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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection continuous to be a public health emergency
and a pandemic of international concern. As of April 31, the
reported cases of COVID-19 are three million in 186 countries.
Reported case fatality has crossed 200 thousand among which
more than fifty thousand has been in the USA. Most patients
present with symptoms of fever, cough, and shortness of breath
following exposure to other COVID-19 patients. Respiratory
manifestations predominate in patients with mild, moderate,
severe illness. Acute cardiac injury is the most commonly
reported cardiac manifestation in patients with severe COVID-
19 and is diagnosed with the help of raised troponin. Imaging of
patients with COVID-19 consistently reports various pul-
monary parenchymal involvement. In this article we wanted to
reinforce and review the various reported imaging patterns of
cardiac and mediastinal involvement in COVID-19 patients.
Among patients with COVID-9 who underwent various imaging
of chest various cardiac findings including pericardial effusion,
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myocarditis, cardiomegaly has been reported. Most of these
findings have been consistently reported in patients with signif-
icant acute myocardial injury, and fulminant myocarditis. Acute
biventricular dysfunction has also been reported with subse-
quent improvement of the same following clinical improve-
ment. Details of cardiac MRI are rather limited. In a patient
with clinical presentation of acute myocarditis, biventricular
myocardial interstitial edema, diffuse biventricular hypokinesia,
increased ventricular wall thickness, and severe LV dysfunction
has been reported. Among patients with significant clinical
improvement in LV structure and function has also been docu-
mented. Multiple cardiovascular comorbidities, clinical fea-
tures, laboratory parameters, and imaging findings are shown to
contribute to poor outcome in COVID-19 patients. With
increasing number of clinical cases, future imaging studies will
be instrumental in identifying the various cardiac manifesta-
tions, and their relation to clinical outcome.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection continues to be a public health emergency and
a pandemic of international concern. As of April 31, the report-
ed cases of COVID-19 are three million in 186 countries.
Reported case fatality has crossed 200 thousand among which
more than fifty thousand has been in the USA. Most patients
present with symptoms of fever, cough, and shortness of breath
following exposure to other COVID-19 patients [1]. Respiratory
manifestations predominate in patients with mild, moderate,
severe illness. Imaging of patients with COVID-19 consistently
report various pulmonary parenchymal involvement [2].
Available data on chest imaging, focusing on pulmonary mani-
festations is extensive [3]. In the recent review by Cao et al. the
authors have reviewed 31 articles and have discussed the various
clinical, radiological and outcome details of various pulmonary
findings in 46959 patients with computed tomography chest
from literature [4]. In another study by Zhu et al., the authors
reviewed 34 retrospective studies and reported CT imaging fea-
tures of 4121 COVID-19 patients [5]. The authors identified that
the chest CT findings of bilateral, multilobar, patchy and ground-
glass opacities were most common uniformly across all the stud-
ies [3-5]. Most authors reporting chest CT findings have done an
excellent description of pulmonary manifestation of COVID-19
patients [4-7]. In this article we wanted to reinforce and review
the various reported imaging patterns of cardiac and mediastinal
involvement in COVID-19 patients.
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Methodology

In this review, we included articles on COVID-19 as published
in Medline. We used the terms “COVID-19” and “cardiovascular
diseases” under the Mesh database in PubMed. To be included in
our review articles had to have details of cardiac imaging in
patients with COVID-19. Imaging modalities that were included
are chest X-ray, computed tomography (CT) thorax, magnetic res-
onance imaging (MRI), echocardiography, nuclear imaging. Case
reports, case series, retrospective, and prospective observational
studies on COVID-19 patients were eligible to be included. Studies
lacking patient details, cardiac imaging findings were excluded.
We also excluded opinions, management guidelines, reviews, rec-
ommendations that did not include patients with cardiac imaging
detail. Two independent clinicians were involved with the screen-
ing of the articles.

Results

We identified 59 articles on “cardiovascular” and “COVID-
19” as published in Pub Med by 315t April 2020. Among these only
2 studies described details of echocardiographic findings in the
patients. One case series reported details of coronary angiogram.
We did not find any other study of COVID-19 patients reporting
cardiac imaging. We included details from other case reports, case
series, and letters that reported any detail of cardiac imaging. We
have described the details below.

Discussion

Cardiac manifestations

Most studies have reported new onset cardiovascular involve-
ment in around 10-12.5 % of patients [8,9]. Details of electrocar-
diography (EKG) and echocardiography (ECHO) is limited and is
only reported in a subset of patients. Among patients with COVID-
19 who underwent various imaging of chest various cardiac find-
ings including pericardial effusion, myocarditis, cardiomegaly has
been reported [4,5,8].

Pathophysiology of cardiac injury in COVID-19

In patients with COVID-19, multiple mechanisms of myocar-
dial injury have been postulated. Cardiac injury can be subdivided
into ischemic, and nonischemic etiology [10].

Nonischemic injury

Nonischemic injury has been reported extensively in the litera-
ture. The following mechanisms of nonischemic myocardial injury
have been reported in patients with COVID-19: 1) Viral myocarditis:
SARS -CoV-2 enters inside the target cells using membrane-bound
angiotensin-converting enzyme two (ACE-2) receptors.
Predominant pulmonary manifestations are secondary to the
expressed level of ACE-2 in type I and type II pulmonary alveolar
epithelium [11]. ACE-2 is also expressed in the cardiac myocytes,
cardiac endothelium, and vascular smooth muscle cells. Even
though viral attachment to these receptors has been considered, the
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exact mechanism by which this initiates and precipitates myocardial
injury is unknown [12]. However, autopsy studies have shown fea-
tures of cardiac myocyte injury, lymphocytic myocarditis, and peri-
carditis [13]. There have been reports of progression of myocardial
involvement to fulminant myocarditis as well. ii) Cytokine storm:
cytokine storm has been defined as dysfunctional, uncontrolled,
exaggerated activation of the immune system, resulting in excessive
cytokine release, following COVID-19 infection [14]. In patients
with severe COVID-19 disease, cytokine storm has been diagnosed
by increased levels of inflammatory markers in plasma. Various
inflammatory markers including C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), ferritin, procalcitonin, D- dimer,
interleukins (IL-2, IL-7), IgG induced protein 10, granulocyte-
colony-stimulating factor, tumor necrosis alpha and chemokine lig-
and 3 have been reported to be elevated [15]. iii) Prothrombotic
state: Resulting in elevated d-dimer, fibrinogen, lactate dehydroge-
nase, and other coagulation markers. This is further accentuated with
the presence of thrombocytopenia, disseminated intravascular coag-
ulation, and deranged coagulation parameters [16,17]. iv) Other pos-
tulated mechanisms have been: a) hypoxia-induced cardiac myocyte
injury and apoptosis, b) viral infection precipitating secondary
hemophagocytic lymphohistiocytosis, ¢) stress-induced cardiomy-
opathy, d) underlying electrolytes, metabolic imbalances, €) injury
secondary to adverse drug reactions [15,18,19].

Ischemic injury

The ischemic mechanism of myocardial injury has been report-
ed rarely. The occurrence of both type I and type Il myocardial
infarction has been postulated. Infection is thought to precipitate
plaque disruption directly and result in myocardial infarction (type
I) in the background of inflammation-induced upregulation of pro-
thrombotic and procoagulant state. Myocardial oxygen supply-
demand mismatch can result in myocardial infarction (type II).
Precipitators of this mismatch are thought to be cytokine storm,
hypoxia, acidosis, sepsis, shock, and abnormal blood pressure [20].

Clinical presentation

Patients with severe COVID-19, can present with several car-
diac manifestations. Acute cardiac injury as defined by the raised
cardiac enzymes, with and without EKG changes contributes to the
diagnosis [21]. Figure 1 depicts the various cardiac findings that
have been reported in patients with COVID-19. Patients presenting
with cardiovascular involvement tend to present with shortness of
breath, fatigue, palpitations, chest pain along with the constitution-
al symptoms [22]. Diagnosis of cardiac involvement is established
with raised levels of highly sensitive cardiac troponin, creatine
kinase MB, creatinine phosphokinase, NT proBNP, lactate dehy-
drogenase, and d-dimer. Various imaging modalities as discussed
below contribute to diagnostic evaluation, management, prognosis
[19-21].

Chest X-ray

Significant cardiac findings in chest X-ray (CXR) has been
limited. Enlargement of cardiac silhouette has been reported in 2
distinct reports. Dabbagh et al. have reported a 67 years-old lady
presenting with COVID-19 and evidence of cardiomegaly in CXR
[23]. Similarly in another report 37 years-old gentleman with
COVID-19 had cardiomegaly in CXR [24]. While pericardial tam-
ponade was evident in the first report, the latter was diagnosed
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with fulminant myocarditis. Both these patients had significant
clinical improvement, and normalization of cardiac silhouette was
documented in the patient with fulminant myocarditis [23,24].

Echocardiography

Reports of patient with ECHO findings continue to increase
[25,26]. A recent study by Deng et al. reported ECHO findings of
112 patients with COVID-19 [25]. Sixty-seven of these patients
was reported to have severe illness. In the study standardized
ECHO parameters were reported. An abnormal ECHO was defined
by: i) left ventricular ejection fraction (LVEF) less than 50%, ii)
Presence of segmental wall motion abnormalities, iii) Left ventric-
ular wall thickness of more than 10 mm, iv) Presence of pericardial
effusion of more than equal to 5 mm. Peak tricuspid regurgitation
velocity of more than 2.8 m/s was used to define pulmonary hyper-
tension. Using these parameters they reported 8.9% (n=10) of
patient’s with evidence of cardiac abnormality [25]. Presence of
pericardial effusion, pulmonary hypertension, reduced LVEF, an
evidence of segmental wall abnormality, and increased LV wall
thickness was identified in 19.6% (n=22), 13.4% (n=15), 5.4%
(n=6), 4.5% (n=5), and 2.7% (n=3) patients. The authors also
reported that pericardial effusion, pulmonary artery hypertension,
reduced ejection fraction, and segmental wall motion abnormality
was higher in patients with severe COVID-19 illness [25]. In the
study composite endpoint of outcome included: i) an admission to
intensive care unit, or ii) requirement of mechanical ventilation, or
iii) requirement of extracorporeal membrane oxygenation, or iv)
death. Interestingly the authors noted that each of these ECHO
findings were statistically significant (p<0.01) in contributing to

the composite endpoint of the study. However, the authors failed to
report how many of these patients had a pre-existing cardiac abnor-
mality. They also did not report the differences in outcome among
patients with and without preexisting cardiac abnormality [25].

Another study reported that presence of right ventricular longi-
tudinal strain pattern in ECHO was independently related to higher
mortality. Other commonly reported ECHO findings have been
diffuse myocardial wall motion abnormality, left ventricular
enlargement, Takotsubo cardiomyopathy, signs of increase in right
atrial pressure including increased inferior vena cava (IVC) diam-
eter and decreased IVC collapsibility [25,26]. Most of these find-
ings have been consistently reported in patients with significant
acute myocardial injury, and fulminant myocarditis. Among
patients with significant clinical improvement in LV structure and
function has also been documented [26-29].

Computed tomography chest

Cardiac involvement is being frequently reported in computed
tomography (CT) chest. In a study including 83 patients who
underwent CT chest, pericardial effusion was reported in 4.8% of
patients [7,9,30]. Pericardial effusion in the above study was mild
and did not progress. Among patients who had clinical improve-
ment, there was documentation of improvement of pericardial
effusion [7]. Multiple other studies have also reported the presence
of pericardial effusion in COVID-19 patients. Interestingly in the
first study the presence of pericardial effusion was noted to corre-
late well with the severity of the disease [9]. Evidence of
myocarditis including increased wall thickness, myocardial edema
and hypokinesia has been reported in various reports of COVID-

SARS -CoV-2
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Figure 1. The incidence and patterns of myocardial alteration in patients with COVID-19.
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19 patients. Acute biventricular dysfunction has also been reported
with subsequent improvement of the same following clinical
improvement [7,9,30].

Coronary angiography

In the recent study including 18 patients of COVID-19 with ST
segment elevation on EKG, from 6 New York hospitals, authors have
reported detailed reports of coronary angiography (CAG) in 50%
(n=9) patients [31]. Sixty-seven percent (n=6) of the patient were
identified to have obstructive coronary artery disease and 57% of the
patient underwent percutaneous coronary intervention. Obstruction
of both the coronary artery were reported. In this study mortality was
higher among patients with normal CAG suggesting noncoronary
myocardial injury [31]. While left ventriculogram has revealed basal
hyperkinesis and apical ballooning suggesting Takotsubo cardiomy-
opathy in an 85-year-old lady with COVID-19 anxiety, details of left
ventriculogram is limited in other studies [32,33].

PET CT

Evidence of cardiac involvement has not been reported in a
study including 4 patients, who underwent 18 F-FDG PET
study [34].

Cardiac MRI

Details of cardiac MRI are rather limited. In a patient with clin-
ical presentation of acute myocarditis, biventricular myocardial
interstitial edema, diffuse biventricular hypokinesia, increased
ventricular wall thickness, and severe LV dysfunction has been
reported [9].
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Mediastinal involvement

Consistently studies have reported significant mediastinal lym-
phadenopathy in patients with COVID-19. Presence of lym-
phadenopathy has been reported in 5.4% of patients [5]. Mediastinal
involvement is not reported in CXR in view of limited visibility and
extensive pulmonary parenchymal involvement in patients with
severe illness. In a recent meta-analysis including 34 retrospective
studies on chest CT, lymphadenopathy was noted to be reported in 8
retrospective studies [5]. In one report of COVID-19 patients who
underwent PET CT sites of lymphadenopathy that have been reported
are mediastinal, hilar and supraclavicular regions [34,35]. However,
size, number and a specific subgroup of lymph node involvement
have not been reported to predict disease severity or outcome.

Cardiovascular involvement and outcome

Reported mortality among patients with COVID-19 continues
to change. The number of cases continues to rise in the US and, at
the date we have conducted our study, the reported mortality has
been 3.9%. Patients with cardiovascular involvement are reported
to have a poor outcome [8]. Poor outcome is defined as the devel-
opment of ARDS, acute kidney injury, coagulopathy, worsening
radiological changes, the requirement of intensive care unit admis-
sion, noninvasive, invasive ventilation, and mortality [36,37].
Predictors of worst outcome in patients with cardiac involvement
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Figure 2. Cardiovascular factors contributing to poor outcome in patients with COVID-19.
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can be sub-grouped into comorbidities, clinical features, laboratory
parameters, and imaging findings as shown in Figure 2.

Future prospective

With patients’ number reaching nearly 3 million in 186 coun-
tries, and reported mortality of around 6%, most studies to date are
consistently reporting pulmonary findings in chest imaging [38].
While it is clear that the presence of cardiovascular comorbidities
like hypertension, heart failure, past history of coronary artery dis-
ease, cerebrovascular involvement, and acute cardiac injury is an
independent predictor of poor outcome and mortality, it is surpris-
ing that most imaging studies report limited cardiac findings
[19,20,25]. Similarly, lymphopenia, and leukocytosis are also a
surrogate marker for severe illness in the background of a cytokine
storm. However, few studies report the pattern of lymphadenopa-
thy in COIVD-19 patients [34,35]. It is prudent to have details of
various cardiac parameters including structure (chamber diameter,
wall thickness, valves, supporting structures), functions, pericar-
dial involvement, pulmonary artery diameter, [IVC, major vessels,
and details of various lymph node groups’ involvement in patients
who underwent various forms of imaging of chest for COVID-19.
The cardiovascular implications of various medications that are
used in treatment of COVID-19 can also be demonstrated with
these imaging. With increasing number of clinical cases, future
imaging studies will be instrumental in identifying the various car-
diac manifestations, and their relation to clinical outcome [39-42].
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