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Abstract

The novel coronavirus disease 2019, otherwise known as COVID-19, is a global pandemic with 

primary respiratory manifestations in those who are symptomatic. It has spread to >187 countries 

with a rapidly growing number of affected patients. Underlying cardiovascular disease is 

associated with more severe manifestations of COVID-19 and higher rates of mortality. COVID-19 

can have both primary (arrhythmias, myocardial infarction, and myocarditis) and secondary 

(myocardial injury/biomarker elevation and heart failure) cardiac involvement. In severe cases, 

profound circulatory failure can result. This review discusses the presentation and management of 

patients with severe cardiac complications of COVID-19 disease, with an emphasis on a Heart-

Lung team approach in patient management. Furthermore, it focuses on the use of and indications 

for acute mechanical circulatory support in cardiogenic and/or mixed shock.

Keywords

acute coronary syndrome; cardiovascular diseases; coronavirus; heart failure; myocardial 
infarction

Ranard et al. Page 2

Circ Heart Fail. Author manuscript; available in PMC 2021 May 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus disease 

2019 (COVID-19), which is now present throughout the world and has infected >4 137 591 

individuals as of May 30, 2020.1 On March 11, 2020, the World Health Organization 

declared the spread of COVID-19 a pandemic. Patients with preexisting comorbidities, 

particularly cardiovascular disease (CVD), seem to be at increased risk of severe illness. In 

addition to feared pulmonary complications like acute respiratory distress syndrome 

(ARDS), COVID-19 may lead to acute myocardial injury and dysfunction, which can 

precipitate or contribute to shock and multi-system organ failure.

SARS-CoV-2 is the seventh known coronavirus to infect humans. The virus is similar to 

SARS-CoV from the 2002 SARS outbreak and the Middle East Respiratory Syndrome 

Coronavirus (MERS-CoV) from 2012 MERS outbreak.2,3 Although COVID-19 is 

reportedly less lethal than SARS and MERS, it has claimed more lives than both combined. 

The case fatality rate varies by country and age; the case fatality rate ranges from 0.25% to 

5.7% and there have been >283 526 fatalities thus far.1,4,5 The current median R0, a 

quantitative representation of infectivity or basic reproductivity, of COVID-19 is estimated 

to be 5.7 (95% confidence interval, 3.8–8.9).6–9 The R0 is greater than SARS (R0: 2–4) and 

MERS (R0: 2.5–7.2), and almost quadruple that of seasonal influenza.10–12

New York City, the epicenter of the United States COVID-19 outbreak, has 178 766 cases, 

44 812 hospitalizations, and 14 753 confirmed deaths as of May 10, 2020.13 A New York 

State antibody seroprevalence study of 15 000 patients demonstrated 12.3% of the 

population to be antibody positive.14 The true number of COVID-19 infections in New York 

is likely higher than the confirmed number as there is a known high rate of asymptomatic 

transmission of disease. The estimated asymptomatic proportion of those with disease is 

calculated to be between 13% and 41%.15–17 At our center, 215 asymptomatic obstetrics 

patients presenting for delivery were screened for SARS-CoV-2 and 29 (13.7%) were 

positive.18 In densely packed cities, this high rate of asymptomatic transmission specifically 

is a challenge to containment.

COVID-19 AND CARDIOVASCULAR DISEASE

CVD is a common comorbidity among patients with symptomatic COVID-19 infection as 

seen with SARS and MERS2; the co-existence of hypertension ranges from 35% to 57%, 

coronary artery disease 10% to 17% and congestive heart failure (CHF) 6% to 7%.19–22 

Cardiovascular comorbidity prevalence is likely even higher amongst those that are critically 

ill; one case series found a 42.9% prevalence of preexisting CHF in those requiring intensive 

care unit (ICU) care.23 The explanation of this association is unclear and whether 

COVID-19 has a specific predisposition for patients with CVD has not been studied. 

Notably, patients with CVD appear to be at increased risk of severe manifestations of 

COVID-19 disease, and 30% to 35% of COVID-related deaths have underlying CVD.24,25 

Chinese reports demonstrate an increased case fatality rate (10.5%) in those with CVD 

compared with a case fatality rate of 0.9% in those with no comorbidities.26

In this review, COVID-19 impact on the cardiovascular system will be divided into primary 

or secondary cardiac involvement; there is of course much overlap between the 2. Primary 
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cardiac manifestations of COVID-19 disease include arrhythmias, acute coronary syndrome 

(ACS), and myocarditis. Secondary cardiac involvement is usually because of a systemic 

inflammatory syndrome and can manifest as acute myocardial injury/biomarker elevation 

and CHF. Secondary cardiac involvement is often accompanied by other evidence of end-

organ damage. Last, we will review additional vascular complications of COVID-19 disease, 

and then discuss management strategies for patients who develop shock or have chronic 

CHF in the setting of COVID-19.

Primary Cardiac Involvement

Arrhythmias—While there is a paucity of literature detailing COVID-19-related 

arrhythmogenic complications, there are reports of ventricular tachycardia and ventricular 

fibrillation as late manifestations of COVID-19. An early case series from China reports a 

16.7% incidence of arrhythmia but did not specify the cause or type.27 A later report found a 

5.9% incidence of malignant arrhythmias, with a significantly greater incidence in those 

with evidence of myocardial injury (17.3% versus 1.5%, P<0.001).25 This perhaps suggests 

that myocardial injury may serve as a substrate for subsequent cardiac arrhythmias, and 

frequent arrhythmia should heighten suspicion for a myocardial inflammatory process. This 

phenomenon may, in part, account for the reported increase in out-of-hospital arrests noticed 

during the COVID-19 pandemic period.28 Notably, however, analysis of in-hospital arrests 

in patients with COVID-19 seem to rarely be from shockable rhythms (89.7% asystole, 4.4% 

pulseless electrical activity, and 5.9% shockable rhythm).29

Some of the current investigational drug therapies, such as hydroxychloroquine (with or 

without azithromycin), can adversely affect QTc duration and subsequently lead to 

arrhythmia.30–32 Concurrent treatment of hydroxychloroquine with azithromycin is 

associated with greater QTc prolongation and risk of QTc >500 ms.31,32 Those with a 

baseline QTc of ≥450 ms have a greater likelihood of developing a prolonged QTc (adjusted 

odds ratio, 7.11 [95% confidence interval, 1.75–28.87]).31 Therefore, baseline ECG 

assessment with repeat follow-up ECG after initiation of these medications should be routine 

even in the absence of an overt cardiac involvement. In some settings, telemetry monitors 

can be configured to continuously display QTc duration in an effort to minimize provider 

exposure. Additionally, the following precautions should be taken in those who are being 

administered hydroxychloroquine therapy: (1) dose reduction for patients with severe renal 

insufficiency (50% for creatinine clearance <10 mL/min), (2) aggressive electrolyte 

correction before use, and (3) avoidance or careful monitoring for congenital long-QT 

patients or those on multiple QT-prolonging medications.33,34 Recognition of bradycardia 

and discontinuation of medications that cause bradycardia is important as an episode of 

torsades de pointes is often preceded by bradycardia or a pause.34 Last, irregular RR 

intervals can affect QT measurement, potentially leading to an underestimation of the true 

interval length.

The risk of arrhythmia in patients with COVID-19 may be potentiated, at least in part, by the 

high incidence of hypokalemia.35 SARS-CoV-2 invades cells by binding to ACE 

(angiotensin-converting enzyme)-2 receptors, which can enhance urinary potassium 

excretion due to increased availability of angiotensin II.35 Treatment of arrhythmias should 
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focus on addressing all reversible causes, especially electrolyte abnormalities, and follow 

standard guidelines for management of arrhythmias. In the setting of frequent and 

uncontrolled ventricular arrhythmia not responding to anti-arrhythmic therapy, transvenous 

pacemaker insertion, and mechanical circulatory support should be considered.

Acute Coronary Syndrome—The incidence of ACS increases in the setting of viral 

infection, likely due to inflammation-mediated plaque destabilization. The risk in the setting 

of COVID-19 infection is unknown, but other viruses are associated with a 3- to 10-fold 

increased risk.36–38

In the throes of this global crisis, many healthcare institutions in Europe, North America, 

and Asia have reexamined their protocols for management of ACS, taking into account the 

potential risks of healthcare worker exposure and personal protective equipment utilization. 

In the case of non–ST-segment–elevation myocardial infarction care, COVID-19 testing 

results can usually be obtained before further determination of the patient’s care plan. ST-

segment–elevation myocardial infarction (STEMI) care is more nuanced. The limited ability 

of rapid COVID-19 testing in the United States is a challenge given the urgency of STEMI 

care. Additionally, there are multiple reports of STEMI mimics, such as myopericarditis. 

However, patients with COVID-19 may not present with classic angina symptoms. With 

these additional challenges, risk stratification, careful ECG examination and limited bedside 

transthoracic echocardiogram or point of care cardiac ultrasound may all be used to help 

guide clinical decision making.39,40 A case series from New York evaluated 18 COVID-19 

patients with STEMI on ECG; of these patients, 6 (33%) presented with chest pain, 14 

(78%) had focal ST-segment elevation, 6 (35%) had a regional wall motion abnormality on 

transthoracic echocardiogram, and 8 (44%) received a clinical diagnosis of myocardial 

infarction.41 A total of 9 (50%) patients underwent coronary angiography, of whom 6 (67%) 

showed obstructive disease.41 In response to the wide-spread severity of this pandemic in 

New York, at our institution, we developed a tiered STEMI care plan based on the crisis 

level of the hospital system. Given the potential STEMI mimickers as well as the risk of staff 

exposure during a catheterization laboratory procedure, a higher threshold for cardiac 

catheterization lab activation is preferred. In most cases, primary percutaneous coronary 

intervention is preferred; fibrinolysis with tenecteplase should be reserved for circumstances 

of extreme resource constraints, and if necessary, only used in carefully selected patients. 

Outside of the STEMI pathway, the decision to activate the cardiac catheterization lab is 

made on a case-by-case basis balancing multiple factors, such as infarct location, 

hemodynamic stability, and bleeding risk.40There are multiple additional considerations 

which may affect the clinical approach and management of ACS in patients with 

concomitant COVID-19, including infection control and staff exposure. This has been 

further addressed in a position paper by the American College of Cardiology and Society of 

Cardiovascular Angiography and Intervention.42 Protective measures to ensure the safety of 

staff is of paramount importance; as of April 9, 2020, there have been 9282 US cases of 

COVID-19 in healthcare personnel, of whom 723 (8%–10%) were hospitalized, 184 (2%–

5%) required ICU admission, and 27 (0.3%–0.6%) have died.43
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Myocarditis—The true prevalence of COVID-19 acute myocarditis is unknown. Several 

cases of clinically diagnosed myocarditis in patients with COVID-19 have been reported, but 

the number of autopsy and endomyocardial biopsy (EMB) proven cases is limited. One case 

from Italy had cardiovascular magnetic resonance imaging demonstrating diffuse myocardial 

edema and EMB while SARS-CoV-2 virus-negative, showed diffuse T-lymphocytic 

inflammatory infiltrates.44 Another case had an EMB that demonstrated localization of 

SARS-CoV-2 in cardiac macrophages, but not cardiomyocytes.45 These data confirm 

myocarditis as a cause of myocardial injury in patients with COVID-19; however, the true 

mechanism of myocarditis remains unknown. The utility of EMB and cardiovascular 

magnetic resonance imaging in management of these patients is limited. Additionally, EMB 

and cardiovascular magnetic resonance imaging may not be feasible in many centers from an 

infection control standpoint. Diagnosis should, therefore, rely on the integration of clinical, 

laboratory (cardiac biomarkers), electrocardiographic (ST-segment changes), and 

echocardiographic (wall motion abnormalities, ejection fraction, and pericardial effusion) 

data.46

Limited data are available to inform our management COVID-19 myocarditis patients, but 

multiple antiviral (eg, remdesivir, ribavirin, lopinavir, and hydroxychloroquine) and anti-

inflammatory (eg, interferon, corticosteroids, tocilizumab, sarilumab, siltuximab, anakinra, 

intravenous immunoglobulin, and statin) therapies are under investigation.47 

Hydroxychloroquine more recently has shown poor efficacy for treatment of COVID-19 

disease in a well-designed retrospective study.48 Published cases of severe myocarditis have 

reported positive results with early use of immunoglobulin, corticosteroid, and anti-

inflammatory therapy.49–51 In cases of refractory shock, mechanical circulatory support 

should be considered.

Secondary Cardiac Involvement

Acute Myocardial Injury—The cause of acute myocardial injury in COVID-19 disease is 

likely multifactorial with multiple overlapping mechanisms (Table 1).52,53 The presence of 

acute myocardial injury has been reported in approximately one-quarter of hospitalized 

patients, with higher cardiac troponin levels associated with more severe disease.22,25,54,55 

One retrospective study noted that COVID-19 nonsurvivors demonstrated rapid elevation of 

troponin late in their course (median day 16), suggesting that local troponin assay in addition 

to CRP (C-reactive protein), D-dimer, NT-pro-brain natriuretic peptide can be used to track 

clinical course.54

Mechanisms of direct myocardial injury include acute plaque rupture (as discussed in the 

myocardial infarction section) and viral invasion. The ACE-2 receptor, which is used by 

SARS-CoV-2 for cell entry, is widely expressed both in lungs, myocytes, and vascular 

endothelial cells.56 There are emerging histopathologic data of direct endothelial viral 

invasion with diffuse endothelial inflammation-causing COVID-19 endotheliitis.57 

Endotheliitis is known to impair microcirculatory function, causing a tissue inflammatory 

response and organ ischemia.58 Additionally, there have been reports of patients without 

preexisting cardiac disease presenting with predominantly cardiac symptoms in the setting 

of COVID-19 infection, resembling a possible clinical picture of myocarditis.49,50
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Indirect myocardial injury may occur from cytokine storm, microangiopathy, or myocardial 

oxygen supply/demand mismatch. The inflammatory response and cytokine storm 

characteristic of severe COVID-19 disease may potentiate myocardial stress and injury. This 

can impair cardiac function indirectly through peripheral effects on systemic vascular 

resistance, as well as catecholamine-driven effects, such as those seen with stress-induced 

cardiomyopathy.59 In limited case reports, significant myocardial dysfunction seems to 

correlate with severely elevated inflammatory markers suggesting the potential for an 

immune-mediated mechanism.60,61 Inappropriate activation of type 1 T-helper cells with a 

subsequent cell-mediated immune response and an exaggerated cytokine response could be 

an alternative mechanism of myocardial injury in patients with COVID-19.19 These findings 

are hypothesis generating for current and future clinical studies examining the use of anti-

inflammatory medications in conjunction with antiviral therapies.

Heart Failure—The development of new CHF is not uncommon in those with COVID-19 

disease. A retrospective study from Wuhan, China, reported CHF as a complication in 23% 

of patients overall (52% of nonsurvivors).54 A small US case series by Arentz et al23 

identified 7 out of 21 critically ill patients (33%) developed cardiomyopathies during the 

course of their ICU stay. The exact cause of ventricular failure in COVID-19 remains 

unknown.

In ARDS, higher levels of serum brain natriuretic peptide have been shown to correlate with 

cardiogenic pulmonary edema.62 Interestingly, patients with COVID-19 may have high 

levels of brain natriuretic peptide in the absence of significant ventricular dysfunction.49,54 

Still, the presence of elevated cardiac biomarkers, particularly troponin, should raise clinical 

suspicion for CHF. Interpretation of cardiac biomarkers does, however, present significant 

challenges as there are multiple mechanisms of cardiac injury. If CHF is suspected, a limited 

transthoracic echocardiogram or point of care cardiac ultrasound may be considered to 

assess biventricular function to tailor treatment.

Additional Vascular Complications of COVID-19

Patients with COVID-19 infection are at risk for venous and arterial thromboembolic events, 

especially in the setting of disseminated intravascular coagulation. A report from Italy 

described a 7.7% (28/362) incidence of at least one thromboembolic event for hospitalized 

patients with COVID-19.63 This rate has been reported to be as high as 31% in those 

requiring ICU-level care.64 Additionally, acute arterial thrombotic events other than ACS, 

such as cerebrovascular accident or systemic thrombosis, have been observed in patients 

with COVID-19 with no or few predisposing factors.63–65 Although the mechanism of 

coagulopathy is unclear, it is likely multifactorial with critical illness, inflammation, and 

endothelial dysfunction contributing to coagulopathy. It is evident that patients with 

COVID-19 develop some degree of abnormal coagulation parameters.66,67 Reports from 

China demonstrate that elevated levels of D-Dimer (>1 μg/L) and fibrin degradation 

products are strongly associated with in-hospital death.54,66

Retrospective studies have identified pulmonary embolism (PE) as the most common 

thrombotic event.63,64 Those with thrombotic complications have a higher risk of death and 
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higher D-dimer levels.63,64 A prospective cohort study examining 12 post-mortem patient 

with COVID-19 autopsies found deep venous thrombosis in 58% (7/12) and PE in 33% 

(4/12).69 Thromboembolic events, particularly PE, may contribute to the rate of cardiac 

injury detected in severe COVID-19 disease as right ventricular strain may lead to elevation 

in cardiac biomarkers. Even in the absence of significant clot burden, PE may significantly 

impair right ventricular performance, especially in the setting of high right ventricular 

afterload that is characteristic of ARDS.70–73 In severe cases, cor pulmonale can develop, 

which may contribute to the mixed shock or sudden cardiac arrest observed in severe 

COVID-19 infection.

Venous and arterial thromboembolic prophylaxis should be maintained in all hospitalized 

patients with COVID-19 without high risk for bleeding complications. There should be a 

low threshold for therapeutic anticoagulation when thromboembolism is suspected. In the 

absence of renal impairment, low molecular weight heparin might be preferred since it does 

not require frequent lab monitoring and dose adjustments. There are multiple ongoing trials 

looking at the preferred anticoagulant and dosing strategy for thromboprophylaxis in 

patients with COVID-19 given the concern for increased coagulopathy in these patients 

(URL: https://www.clinicaltrials.gov. Unique identifiers: NCT04367831 and 

NCT04366960). In cases of documented massive PE with significant hemodynamic 

compromise, systemic thrombolytic should be considered in the absence of 

contraindications. The role of invasive treatment for PE with either catheter-directed 

thrombolytic therapies or surgical embolectomy remains uncertain. Furthermore, whether 

those who survive critical illness should be on prolonged thromboprophylaxis is a topic of 

clinical discussion and focus of future research.74

ACUTE CIRCULATORY FAILURE IN COVID-19

Shock and multi-system organ failure is a hallmark of severe COVID-19 infection. It 

appears that distributive or septic shock typically predominates, but many patients are at risk 

for mixed shock given the propensity for cardiac dysfunction in severe disease. Additionally, 

those with underlying CHF may progress to cardiogenic shock (CGS), either in isolation or 

in combination with vasodilatory shock. The COVID-19 crisis has mandated remodeling of 

the standard shock team approach and critical care delivery methods in many centers.75 At 

our center, we have embraced the Heart-Lung team approach for a comprehensive and 

timely evaluation of patients with circulatory shock. This focused multidisciplinary approach 

entails a dedicated specialist from different disciplines, including pulmonary critical care, 

cardiac intensive care, advanced heart failure, interventional cardiology, and cardiothoracic 

surgery, who can review the detailed clinical and hemodynamic information. Virtual 

assessment of at-risk patients facilitates early evaluation and transfer of patients with new or 

worsening cardiac dysfunction to a step-down unit with telemetry monitoring or cardiac 

ICU.75

It is evident that COVID-19 infected patients develop pronounced and diffuse bilateral 

pulmonary infiltrates with at times rapid deterioration to acute hypoxic respiratory failure.76 

However, it is unknown whether cardiac dysfunction and elevated filling pressures co-exist 

and to what extent this contributes to worsening pulmonary function. In these ambiguous 
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clinical scenarios, a pulmonary artery catheter could be extremely beneficial, if feasible. 

Whenever possible, placement should be performed at the bedside by an experienced 

operator in an effort to shorten duration of exposure time and improve the procedural 

success rate. If mixed shock is suspected in the setting of cardiac dysfunction, one should 

also maintain a high index of suspicion for myocarditis.50 The accuracy of noninvasive 

estimation of volume status and hemodynamic parameters, especially in the setting of ARDS 

has not been validated.77 The laboratory evidence of shock (renal function panel, liver 

function panel, and serum lactic acid) in addition to clinical assessments (urine output) play 

an important role, however, they tend to lag behind.78,79

In the setting of refractory hypoxemia and mixed/CGS, extracorporeal membrane 

oxygenation (ECMO) should be considered in centers with expertise. Veno-Venous ECMO 

may be used to treat refractory hypoxemia and has been used successfully in previous 

pandemics, mainly the influenza A (H1N1) ARDS outbreak in 2009.80,81 On April 7, 2020, 

the Food and Drug Administration issued a guidance document for ECMO use in patients 

with COVID-19 specifically. Although the dominant configuration in patients with 

COVID-19 is veno-venous ECMO, veno-arterial-venous ECMO may be considered in 

selected patients who develop severe refractory cardiogenic or mixed shock where there is a 

perceived high likelihood for reversibility. Isolated veno-arterial ECMO configuration in the 

absence of severe ARDS and refractory hypoxemia appears to be less frequent. To date, the 

experience with ECMO in patients with COVID-19 and CGS is limited and varies among 

tertiary care centers depending on level of expertise. Table 2 highlights the mechanical 

circulatory support modalities that have been used at our center during the pandemic period. 

A multidisciplinary Heart-Lung team in these difficult situations has shown favorable 

outcomes in available case reports.39 The Extracorporeal Life Support Organization has 

created a registry of patients with COVID-19 that have required ECMO support. The 

Extracorporeal Life Support Organization guidance document recommends immediate 

consideration of ECMO for patients without significant comorbidities who have a high risk 

of mortality despite optimal care otherwise.82 As of May 11, 2020, there are 802 confirmed 

COVID-19 cases recorded in the registry.

Inotropes should be considered in patients with CGS or mixed shock in the setting of 

significant cardiac dysfunction, but if used patients should be closely monitored for atrial or 

ventricular tachyarrhythmias. Regarding primary cardiac support devices, an intraaortic 

balloon pump can be placed at the bedside without the need for fluoroscopy, thus avoiding 

excessive personnel exposure.83,84

Additionally, there is some evidence pointing to the efficacy of intraaortic balloon pump in 

chronic CHF patients who develop CGS, although few reports are available of intraaortic 

balloon pump use in patients with COVID-19.45,83,84 The use of percutaneous ventricular 

assist devices for CGS may also be considered through requires fluoroscopy and 

echocardiography guided adjustment. Percutaneous ventricular assist devices devices may be 

more feasible in the cases of patients with acute myocardial infarction associated CGS as 

these patients are in large taken to the cardiac catheterization lab. Invasive hemodynamic 

measurements in conjunction with laboratory and clinical assessment may help facilitate 

optimal device selection and determining timing of mechanical circulatory support weaning.
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85 Moreover, in patient’s requiring mechanical circulatory support, hemodynamic-driven 

patient has been shown to improve patient outcomes.86 The Figure highlights the key points 

for evaluation and management of patients with cardiogenic and mixed shock. For acute 

myocardial infarction associated CGS, primary percutaneous coronary intervention is 

preferred and further device management, if necessary, should follow standard protocol.

Heart transplantation in the era of COVID-19 is an active area of discussion. There are 

unique implications for donor evaluation, actively listed patients, immediate post-transplant 

care, and management of transplant recipients.87 Heart transplant centers will have to 

consider whether and in what circumstances patients with COVID-19 who develop acute 

circulatory failure should be eligible for heart transplantation.

CHRONIC CHF MANAGEMENT

Patients with chronic CHF are particularly vulnerable to, COVID-19. Indeed, respiratory 

illness is a contributing factor in over 50% of decompensated CHF admissions.88 To avoid 

exposing patients with CHF to the healthcare setting (where they may be exposed to SARS-

CoV-2), professional societies have encouraged the use of televisits and remote monitoring 

for the provision of longitudinal chronic care.89,90

CHF patients with COVID-19 require close monitoring for any signs of cardiac 

decompensation. Limited cardiac and respiratory reserve in patients with CHF, in addition to 

conventionally indicated therapies for sepsis management such as intravenous fluid 

administration to maintain blood pressure, increases the risk for decompensation in the face 

of severe systemic stress.91 Acute systemic inflammation can stress a failing myocardium, 

leading to further depression in myocardial function. Furthermore, there is risk of drug-

induced cardiac toxicity with some of the pharmacological agents being administered for 

treatment of COVID-19, such as antiviral therapies. Renal failure, which is common in 

severe COVID-19 disease, can also potentiate an exacerbation of underlying 

cardiomyopathy. Last, the overlap between the hallmark plain x-ray radiographic features of 

COVID-19 (bilateral airspace opacification) and pulmonary vascular congestion/edema may 

delay diagnosis and treatment of decompensated CHF. Meticulous attention to intravascular 

volume status, particularly in elderly patients, is critical. Similarly, use of medications that 

may alter the sodium and water homeostasis, such as NSAIDS, should be avoided.

There has been much controversy regarding the use of medications that cause renin-

angiotensin-aldosterone system inhibition in patients with COVID-19, specifically ACE 

inhibitor and ARB (angiotensin receptor blocker), given that the virus uses the ACE-2 

receptor for viral cell entry.92 The hypothesis that renin-angiotensin-aldosterone system 

inhibition may result in upregulation of ACE-2 receptors potentially leading to higher 

susceptibility to infection or more fatal disease has worried clinicians.93 To date, there has 

been no data to show a relationship between ACE-2 activity and mortality nor has there been 

correlation between ACE-2 expression and severity of infection. In fact, a retrospective 

study found that ACE inhibitor/ARB users have a lower all-cause mortality compared with 

nonusers (adjusted hazard ratio, 0.37 [95% confidence interval, 0.15–0.89], P=0.03).94 

Furthermore, 2 recent studies found no association between ACE inhibitor and ARB use and 
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COVID-19 positivity.95,96 Much more research is needed to clarify the role of renin-

angiotensin-aldosterone system in COVID-19 pathogenesis, and many clinical trials are 

ongoing (URL: https://www.clinicaltrials.gov. Unique identifiers: NCT04287686, 

NCT04312009, and NCT04311177). The American College of Cardiology/American Heart 

Association/Heart Failure Society of America released a joint statement recommending 

against discontinuation of these agents in CHF patients with no evidence of COVID-19 

infection unless otherwise advised by their physician; however, ACE inhibitor and ARB 

medications should be avoided in COVID-19 infected patients with progressive 

proinflammatory manifestations of disease, shock, or acute kidney injury.97

DIRECTION FOR FUTURE RESEARCH FOR ACUTE CARDIAC DISEASE IN 

COVID-19

To combat the growing COVID-19 pandemic, there are several important areas of research 

that must be addressed across the basic, clinical, and translational research domains. The 

predictors of increased morbidity and mortality must be better understood to identify high-

risk patients earlier in their clinical course. Additionally, understanding the basic 

mechanisms of how COVID-19 causes direct myocardial injury will be important for 

development of novel therapeutic agents. Table 3 lists some priority research questions 

related to acute cardiac complications from COVID-19.

SUMMARY

COVID-19 can have multiple impacts on the cardiovascular system. Acute cardiovascular 

complications pose significant challenges and require a multidisciplinary Heart-Lung team 

to assess the need for invasive hemodynamic monitoring and device therapy. In situations of 

suspected cardiogenic or mixed shock, further hemodynamic assessment may provide 

valuable information that can help guide therapy in these critically ill patients. There remain 

several questions for future investigation to better understand the mechanism of myocardial 

injury and determine which therapies improve long-term survival.
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Figure. Evaluation and management of novel coronavirus disease 2019 (COVID-19) patients with 
cardiogenic or mixed circulatory shock.
The approach to circulatory shock during the COVID-19 pandemic has mandated 

modification. In response to the predominance of refractory hypoxemia and frequent need 

for veno-venous extracorporeal membrane oxygenation (ECMO), we have adopted an 

upfront veno-arterial-venous (V-A-V) ECMO strategy in the setting of mixed severe acute 

respiratory distress syndrome and circulatory failure in appropriate candidates. HF indicates 

heart failure; SBP, systolic blood pressure; and SvO2, mixed venous oxygen saturation.
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Table 2.

Device Strategies for COVID Patients With Circulatory Failure

ARDS Cause Cases (n=8)

IABP + Cardiomyopathy 2 (25.0%)

VAV ECMO + Cardiomyopathy 5 (62.5%)

IABP + VA ECMO − Acute coronary syndrome 1 (12.5%)

ARDS indicates acute respiratory distress syndrome; COVID, coronavirus; ECMO, extracorporeal membrane oxygenation; IABP, intraaortic 
balloon pump; and VAV, veno-arterial-venous.
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Table 3.

High Priority Research Questions

Are current biomarkers sufficient or are there novel biomarkers that can be used for risk stratification for patients with COVID-19?

What is the prevalence of nonobstructive acute coronary syndrome in COVID-19 patients?

Are patients with COVID-19 at higher risk for thromboembolic disease?

What are the short and long-term outcomes among COVID-19 patients presenting with acute STEMI who are initially treated with thrombolytic 
therapy?

What is the optimal treatment regimen for patients with acute COVID-19 related myocarditis or cardiac dysfunction?

Is acute mechanical circulatory support as a bridge to recovery associated with improved outcomes among COVID-19 patients?

What are the predictors of cardiovascular morbidity and mortality among COVID-19 patients?

What are the long-term outcomes of patients who have recovered from COVID-19 related cardiovascular complications?

COVID-19 indicates novel coronavirus disease 2019; and STEMI, ST-segment–elevation myocardial infarction.
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