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Abstract 
Standard evaluation and management of the patient with suspected or proven cardiovascular 
complications of COVID-19, the disease caused by severe acute respiratory syndrome–related 
coronavirus-2 (SARS-CoV-2), is challenging. Routine history, physical examination, laboratory 
testing, electrocardiography and plain x-ray imaging may often suffice for such patients but 
given overlap between COVID-19 and typical cardiovascular diagnoses such as heart failure and 
acute myocardial infarction, need frequently arises for advanced imaging techniques to assist in 
differential diagnosis and management. This document provides guidance in several common 
scenarios among patients with confirmed or suspected COVID-19 infection and possible 
cardiovascular involvement, including chest discomfort with electrocardiographic changes, acute 
hemodynamic instability, newly-recognized left ventricular dysfunction, as well as imaging 
during the sub-acute/chronic phase of COVID-19. For each, we consider the role of biomarker 
testing to guide imaging decision-making, provide differential diagnostic considerations, and 
offer general suggestions regarding application of various advanced imaging techniques.   
 
Condensed Abstract: Standard evaluation and management of the patient with suspected or 
proven cardiovascular complications due to COVID-19 infection often requires advanced 
imaging techniques to assist in differential diagnosis and management. This document provides 
guidance in several common scenarios among patients with COVID-19 infection and for each 
provides advice regarding the role of biomarker testing to guide imaging decision-making, 
provides differential diagnostic considerations, and offers general suggestions regarding 
application of various advanced imaging techniques.   
 
Keywords: COVID-19, myocardial injury, stress cardiomyopathy, myocarditis 
 
Abbreviations 
ECG = electrocardiogram 
CAD = coronary artery disease 
ICU = intensive care unit 
ARDS = adult respiratory distress syndrome 
POCUS = point of care ultrasound 
ACS = acute coronary syndrome 
LVEF = left ventricular ejection fraction 
CTA = computed tomography angiography 
MRI = magnetic resonance imaging 
SPECT = single photon emission computed tomography 
PET = positron emission tomography 
VTE = venous thrombotic events 
STEMI = ST-segment elevation myocardial infarction 
EMB = endomyocardial biopsy 
RV = right ventricle 
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Introduction 

Imaging is essential in the diagnosis and risk stratification of disease and in guiding 

management. The traditional “five-fingered approach” of history, physical exam, blood tests, 

electrocardiogram (ECG) and imaging is still relevant, but in the COVID-19 era, there are 

additional challenges due to significant overlap between coronavirus and typical cardiac 

presentations. For example, among those with COVID-19, chest discomfort is common and ECG 

and cardiac troponins are frequently abnormal in the absence of obstructive coronary artery 

disease (CAD), especially among those with severe infections requiring ICU admission (1-3). As 

well, dyspnea is among the most common symptoms in COVID-19, and B-type natriuretic 

peptide and chest x-ray are also frequently abnormal in affected patients. Therefore, there is a 

need for guidance on discriminating significant cardiac pathology from findings which may be 

associated with COVID-19 infection.  

The purpose of this document is to provide a summary of the evidence regarding the 

prevalence and significance of abnormal findings that may suggest the need for cardiac imaging 

and to provide expert guidance on incorporating advanced imaging into clinical pathways in 

suspected or confirmed COVID-19 patients.   

Methodology 

This guidance document was commissioned by the leadership of the American College of 

Cardiology (ACC) Cardiovascular Imaging Leadership Council. The writing group for this 

document was organized to ensure diversity of perspectives and expertise including 

multimodality cardiovascular imaging, critical care cardiology, heart failure, interventional 

cardiology and general cardiology. The work of the writing group was supported exclusively by 

the ACC and specialty imaging societies without commercial support.  
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In order to maximize the clinical utility of this guidance document, description of 

imaging findings and relative utility of imaging tests is organized by the most common clinical 

scenarios requiring expert cardiac consultation described to-date. The writing group realizes that 

these clinical scenarios are not static and many overlap, but this format allowed to describe better 

the differential diagnoses and the evolving role of non-invasive imaging tests in guiding 

management of patients affected by COVID-19. The writing group also recognizes that some of 

these initial recommendations will likely evolve with increasing knowledge regarding the 

pathobiology of cardiac complications from SARS-CoV-2 infection and the potential impact of 

novel therapies that are currently being evaluated on the natural history of the disease. It is also 

important to recognize that this guidance regarding the relative utility of imaging tests in specific 

clinical scenarios should be interpreted and adopted in the context of local availability and 

expertise.  

COVID-19 Testing and Implications for Imaging 

Diagnostic testing to identify persons infected with SARS–CoV-2 plays a crucial role in 

protection of healthcare personnel and guiding disinfection of imaging rooms and equipment 

used in patients with suspected or confirmed COVID-19 infection. The diagnostic sensitivity of 

reverse transcriptase polymerase chain reaction (RT-PCR)–based assays of respiratory 

specimens is reported to range between 89% and 96% (range 78-100%) depending on the sample 

source (4). The information has important implications for protection of healthcare personnel 

involved in imaging studies and for disinfection of imaging rooms and equipment after their used 

in patients who are confirmed COVID-19 positive and those who are RT-PCR negative but still 

considered high-risk for COVID-19. Strict adherence to local infection control policies and 

procedures is required to minimize exposure and transmission of SARS-CoV-2 to healthcare 
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staff and patients without COVID-19 referred for imaging. Specific recommendations regarding 

the use of personal protective equipment (PPE) have been provided by all subspecialty imaging 

societies (5-8).  

Role of Biomarkers to Inform Imaging Decision-Making in COVID-19 

Measurement of circulating biomarkers to support clinical judgment in patients with 

COVID-19 has grown because many circulating biomarkers reflecting end-organ stress/injury, 

inflammation, hypo-perfusion, and pathway activation of thrombosis/hemostasis have been 

found to have prognostic value in patients with COVID-19 (Table 1), predicting longer hospital 

stay, need for ICU admission, onset of ARDS, and risk for death (2,9-18). However, despite a 

prognostic role, almost none of the widely measured biomarkers represent a specific trigger for 

imaging outside of that supported by clinical judgment.  

Cardiac-derived biomarkers reflecting myocardial stress (B-type natriuretic peptide 

[BNP] and N-terminal pro-BNP [NT-proBNP]) and myocardial injury (cardiac troponin, cTn) 

are both strongly prognostic in COVID-19 (2,10-13,15,16), particularly in patients with rising 

values during hospitalization and in those with marked biomarker elevation (12). Importantly, 

clinicians should be aware that most patients with abnormal BNP/NT-proBNP or cTn do not 

have acute heart failure or myocardial infarction and rise in concentration of either class of 

biomarker presumably reflects complex processes including direct myocardial stress/injury 

related to systemic illness. To the extent cardiac dysfunction is a major adverse prognostic 

finding in COVID-19, links between BNP/NT-proBNP and cTnT or I with myocardial 

dysfunction make it tempting to regard them as a valuable tool for decision-making regarding 

need for imaging.  
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Accordingly, when interpreted within the context of the entire clinical picture, low-

modest and non-rising concentrations of either class of biomarker may help to exclude need for 

imaging. In those with marked elevation (e.g., severe heart failure, myocardial infarction or 

myocarditis), selective imaging might be considered if clinical judgment dictates. Of course, 

both classes of biomarkers retain their usefulness for diagnosis of acute heart failure or type 1 

myocardial infarction in patients with concomitant acute cardiac issues and co-morbid COVID-

19. 

Clinical Presentations 

A typical presentation of the COVID-19 positive or possible patient is dyspnea with a 

chest x-ray demonstrating interstitial or airspace infiltrates suggestive of pneumonia (19). The 

clinician may be consulted to rule in or rule out a cardiogenic component of pulmonary 

abnormalities in this symptomatic patient population. Clinicians will rely on history, physical 

exam, ECG and biomarkers, and recent cardiac imaging tests if available. Underlying cardiac 

history including CAD, cardiomyopathy, heart failure, and arrhythmia should be sought, and 

frequent contributors to decompensation should be eliminated (20). As discussed below, the 

additional use of cardiac imaging may be helpful in the evaluation of cardiac complications from 

COVID-19. However,  given the higher risk of exposure of healthcare personnel imaging studies 

should be used carefully and only in clinical situations where their use can inform a change in 

patient management. The writing group agreed that either a point of care ultrasound (POCUS) or 

a formal limited echocardiogram may be considered as the initial evaluation of positive or 

suspected COVID-19 patients with possible cardiac injury (21). Advanced imaging techniques 

may also play an important role, which will be discussed under the specific clinical scenarios 

discussed below. 
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Clinical Scenario 1:  Chest pain and abnormal ECG  

Typical findings and differential diagnosis 

Chest discomfort is a common symptom among patients with active COVID-19 infection 

and may result from a large number of etiologies (Table 2).  

Initial Diagnostic Approach  

The initial diagnostic evaluation of patients presenting with chest pain is illustrated in Figure 

1.  The 12-lead ECG and biomarkers play a key role. In addition to concern for traditional acute 

coronary syndromes (ACS) (ST-elevation ACS or non-ST-elevation ACS), patients with active 

COVID-19 infection have been reported to present with ECG abnormalities later shown to be 

related to one or more of the conditions outlined in Table 2 (22,23). In patients with atypical 

symptoms for traditional ACS or non-typical ECG changes, rapid access to cardiovascular 

imaging may provide important diagnostic information to guide management.  

• Patients with chest pain and clinical concern for ST-elevation ACS or high clinical risk for 

in-hospital mortality (e.g., cardiogenic shock, LVEF <40% felt due to NSTEMI, dynamic 

ST-segment changes), should be referred for emergent coronary angiography and reperfusion 

therapy (24) (Figure 2).   

• In patients with equivocal symptoms, atypical or equivocal ECG abnormalities, or late 

presentation, clinicians may consider POCUS or limited echocardiogram to assess for 

regional wall motion abnormalities and LVEF and/or coronary CTA as discussed below 

(8,24). 

Role of Advanced Imaging Techniques 

In patients with chest pain and ST-elevation without clear evidence of STEMI, coronary 

CTA is preferred as an initial advanced imaging study in order to rule out ACS (25) and point to 
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alternate diagnoses discussed in Clinical Scenarios 2 and 3, especially in patients in whom a 

diagnostic quality study can be obtained. Patients need to be able to participate in breath holding 

and achieve reasonable heart rate control and should not have contraindications to iodinated 

contrast administration. Coronary CTA is particularly useful in patients without previously 

established CAD or severe coronary artery calcification.  

In patients with a clinical presentation of acute MI, normal or non-obstructive coronary 

arteries (MINOCA), which may present as STEMI or NSTEMI, with normal or abnormal LV 

systolic function, cardiac MRI can help confirm the diagnosis of MI or provide alternate 

diagnosis including myocarditis, stress cardiomyopathy, and embolic infarction (26) (Table 2, 

Figure 2, Supplemental Table 3). A patient without evidence of obstructive CAD by 

angiography and an echocardiogram demonstrating a pattern consistent with stress 

cardiomyopathy may not need additional imaging, particularly if a repeat study shows resolution 

of dysfunction. However, when the presentation is atypical or there is diagnostic uncertainty, 

cardiac MRI can help identify the mechanism of myocardial dysfunction. 

In hemodynamically stable patients with previously established CAD presenting with 

chest pain of unclear etiology in whom a non ST elevation ACS is a consideration, 

pharmacologic stress imaging is the preferred non-invasive approach (Figure 2), although in low 

risk ACS, testing might be deferred until after COVID-19 resolution. 

There are several important considerations when selecting among available functional 

stress imaging tests. Exercise stress testing, including exercise echocardiography (5), should be 

generally avoided in patients with confirmed or suspected active COVID-19 infection due to the 

potential risk of aerosolizing droplets. Vasodilator stress myocardial perfusion imaging (MPI) 

with SPECT, PET or MRI are all options to consider. If available, stress MPI with PET or MRI, 
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or stress-first approach with SPECT especially in patients with BMI < 30 and without known 

CAD would be preferred because of the short protocol times (generally 20-45 min), which limit 

exposure to staff. Dobutamine-stress echocardiography is an option if radionuclide imaging or 

MRI are not available.  

Clinical Scenario 2:  Hemodynamic Instability (shock or hypotension) 

Typical findings and differential diagnosis 

Patients with COVID-19 may manifest with hemodynamic instability with a wide range 

of abnormalities, including LV and/or RV dysfunction with regional or global abnormalities, 

with or without myocardial injury, and with or without evidence of myocarditis (1,22,27-30). 

Imaging findings typically associated with chronic cardiac conditions such as LVH and LV 

dilatation, have been well described in acute cardiac presentations of COVID-19 patients and 

have demonstrated significant reversibility and may not be reliable markers to judge chronicity 

of cardiac dysfunction (31). 

While the pulmonary manifestations predominate in most patients with COVID-19, 

involvement of other organs is common with acute cardiac injury occurring in up to 28% and 

venous thrombotic events (VTE) in up to 67% (32-34).  Cardiogenic shock has been reported as 

the first manifestation of COVID-19 in the absence of respiratory symptoms (1). As such, 

clinicians should have a high degree of suspicion for COVID-19 in the setting of hemodynamic 

instability even if the patient is not presenting with its classic constellation of symptoms.   

Hemodynamic instability includes shock, which is classically divided into several 

physiologic categories: distributive, obstructive, hypovolemic, and cardiogenic (35).  

Cardiogenic shock can further be subdivided into classic cardiogenic shock, defined by low 

cardiac output, high filling pressures and high systemic vascular resistance, and mixed (or 
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vasodilatory) cardiogenic shock.  Distributive or septic shock was observed commonly (~20% of 

hospitalized COVID-19 patients) in early reports from China (19).  While the incidence of heart 

failure or cardiogenic shock is not well defined, early estimates described rates as high as 30-

50% in patients requiring ICU-care or non-survivors (19,27).   

The potential mechanisms of direct myocardial dysfunction leading to hemodynamic 

instability in patients with COVID-19 are numerous (Table 2) (32).  The underlying pathologic 

mechanisms of the clinical syndrome of myocarditis remain unclear and may include direct viral 

toxicity, microvascular dysfunction due to microthrombosis, vasculitis, vascular injury, or 

lymphocytic infiltration (30,32).  

Initial Diagnostic Approach 

Initial evaluation of the patient with hemodynamic instability should include all elements 

outlined in Figure 1. The physical exam should focus on an assessment of congestion, perfusion 

and be geared towards identification of cardiogenic or mixed shock.  Initial testing should 

include markers of perfusion (e.g., lactate, liver function tests, renal function), and may include 

measurement of BNP/NT-proBNP, cTn, coagulation and inflammatory markers and an 

assessment of cardiac output.   

In the setting of a clear STEMI with hemodynamic instability, it is recommended to 

proceed directly to coronary angiography and reperfusion therapy without the need of additional 

imaging (Figure 3), as described in Clinical Scenario 1 (24).   

In patients with hemodynamic instability, evidence of significant/worsening myocardial 

injury, or ECG abnormalities without clear evidence of STEMI, assessment with POCUS is 

recommended (Figure 3, Supplemental Tables 1-3). This may help guide the decision on 

whether to proceed with coronary evaluation, although it is noteworthy that myocarditis and 
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myocardial injury may also present with regional wall motion abnormalities.  In the absence of  a 

high pre-test probability of acute MI (type 1), coronary CTA may be useful to minimize staff 

exposure (8,24).  

Role of Advanced Imaging Techniques 

If acute epicardial CAD is ruled out or the suspicion for ACS is low, it is reasonable to 

consider further evaluation for myocarditis or stress cardiomyopathy (Figure 3, Supplemental 

Table 3), if such information may lead to a change in patient management.   

There should be a high index of suspicion for pulmonary embolism in confirmed or 

suspected COVID-19 patients, particularly in those with hemodynamic instability, unexplained 

sinus tachycardia or evidence of RV strain by ECG or echocardiogram or rising d-dimer.  A 

contrast-enhanced chest CT is the imaging modality of choice (Figure 3). RV dysfunction is 

nonspecific and may also be observed in other high RV afterload states, such as with hypoxic 

pulmonary vasoconstriction or high PEEP in mechanically ventilated patients.   

The role of endomyocardial biopsy (EMB) in COVID-19 associated cardiogenic shock 

remains unclear.  Recommendations for the use of EMB in patients presenting with unexplained 

acute cardiomyopathy and (36) are based on clinical presentations in which EMB results would 

change treatment or to assist in prognostication (37,38). Given no clear therapy exists for 

COVID-19 related myocarditis and risks of personnel exposure during the procedure, use of 

EMB should be reserved for patients in whom such results would change management course.  

Clinical Scenario 3: New Left Ventricular Dysfunction Without Shock or Hypotension 

Typical findings and differential diagnosis 

As noted above, myocardial stress and injury, as reflected by abnormal concentrations of 

BNP/NT-proBNP or cTn, are common in patients with COVID-19 (27,39).  The clinical 
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presentation of LV dysfunction (LVD) in COVID-19 is quite heterogeneous ranging from 

incidentally discovered LVD with negative biomarkers to mild symptomatic LVD to a clinical 

picture of fulminant myocarditis and shock (Table 2).  Systolic dysfunction can present as either 

regional wall motion abnormalities that may or may not fit a coronary artery distribution to 

various forms of stress cardiomyopathy including classic and atypical patterns to severe global 

systolic dysfunction with hemodynamic instability (Figure 4).   

Acute coronary syndrome should be considered in patients presenting with typical 

clinical, ECG and echocardiographic features. Distinguishing between acute and chronic LVD in 

COVID-19 can be difficult as multiple features overlap (Figure 4).  The presence of a non-

dilated LV on echocardiography, particularly in the context of significantly elevated/rising 

biomarker concentrations, profound systolic dysfunction and/or LVH and significant heart 

failure or hemodynamic instability suggests an acute pathophysiology.  In contrast, presentation 

of a severely dilated LV, left atrial enlargement, thinned or akinetic walls and low or stable cTn 

suggest a pre-existing chronic cardiomyopathy.  The presence of myocardial 

inflammation/edema by cardiac MRI or PET can be useful in distinguishing acute from chronic 

LVD.  

COVID-19 myocarditis diagnosed by combination of cardiac MRI and myocardial injury 

has been described both in patients with normal (40) or abnormal LV function (1).  A thickened 

LV wall that regresses within 4-7 days is a common anecdotal finding described in case 

reports(1,28,29), which may represent extensive myocardial edema (1,29) and frequently 

associated with low voltage on ECG. 

Initial Diagnostic Approach 
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Initial evaluation should include all elements outlined in Figure 1. In addition to standard 

chest X-ray and ECG, biomarker testing may be useful to identify acute myocardial stress or 

injury as discussed above and noted in Table 1 and Figure 4. The use of limited versus full 

echocardiography may depend on the differential diagnoses that are being considered (Table 2) 

and level of diagnostic information needed (Supplemental Table 1). 

Role of Advanced Imaging Techniques 

In patients with known or suspected structural heart disease during the initial POCUS, 

additional echocardiographic imaging should be considered to further characterize such findings 

(Figure 4, Supplemental Tables 1 and 3).  Transesophageal echocardiography (TEE) is an 

aerosol generating procedure and should be avoided if possible during the acute phase of 

COVID-19 (5). In selected cases, cardiac CT may be useful and minimize exposure of healthcare 

personnel (8).   

The use of advanced imaging tests to evaluate for suspected ACS, chronic CAD, or other 

forms of myocardial injury in patients presenting with LV dysfunction should follow 

recommendations discussed in Clinical Scenarios 1 and 2 (Figure 4).  When there is a suspicion 

for myocarditis and cardiac MRI is equivocal or cannot be performed, cardiac PET may provide 

information on the presence of cardiac inflammation(41).  As discussed above, EMB may be 

considered in selected patients presenting with Clinical Scenarios 2 or 3 (Figure 4).  

Clinical Scenario 4: Subacute/chronic phase  

Typical findings and Differential Diagnosis 

Many of the sub-acute and chronic findings in COVID-19 cardiovascular disease are non-

specific and may include symptoms such as dyspnea, fatigue, weakness, or cough. More 

concerning cardiac symptoms include chest pain, syncope, pre-syncope, or palpitations, and new 
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signs of heart failure. The long term consequences and prognosis of myocardial damage incurred 

during COVID-19 are unknown.  However, following the initial SARS-CoV-1 epidemic in 2002, 

chronic cardiac and pulmonary manifestations were reported after recovery (18,42) and it is 

reasonable to expect the same with SARS-CoV-2. 

The differential diagnosis should include COVID-19 related and non-COVID-19 related 

etiologies (Table 2). Non-COVID-19 related etiologies should be evaluated in standard fashion. 

COVID-19 related etiologies may include deconditioning, recovery from illness, residual lung 

disease, and  manifestations of various forms of cardiovascular disease. Cardiovascular sequalae 

from acute COVID-19 may include arrythmias, left and right ventricular dysfunction and heart 

failure, or ischemic heart disease.  Both supraventricular and ventricular arrythmias may appear 

in the sub-acute and chronic phases and may present as palpitations, heart failure, chest pain, 

presyncope or syncope.    

Initial Diagnostic Approach 

Initial evaluation should include all elements outlined in Figure 1.  The utility of serum 

biomarkers is undefined in the subacute/chronic phase. It is reasonable to suspect that elevated 

concentrations of BNP/NT-proBNP in a dyspneic post-COVID-19 patient might be helpful to 

understand presence and severity of cardiac dysfunction or clinical heart failure and such 

biomarkers should be utilized in accordance with published clinical practice guidelines (43).   

Role of Advanced Imaging Techniques 

New signs of heart failure / persistent dyspnea out of proportion to lung disease   

The evaluation of patients presenting persisting or new dyspnea should follow the same 

considerations outlined in Clinical Scenario 3. If there is any concern for development of 

pulmonary hypertension, particularly chronic thromboembolic pulmonary hypertension 
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(CTEPH), the patient should be referred to an appropriate specialist and a right heart 

catheterization can be considered. 

Known LV dysfunction (during acute phase)  

If the patient was diagnosed with new LV dysfunction in the hospital, repeat 

echocardiogram (or MRI) at 2-6 months following discharge to assess for myocardial recovery 

may be considered.  Guideline directed medical therapy should be optimized (43).  

New syncope / significant palpitations 

These patients should undergo evaluation of syncope and arrhythmias as defined in 

current guidelines, which include consideration of advanced imaging to assess for CAD, scar and 

ischemia (44).  

Chest discomfort  

These patients should undergo evaluation of ischemic heart disease as defined in current 

guidelines, which include consideration of advanced non-invasive imaging and coronary 

angiography (45,46).  

Summary and Conclusions 

The management of cardiovascular complications in patients with COVID-19 presents 

substantial diagnostic and therapeutic challenges. Selective use of advanced cardiac imaging 

offers powerful qualitative and quantitative information that can help with patient management 

(Central Illustration). Below are the key summary points from this expert panel guidance 

regarding the use of multimodality imaging in COVID-19 patients:  

• TTE is usually the initial cardiovascular imaging modality used to guide management. This 

may be in the form of an urgent POCUS or a limited study initially. More complete studies 

are guided by the clinical question and evolving patient condition. 
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• Clear or suspected STEMI usually mandates emergent cardiac catheterization with limited 

role for noninvasive imaging. Less typical presentations of potential acute coronary 

syndrome may benefit from a POCUS and coronary CT angiography.  In patients with 

MINOCA, cardiac MRI can be useful in distinguishing the etiology of myocardial injury. 

• In patients with known CAD with suspected low risk ACS, vasodilator stress MRI or 

radionuclide MPI, especially PET if available, can be considered.   

• In patients with new LV systolic dysfunction, consideration of underlying CAD should be 

investigated. For those without evidence of CAD, cardiac MRI or PET can provide important 

insights into the etiology of myocardial dysfunction.  

• In the sub-acute phase, surveillance of previously detected abnormalities is important to 

follow for potential recovery (as in Takotsubo cardiomyopathy or myocarditis) or 

progressive disease.  

• In all scenarios, consideration of risk to the health care workers is an integral part of the 

decision-making process. Decision to pursue additional imaging should be based on the 

assumption that the results will change patient management.  

• Individual institutions must rely on local expertise and resources to determine access to 

testing and imaging must be consistent with goals of treatment.     
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Highlights 

• COVID-19 infections frequently associate with cardiac injury, which increases the risk of 

morbidity and mortality. 

• Advanced imaging facilitate diagnosis but should be used to inform a change in management. 

The impact of imaging on patient management during the chronic phase of COVID-19 warrants 

additional investigation.  
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Figure Legends 

Figure 1. Initial diagnostic approach. The initial diagnostic workup includes history & 

physical exam, ECG, chest x-ray and biomarkers. POCUS or a limited echocardiogram should 

also be considered in selected clinical presentations. 

Figure 2. Role of cardiac imaging in patients presenting chest pain and suspected ACS. 

Patients with chest pain and clinical concern for ST-elevation ACS or high clinical risk for in-

hospital mortality should be referred for emergent coronary angiography and reperfusion 

therapy. In patients with equivocal symptoms, atypical or equivocal ECG abnormalities, or late 

presentation, clinicians may consider POCUS or limited echocardiogram to assess for regional 

wall motion abnormalities and LVEF and/or coronary CTA to rule out ACS and point to 

alternate diagnoses discussed of acute cardiac injury. In patients with known CAD and equivocal 

ECG changes, stress imaging may be helpful. 

Figure 3. Role of cardiac imaging in patients presenting with hemodynamic instability. 

After an initial evaluation, patients with clear STEMI with hemodynamic instability should be 

referred to coronary angiography and reperfusion therapy without additional imaging.  In 

patients with evidence of significant/worsening myocardial injury, or ECG abnormalities without 

clear evidence of STEMI, assessment with POCUS or formal echocardiogram is recommended 

to help exclude pericardial effusion/tamponade, valvular pathology and RV dysfunction. 

Coronary CTA may be useful to exclude an ACS in patients with equivocal ECG changes and 

abnormal LV function. Cardiac MRI can help differentiate myocarditis from stress 

cardiomyopathy and can be considered if it is likely to lead to a change in patient management.  

Figure 4. Role of cardiac imaging in patients presenting with new LV dysfunction without 

hemodynamic instability. Acute coronary syndrome should be considered in patients presenting 
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with typical clinical and ECG features and, if present, should be referred to emergent coronary 

angiography and reperfusion therapy. Distinguishing between acute and chronic LVD in 

COVID-19 in patients without ACS can be difficult as multiple features overlap.  

Echocardiography, coronary CTA, cardiac MRI, and ischemia testing can be considered 

depending on initial clinical findings.  

Central Illustration: This figure show the various imaging questions that may present in 

various stages of COVID-19 disease. The x-axis depicts time. As the disease progress, patient 

may evolve from having acute disease to a convalescent phase and then chronic disease. The four 

red boxes highlight the various clinical scenarios. The organ boxes list some of the pathological 

processes that are being evaluated in each scenario. STEMI= ST segment elevation myocardial 

infarction; ECG=electrocardiogram ; MRI= magnetic resonance imaging ; VTE= venous 

thromboembolism.  
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Table 1: Frequently measured prognostic circulating biomarkers in COVID-19. When elevated 

or rising, these biomarkers provide incremental information regarding outcome, but may not 

necessarily identify an actionable process. 

General chemistry 

• Alanine/Aspartate aminotransferase 

• Bilirubin 

• Creatinine 

• Lactate 

• Lactate dehydrogenase 

Cell counts 

• Leukocyte count (leukocytosis with 

lymphopenia) 

• Platelet count (thrombocytopenia) 

Inflammatory/acute phase 

markers 

• C-reactive protein 

• Ferritin 

• Interleukin-6 

• Procalcitonin 

Thrombosis/hemostasis • D-dimer 

Cardiac markers 

• B-type natriuretic peptide 

• N-terminal pro-B type natriuretic peptide 

• Troponin T 

• Troponin I  
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Table 2. Clinical scenarios and differential diagnosis.  
Clinical Scenario Differential diagnosis 

Chest pain with abnormal ECG • pneumonia 

• myocarditis 

• pericarditis 

• pulmonary embolism 

• stress cardiomyopathy 

• myocardial injury related to 

hypoxemia and tachycardia (severe 

illness) 

• acute coronary syndrome  

Hemodynamic instability • Coronary ischemia, with or without 

acute myocardial infarction 

• viral myocarditis 

• stress cardiomyopathy 

• cytokine mediated cardiomyopathy 

• pulmonary embolism 

• pericardial effusion and tamponade 

• RV dysfunction in the setting of high 

positive end-expiratory pressure 

[PEEP] with mechanical ventilation) 

• arrhythmia 

• mixed shock in patients with septic 
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shock and an inability to compensate 

due to chronic cardiac dysfunction 

New left ventricular dysfunction without 

hemodynamic instability 

• chronic ischemic heart disease  

• chronic nonischemic cardiomyopathy 

• acute coronary syndrome  

• acute/fulminant viral myocarditis,  

• stress cardiomyopathy 

• cytokine mediated cardiomyopathy 

• tachycardia mediated cardiomyopathy 

• other forms of cardiomyopathy 

including toxin and infiltrative 

Subacute/chronic presentation • heart failure from volume overload 
(e.g. from fluid resuscitation during 
the inpatient stay) or due to 
decompensation of their new or 
preexisting cardiomyopathy 

• ischemic heart disease from 
progressive coronary or microvascular 
disease  

• myocarditis 
• pulmonary embolism 
• thromboembolic disease 

 













Online Table 1. Echocardiographic approaches to suspected or proven cardiovascular involvement in COVID-

19. 

 

Echo Modality Clinical Scenario Findings 

POCUS • Chest pain with abnormal ECG 
• Hemodynamic instability 

− Gross LV systolic Function 
− RV Size/Gross Function 

− Gross Valve Assessment -
2D/color Doppler 

− IVC size 
− Pericardial Effusion 

LIMITED TTE • Chest pain with abnormal ECG 
• Hemodynamic Instability 
• Long-term follow-up 

− Above plus 

− LV systolic function and size 
− Follow-up LV function – e.g. 

myocarditis, Takotsubo 

− Regional wall motion assessment 
− RV size and systolic function 

acute and follow-up 

− Valvular assessment as needed 
− Hemodynamics – e.g. SPAP  

− Pericardial effusion follow-up 

COMPLETE 
TTE 

 
 
 
 

• Chest pain with abnormal ECG 
(non emergent setting) 

• Hemodynamic instability  
• New LV systolic dysfunction 
• Long-term follow-up 

− Above plus: 

− Detailed quantification of 
valvulopathy 

− Tissue Doppler / diastolic 
function including LA volume 

− 2D strain  

TEE • Hemodynamic instability − Guidance for VA ECMO 
cannulation and monitoring 

− Assess aorta – acute aortic 
syndromes – when unable to 
perform CT/MRI 

− Valvulopathy – Endocarditis – 
when TTE inadequate and will 
alter management 

 

POCUS = Point of care examination of the cardiovascular system performed by a physician by using ultrasound 

as an adjunct to the physical examination to recognize specific ultrasonic signs that represent a narrow list of 

potential diagnoses in specific clinical settings. This is often done on a hand-held system with limited ability to 

perform detailed assessment and measurements 



LIMITED ECHO = A limited examination is usually a follow-up or focused study that does not evaluate all the 

structures required for a comprehensive or complete echocardiographic exam. The purpose of this exam is best 

described and documented as a focused clinical exam to answer a specific clinical question. It is assumed that 

this study is done on a platform capable of full echo assessment 

COMPLETE TTE =  A complete echocardiogram is one that includes multiple 2D views of all chambers, 

valves, pericardium, and portions of the aorta, with appropriate measurements. The inability to visualize or 

measure the clinically relevant anatomy requires documentation of the attempt. Additional anatomy and M 

mode tracings may not be required but may also be included. 

 
 

 

 

 

  



Online Table 2: Limited transthoracic Echo Protocol for COVID-19 Patients 

• Parasternal Long axis view  
• Parasternal long axis view with color Doppler of the mitral and aortic valves 

 

• Parasternal short axis view at the level of the aortic valve  
• Parasternal short axis view at the level of the aortic valve with color Doppler of the 

tricuspid valve 
• Continuous wave Doppler of the tricuspid valve to measure RVSP 
• Parasternal short axis view at the level of the mid papillary muscles 

 

• Apical 4 chamber view with and without color Doppler of the mitral and tricuspid valves 
• Continuous wave Doppler of the tricuspid valve to measure RVSP 
• RV focused view to assess RV function 
• Apical 5 chamber view with and without color Doppler of the aortic valve 

 

• Apical 2 and 3 chamber views with and without color Doppler of the mitral valve 

 

• Subcostal view to assess LV and RV function.  
• Subcostal view to measure IVC size and collapsibility with sniff 

 

• Above protocol should be expanded in accordance with the presence of structural heart 
disease or to answer a specific clinical question.  

 
• All measurements should be performed off-line in order to minimize exposure to the 

operator during image acquisition. 

 

 

 

  



Online Table 3: Summary of Imaging Findings from COVID-19 Associated Clinical Syndromes 

Imaging Modality COVID-19 Associated Syndrome and 
Characteristic Findings 

 Examples 

Echocardiography • Takotsubo Cardiomyopathy  
• Regional motion abnormalities 

typically with basal to midventricular 
hyperkinesis with akinesis/dykinesis 
of the apical LV segments. RV apex 
may also be involved 

• Reverse pattern may also be seen 
with hyperkinesis of the apical 
segments 
 

Apical 2-chamber demonstrating 
hyperdynamic function, hypercontractility 
of the basal to midventricular LV 
segments and apical dyskinesis 
(ballooning) 

 
• Asymptomatic LV dysfunction  

• Global LV hypokinesis that may not 
follow regional coronary territories 

• Typically, mild-moderate in severity 
 

 

• Asymptomatic RV dysfunction (Pathway 
1, Pathway 2, Pathway 3, Pathway 4) 
• RV enlargement with global 

hypokinesis can be seen in varying 
degrees with or without elevation in 
pulmonary pressures due to 
pulmonary involvement, magnitude 
of ventilatory support. In the setting 
of severe hypoxemia, regional 
dysfunction may also be seen similar 
to that seen in acute pulmonary 
embolism (see below). 

 

Apical 4-chamber demonstrating RV 
enlargement  

 

• Acute Pulmonary Embolism with RV 
strain  
• RV enlargement with associated 

hypokinesis 
• May or may not have typical findings 

of acute RV strain “McConnell’s 
sign”: akinesis of the midventricular 
segment of the right ventricular free 
wall with relative preservation of 
apical contractility  

• Supporting findings include 
worsened tricuspid regurgitation, 
elevated SPAP, visualized clot in 
transit 

 

Apical 4-chamber demonstrating RV 
enlargement with McConnell’s sign and 
thrombosis-in-situ traversing the right 
atrium and tricuspid annular plane 

 

• Acute Myocarditis  
• LV dysfunction can present in 

varying degrees from mild-moderate 

 



to severe with hemodynamic 
instability. Abnormal global or 
regional strain may be seen in this 
setting 

Chest  CT 
 
 
 
 
 
 
 
 
 
 
 
 
CARDIAC CT 
 
 
 
 
 
 
 
 
 
 

• Acute Pulmonary Embolism 
• Gold standard with high sensitivity 

and specificity, reproducibility, 
accuracy for diagnosis of acute main 
stem or subsegmental PE using high-
resolution CT pulmonary 
angiography (PE protocol) 

• Quantification and identification of 
embolic burden for use of 
anticoagulants versus thrombolytics 

• Identification of degree of pulmonary 
artery obstruction and associated RV 
dysfunction 

• RV/LV diameter index may be 
disproportionate due to 
interventricular septum leftward shift 
due to RV pressure overload, LV 
compression causing systolic 
dysfunction from underfilling, 
hemodynamic instability  

 

Contrast-enhanced chest CT showing 
central pulmonary embolism (left) with 
associated RV cavity dilatation (right). 
 

 

• Coronary Embolism  
• Direct embolism may result from 

thrombus originating from left-sided 
cardiac chambers, aortic/mitral 
endocarditis or thrombus, rarely 
cardiac tumors versus paradoxical 
embolism from venous system 
traversing through patent foramen 
ovale or atrial septal defect 

• Filling defect seen in multiple 
coronary vascular territories, abrupt 
cut-off of coronary vessel in the 
absence of significant atherosclerosis 

• Evidence of thrombosis in cardiac 
chambers (left atrial appendage, LV 
cavity) 

• Assessment of myocardium may 
reveal perfusion defect due to 
myocardial injury. 

 



Cardiac MRI • Acute Myocarditis  
• Normal LV function or  LV 

dysfunction in varying degrees from 
mild-moderate to severe with 
hemodynamic instability. CMR can 
provide biventricular functional 
analysis – location, degree, 
quantification, morphologic 
abnormalities 

• May be associated with pericardial 
effusion  

• Tissue characterization of quantity 
and location of edema (regional 
versus global) using T2-weighted 
imaging. 

• Early gadolinium enhancement may 
be seen in acute tissue inflammation 
representing hyperemia and capillary 
leak 

• Lake Louise Criteria may be helpful 
• Late gadolinium enhancement may 

be seen representing either 
myocardial inflammation and/ or 
tissue necrosis / irreversible 
myocardial injury and fibrotic 
remodeling 

 

T2-weighted and post-contrast T1 
weighted images of the LV short axis with 
evidence of myocardial inflammation and 
edema, and epicardial late enhancement in 
a patient with acute myocarditis. 
 
 

• Myocardial Infarction  
• May present as NSTEMI or STEMI 

with or without LV dysfunction – 
cine imaging can provide information 
on cardiac function, volume, mass, 
morphology, presence of pericardial 
effusion 

• Global or regional wall motion 
abnormalities  

• Rest/stress perfusion imaging can be 
used to detect ischemia, post MI risk 
stratification, quantification of 
myocardial blood flow reserve 

• Allows for assessment of myocardial 
viability 

• Tissue edema can be detected in the 
setting of ischemia and inflammation 
– regional edema that follows 
epicardial coronary distribution may 
suggest obstructive CAD as etiology 
versus patchy edema seen in 
MINOCA or myocarditis (see above) 

• Late gadolinium enhancement can 
indicate myocardial scar from prior 

T2-weighted and post-contrast T1 
weighted images of the LV short axis with 
evidence of focal transmural infarction 
and peri-infarct edema in a patient with 
acute myocardial infarction. 
 

EDEMA ACUTE MYOCARDITIS 

EDEMA SMALL ACUTE 

MI 



ischemia or fibrosis from prior 
inflammation; identification of small 
infarctions (embolic or spontaneous 
recanalization) 

 

• Acute Myocardial Ischemia / Injury  
• Allows for stress imaging for the 

assessment of suspected or known 
coronary artery disease 

• Can also distinguish microvascular 
from macrovascular (epicardial) 
coronary disease by calculation of 
absolute myocardial blood flow 
(MBF)  

• Allows for assessment of myocardial 
viability by identifying scarred 
myocardium 

Stress and post-contrast images of the LV 
short axis with evidence of subendocardial 
late gadolinium enhancement in the 
inferior wall suggestive of infarction 
(RCA territory) and inducible myocardial 
ischemia in the septum and anterior wall 
(LAD territory).  
 
 
 
 
 
 

 
 
 
 

 • Takotsubo Cardiomyopathy  
• Regional motion abnormalities 

typically with basal to midventricular 
hyperkinesis with akinesia of the 
apical LV segments 

• Reverse pattern may also be seen 
with hyperkinesis of the apical 
segments 

• Diffuse transmural myocardial 
edema, corresponding to the areas of 
wall motion abnormalities  

• Early gadolinium enhancement may 
be seen in acute tissue inflammation 
representing hyperemia and capillary 
leak 

• No late gadolinium enhancement 
present (no scarring) 

 

T2-weighted and post-contrast T1 
weighted images of the 4-chamber with 
evidence of extensive transmural edema 
and absence of infarction (in the presence 
of apical akinesia and ballooning).  
 

 

Cardiac PET / 
SPECT 

• Myocardial Ischemia / Injury  
• Allows for stress imaging for the 

assessment of suspected or known 
coronary artery disease 

• Can also distinguish microvascular 
from macrovascular (epicardial) 
coronary disease by calculation of 
absolute myocardial blood flow 

 
 
 
 
 
 
 

ISCHEMIA SCAR 



(MBF) and coronary flow reserve 
(CFR) 

• Allows for assessment of myocardial 
viability by quantification of coronary 
flow reserve to distinguish 
hibernating versus scarred 
myocardium 

 
• Myocardial Inflammation / Myocarditis 

• Pathologic myocardial FDG uptake 
suggestive of myocardial 
inflammation, myocardial hyperemia 
in the acute phase 

• Chronic myocarditis patients may 
have inconclusive CMR findings of 
LGE – FDG-PET update can improve 
the specificity of CMR  

Rest perfusion and FDG PET scan 
showing focally increased glucose uptake, 
reflecting active inflammation. 
 

 
 
 

 
 
 
 


