

Case example of a patient with COVID-19 and a true inferior STEMI.
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documented transmission among those providing care
and has resulted in numerous deaths. The risk to HCWs is
not novel and resulted in more than 1,700 deaths in the
2002 SARS outbreak.75 In the current COVID-19 pan-
demic, Ran et al analyzed the symptoms, characteristics,
and outcomes of frontline HCWs with acute respiratory
illness treating COVID-19 patients at a tertiary hospital in
Wuhan.76 The key findings were a symptom profile in
HCWs that mirrored the general COVID-19 patient
population—including fever, cough, chest discomfort,
headache, and diarrhea. The identified etiologies for
transmission included inadequate hand hygiene and
lack of appropriate personal protective equipment
(PPE) use.76 These modalities for transmission remain
important for all HCWs regardless of specialty. For
cardiovascular HCWs, exposure can come in any context
of providing clinical care. Some key relevant scenarios
highlighted in society consensus statements include
minimizing exposure in the cardiac catheterization
laboratory, during noninvasive imaging, and during
cardiopulmonary resuscitation (CPR).7,77-79

Cardiac catheterization
For patients who are SARS-CoV-2 positive or persons

under investigation (PUIs), awareness and preparation on
the part of HCWs are important. Determination of which
procedures require which PPE has been an ongoing area
of controversy. In many regions, the lack of adequate
numbers of N95 respirator masks or full respirators
further influences this decision-making process. The CDC
issued their Interim Infection Prevention and Control
Recommendations for Patients with Suspected or Con-
firmed Coronavirus Disease 2019 in Healthcare Settings
on March 10, 2020. In this guidance, contact and airborne
precautions using an N95 respirator, gown, gloves, and
eye protection (goggles or face shield) were recommend-
ed for bronchoscopy, CPR, endotracheal intubation,
nebulizer therapy, noninvasive positive pressure ventila-
tion, suctioning, sputum induction, tracheostomy place-
ment, and management of a ventilated patient with
dislodged tubing.
Strictly speaking, a routine cardiac catheterization

procedure is nonaerosolizing and therefore would fall
under standard droplet precautions. However, pulmo-
nary, hemodynamic, or electrical instability requiring
mechanical ventilatory support or CPR can occur during
cardiac procedures. This conversion from a nonaerosoliz-
ing procedure to one with increased risk to HCWs is of
particular concern when taking unstable patients to the
cardiac catheterization laboratory such as those with a
STEMI, nonintubated post return of spontaneous circula-
tion patients, and patients in cardiogenic shock. This
latter group of patients is further difficult to manage
because there are often a limited history available and
inadequate time for preprocedure SARS-CoV-2 testing.
However, given the high false-negative rate of current
SARS-CoV-2 reverse-transcription polymerase chain reac-
tion testing, this approach is unlikely to negate the risk to
HCWs in this and many other clinical environments.80

This constellation of challenges has led many centers
from a catheterization standpoint to recommend an initial
conservative approach with rule out SARS-CoV-2 testing
for patients with a stable clinical picture including those
with effort angina, compensated heart failure, and MI
without shock or ST elevation. Others have advocated an
even more conservative approach with thrombolysis as
first-line therapy for SARS-CoV-2/PUI patients presenting
with STEMI.7,81 Given the uncertainty of infection status
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and often unpredictable conversion to an aerosol
scenario, the American College of Cardiology and the
Society of Cardiovascular Angiography and Interventions
have issued recommendations which support strong
protections for catheterization laboratory staff.7 These
guidelines have also been further augmented by support-
ing expert opinion with recent statements favoring
primary percutaneous coronary intervention (PCI) as
standard of care when done with proper PPE.78,79,82,83 A
further area of uncertainty is selection of specific
mechanical support devices in patients with shock.
Intra-aortic balloon pumps and transvalvular support
devices (Impella) are commonly used in cardiogenic
shock and generally require involvement of a limited
team of HCWs. In contrast, VA ECMO necessitates more
in-room maintenance and therefore may be less attractive
as initial therapy from a HCW protection standpoint.

Noninvasive imaging
Investigation of ventricular function normally requires

noninvasive imaging. However, the high transmissibility
and virulence of SARS-CoV-2 place physicians, nurses, and
sonographers at risk. In an effort to protect health care
providers, the American Society of Echocardiography has
issued a consensus statement noting that transthoracic
echocardiogram, stress echocardiography, and transesoph-
ageal echocardiography (TEE) should only be performed if
they are expected to change management.84 Studies
should be prioritized in those more vulnerable for
significant morbidity or mortality if echocardiographic
examination is not performed; following previously
published appropriate use criteria indications.85,86 Studies
that are rarely appropriate or maybe appropriate should be
avoided at least until the SARS-CoV-2 status of the patient is
clear. Any elective studies should be rescheduled for a later
date. Limited physical interaction should also take place
among sonographers, the echocardiographer, and other
consultants in the reading room with heavier emphasis on
phone or webinar resources for any questions/review of
images. Of note, when appropriate infection control
strategies are used, potential use of pharmacologic nuclear
stress testing rather than exercise stress or echo-based
imaging may be attractive in this context to limit
aerosolization risk and proximity of direct patient contact
to the HCW performing the imaging.
Additionally, point-of-care ultrasounds should be used

by those trained clinicians that are already taking care of
the suspected/confirmed SARS-CoV-2 patient to avoid
exposing others. Sonographers should also aim to obtain
limited but sufficient images to answer the question at
hand and decrease contact time with the patient. Similar
to cardiac catheterization, HCWs should follow droplet
and airborne precautions with adherence to a higher
level of protection dictated by patient's SARS-CoV-2 status
and use of invasive and noninvasive ventilation. The
highest degree of protection is needed for a TEE because
this procedure carries a significant risk of viral transmis-
sion due to aerosolization of the virus. Therefore, TEE
should only be done if it will absolutely alter the patient's
care plan.
Computed tomography (CT) has 2 potential focus areas

in the context of COVID-19. First, CT may serve as an
alternative to other imaging modalities. Specifically,
cardiac CT can be considered an alternative to TEE or
cardiac catheterization for (1) ruling out left atrial
appendage and intracardiac thrombus prior to cardiover-
sion; (2) symptomatic prosthetic valve dysfunction,
endocarditis, perivalvular extension of endocarditis, or
possible valve abscess; (3) excluding CAD or high-risk
anatomy in symptomatic stable patients with chest pain;
and (4) evaluating cardiac masses suspected to be
malignant, if necessary to plan biopsy or surgery. The
second use of CT is as a primary lung imaging modality.
The pulmonary CT findings of SARS-CoV-2 infection
include often bilateral and peripheral ground-glass and
consolidative pulmonary opacities. An example of CT
findings from a patient who presented with troponin
elevation, myocardial dysfunction, and respiratory dis-
tress is shown in Figure 5. The presence of these findings
may evolve over the hospital course and progress in
concert with the clinical picture.87 The prognostic utility
of CT in COVID-19 patients remains to be determined. A
complex clinical scenario is differentiating pulmonary
edema/HF from COVID-19, and it is even more challeng-
ing when both entities are present in a given patient. The
ground-glass opacities and consolidation can be seen with
both diseases. Compared to COVID-19 patients, HF
patients more commonly have peribronchovascular
thickening, fissural thickening, a more central distribu-
tion of findings, pulmonary vein enlargement, cardiac
enlargement, and subpleural effusions.88,89 The logistics
of having SARS-CoV-2–positive/PUI patients undergo CT
increase risk to HCWs and potentially to other patients
who use the scanner. The Society of Cardiovascular
Computer Tomography has also issued guidance for use
of CT during this COVID-19 pandemic.90 For those
patients suspected/confirmed to have COVID-19 that are
felt necessary to undergo CT scanning, proper PPE should
be worn by all HCWs involved in the acquisition,
preparation, and reading of the study. The patient should
also wear a surgical mask during imaging to ensure strict
droplet precautions. All rooms should be appropriately
decontaminated after the study. As with echocardio-
graphic studies, all elective cardiac CT should be
postponed.

Cardiopulmonary resuscitation
CPR remains a concerning aerosol-generating therapy.

The European Society of Intensive Care Medicine/Society
of Critical Care of Medicine gave the highest recommen-
dation to place ICU SARS-CoV-2–positive patients under-
going aerosol-generating procedures in a negative



Figure 5

Example of computed tomographic (CT)Wo images from a patient with COVID-19, myocardial dysfunction, troponin elevation, and respiratory
distress. This patient presented with a combination of CT signs of both infection and cardiac failure. The ground-glass opacities and consolidation
can be seen with both diseases. Patients in isolated heart failure often have peribronchovascular thickening, fissural thickening, a more central
distribution of findings, pulmonary vein enlargement, cardiac enlargement, and subpleural effusions.
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pressure room to decrease cross-contamination and keep
pathogens confined to the patient's room.91 The Resus-
citation Council of United Kingdom released recommen-
dations which emphasize complete PPE (respirator,
gown, gloves, eye protection) and use of palpation of
carotid pulses but otherwise avoiding close physical
examination during resuscitation. Initial CPR should
focus on chest compressions with ventilation focused
on establishment of an advanced airway, and consider-
ation is given to defibrillation as soon as possible for
ventricular arrhythmias, even before chest compressions,
to limit aerosol generation.92 There may be a potential
role for automated chest compression devices or
wearable defibrillators in hospitalized patients to limit
direct contact; however, this approach remains to be
studied. Recently, the American Heart Association
released a statement for the guidance of CPR for
COVID-19 patients.77 This guideline is concordant with
the UK recommendations, outlines methods to limit
aerosol risk and management of out-of-hospital and in-
hospital arrest, and discusses prone patient CPR.77,93

Potential ethical challenges that will need broader
discussion are CPR candidacy and duration weighing
HCW exposure risk, likelihood of immediate resuscita-
tion success in particularly hypoxic patients, and overall
prognosis.
Impact of COVID-19 on cardiovascular
admissions and procedure volumes
A noticeable trend has emerged with a decrease in

cardiovascular related admissions, including ACS (partic-
ularly STEMI) presentations to hospitals during the
COVID-19 pandemic.100,101,102 Indeed, a telematics
survey of 81 centers involved within a STEMI network
in Spain equipped with cardiac catheterization laborato-
ries demonstrated a dramatic decline in procedural
volumes during the peak of the COVID-19 pandemic.94

Data obtained from 71 centers over a 7-day period before
the start of the pandemic and during the pandemic
revealed a 57% decline in diagnostic procedures, a 48%
decline in PCIs, a 81% decline in structural procedures,
and a 40% decline in the use of PCI for STEMI. The decline
in elective cardiac procedures is likely due to restrictions
placed by hospitals and governmental agencies. Howev-
er, the etiology behind the drop in ACS and specifically
STEMI volume remains unclear. A similar decline in
STEMI volume in the United States and ACS volume in
Northern Italy has been demonstrated during the
pandemic.95,96 A potential explanation raised may be
hesitancy on the part of patients to seek health care. The
Society for Cardiovascular Angiography and Interventions
and Canadian Association of Interventional Cardiology
are collaborating to form the North American COVID-19
ST-Segment Elevation Myocardial Infarction Registry. The
registry will collect data on COVID-19/PUI with STEMI
and provide some insights into ACS care during the
COVID-19 pandemic. Beyond initial admission, post-
discharge care of cardiac patients with and without
COVID-19 has likely been disrupted by the pandemic, and
therefore, the impact on clinic follow-up and unplanned
readmissions will need to be studied. An initial expert
opinion–generated document on reopening of cardiovas-
cular services has been provided by Wood et al.97 This
document highlights the ethical principles behind triage
of testing and management of patients who have been
deferred by the pandemic and emphasizes the mainte-
nance of protection of patients and HCWs—including
use of routine viral screening prior to cardiovascular
testing.

Conclusions
The COVID-19 pandemic continues to grow globally.

The aggregate data thus far would suggest that severity of
clinical course and mortality risk are linked to baseline
comorbidities—including established CVD. This disease
directly affects multiple aspects of the cardiovascular
system. Specific management strategies, protection of
HCWs, and impact of COVID-19 on cardiovascular health
care delivery will need further study.
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