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Introduction 

Coronavirus disease 19 (COVID-19) is caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) and has resulted in a global pandemic with considerable

morbidity and mortality.1-3 Multiple studies have noted both increased susceptibility in

patients with underlying cardiovascular disease to COVID-19, as well as severe 

cardiovascular sequelae in COVID-19 infected patients including acute myocardial

injury, arrhythmias, and shock.3, 4 In addition, there have been several reports of ST-

segment elevation (STE) in patients with COVID-19 who do not have evidence for

obstructive coronary artery disease (CAD) on invasive coronary angiography.5, 6 The

impact of “false” catheterization laboratory activation includes multiple inherent risks

arising from the following: an invasive arterial procedure and adjunctive antithrombotic

administration for these patients; the exposure of personnel during transfers; and

possible respiratory failure in patients with COVID-19 and subsequent aerosolized 

generating procedures during resuscitation and intubation. The downstream effects of

inadvertent exposure and contamination may not be trivial and could result in critical 

isolation of exposed staff. The potential effects may result in staffing shortages leading

to slowed or even closed cardiac catheterization or other cardiac imaging services,

especially in smaller facilities. Conversely, it remains critically important to provide

timely, emergent reperfusion therapy in patients experiencing an acute myocardial

infarction due to acute coronary occlusion.7 Thus there is an urgent need for an

algorithm that facilitates triage of suspected or proven COVID-19 patients with STE

toward initial invasive or noninvasive pathways.
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The reported experiences, published and unpublished (correspondence, ad hoc

webinars and social media), from countries in which significant exposure to COVID-19 

has occurred highlight the enormous challenges with regard to the evaluation and 

treatment of patients with COVID-19 and STE on the electrocardiogram. These 

experiences emphasize the need for health care facilities to rapidly prepare and 

configure their own STEMI systems of care in anticipation of treating increasing

numbers of COVID-19 patients whose clinical course is complicated by the appearance 

of STE on their electrocardiogram. It is within this context that we offer this background 

information and proposal of algorithms for the evaluation and treatment of these 

patients.

 Acute Myocardial Injury 

Acute myocardial injury (rise and/or fall of troponin with at least one value >99 percentile

upper reference limit)8 is common among patients with acute respiratory infections and

correlated with disease severity.9, 10 Abnormal high sensitivity troponin (hs-cTn) values

are common in patients with COVID-19 and are significantly higher in non-survivors. 3, 11

The mechanisms for these cTn elevations are incompletely understood, but likely reflect

underlying cardiac comorbidities and potentially, acute myocardial injury due to direct, 

toxic (“non-coronary”) myocardial damage, critical illness, cytokine storm, heat shock

proteins or stress cardiomyopathy.  All of these mechanisms can occur in patients with 

acute respiratory failure and/or systemic infections from a variety of etiologies. 8, 12

Marked alterations in myocardial oxygen consumption and supply-demand mismatch, 
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with or without bystander concomitant atherosclerotic coronary artery disease, can lead 

to type 2 myocardial infarction. 8, 12 Type 2 MI is typically treated with non-invasive 

medical management. 12 However, on occasion, type 1 myocardial infarction related to 

atherosclerotic plaque disruption can be triggered by the inflammatory milieu caused by

a respiratory infection,13-15 typically necessitating invasive stabilization. In the absence 

of STE or hemodynamic instability, many of these events probably can be managed 

medically. The incidence of acute myocardial infarction (including MI subtypes) in

COVID-19 is unknown, although the sparse ECG data that are available suggests that

acute ischemic events are uncommon. It is critical to understand that increased cTn

concentrations are common in patients with acute illnesses such as COVID-19,

particularly when using hs-cTn assays in whom modest elevations exist in many adults

with comorbidities for varied reasons. 4, 8, 11 The recent diagnostic guidelines for acute 

myocardial infarction emphasize that a significant change in cTn is insufficient for the

diagnosis of MI. The significant change in troponin must be accompanied by clinical 

evidence of overt myocardial ischemia. 8 The subsequent pathways emphasize the 

critical importance of clinical assessment of patients presenting with STE and the 

necessity of establishing clinical evidence of myocardial ischemia before rushing such 

patients to the catheterization laboratory.
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ST-segment Elevation Care Pathways 

The approach to STE in patients with suspected or confirmed COVID-19 can be 

challenging for the previous reasons we have described. STE may occur from

atherothrombotic type 1 MI or type 2 MI including vasospasm, but recent reports

suggest that STE can occur from COVID-19 related myopericarditis.6 To facilitate

diagnosis and management, we created a multi-disciplinary working group of experts in 

cardiac acute critical care, ischemic heart disease, invasive cardiology and cardiac

imaging to propose an algorithm delineated in Figure 1. This algorithm seeks to 

achieve the following objectives: 1) the accurate identification of patients with type 1 or

type 2 MI who would benefit from reperfusion therapy and revascularization; 2) the

minimization/avoidance of unnecessary exposure of COVID-19 patients to invasive care 

and pharmacological management that may result in clinical harm; and 3) a strategy to 

wisely utilize resources and avoid unnecessary exposure to a potentially fatal infectious

agent.  The proposed algorithm (Figure 1) is a basic, high-level decision aid for acute

management of STE in patients with suspected or proven COVID-19.  An important

aspect of care in managing COVID-19 patients is to minimize the patient’s footprint in 

the inpatient environment in order to reduce risks to both the patient and to others

including health care workers, hospital patients and physicians.  This approach, 

however, must be balanced against the need for a rapid and precise diagnosis in

COVID-19 patients with STE due to an acute myocardial infarction in order for timely

and appropriate reperfusion therapy including coronary revascularization to be 

implemented when appropriate. We recommend considering an approach that takes
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into account severity of illness coupled with risk stratification utilizing cardiac imaging in 

select cases to assess the potential benefit from coronary revascularization rather than 

a blanket policy of proceeding with diagnostic catheterization, often triggered by pre-

hospital ECG testing, for all STE patients with suspected or known COVID-19. We 

recognize that strategies will vary depending on the specifics and capabilities/resources 

at any given institution and may reflect some ethical concerns for health care staff. 

Our current approach in patients with a high suspicion for acute coronary occlusion who 

are candidates for coronary angiography with an expected benefit from coronary artery 

revascularization is to continue with the standard pre-hospital or emergency department 

(ED)-triggered STEMI activation of the cardiac catheterization laboratory (CCL) for 

anticipated primary percutaneous coronary intervention.  Protection of the CCL team is 

of paramount importance and rigorous COVID-19 CCL protocols should be followed to 

protect individuals from airborne, droplet, and contact infectious sources, given the 

potential high risk of aerosolized generating procedures.16  The strategy at our institution 

is to continue primary PCI for most patients, with occasional fibrinolytic therapy as per 

our normal STE pathways,17 rather than adopt a strategy of preferential fibrinolytic 

therapy in suspected or known COVID-19 patients. We recognize that revascularization 

strategies may evolve based on the COVID-19 impact on the CCL availability.  On the 

other end of the spectrum, there will be COVID-19 positive patients with severe 

respiratory and multisystem organ failure who are less likely to derive substantial benefit 

from emergent coronary angiography and revascularization because of the potentially 

higher likelihood of myopercarditis.  We acknowledge it will be difficult not to activate the 
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CCL team in these patients, despite the identification of STE. We recommend a multi-

disciplinary team review acutely if there is any doubt about the likelihood of type 1 MI. A 

similar approach should be considered for those with cardiac arrest and/or cardiogenic

shock in whom clinical history is ambiguous. There may be uncertainty regarding the

likelihood of acute coronary occlusion in COVID-19 patients with STE within that

spectrum because of any one of the following considerations: (1) the clinical 

presentation is not consistent with acute ischemic symptoms; (2) the only

cardiopulmonary symptom is dyspnea in the setting of a presumptive respiratory

infection with or without radiographic findings consistent with COVID-19; or (3) there is a

paucity of traditional risk factors for CAD.  In these scenarios, taking additional time to

consider the value of upstream (pre-CCL STEMI activation) adjunct cardiac imaging

including echocardiography or coronary CT angiography (CCTA) may reduce

unnecessary ICA and thus CCL exposure to a highly contagious virus. The selection of

the particular imaging modality should be chosen based upon patient factors such as

age, renal function, body habitus, hemodynamics, and prior surgical and/or PCI history.

Adjunct Cardiac Imaging 

The decision on using a focused and rapid goal-directed transthoracic echocardiogram 

and/or a CCTA in patients admitted to the ED or the ICU will be predicated on multiple 

factors apart from the estimated likelihood of a primary acute ischemic event; these 

include patient symptoms, hemodynamic stability, availability and proximity of the 
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imaging studies to the ED, as well as time to image acquisition, study completion and 

interpretation. 

A goal-directed echocardiogram focusing on left ventricular systolic function and 

regional wall motion analysis performed in the ED or ICU can be instrumental in the

decision of CCL activation for STE, assuming the study can be efficiently completed. If

regional wall motion abnormalities in a coronary distribution are present, then expedited

CCL activation should be considered if the expected benefit from revascularization is

estimated to outweigh the risk of deterioration from other non-cardiac related illness.

Importantly, if there is concern for progressive respiratory failure, we suggest early

intubation in a setting that minimizes risks of aerosolized material with subsequent

exposure to hospital staff should occur and mechanical ventilation initiated in the 

Emergency Department or Intensive Care Unit as opposed to the CCL. If there is

profound diffuse left ventricular or biventricular systolic dysfunction, it may be 

reasonable to consider CCTA to further delineate coronary anatomy versus continued 

supportive care.  

In many healthcare systems the role of CCTA in the immediate evaluation of STE in 

suspected or confirmed COVID-19 will be limited due to patient factors as well as 

constraints on time to study completion and interpretation.  However, there are hospitals 

with a robust CCTA practice which are located in close proximity to the ED practice and 

can be expeditiously performed and interpreted by a cardiac radiologist or cardiologist.  

The role of CCTA is likely to be limited in the evaluation of STE, but in specific cases 
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may add tremendous value in assessing coronary anatomy and determining the 

radiographic extent of lung involvement. However, the availability of CCTA needs to be 

considered in this context and may not be suitable in older patients who may have 

significant coronary calcification, for those who have severe tachycardia or tachypnea, 

and for those who are hemodynamically unstable.  

On balance a goal-directed echocardiogram may be clinically and logistically easier to 

obtain and result in less exposure to hospital staff. The value of a focused 

echocardiogram is highly dependent on the skills of both the sonographer and the 

interpreting echocardiographer as accurate evaluation of left ventricular regional wall

motion abnormalities can be challenging even for an expert level echocardiographer.

While point-of-care ultrasound (POCUS) it an excellent tool in the management of the 

acutely ill including those with COVID-19 infection, we do not recommend its use in this

setting as the characterization of regional wall motion abnormalities is typically beyond 

the scope of most POCUS users.  However, we strongly advise that the choice of

echocardiography should be predicated upon the availability of this service on a very

rapid basis, and upon the presence of an advanced sonography/physician team who 

can perform and interpret myocardial enhancement +/- perfusion echo imaging as a way

to better evaluate wall motion and ventricular function.18

Conclusion 

Myocardial injury in the setting of COVID-19 should be expected as there are observed 

cases of type 1 or 2 myocardial infarction in the setting of acute infectious viral illnesses. 
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3, 4, 11, 13, 19 For patients with COVID-19, the evaluation can be challenging due to reports

of STE without obstructive coronary disease, which creates diagnostic and 

management challenges.5 Although the frequency of STE in COVID-19 remains unclear,

it is important for institutions to define acute cardiac care pathways which balance the 

risks of complicating COVID-19 patients from invasive therapies and unnecessary

contrast exposure versus the potential benefit if the patient is experiencing a MI from

acute coronary occlusion. The principle of “First, do no harm” should apply to patient

care and to the workplace in the CCL and hospital. The potential risk of a false positive 

STE with CCL activation and exposure of CCL staff to a highly infectious agent must be 

taken in consideration as institutions and hospitals grapple with the need for patient-

centered, ethical care. We believe that the strategy we propose will create slight delays

in low probability patients, which reduce risks to patients and hospital staff, while 

allowing for invasive care if the diagnosis of a STEMI or type 1 MI is rapidly established.
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Figure 1. High Level Overview of Initial Triage for ST-segment elevation in Suspected 
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occur in the ICU or ED if evidence of respiratory failure  
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