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ABSTRACT

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.
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ABBREVIATIONS
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

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
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HIGHLIGHTS

e COVID-19 infections frequently associate
with cardiac injury, which increases the
risk of morbidity and mortality.

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

e The impact of imaging on patient man-
agement during the chronic phase of
COVID-19 warrants additional
investigation.

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
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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 Dbecause many circulating biomarkers

Rudski et al.
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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)

C-reactive protein

Ferritin

Interleukin-6

Procalcitonin

Inflammatory/acute phase
markers

Thrombosis/hemostasis D-dimer

Cardiac markers B-type natriuretic peptide
N-terminal pro-B-type natriuretic peptide
Troponin T

Troponin |

When elevated or rising, these biomarkers provide incremental information regarding outcome, but
may not necessarily identify an actionable process.

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,

TABLE 2 Clinical Scenarios and Differential Diagnosis

Clinical Scenario

Differential Diagnosis

Pneumonia
Myocarditis
Pericarditis

Pulmonary embolism
Stress cardiomyopathy

Chest pain with abnormal ECG

Acute coronary syndrome

Hemodynamic instability
Viral myocarditis
Stress cardiomyopathy

Pulmonary embolism

Arrhythmia

Myocardial injury related to hypoxemia and tachycardia (severe illness)

Coronary ischemia, with or without acute myocardial infarction

Cytokine-mediated cardiomyopathy

Pericardial effusion and tamponade
RV dysfunction in the setting of high positive end-expiratory pressure (PEEP) with mechanical ventilation

Mixed shock in patients with septic shock and an inability to compensate due to

New left ventricular dysfunction without
hemodynamic instability

Subacute/chronic presentation

chronic cardiac dysfunction

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

Heart failure from volume overload (e.g., from fluid resuscitation during the inpatient stay)
or due to decompensation of their new or pre-existing cardiomyopathy

Ischemic heart disease from progressive coronary or microvascular disease

Myocarditis

Pulmonary embolism

Thromboembolic disease

ECG = electrocardiogram; RV = right ventricular.
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FIGURE 1 Initial Diagnostic Approach

History & Physical

12-lead ECG

Initial Diagnostic Approach

Chest x-ray

Biomarkers

POCUS/Limited echo

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 = electrocardiogram; POCUS = point of care ultrasound.

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 cTnl 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.

o 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

Cardiovascular Imaging in Evaluation of COVID-19 Complications

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 of myocardial
dysfunction.

In hemodynamically stable patients with previ-
ously established CAD presenting with chest pain of

mechanism

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.

Rudski et al.
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FIGURE 2 Role of Cardiac Imaging in Patients Presenting With Chest Pain and Suspected ACS

Suspected ACS

ECG with STEMI or Equivocal symptoms Equiﬁé’a"l" ls]y(;:?toms
clinical ACS Atypical ECG Atypical ECG

\

F
MINOCA, myocarditis,

Takotsubo, embolic MI

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 = acute coronary syndrome; CAD = coronary artery disease; cMRI = cardiac magnetic resonance imaging; CTA = computed tomography angiog-
raphy; CTCA = computed tomography coronary angiography; IC/ED = intensive care/emergency department; LVEF = left ventricular ejection fraction;
MI = myocardial infarction; MINOCA = myocardial infarction, normal or nonobstructive coronary arteries; MPI = myocardial perfusion imaging;

MRI = magnetic resonance imaging; PCl = percutaneous coronary intervention; PET = positron emission tomography; RWMA = regional wall motion
abnormality; TTE = transthoracic echocardiography; other abbreviations as in Figure 1.
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FIGURE 3 Role of Cardiac Imaging in Patients Presenting With Hemodynamic Instability

Hemodynamic instability
(shock or hypotension)

l
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of

YES

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 = cardiomyopathy; CT = computed tomography; EMB = endomyocardial biopsy; LV = left
ventricular; PE = pulmonary embolism; PYP = pyrophosphate; RHC = right heart catheterization; RV = right ventricle; STEMI = ST-segment elevation myocardial

infarction; TEE = transesophageal echocardiography; Tn = troponin; other abbreviations as in Figures 1 and 2.

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 (~20% 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).

JACC VOL. 76, NO. 11, 2020
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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-
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

monary embolism in

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
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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 = cardiac magnetic resonance imaging;

LAE = left atrial enlargement; LHC = left heart catheterization; LVD =

left ventricular dysfunction; other abbreviations as in Figures 1, 2, and 3.

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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STEMI: invasive angiography; Equivocal if ACS: Echocardiography +/- coronary CTA ; Known CAD: Consider functional testing (e.g., vasodilator SPECT, PET, CMR)
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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 = acute coronary syndrome; CAD = coronary artery disease;
CMR = cardiac magnetic resonance imaging; CTA = computed tomography angiography; ECG = electrocardiogram; MRI = magnetic resonance imaging;

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

thromboembolism.

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-1epidemicin
2002, chronic cardiac and pulmonary manifestations
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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 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, particu-
larly chronic thromboembolic pulmonary hyperten-
the patient should be referred to an
appropriate specialist, and a right heart catheteriza-
tion can be considered.

sion,

Known LVD (during 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
should be optimized (43).

therapy

New syncope/significant palpitations. 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 discomfort. 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).

Cardiovascular Imaging in Evaluation of COVID-19 Complications

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:

e Transthoracic echocardiography is wusually 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.

e 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.

e In patients with known CAD with suspected low-
risk ACS, vasodilator stress MRI or radionuclide
MPI, especially PET if available, can be considered.

e 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.

e 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,

mdicarli@bwh.harvard.edu. Twitter:

@JJheart_doc.

Rudski et al.

1355


mailto:mdicarli@bwh.harvard.edu
https://twitter.com/mdicarli
https://twitter.com/JJheart_doc

1356

Rudski et al.

Cardiovascular Imaging in Evaluation of COVID-19 Complications

JACC VOL. 76, NO. 11, 2020

SEPTEMBER 15, 2020:1345-57

REFERENCES

1. Inciardi RM, Lupi L, Zaccone G, et al. Cardiac
involvement in a patient with coronavirus disease
2019 (COVID-19). JAMA Cardiol 2020 Mar 27 [E-
pub ahead of print].

2. Shi S, Qin M, Shen B, et al. Association of cardiac
injury with mortality in hospitalized patients with
COVID-19 in Wuhan, China. JAMA Cardiol 2020;5:
802-10.

3. Akhmerov A, Marban E. COVID-19 and the
heart. Circ Res 2020;126:1443-55.

4.Tu YP, Jennings R, Hart B, et al. Swabs
collected by patients or health care workers for
SARS-CoV-2 testing. N Engl J Med 2020;383:
494-6.

5. Kirkpatrick J, Mitchell C, Taub C, Kort S, Hung J,
Swaminathan M. ASE statement on protection of
patients and echocardiography service providers
during the 2019 novel coronavirus outbreak. J Am
Soc Echocardiogr 2020;33:648-53.

6. Han Y, Chen T, Bryant J, et al. Society for Car-
diovascular Magnetic Resonance (SCMR) guidance
for the practice of cardiovascular magnetic reso-
nance during the COVID-19  pandemic.
J Cardiovasc Magn Reson 2020 2020;22:26.

7. Skali H, Murthy VL, Al-Mallah MH, et al. Guid-
ance and best practices for nuclear cardiology
laboratories during the coronavirus disease 2019
(COVID-19) pandemic: an information statement
from ASNC and SNMMI. J Nucl Cardiol 2020;27:
1022-9.

8. Choi AD, Abbara S, Branch KR, et al. Society of
Cardiovascular Computed Tomography guidance
for use of cardiac computed tomography amidst
the COVID-19 pandemic. J Cardiovasc Comput
Tomogr 2020;14:101-4.

9. Chen G, Wu D, Guo W, et al. Clinical and
immunological features of severe and moderate
coronavirus disease 2019. J Clin Invest 2020;130:
2620-9.

10. Chen T, Wu D, Chen H, et al. Clinical charac-
teristics of 113 deceased patients with coronavirus
disease 2019: retrospective study. BMJ 2020;368:
m1091.

11. Gao L, Jiang D, Wen XS, et al. Prognostic value
of NT-proBNP in patients with severe COVID-19.
Respir Res 2020;21:83.

12. Guo T, Fan Y, Chen M, et al. Cardiovascular
implications of fatal outcomes of patients with
coronavirus disease 2019 (COVID-19). JAMA Car-
diol 2020;5:1-8.

13. Han H, Xie L, Liu R, et al. Analysis of heart
injury laboratory parameters in 273 COVID-19 pa-
tients in one hospital in Wuhan, China. J Med Virol
2020;92:819-23.

14. Henry BM, de Oliveira MHS, Benoit S,
Plebani M, Lippi G. Hematologic, biochemical and
immune biomarker abnormalities associated with
severe illness and mortality in coronavirus disease
2019 (COVID-19): a meta-analysis. Clin Chem Lab
Med 2020;58:1021-8.

15. Li JW, Han TW, Woodward M, et al. The impact
of 2019 novel coronavirus on heart injury: A

Systematic review and Meta-analysis. Prog Car-
diovasc Dis 2020 Apr 16 [E-pub ahead of print].

16. Santoso A, Pranata R, Wibowo A, Al-Farabi MJ,
Huang |, Antariksa B. Cardiac injury is associated
with mortality and critically ill pneumonia in
COVID-19: a meta-analysis. Am J Emerg Med 2020
Apr 19 [E-pub ahead of print].

17. Thachil J, Tang N, Gando S, et al. Laboratory
haemostasis monitoring in COVID-19. J Thromb
Haemost 2020 Apr 23 [E-pub ahead of print].

18. Zhang L, Yan X, Fan Q, et al. D-dimer levels on
admission to predict in-hospital mortality in pa-
tients with Covid-19. J Thromb Haemost 2020;18:
1324-9.

19. Zhou F, Yu T, Du R, et al. Clinical course and
risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet 2020;395:1054-62.

20. Hollenberg  SM, Warner Stevenson L,
Ahmad T, et al. 2019 ACC expert consensus deci-
sion pathway on risk assessment, management,
and clinical trajectory of patients hospitalized with
heart failure: a report of the American College of
Cardiology Solution Set Oversight Committee.
J Am Coll Cardiol 2019;74:1966-2011.

21. Spencer KT, Kimura BJ, Korcarz CE,
Pellikka PA, Rahko PS, Siegel RJ. Focused cardiac
ultrasound: recommendations from the American
Society of Echocardiography. J Am Soc Echo-
cardiogr 2013;26:567-81.

22, Bangalore S, Sharma A, Slotwiner A, et al. ST-
segment elevation in patients with Covid-19: a
case series. N Engl J Med 2020;382:2478-80.

23. Madjid M, Safavi-Naeini P, Solomon SD,
Vardeny O. Potential effects of coronaviruses on
the cardiovascular system: a review. JAMA Cardiol
2020 Mar 27 [E-pub ahead of print].

24. Mahmud E, Dauerman HL, Welt FG, et al.
Management of acute myocardial infarction during
the COVID-19 pandemic. J Am Coll Cardiol 2020
Apr 21 [E-pub ahead of print].

25. Linde JJ, Kelbaek H, Hansen TF, et al. Coronary
CT angiography in patients with non-ST-segment
elevation acute coronary syndrome. J Am Coll
Cardiol 2020;75:453-63.

26. Tamis-Holland JE, Jneid H, Reynolds HR, et al.
Contemporary diagnosis and management of pa-
tients with myocardial infarction in the absence of
obstructive coronary artery disease: a scientific
statement from the American Heart Association.
Circulation 2019;139:e891-908.

27. Arentz M, Yim E, Klaff L, et al. Characteristics
and outcomes of 21 critically ill patients with
COVID-19 in Washington state. JAMA 2020;323:
1612-4.

28. Hu H, Ma F, Wei X, Fang Y. Coronavirus
fulminant myocarditis saved with glucocorticoid
and human immunoglobulin. Eur Heart J 2020 Mar
16 [E-pub ahead of print].

29. Sala S, Peretto G, Gramegna M, et al. Acute
myocarditis presenting as a reverse Tako-Tsubo
syndrome in a patient with SARS-CoV-2 respira-
tory infection. Eur Heart J 2020;41:1861-2.

30. Tavazzi G, Pellegrini C, Maurelli M, et al.
Myocardial localization of coronavirus in COVID-19
cardiogenic shock. Eur J Heart Fail 2020;22:911-5.

31. Zagrosek A, Wassmuth R, Abdel-Aty H,
Rudolph A, Dietz R, Schulz-Menger J. Relation
between myocardial edema and myocardial mass
during the acute and convalescent phase of
myocarditis-a CMR study. J Cardiovasc Magn
Reson 2008;10:19.

32. Atri D, Siddigi HK, Lang J, Nauffal V,
Morrow DA, Bohula EA. COVID-19 for the cardi-
ologist: a current review of the virology, clinical
epidemiology, cardiac and other clinical manifes-
tations and potential therapeutic strategies. J Am
Coll Cardiol Basic Trans Science 2020;5:518-36.

33. Klok FA, Kruip M, van der Meer NJM, et al.
Incidence of thrombotic complications in critically
ill ICU patients with COVID-19. Thromb Res 2020
Apr 10 [E-pub ahead of print].

34. Llitjos JF, Leclerc M, Chochois C, et al. High
incidence of venous thromboembolic events in
anticoagulated  severe  COVID-19  patients.
J Thromb Haemost 2020;18:1743-6.

35. van Diepen S, Katz JN, Albert NM, et al.
Contemporary management of cardiogenic shock:
a scientific statement from the American Heart
Association. Circulation 2017;136:e232-68.

36. Kociol RD, Cooper LT, Fang JC, et al. Recog-
nition and initial management of fulminant
myocarditis: a scientific statement from the
American Heart Association. Circulation 2020;141:
e69-92.

37. Bennett MK, Gilotra NA, Harrington C, et al.
Evaluation of the role of endomyocardial biopsy in
851 patients with unexplained heart failure from
2000-2009. Circ Heart Fail 2013;6:676-84.

38. Bozkurt B, Colvin M, Cook J, et al. Current
diagnostic and treatment strategies for specific
dilated cardiomyopathies: a scientific statement
from the American Heart Association. Circulation
2016;134:579-646.

39. Ruan Q, Yang K, Wang W, lJiang L, Song J.
Clinical predictors of mortality due to COVID-19
based on an analysis of data of 150 patients
from Wuhan, China. Intensive Care Med 2020;46:
846-8.

40. Doyen D, Moceri P, Ducreux D, Dellamonica J.
Myocarditis in a patient with COVID-19: a cause of
raised troponin and ECG changes. Lancet 2020;
395:1516.

41. Nensa F, Kloth J, Tezgah E, et al. Feasibility of
FDG-PET in myocarditis: comparison to CMR using
integrated PET/MRI. J Nucl Cardiol 2018;25:
785-94.

42.0ng KC, Ng AW, Lee LS, et al. Pulmonary
function and exercise capacity in survivors of se-
vere acute respiratory syndrome. Eur Respir J
2004;24:436-42.

43. Yancy CW, Jessup M, Bozkurt B, et al. 2017
ACC/AHA/HFSA focused update of the 2013 ACCF/
AHA guideline for the management of heart fail-
ure: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on


http://refhub.elsevier.com/S0735-1097(20)36039-3/sref1
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref1
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref1
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref1
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref2
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref2
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref2
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref2
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref3
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref3
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref4
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref4
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref4
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref4
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref5
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref5
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref5
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref5
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref5
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref6
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref6
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref6
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref6
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref6
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref7
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref8
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref8
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref8
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref8
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref8
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref9
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref9
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref9
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref9
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref10
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref10
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref10
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref10
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref11
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref11
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref11
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref12
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref12
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref12
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref12
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref13
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref13
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref13
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref13
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref14
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref15
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref15
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref15
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref15
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref16
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref16
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref16
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref16
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref16
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref17
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref17
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref17
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref18
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref18
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref18
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref18
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref19
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref19
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref19
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref19
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref20
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref21
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref21
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref21
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref21
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref21
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref22
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref22
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref22
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref23
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref23
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref23
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref23
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref24
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref24
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref24
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref24
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref25
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref25
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref25
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref25
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref26
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref27
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref27
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref27
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref27
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref28
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref28
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref28
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref28
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref29
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref29
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref29
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref29
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref30
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref30
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref30
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref31
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref32
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref33
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref33
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref33
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref33
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref34
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref34
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref34
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref34
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref35
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref35
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref35
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref35
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref36
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref36
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref36
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref36
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref36
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref37
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref37
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref37
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref37
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref38
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref38
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref38
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref38
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref38
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref39
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref39
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref39
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref39
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref39
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref40
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref40
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref40
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref40
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref41
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref41
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref41
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref41
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref42
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref42
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref42
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref42
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43

JACC VOL. 76, NO. 11, 2020

SEPTEMBER 15, 2020:1345-57

Clinical Practice Guidelines and the Heart Failure
Society of America. J Am Coll Cardiol 2017;70:
776-803.

44. Al-Khatib SM, Stevenson WG, Ackerman MJ,
et al. 2017 AHA/ACC/HRS guideline for man-
agement of patients with ventricular arrhyth-
mias and the prevention of sudden cardiac
death: a report of the American College of
Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines and the
Heart Rhythm Society. J Am Coll Cardiol 2018;
72:€91-220.

45. Fihn SD, Blankenship JC, Alexander KP, et al.
2014 ACC/AHA/AATS/PCNA/SCAI/STS  focused

update of the guideline for the diagnosis and
management of patients with stable ischemic
heart disease: a report of the American College of
Cardiology/American Heart Association Task Force
on Practice Guidelines, and the American Associ-
ation for Thoracic Surgery, Preventive Cardiovas-
cular Nurses  Association, Society  for
Cardiovascular Angiography and Interventions,
and Society of Thoracic Surgeons. J Am Coll Car-
diol 2014;64:1929-49.

46. Knuuti J, Wijns W, Saraste A, et al. 2019 ESC
guidelines for the diagnosis and management of
chronic coronary syndromes. Eur Heart J 2020;41:
407-77.

Rudski et al.
Cardiovascular Imaging in Evaluation of COVID-19 Complications

KEY WORDS COVID-19, myocardial injury,
myocarditis, stress cardiomyopathy

APPENDIX For supplemental tables, please
see the online version of this paper.

O Go to http://www.acc.org/
jacc-journals-cme to take
EBAC® the CME/MOC/ECME quiz

ABIM - 5
e, voc ki
ACCREDITED

1357


http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref43
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref44
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref45
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref46
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref46
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref46
http://refhub.elsevier.com/S0735-1097(20)36039-3/sref46
http://www.acc.org/jacc-journals-cme
http://www.acc.org/jacc-journals-cme

	Multimodality Imaging in Evaluation of Cardiovascular Complications in Patients With COVID-19
	Methodology
	COVID-19 Testing and Implications for Imaging
	Role of Biomarkers to Inform Imaging Decision-Making in COVID-19
	Clinical Presentations
	Clinical Scenario 1: Chest Pain and Abnormal ECG
	Typical findings and differential diagnosis
	Initial diagnostic approach
	Role of advanced imaging techniques

	Clinical Scenario 2: Hemodynamic Instability (Shock or Hypotension)
	Typical findings and differential diagnosis
	Initial diagnostic approach
	Role of advanced imaging techniques

	Clinical Scenario 3: New LV Dysfunction Without Shock or Hypotension
	Typical findings and differential diagnosis
	Initial diagnostic approach
	Role of advanced imaging techniques

	Clinical Scenario 4: Subacute/Chronic Phase
	Typical findings and differential diagnosis
	Initial diagnostic approach
	Role of advanced imaging techniques
	New signs of heart failure/persistent dyspnea out of proportion to lung disease
	Known LVD (during acute phase)
	New syncope/significant palpitations
	Chest discomfort


	Summary and Conclusions
	References


