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Coronavirus Infection � Perspectives for the

Cardiothoracic Anesthesiologist and Intensivist During

the Coronavirus Crisis
THE CURRENT pandemic owing to coronavirus disease

2019 (COVID-19) has been associated in about 10% to 15%

of cases with severe clinical presentations that require admis-

sion to hospital.1-4 In the cohort of patients with severe

COVID-19, the risks of admission to an intensive care unit are

high owing to critical conditions such as acute respiratory dis-

tress syndrome, cardiovascular collapse, and acute renal fail-

ure.1-4 The unique considerations of this important infection

significantly affect the management approaches to these

patients by cardiothoracic anesthesiologists and intensivists

with respect to airway management, echocardiography, anes-

thetic care, and extracorporeal membrane oxygenation.5-11

The purpose of this freestanding editorial is to highlight the

considerations in patients who present with cardiovascular col-

lapse in the setting of severe COVID-19. This clinical perspec-

tive will focus on the mechanisms and management of

cardiovascular compromise in these challenging patients. The

emphasis will relate to the best evidence and consensus in an

effort to disseminate the highest standards for care during this

crisis. The provided references serve as a guide to further

details for healthcare teams as they navigate the cardiovascular

demands of the pandemic at their respective institutions.
Myopericarditis as an Etiology for Cardiovascular

Collapse

Patients with severe COVID-19 may present with cardio-

genic shock.12,13 The coronavirus can cause myocarditis and/

or pericarditis that may or may not be associated with pneumo-

nia.14,15 This myocarditis may present clinically with heart

failure accompanied by arrhythmias, diffuse ST-segment

changes, and significant release of myocardial enzymes, such

as natriuretic peptides and troponin.15,16 The echocardio-

graphic examination may reveal a diffuse echo-bright myocar-

dial appearance with a pattern of hypokinesis that may or may

not have a regional distribution.14-16 There may be an
3/j.jvca.2020.04.001
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associated pericardial effusion with or without clinical tampo-

nade owing to associated pericarditis as part of the COVID-19

spectrum.16,17 Specialized imaging with cardiac magnetic res-

onance and contrast enhancement can detect myocarditis

owing to phenomena such as myocardial edema, necrosis, and

scar.17-19 In the appropriate clinical setting, these typical fea-

tures of myocarditis detected by cardiac magnetic resonance

may be diagnostic for myocarditis and are frequently equiva-

lent to endomyocardial biopsy.18,19

The presentation of myocarditis can result in focal or global

myocardial inflammation.17 Focal myocarditis may present

with acute chest pain and mimic an acute coronary syndrome,

resulting in emergency coronary angiography.17,18 There is

typically no obstructive coronary artery disease in focal myo-

carditis.17-19 In patients with COVID-19, there are unique con-

siderations for the catheterization laboratory that have been

fully discussed elsewhere.20,21

The pathogenesis of myocarditis associated with COVID

-19 may be owing to direct viral involvement of the myocar-

dium mediated by angiotensin converting enzyme 2.22,23 Fur-

ther mechanisms include a cytokine storm owing to

dysregulated T-helper cells and/or myocardial apoptosis owing

to excessive levels of intracellular calcium induced by hyp-

oxia.22 Additional research is required to define the relevance

of these mechanisms in the pathogenesis of myocarditis associ-

ated with COVID-19.22-24
Vasoplegic Shock as an Etiology for Cardiovascular
Collapse

Patients with severe COVID-19 also may develop vasople-

gia and consequent distributive shock.11,12 This vasoplegic

shock may be secondary to sepsis and/or disordered function

of the renin-angiotensin-aldosterone system.11 In patients with

severe COVID-19 who require intensive care, the prevalence

of septic shock may be about 10% to 15%.25 The management
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of septic shock in this setting should follow the current guide-

lines for sepsis, including the recommendations from the

World Health Organization.11-13

Because pulmonary endothelial damage from adult respira-

tory distress syndrome is common in severe COVID-19, the

function of angiotensin-converting enzyme is disrupted, given

that it is located on the pulmonary endothelium.24,25 This loss

of functional angiotensin-converting enzyme interferes with

the hydrolysis of angiotensin I to form angiotensin II.25 The

deficiency of angiotensin II leads to systemic vasodilation.

Furthermore, the relative excess of angiotensin I also antago-

nizes vasoconstriction through multiple mechanisms including

enhanced production of systemic vasodilators such as nitric

oxide and bradykinin.25

The possibility therefore exists that patients with severe

COVID-19 may have vasoplegic shock owing to sepsis and dys-

regulation of the renin-angiotensin-aldosterone system.25,26 Fur-

thermore, the coronavirus requires angiotensin-converting

enzyme 2 for cell entry in the lung, leading to possible down-

regulation in this part of the renin-angiotensin-aldosterone sys-

tem.25,26 Future trials will explore in detail the effects of this

viral process with respect to systemic vascular tone and therapy

with inhibitors of the renin-angiotensin-aldosterone system.25-27

Acute Coronary Ischemia as an Etiology for

Cardiovascular Collapse

There is currently no evidence to suggest that acute coro-

nary arteritis is a clinical feature of COVID-19.11,12 On the

other hand, in older patients with COVID-19, coronary artery

disease is likely and may predispose to acute coronary syn-

dromes owing to the increased metabolic stress of severe

infection.24-26 Patients with atherosclerotic coronary artery

disease may be at increased risk for plaque rupture secondary

to systemic inflammation induced by viral infection, resulting

in a type I myocardial infarction.22,24,26 Patients with coronary

stents may be at increased risk of stent thrombosis during

COVID-19, as the resulting systemic inflammation induces a

tendency to thrombosis.26-28 Furthermore, in susceptible older

patients with coronary artery disease, type 2 myocardial infarc-

tion may result from a supply-demand mismatch owing to pre-

cipitating factors such as tachycardia (increasing myocardial

oxygen demand) and systemic hypotension from vasoplegia

(decreasing oxygen supply).12,22,24-26

Patients with COVID-19 therefore may present with acute

coronary syndromes owing to plaque rupture, stent thrombosis,

and/or supply-demand mismatch.12,22 These patients may

require emergency coronary angiography for diagnosis and

management.20,21 The unique considerations related to corona-

virus infection in this setting must be taken into consideration,

as outlined by multiple professional societies.29-31

Right Ventricular Failure as an Etiology for

Cardiovascular Collapse

Patients with severe COVID-19 are at high risk for adult

respiratory distress syndrome.31,32 Right ventricular dysfunction
is common in this setting with an estimated prevalence of 25%

to 50%.33 Although the pathophysiology may be complex and

multifactorial, the etiologies include hypoxia and increased after-

load.33 Furthermore, in patients with severe COVID-19, addi-

tional factors that may compromise right ventricular function

include myocarditis, vasoplegic shock, and acute coronary syn-

dromes as outlined above.11,12,22,24,26

An additional exacerbating factor may be decreased right

ventricular functional reserve in older patients owing to

comorbidities such as smoking, diabetes, coronary artery dis-

ease, and chronic lung disease.34,35 Patients with severe

COVID-19 also are at significant risk for deep venous throm-

bosis and acute pulmonary embolism as a result of factors

such as immobility, systemic inflammation, and disseminated

intravascular coagulation.11-13 Owing to these multiple mecha-

nisms that can challenge the right ventricle, echocardiography

to assess right ventricular function and responses to therapy

will facilitate a more individualized approach to resuscitation

and management in patients with severe COVID-19.36,37

Medical and Mechanical Therapies for Cardiovascular

Collapse

Patients with severe COVID-19 are at risk for cardiovascu-

lar collapse owing to multiple mechanisms that may be cardio-

genic and/or noncardiogenic. The medical management of

these shock states has been discussed extensively recently in

the journal.38-40 The role of angiotensin II may have particular

therapeutic application in this setting.25,26 Specific medical

therapies for COVID-19 include antivirals, chloroquine, ste-

roids, interferon, complement inhibitors, and interleukin

blockers.12-22,24 The antivirals under investigation include

ribavirin, lopinavir/ritonavir, and remdesevir.12,22 All these

experimental therapies that target the infectious process may

have multiple important medication interactions that must be

taken into account during patient management.12,22,24,26 The

full details of these interactions are beyond the scope of this

editorial but are covered extensively in the provided

references.12,22,24,26

The mechanical support of the circulation in this challenging

setting includes extracorporeal membrane oxygenation, espe-

cially in the setting of the adult respiratory distress syndrome.8,9

In the setting of severe cardiovascular compromise, venoarterial

extracorporeal membrane oxygenation is preferred for support of

the failing heart as a bridge to clinical recovery.41,42 The unique

considerations for this important therapy during the coronavirus

crisis must be taken into account and have been discussed in an

earlier dedicated editorial.8,9,43-46

Conclusions

The clinical spectrum of severe COVID-19 includes cardiovas-

cular collapse from multiple mechanisms. The mechanisms in

this challenging setting include myocarditis, pericarditis, vasople-

gia, right ventricular failure, and acute coronary syndromes. The

therapeutic approaches for this life-threatening presentation

include aggressive medical and mechanical options, including
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extracorporeal membrane oxygenation. The management of cir-

culatory shock in this pandemic must include a focus on infection

control to prevent further transmission of coronavirus.
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