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Standard evaluation and management of the patient with suspected or proven cardiovascular complications

of coronavirus disease-2019 (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 be-

tween 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 electrocar-

diographic changes, acute hemodynamic instability, newly recognized left ventricular dysfunction, as

well as imaging during the subacute/chronic phase of COVID-19. For each, the authors 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.

(J Am Coll Cardiol 2020;76:1345–57) © 2020 by the American College of Cardiology Foundation.
N 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2020.06.080

e views expressed in this paper by the American College of Cardiology’s Cardiovascular Imaging Leadership Council do not

cessarily reflect the views of the Journal of the American College of Cardiology or the American College of Cardiology.

m the aJewish General Hospital, McGill University, Montreal, Quebec, Canada; bMassachusetts General Hospital, Harvard

dical School, Boston, Massachusetts; cNorthwestern University Feinberg School of Medicine, Chicago, Illinois; dBrigham and

men’s Hospital, Harvard Medical School, Boston, Massachusetts; eUniversity of Chicago, Chicago, Illinois; fBristol Heart

titute, University of Bristol, Bristol, United Kingdom; gJohns Hopkins University, Baltimore, Maryland; hDuke University Health

stem, Durham, North Carolina; iOttawa Heart Institute, Ottawa, Ontario, Canada; and the jUniversity of Virginia Health System,

arlottesville, Virginia. Dr. Bucciarelli-Ducci is supported by the NIHR Biomedical Research Centre at University Hospitals Bristol

S Foundation Trust and the University of Bristol. The views expressed in this publication are those of the author(s) and not

cessarily those of the NHS, the UK National Institute for Health Research or the UK Department of Health and Social Care. Dr.

dski has minor stock holdings in General Electric outside of a managed portfolio. Dr. Januzzi is a trustee of the American

llege of Cardiology; is a board member of Imbria Pharmaceuticals; has received grant support from Novartis Pharmaceuticals

d Abbott Diagnostics; has received consulting income from Abbott Diagnostics, Janssen, Novartis, and Roche Diagnostics; and

s participated in clinical endpoint committees/data safety monitoring boards for Abbott, AbbVie, Amgen, CVRx, Janssen, and

keda. Dr. Bohula has received institutional grant support from Amgen, Novartis, AstraZeneca, Eisai, and The Medicines

mpany; and has consulted for Kowa, Novo Nordisk, Amgen, and Medscape. Dr. Blankstein has received research support from

gen Inc. and Astellas Inc. Dr. Patel received research grants from General Electric and Philips. Dr. Vorovich has served on the

eakers Bureau for Abiomed. Dr. Rao has received institutional research grants from Svelte Inc., Shockwave Medical, and Bayer.

. Beanlands has received research grants and consulting honoraria from Lantheus Medical Imaging, Jubilant DraxImage, and GE

althcare. Dr. Di Carli has received institutional grant support from Gilead Sciences and Spectrum Dynamics; and has received

https://doi.org/10.1016/j.jacc.2020.06.080
http://www.onlinejacc.org/podcasts
http://www.onlinejacc.org/podcasts
http://www.onlinejacc.org/podcasts
http://www.onlinejacc.org/podcasts
http://www.onlinejacc.org/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2020.06.080&domain=pdf


ABBR EV I A T I ON S

AND ACRONYMS

ACS = acute coronary

syndrome

BNP = B-type natriuretic

peptide

CAD = coronary artery disease

CMR = cardiac magnetic

resonance imaging

CT = computed tomography

CTA = computed tomography

angiography

ECG = electrocardiogram

cTn = cardiac troponin

EMB = endomyocardial biopsy

ICU = intensive care unit

LV = left ventricular

LVD = left ventricular

dysfunction

LVEF = left ventricular ejection

fraction

MI = myocardial infarction

MPI = myocardial perfusion

imaging

MRI = magnetic resonance

imaging

NT-proBNP = N-terminal pro–

B-type natriuretic peptide

PET = positron emission

tomography

POCUS = point of care

ultrasound

RV = right ventricular

STEMI = ST-segment elevation

myocardial infarction

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 man-
agement during the chronic phase of
COVID-19 warrants additional
investigation.
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I maging is essential in the diagnosis and
risk stratification of disease and in guid-
ing management. The traditional

“5-fingered approach” of history, physical
examination, blood tests, electrocardiogram
(ECG), and imaging is still relevant, but in
the coronavirus disease-2019 (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 discom-
fort is common, and ECG and cardiac tropo-
nins are frequently abnormal in the absence
of obstructive coronary artery disease
(CAD), especially among those with severe
infections requiring intensive care unit
(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 signifi-
cant cardiac pathology from findings that
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 car-
diac 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
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 American College of Cardiology and
income from Janssen and Bayer. All other authors have report

f this paper to disclose. Daniel S. Berman, MD, served as Guest Ass

or-in-Chief for this paper.

rs attest they are in compliance with human studies committe

s and Food and Drug Administration guidelines, including patien

CC author instructions page.

t received May 19, 2020; revised manuscript received June 25, 20
specialty imaging societies without commercial
support.

In order to maximize the clinical utility of this
guidance document, descriptions of imaging findings
and relative utility of imaging tests are 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 noninvasive 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 severe acute respiratory
syndrome related-coronavirus-2 (SARS-CoV-2) infec-
tion 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 inter-
preted 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 health
care personnel and guiding disinfection of imaging
ed that they have no relationships relevant to the

ociate Editor for this paper. P.K. Shah, MD, served as

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

20, accepted June 29, 2020.
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TABLE 1 Frequently Measured Prognostic Circulating Biomarkers in COVID-19

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

When elevated or rising, these biomarkers provide incremental information regarding outcome, but
may not necessarily identify an actionable process.
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rooms and equipment used in patients with sus-
pected or confirmed COVID-19 infection. The diag-
nostic sensitivity of reverse transcriptase polymerase
chain reaction (RT-PCR)–based assays of respiratory
specimens is reported to be between 89% and 96%
(range 78% to 100%) depending on the sample source
(4). The information has important implications for
protection of health care personnel involved in im-
aging 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 health
care staff and patients without COVID-19 referred for
imaging. Specific recommendations regarding the use
of personal protective equipment 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
TABLE 2 Clinical Scenarios and Differential Diagnosis

Clinical Scenario

Chest pain with abnormal ECG Pneumonia
Myocarditis
Pericarditis
Pulmonary embolism
Stress cardiomyopathy
Myocardial injury related to hy
Acute coronary syndrome

Hemodynamic instability Coronary ischemia, with or wit
Viral myocarditis
Stress cardiomyopathy
Cytokine-mediated cardiomyo
Pulmonary embolism
Pericardial effusion and tampo
RV dysfunction in the setting o
Arrhythmia
Mixed shock in patients with s

chronic cardiac dysfunction

New left ventricular dysfunction without
hemodynamic instability

Chronic ischemic heart disease
Chronic nonischemic cardiomy
Acute coronary syndrome
Acute/fulminant viral myocard
Stress cardiomyopathy
Cytokine-mediated cardiomyo
Tachycardia-mediated cardiom
Other forms of cardiomyopath

Subacute/chronic presentation Heart failure from volume ove
or due to decompensation

Ischemic heart disease from p
Myocarditis
Pulmonary embolism
Thromboembolic disease

ECG ¼ electrocardiogram; RV ¼ right ventricular.
reflecting end-organ stress/injury, inflammation,
hypoperfusion, and pathway activation of throm-
bosis/hemostasis have been found to have prog-
nostic value in patients with COVID-19 (Table 1),
predicting longer hospital stay, need for ICU
admission, onset of adult respiratory distress syn-
drome, and risk for death (2,9–18). However,
Differential Diagnosis

poxemia and tachycardia (severe illness)

hout acute myocardial infarction

pathy

nade
f high positive end-expiratory pressure (PEEP) with mechanical ventilation

eptic shock and an inability to compensate due to

opathy

itis,

pathy
yopathy
y including toxin and infiltrative

rload (e.g., from fluid resuscitation during the inpatient stay)
of their new or pre-existing cardiomyopathy
rogressive coronary or microvascular disease



FIGURE 1 Initial Diagnostic Approach

The initial diagnostic workup includes history and physical exam, ECG, chest x-ray, and biomarkers. POCUS or a limited echocardiogram should

also be considered in selected clinical presentations. ECG ¼ electrocardiogram; POCUS ¼ point of care ultrasound.
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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-ter-
minal 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 myocar-
dial stress/injury related to systemic illness. To the
extent cardiac dysfunction is a major adverse prog-
nostic finding in COVID-19, links between BNP/NT-
proBNP and cTnT or cTnI with myocardial dysfunc-
tion make it tempting to regard them as a valuable
tool for decision-making regarding need for imaging.

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 the need for imaging. In those with
marked elevation (e.g., severe heart failure, myocar-
dial infarction [MI], or myocarditis), selective imaging
might be considered if clinical judgment dictates. Of
course, both classes of biomarkers retain their use-
fulness for diagnosis of acute heart failure or type 1
MI in patients with concomitant acute cardiac issues
and comorbid 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 sug-
gestive 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 in the following text,
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
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of health care 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 in the
following text.

CLINICAL SCENARIO 1:

CHEST PAIN AND ABNORMAL ECG

TYPICAL FINDINGS AND DIFFERENTIAL DIAGNOSIS.

Chest discomfort is a common symptom among pa-
tients with active COVID-19 infection and may result
from a large number of etiologies (Table 2).

INITIAL DIAGNOSTIC APPROACH. The initial diag-
nostic 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-
segment elevation ACS or non–ST-segment elevation
ACS), patients with active COVID-19 infection have
been reported to present with ECG abnormalities later
shown to be related to 1 or more of the conditions
outlined in Table 2 (22,23). In patients with atypical
symptoms for traditional ACS or nontypical ECG
changes, rapid access to cardiovascular imaging
may provide important diagnostic information to
guide management.

� Patients with chest pain and clinical concern for
ST-segment elevation ACS or high clinical risk for
in-hospital mortality (e.g., cardiogenic shock, left
ventricular [LV] ejection fraction [LVEF] <40% felt
due to non–ST-segment elevation MI [non-STEMI],
dynamic ST-segment changes) should be referred
for emergent coronary angiography and reperfu-
sion therapy (24) (Figure 2).

� In patients with equivocal symptoms, atypical or
equivocal ECG abnormalities, or late presentation,
clinicians may consider POCUS or limited echo-
cardiogram to assess for regional wall motion ab-
normalities and LVEF and/or coronary computed
tomography (CT) angiography (CTA) as discussed
in the following text (8,24).

ROLE OF ADVANCED IMAGING TECHNIQUES. In pa-
tients with chest pain and ST-segment elevation
without clear evidence of STEMI, coronary CTA is
preferred as an initial advanced imaging study in or-
der to rule out ACS (25) and point to alternate di-
agnoses 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 contraindi-
cations to iodinated contrast administration. Coro-
nary CTA is particularly useful in patients without
previously established CAD or severe coronary ar-
tery calcification.

In patients with a clinical presentation of acute MI,
normal or nonobstructive coronary arteries
(MINOCA), which may present as STEMI or non-
STEMI, with normal or abnormal LV systolic func-
tion, cardiac magnetic resonance imaging (CMR) can
help confirm the diagnosis of MI or provide alternate
diagnosis including myocarditis, stress cardiomyop-
athy, and embolic infarction (26) (Table 2, Figure 2,
Supplemental Table 1). A patient without evidence of
obstructive CAD by angiography and an echocardio-
gram 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, CMR can
help identify the mechanism of myocardial
dysfunction.

In hemodynamically stable patients with previ-
ously established CAD presenting with chest pain of
unclear etiology in whom a non–ST-segment eleva-
tion ACS is a consideration, pharmacological stress
imaging is the preferred noninvasive 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 single-photon emission CT, posi-
tron emission tomography (PET), or MRI are all op-
tions to consider. If available, stress MPI with PET or
MRI, or stress-first approach with single-photon
emission CT especially in patients with body mass
index <30 and without known CAD would be
preferred because of the short protocol times
(generally 20 to 45 min), which limit exposure to
staff. Dobutamine-stress echocardiography is an op-
tion if radionuclide imaging and MRI are not
available.

https://doi.org/10.1016/j.jacc.2020.06.080


FIGURE 2 Role of Cardiac Imaging in Patients Presenting With Chest Pain and Suspected ACS

Stress MRI or radionuclide MPI
Dobutamine-stress echo is an alternative

if other modalities not available

Consider limited echo to confirm RWMA
(if it can be done urgently)

Equivocal symptoms
Atypical ECG

ECG with STEMI or
clinical ACS

Known CAD
Equivocal symptoms

Atypical ECG

IC/ED joint decision for
CTCA or invasive

angiography

Urgent invasive
angiography Possible invasive

angiography ± deferred
revascularization

Initial evaluation
Refer to Figure 1

Suspected ACS

Nonobstructive
CADObstructive CAD

TTE (Takotsubo),
cMRI, PET

MINOCA, myocarditis,
Takotsubo, embolic MI

Primary PCI

Patients with chest pain and clinical concern for ST-segment 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, cli-

nicians 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.

ACS ¼ acute coronary syndrome; CAD ¼ coronary artery disease; cMRI ¼ cardiac magnetic resonance imaging; CTA ¼ computed tomography angiog-

raphy; CTCA ¼ computed tomography coronary angiography; IC/ED ¼ intensive care/emergency department; LVEF ¼ left ventricular ejection fraction;

MI ¼ myocardial infarction; MINOCA ¼ myocardial infarction, normal or nonobstructive coronary arteries; MPI ¼ myocardial perfusion imaging;

MRI ¼ magnetic resonance imaging; PCI ¼ percutaneous coronary intervention; PET ¼ positron emission tomography; RWMA ¼ regional wall motion

abnormality; TTE ¼ transthoracic echocardiography; other abbreviations as in Figure 1.
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FIGURE 3 Role of Cardiac Imaging in Patients Presenting With Hemodynamic Instability

Pericardial
effusion

Valvular
pathology

LV dysfunction or
RWMARV dysfunction

Pericardiocentesis
if tamponade

Consider TEE,
cardiac CT, cMRI

PE CT
Consider RHC

Consider cMRI, EMB,
± PET or PYP

Refer to algorithm of
STEMI/ACS in Figure 2

Diffuse or non-
coronary territory

RWMA

NO

(−) Tn (+) Tn or ST-segment
elevation

YES

Coronary territory
RWMA

Clinical
syndrome of
ACS or STEMI

POCUS or formal
echocardiogram

Hemodynamic instability
(shock or hypotension)

Initial evaluation
Refer to Figure 1

Stress CMP/myocarditis
Other CMP: cytokine-mediated,

tachy-mediated, infiltrative, idiopathic

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. CMP ¼ cardiomyopathy; CT ¼ computed tomography; EMB ¼ endomyocardial biopsy; LV ¼ left

ventricular; PE ¼ pulmonary embolism; PYP ¼ pyrophosphate; RHC ¼ right heart catheterization; RV ¼ right ventricle; STEMI ¼ ST-segment elevation myocardial

infarction; TEE ¼ transesophageal echocardiography; Tn ¼ troponin; other abbreviations as in Figures 1 and 2.
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CLINICAL SCENARIO 2: HEMODYNAMIC

INSTABILITY (SHOCK OR HYPOTENSION)

TYPICAL FINDINGS AND DIFFERENTIAL DIAGNOSIS.

Patients with COVID-19 may manifest with hemody-
namic instability with a wide range of abnormalities,
including LV and/or right ventricular (RV) dysfunc-
tion with regional or global abnormalities, with or
without myocardial injury, and with or without evi-
dence of myocarditis (1,22,27–30). Imaging findings
typically associated with chronic cardiac conditions,
such as LV hypertrophy and LV dilatation, have been
well described in acute cardiac presentations of
COVID-19 patients, have demonstrated significant
reversibility, and may not be reliable markers to judge
chronicity of cardiac dysfunction (31).

Although the pulmonary manifestations predomi-
nate 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
in up to 67% (32–34). Cardiogenic shock has been re-
ported as the first manifestation of COVID-19 in the
absence of respiratory symptoms (1). As such, clini-
cians should have a high degree of suspicion for
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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 physiological cat-
egories: 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
vasodilatory) cardiogenic shock. Distributive or
septic shock was observed commonly (w20% of
hospitalized COVID-19 patients) in early reports
from China (19). Although the incidence of heart
failure or cardiogenic shock is not well defined,
early estimates described rates as high as 30% to
50% in patients requiring ICU care or in 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 pathological mechanisms of the clin-
ical syndrome of myocarditis remain unclear and may
include direct viral toxicity, microvascular dysfunc-
tion 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
examination should focus on an assessment of
congestion, perfusion and be geared towards identi-
fication 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, evi-
dence of significant/worsening myocardial injury, or
ECG abnormalities without clear evidence of STEMI,
assessment with POCUS is recommended (Figure 3,
Supplemental Tables 1 to 3). This may help guide the
decision on whether to proceed with coronary eval-
uation, although it is noteworthy that myocarditis
and 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 eval-
uation for myocarditis or stress cardiomyopathy
(Figure 3, Supplemental Table 1), if such information
may lead to a change in patient management.

There should be a high index of suspicion for pul-
monary embolism in confirmed or suspected
COVID-19 patients, particularly in those with hemo-
dynamic 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 un-
clear. Recommendations for the use of EMB in pa-
tients presenting with unexplained acute
cardiomyopathy (36) are based on clinical pre-
sentations in which EMB results would change
treatment or assist in prognostication (37,38). Given
that no clear therapy exists for COVID-19–related
myocarditis and the 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 LV DYSFUNCTION WITHOUT

SHOCK OR HYPOTENSION

TYPICAL FINDINGS AND DIFFERENTIAL DIAGNOSIS. As
noted in the preceding text, 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 presentation of LV
dysfunction (LVD) in COVID-19 is quite heteroge-
neous 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 atyp-
ical patterns to severe global systolic dysfunction
with hemodynamic instability (Figure 4).

ACS 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 because multiple
features overlap (Figure 4). The presence of a
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FIGURE 4 Role of Cardiac Imaging in Patients Presenting With New LVD Without Hemodynamic Instability

LV dilated LV nondilated

Refer to algorithm of
STEMI/ACS in Figure 1

NO

(−) Tn

(−) Tn

(− or +) Tn

(+) Tn or ST
elevation

YES

Clinical
syndrome of
ACS or STEMI

Confirm with limited or full
echocardiogram

LV dysfunction without
shock or hypotension

Initial evaluation
Refer to Figure 1

ECG with STEMI or
clinical ACS ±

RWMA

Pre-existing CMP

Nonurgent coronary
evaluation with CCTA,
stress imaging or LHC

± LAE
± thinned walls

(−) Tn

± thick walls
(+) Tn

NO

YES

Stress CMP/myocarditis
Other CMP: toxin, tachy-mediated,

infiltrative, idiopathic

Consider repeat TTE
3-7 days later, CMR or

EMB, or PET

Diffuse or non-
coronary territory

RWMA

Coronary territory
RWMA

Acute coronary syndrome should be considered in patients presenting 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, CMR, and ischemia testing can be considered depending on initial clinical findings. CMR ¼ cardiac magnetic resonance imaging;

LAE ¼ left atrial enlargement; LHC ¼ left heart catheterization; LVD ¼ left ventricular dysfunction; other abbreviations as in Figures 1, 2, and 3.
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nondilated LV on echocardiography, particularly in
the context of significantly elevated/rising biomarker
concentrations, profound systolic dysfunction
and/or LV hypertrophy and significant heart failure
or hemodynamic instability suggests an acute path-
ophysiology. By contrast, presentation of a severely
dilated LV, left atrial enlargement, thinned or aki-
netic walls and low or stable cTn suggest a pre-
existing chronic cardiomyopathy. The presence of
myocardial inflammation/edema by CMR or PET
can be useful in distinguishing acute from chronic
LVD.

COVID-19 myocarditis diagnosed by combination
of CMR 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 to 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 the ECG.
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CLINICAL SCENARIO 1: CHEST PAIN AND ABNORMAL ECG
STEMI: invasive angiography; Equivocal if ACS: Echocardiography +/− coronary CTA ; Known CAD: Consider functional testing (e.g., vasodilator SPECT, PET, CMR)

CLINICAL SCENARIO 2: HEMODYNAMIC INSTABILITY
Echocardiography

SCENARIO 4: SUBACUTE/CHRONIC PHASE
All imaging tests / choice depends on clinical question

CLINICAL SCENARIO 3: NEW LEFT VENTRICULAR DYSFUNCTION
Echocardiography / Cardiac MRI / Coronary CTA

worsening of chronic CAD; microvascular dysfunction

ACS vs. myocardial Injury

Rudski, L. et al. J Am Coll Cardiol. 2020;76(11):1345–57.

This figure shows the various imaging questions that may present in various stages of coronavirus disease-2019 (COVID-19). 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 4 red boxes highlight the various clinical scenarios. The

orange boxes list some of the pathological processes that are being evaluated in each scenario. ACS ¼ acute coronary syndrome; CAD ¼ coronary artery disease;

CMR ¼ cardiac magnetic resonance imaging; CTA ¼ computed tomography angiography; ECG ¼ electrocardiogram; MRI ¼ magnetic resonance imaging;

PET ¼ positron emission tomography; SPECT ¼ single-photon emission computed tomography; STEMI ¼ ST-segment elevation myocardial infarction; VTE ¼ venous

thromboembolism.

Rudski et al. J A C C V O L . 7 6 , N O . 1 1 , 2 0 2 0

Cardiovascular Imaging in Evaluation of COVID-19 Complications S E P T E M B E R 1 5 , 2 0 2 0 : 1 3 4 5 – 5 7

1354
INITIAL DIAGNOSTIC APPROACH. 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 in the preceding text 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 2).

ROLE OF ADVANCED IMAGING TECHNIQUES. In pa-
tients with known or suspected structural heart dis-
ease during the initial POCUS, additional
echocardiographic imaging should be considered to
further characterize such findings (Figure 4,
Supplemental Tables 1 and 2). Transesophageal
echocardiography 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 health care
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 LVD
should follow recommendations discussed in Clinical
Scenarios 1 and 2 (Figure 4). When there is a suspicion
for myocarditis, and CMR is equivocal or cannot be
performed, cardiac PET may provide information on
the presence of cardiac inflammation (41). As dis-
cussed in the preceding text, 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 subacute and chronic findings in
COVID-19 cardiovascular disease are nonspecific and
may include symptoms such as dyspnea, fatigue,
weakness, or cough. More concerning cardiac symp-
toms include chest pain, syncope, pre-syncope, or
palpitations, and new 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

https://doi.org/10.1016/j.jacc.2020.06.080
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were reported after recovery (18,42), and it is reason-
able to expect the same with SARS-CoV-2.

The differential diagnosis should include
COVID-19–related and non–COVID-19–related etiol-
ogies (Table 2). Non–COVID-19–related etiologies
should be evaluated in standard fashion. COVID-19–
related etiologies may include deconditioning, re-
covery from illness, residual lung disease, and mani-
festations of various forms of cardiovascular disease.
Cardiovascular sequelae from acute COVID-19 may
include arrhythmias, left and right ventricular
dysfunction and heart failure, or ischemic heart dis-
ease. Both supraventricular and ventricular arrhyth-
mias may appear in the subacute 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 sub-
acute/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 bio-
markers should be used in accordance with published
clinical practice guidelines (43).

ROLE OF ADVANCED IMAGING TECHNIQUES. New
signs of heart fa i lure/pers i s tent dyspnea out
of proport ion 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, particu-
larly chronic thromboembolic pulmonary hyperten-
sion, the patient should be referred to an
appropriate specialist, and a right heart catheteriza-
tion can be considered.

Known LVD (dur ing acute phase) . If the patient
was diagnosed with new LVD in the hospital, repeat
echocardiogram (or MRI) at 2 to 6 months following
discharge to assess for myocardial recovery may be
considered. Guideline-directed medical therapy
should be optimized (43).

New syncope/s ign ificant pa lp i tat ions . These pa-
tients should undergo evaluation of syncope and ar-
rhythmias as defined in current guidelines, which
include consideration of advanced imaging to assess
for CAD, scar, and ischemia (44).
Chest d i scomfort . These patients should undergo
evaluation of ischemic heart disease as defined in
current guidelines, which include consideration of
advanced noninvasive imaging and coronary angiog-
raphy (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).
In the following text are the key summary
points from this expert panel guidance regarding
the use of multimodality imaging in COVID-19
patients:

� Transthoracic echocardiography 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 ques-
tion and evolving patient condition.

� Clear or suspected STEMI usually mandates emer-
gent cardiac catheterization with limited role for
noninvasive imaging. Less typical presentations of
potential acute coronary syndrome may benefit
from a POCUS and coronary CTA. In patients with
MINOCA, CMR 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 inves-
tigated. For those without evidence of CAD, CMR
or PET can provide important insights into the
etiology of myocardial dysfunction.

� In the subacute phase, surveillance of previously
detected abnormalities is important to follow for
potential recovery (as in takotsubo cardiomyopa-
thy 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.

ADDRESS FOR CORRESPONDENCE: Dr. Marcelo F. Di
Carli, Brigham and Women’s Hospital, ASB-L1 037C, 75
Francis Street, Boston, Massachusetts 02115. E-mail:
mdicarli@bwh.harvard.edu. Twitter: @mdicarli,
@JJheart_doc.
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