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Background: The manifestations of COVID-19 as outlined by imaging modalities such

imaging are not fully described.

Methods: We conducted a systematic review of the current literature and included
studies that described cardiovascular manifestations of COVID-19 using echocardiog-
raphy, CMR, and pulmonary manifestations using LUS. We queried PubMed, EMBASE,
and Web of Science for relevant articles. Original studies and case series were included.
Results: This review describes the most common abnormalities encountered on
echocardiography, LUS, and CMR in patients infected with COVID-19.
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1 | INTRODUCTION

The pandemic caused by novel coronavirus infection (COVID-19) has
completely transformed the way of life for both patients and physicians
around the globe. Since its inception in December 2019, COVID-19 has
spiraled exponentially with more than 165 million documented cases
and over 3.4 million fatalities worldwide as of mid-May, 2021.1 Given
its multifaceted cardiac manifestations and a fatality rate estimated
at 10.5% for cardiovascular disease related complications, COVID-19
has had a disproportionate impact on the diagnosis and management
of cardiovascular diseases. Our study aims to provide an overview of
current findings and recommendations in cardiovascular imaging in
patients with COVID-19.

2 | METHODS

We performed a systematic search of the PubMed, EMBASE, and Web
of science databases to identify relevant articles from the inception
of the database to October 2, 2020. The search strategy used in each

database is elaborated in Table S1. Extracted citations were imported
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into Mendeley reference manager and screened for relevance. Screen-
ing was performed at two levels. At the first level, articles and abstracts
were screened for relevance. At the second level, articles identified by
title and abstract screening were subjected to full text review. A sec-
ond manual search was performed to identify articles published after
the initial search until publication. The PRISMA flow chart for inclusion
of studies is described in Figure 1.

2.1 | Echocardiography in patients with COVID-19
2.1.1 | Indications for echocardiography in
COVID-19 patients

The American Society of Echocardiography (ASE) and other clini-
cal societies have established appropriate criteria for the use of
echocardiography (ECHO) in patients admitted to the hospital.2 Given
the increasing evidence for cardiovascular manifestations of COVID-
19, and the increasing role of bedside focused cardiac ultrasound
(FOCUS) in clinical management, performing a focused bedside ECHO

among patients with COVID-19 can prove beneficial, especially in the
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critically ill.3~> Although, performing an ECHO solely based on tro-
ponin elevation is not recommended, there is an increasing body of
data suggesting that elevated troponin (> 99th percentile on admis-
sion) is an important predictor of mortality and length of hospital stay
in patients with COVID-19.6710 Similarly, NT-ProBNP has also been
found to be elevated among a significant number of patients with
COVID-19 and is an important predictor of mortality.!? One study
demonstrated that among patients with COVID-19, echocardiogram
changed the management in 33% of patients who exhibited a variety
of symptoms and signs including chest pain, electrocardiogram (EKG)

changes, and elevated cardiac biomarkers.1213

2.2 | Technical considerations of obtaining
echocardiogram during COVID-19 pandemic

2.2.1 | Transthoracic and transesophageal ECHO
(TTE and TEE) in COVID-19 patients - Safety
constraints for health care personnel

Despite studies demonstrating that health care workers have a signif-
icantly higher risk of acquiring COVID-19 due to increased workplace
exposure to patients,* the data regarding the incidence of COVID-19
among ECHO sonographers is scarce.

In a recent cross-sectional study that surveyed sonographers in
major academic centers in New York (NY, USA), it was found that
there was an infrequent use of plastic ECHO machine covers (9%),
barriers between the patient and sonographer (11%), and probe
covers (30%) during the procedures. In addition, about a quarter of
respondents reported a lack of training in disinfection practices of
ultrasound equipment.’® Such findings highlight the need for more
stringent adherence to the ASE and American Institute of Ultrasound
in Medicine’s guidelines for protection of patients and ECHO providers
to safeguard this vulnerable population.t®

2.2.2 | Transthoracic echo (TTE) in prone patients
with COVID-19

It was found that raising the patient’s left arm and placing a pillow
or a folded sheet underneath the mid-thoracic wall to maintain the
left hemithorax slightly elevated to allow a comfortable transducer
manipulation, resulted in successful apical four and five chamber views
and related measurements.!’ Alternatively, the lower thoracic sec-
tion of the patient’s air mattress can be temporarily deflated, taking
advantage of the gravitational effect of the heart and its shift towards
the chest wall while obtaining an apical four chamber view. These
views were adequate to estimate the left ventricular ejection fraction
(LVEF), mitral annular plane systolic excursion, mitral valve, and annu-
lar doppler velocities, aortic valve doppler velocity, tricuspid annular
plane systolic excursion (TAPSE), and pulmonary arterial systolic pres-
sure (PASP).18
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2.2.3 | Contrast echocardiography in patients
undergoing extra-corporeal membrane oxygenation
(ECMO)

Though, the use of ultrasound enhancement agents (UEAs) during TTE
have been evaluated in COVID-19 patients who were spontaneously
breathing or on mechanical ventilation, 21 their use during TTE in the
setting of extracorporeal membrane oxygenation (ECMO) for COVID-
19 acute respiratory distress syndrome (ARDS) can be potentially
problematic. UAE can trigger an air bubble alarm, which is integrated
in ECMO circuits as a safety measure. This can result in stoppage of the
ECMO circuit forward flow or engaging a “Zero-flow mode” which can
result in rapid deterioration of hypoxic patients who are dependent on
ECMO flow.22 Bleakley et al. used a protocol that involves the deacti-
vation of air-bubble alarms before administration of contrast to avoid

such potential complication.??

2.2.4 | Transesophageal echo (TEE) in COVID-19: A
new outlook

TEE offers multiple advantages, including better imaging windows by
virtue of the TEE probe being close to the cardiac chambers and great
vessels compared with conventional TTE probes. In addition, TEE is not
hampered by other factors such as high positive end-expiratory pres-
sure (PEEP) ventilation, prone position, body habitus, and emphysema-
tous lungs, that constitute a limiting factor for obtaining good images
by TTE.2324 Studies demonstrated that superior vena caval (SVC) col-
lapsibility index (which requires TEE) was superior to inferior vena
cava (IVC) distensibility index (measured using TTE) in predicting fluid
responsiveness.?>2% Also, TEE can be used to better evaluate the right
ventricular (RV) fractional area change (FAC)?” and tricuspid longitu-
dinal annular displacement (TMAD)282? which are surrogates of RV
dysfunction.

TTE and TEE can play a role in identifying patients who will benefit
from veno-venous ECMO versus veno-arterial ECMO. Also, they
can be useful tools for assisting in cannulations and troubleshooting
the device.®9-33 For instance, embryologic remnants of right heart
structures or other congenital abnormalities may affect the safe and
appropriate placement of venous cannulas during ECMO initiation.
A persistent left SVC leading to a dilated coronary sinus may be acci-
dentally cannulated, leading to compromised oxygenation on ECMO.
Similarly, a prominent Chiari network may impede cannula positioning
and may increase the risk of subsequent thrombosis. TEE guidance can
help in confirming the course of a guidewire during insertion and help
in excluding coiling of the guidewire in the right atrium, crossing of the
guidewire across the interatrial septum or its entrance in the coronary
sinus. It can also ensure that, the return cannula is positioned clear of
the interatrial septum and the tricuspid valve, thereby, reducing the
risk for re-cannulation.33-37 TEE can also help identify the cause for
worsening hypoxemia during ECMO, which includes scenarios where

the cannula tips are too close to each other, causing recirculation,
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hypovolemia causing inadequate ECMO flow and thrombus formation
in the cannula which may be impeding adequate flow.32

Despite the numerous advantages TEE has over TTE, there is an
increased risk of aerosol exposure to healthcare providers during a
TEE when compared with a conventional TTE. Adoption of adequate
personal protective measures as per current guidelines should lead to
a decreased risk of acquiring transmissible diseases while performing
TEE.1¢

2.2.5 | Key echocardiographic findings in patients
with COVID-19

Due to the multi-factorial nature of cardiac involvement in COVID-
19, various studies have demonstrated diverse cardiac manifestations
[Table 1].

2.2.6 | Pulmonary artery systolic pressure (PASP)
PASP was also found to be significantly elevated in a large number
of patients presenting with COVID-19.43 These findings may partly
be attributed to a hypercoagulable state associated with systematic
inflammation, endothelial dysfunction of the pulmonary vasculature,
leading to pulmonary emboli or microthrombi formation affecting the
smaller segmental pulmonary arteries, hypoxemia secondary to infec-
tion itself or adverse effects of positive pressure ventilation.#38-42 |n
one study, patients with PASP more than 35 mm Hg had significantly
higher cardiac biomarkers and were significantly more likely to die as
compared with those with PASP less than 35 mm Hg, (46% vs 7%).4°
Also, PASP seems to correlate with the severity of the disease.**

2.2.7 | Right ventricular (RV) involvement

RV involvement is seen more commonly with multiple studies demon-
strating RV dilatation and a range of systolic dysfunction from mild
to severe, including documented instance of an acute cor pulmonale
like presentation with more severe RV failure seen in more critically ill

patients.38:44-49

2.3 | Tricuspid annular plane systolic excursion
(TAPSE)

Although, some studies reported TAPSE to be significantly decreased
in critically ill COVID-19 patients, more profoundly affected in severe
ARDS as compared with mild ARDS,*”-°0-33 other studies demon-
strated no difference in TAPSE between mild forms and more severe

infections.*8:5%
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2.4 | Right ventricular fractional area change

RV fractional area change (FAC) performed inconsistently in predicting
outcomes or progression in patients with COVID-19. RVFAC was not
significantly different between patients with severe and non-severe
COVID-19,**4¢ nor survivors, and non-survivors.*’>>°¢ However,
RVFAC was found to be lower in COVID-19 patients with myocardial
injury when compared with COVID-19 patients without myocardial
injury.>”>8 Also, RVFAC does not seem to be significantly decreased
even in COVID-19 patients with acute cor-pulmonale as compared

with those with no acute cor-pulmonale.>?

2.5 | Right ventricular strain patterns in COVID-19
RV free wall strain (RVFWS) seems to be a sensitive marker for RV
function even in the absence of biochemical myocardial injury and is
impaired early in mild forms of COVID-19.7°°8 Additionally, it cor-
relates with disease severity with more severe forms of COVID-19
exhibiting lower values (less negative).”> Among patients with COVID-
19, the RVFWS is demonstrated to be more impaired in those with pos-
itive cardiac biomarkers, d-DIMER and CRP compared to those with
negative cardiac biomarkers, d-DIMER and CRP.*4°358 Further, it is
shown to be a better surrogate of RV function compared with conven-
tional RV indices, in patients with COVID-19.

251 | Left ventricular (LV) involvement

Studies have reported higher percentage of LV systolic and diastolic
dysfunction (DD) among COVID-19 patients compared with healthy
volunteers, especially in those with elevated troponin levels compared
with those normal troponin levels.”%23°>460 |V diastolic dysfunction
was observed in 16%, and systolic dysfunction in 10% of COVID-19

patients. 4661

3 | LV SYSTOLIC DYSFUNCTION

3.1 | Wall motion abnormality (WMA)

WMA reporting has been variable among studies with incidence rang-
ing from 14% to 26% among patients with COVID-19 who underwent
ECHO,%62 and has shown to correlate with biochemical injury of the
myocardium.®3¢* WMA was more frequently observed in the mid and
apical segments followed by basal segments.?36* EKG changes are
common, but do not always exist in patients with WMAs. The most
common EKG change was T wave inversion.*¢¢% The most commonly
adjudicated diagnosis was myocarditis and/or stress cardiomyopathy,
followed by NSTEM.63
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1382 WILEY Echocar diogr aphy

3.2 | Left ventricular strain pattern in COVID-19
Impaired left ventricular global longitudinal strain (LVGLS) was
observed frequently despite preserved or near preserved ejection
fraction, and irrespective of previous cardiovascular disease, among
patients with COVID-19.6265 LVGLS was more frequently impaired in
COVID-19 patients with myocardial injury as compared with COVDI-
19 patients without myocardial injury and correlated with inflamma-
tory markers and pulse oximeter, with the latter having the strongest
correlation (p < 0.0001).2 LVGLS impairment was more pronounced
in sub-epicardium than sub-endocardium layers.®® Although, LVGLS
is more severely impaired in severe disease, it is impaired even in
milder forms of the disease as compared with patients without COVID-
19.5566 A reverse Takotsubo pattern with impaired LVGLS predom-
inantly in the basal segments of the LV, similar to that observed in
Fabry’s or Friedrich’s disease, was reported but not duplicated in other
reports.®”-%? Impaired global circumferential strain (LVGCS) was also
reported to be reduced in all LV layers (transmural) in one report where
the authors speculated that this pattern is suggestive of myocardi-
tis triggered by cytokine storm as opposed to direct viral cytotoxic
effect.%8

3.3 | LV Diastolic Dysfunction (DD)

Doppler indicators of DD were frequently reported in COVID-19
patients. However, their findings were heterogenous among studies.
But DD seems to be more common than systolic dysfunction in patients
with COVID-19(16% vs 10%).46:61

3.4 | E/e’ ratio

In patients with COVID-19, E/e’ which is reflective of LV filling pres-
sures was not found to be elevated in patients with elevated HsT or
other cardiac biomarkers.*44¢>7 Further, E/e’ ratio was not signifi-
cantly altered in the severe forms of COVID-19 compared with mild
form or between survivors and non survivors. 445355577071 Of pote,
in a study of COVID-19 patients that included 90% of patients on
mechanical ventilation and 50% in prone position showed that E/e’
ratio was significantly higher in non-survivors, and it was a predictor
of mortality on univariate but not on multivariate analysis.”? However,
two reports demonstrated that E/e’ ratio may be significantly higher
in critically ill patients compared with healthy volunteers and milder

forms of the disease.”*7°

3.5 | E/Aratio

Among patients with COVID-19, E/A ratio does not seem to be
significantly different between mild and severe disease, or those
with and without cardiac injury, nor among survivors and non-

survivors, 44545571

BARSSOUM ET AL.

3.6 | Mitral annular velocities

In a small study of 32 COVID-19 patients, both septal and lateral e’
were significantly reduced in patients with myocardial injury as com-
pared with no myocardial injury, however, the E/e’ was not different
between both groups.”®

3.6.1 | Other findings

In addition, there have been multiple studies that have described
diverse findings such as pericarditis, moderate to severe pericardial
effusion causing cardiac tamponade and acute myocarditis causing
global hypokinesia on ECHO in patients with COVID-19.5271-78

3.6.2 | Echocardiographic predictors of mortality
in COVID-19

As mentioned earlier, elevated PASP has found to be associated with
a higher in-hospital mortality.®® Studies have consistently shown RV
dysfunction to be a predictor of disease severity. Mortality rate has
found to be increased in patients with moderate/severe dilation of the
RV as compared with patients with mild/no RV dilation.*’ One study
reported that RV dilatation correlates with high sensitivity troponins,
and d-Dimer levels.>>”?80 Of note, decreased RVGLS and RVFWS have
been found to predict mortality independent of respiratory parame-
ters, LV function or markers of multi-organ failure.*”.7?81 |n addition,
oxygen need, higher d-Dimer and C-reactive protein (CRP) correlated
with lower RVGLS.477781 |n a study of 49 COVID-19 patients with
the majority on oxygen or non-invasive ventilation, both RVFWS and
RVGLS were significantly decreased in non-survivors compared with
survivors, with both having the highest area under curve (AUC) for
predicting mortality as compared with other parameters.*’ In another
study, where seven patients were discharged and five needed intu-
bation or died, both RVGLS and RVFWS were significantly lower in
patients with poor outcomes compared with those with favorable
outcomes.82 Also, lower RVFWS was an independent predictor of mor-
tality in 100 COVID-19 patients with 44 patients classified as severe
disease.”® A cut-off of -23% was found to have a sensitivity of 94%
for predicting mortality among COVID-19 patients in one study.”? In
another study of 35 patients, those with RVGLS less than -20% had sig-
nificantly higher 30 day mortality.®3

RVFAC performed inconsistently in prediction of mortality in
COVID-19 patients. In one study that included COVID-19 patients
with varying severity, RVFAC was reported to be an independent pre-
dictor of mortality.”* In another study of 128 COVID-19 patients with
more than 50% of patients considered critical, low RVFAC, RV strain
pattern, and 3D RV ejection fraction (EF) were independent predic-
tors of mortality in their respective order with low 3D RVEF having the
highest predictive value.”® However, in other studies among COVID-
19 patients RVFAC was not significantly different between survivors

compared with non-survivors.*7:>>:56
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Finally, a study by D’Alto et al. demonstrated that right ventricular-
arterial uncoupling expressed as TAPSE/PASP is an independent
predictor of mortality in COVID-19 patients.?? With regards to LV
parameters, mortality was found to be increased in patients who had
reduced LV longitudinal strain (LS), left ventricular stroke volume
index (LVSVi), cardiac index and tissue Doppler S’ (systolic wave)
velocity.89 In addition, Giustino et al. demonstrated that the mortality
rate in COVID-19 patients with myocardial injury, defined as elevated
cardiac biomarkers, was higher in patients with evidence of WMAs as
compared with those without WMAs.6* Moreover, decreased LVGLS

was found to be a strong predictor of mortality or poor outcomes.*#82

3.6.3 | Echocardiographic follow up after acute
COVID-19

LV and RV dysfunction, whether it is clinical or subclinical resolves in
most patients post resolution of acute COVID-19.44°057:85 | a study
by Churchill et al., a follow up ECHO was done in 11 patients after a
median of 14 days post-acute COVID-19. The resolution of previously
noted LV dysfunction and/or WMA was ascertained in 9/11 patients.”®
In another study of 132 patients, follow up data at 3 months in 46
patients showed significantly improved RVFWS and LVGLS.** This
was further ascertained in another study that included 32 patients in
whom both the LVGLS and RVFWS significantly improved on follow
up ECHO, after a mean of 52 days, as compared with values obtained
during hospitalization.?”

However, a small proportion of patients would still show evidence
of clinical and/or sub-clinical echocardiographic sequalae of cardiac
involvement. For instance, in a study of 125 survivors, with moderate
pneumonia, who underwent follow up ECHO within 6-10 weeks, RV
dilation was reported in 14%, isolated DD in 16% and 8.8% had both
LV systolic and diastolic dysfunction, these correlated with elevation
of CKMB during initial hospitalization.®? Also, in a study that included
28 patients with elevated troponin (myocardial injury) during hospital
stay and 46 patients with no elevated troponin, 37.8% of the whole
cohort with 57.1% of the myocardial injury group and 26.1% of the
no myocardial injury group had impaired LVGLS defined as less than -
18% after a mean follow up of 4 weeks, LVEF was preserved in both
groups but significantly lower in the group with myocardial injury dur-
ing hospitalization.8¢

Among patients with COVID 19, ECHO can be an important tool to
diagnose and prognosticate patients regardless of their clinical sever-
ity. In patients with elevated inflammatory markers and/or elevated
troponins seem to benefit from echocardiography examination after
appropriate precautions are implemented. In patients with myocardial
injury, RV dysfunction as evidenced by conventional ECHO parameters
(such as RVEF, PASP, RV diameter, RVFAC, and TAPSE) is more com-
mon than LV systolic dysfunction and is likely the source of troponin.
RV FWS is a more sensitive parameters for RV dysfunction, and corre-
lates more consistently with worse outcomes than conventional ECHO

parameters.

Echocardiography RYV VIR

On the other hand, compared with RV dysfunction, LV dysfunction
is less frequent presentation in patients with COVID-19, in fact DD is
relatively frequently compared with systolic dysfucntion. However DD,
does not correlate with worse outcomes. LV WMA in the mid, apex, and
base are frequently reported due to myocarditis, stress cardiomyopa-
thy or true ischemic events and are more frequently seen in patients
with myocardial injury with EKG changes. Moreover, LVGLS is impaired
frequently in patients with COVID-19 irrespective of systolic or dias-
tolic dysfunction and is more affected in patients with severe disease
with positive cardiac biomarkers and is an independent predictor of
mortality.

Echocardiographic follow up is warranted in patients with newly
impaired RV or LV dysfunction and/or WMA. These abnormalities seem
to be transient and even subclinical involvement as evidenced by LVGLS

and/or RVFWS resolves on follow up echo with no intervention.

4 | LUNG ULTRASOUND FINDINGS IN COVID-19

4.1 | Technical considerations and most frequently
studied protocol

The most commonly used protocol for performing lung ultrasound
(LUS) in the reviewed studies was the 12 zone method. A complete lung
examination consisting of 12 imaging regions, six on each side. Each
hemi thorax is divided into anterior, lateral, and posterior zones which
are separated by the anterior and posterior axillary line. Each zone is
further divided into upper and lower halves, resulting in six areas of
investigation. This also includes the BLUE “bed-side lung ultrasound
in emergency” protocol for LUS, which acquires images in a similar
scanning fashion.8” The most commonly used transducers were con-
vex (Curvilinear) probes, however, phased array and linear transducers
were also used.

4.2 | LUS findings

The most common LUS findings in screened studies and their rela-
tive prevalence were irregular pleural lines (27.9-89% in patients),
pleural thickening (6.5-86%), separate “distinct or scattered” B-lines
(16.6-88%), confluent “coalescent” B-lines with or without “white
lung” (12-78.6%), pulmonary consolidations (31.1-77%), sub-pleural
consolidations (8.06-73%), and pleural effusions (3.8-56%)88-7¢
[Table 2]. Variability in prevalence of LUS findings is likely related to
heterogeneity in the severity of the disease, as well as the timing of
LUS in the course of the disease. For example, Mafort et al., studied
symptomatic healthcare professionals who had a positive RT-PCR
test for COVID-19. They detected coalescent B-lines and subpleural
consolidations in 36% and 8.06% of patients, respectively. Bilateral
involvement was seen in only 50.1% of patients. Of note, they stud-
ied patients during their first assessment and those hospitalized or

undergoing intensive care were not included.”®
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BARSSOUMET AL.

With regards to the distribution of lung involvement reported
in LUS, bilateral distribution was noted in 50.1 to 100% of cases. A
greater tendency to involve the posterior and lateral regions with less
involvement of the anterior region was demonstrated by Smargiassi
A et al.”7 Using a specific scoring system ranging from 0 to 3 (worst
score, 3), they were able to demonstrate a higher prevalence of score
3 in posterior and lateral regions, and a higher prevalence of score O
in the anterior regions in a population of non-critically ill patients. A
more prominent involvement of the posterior and lower regions was
also noted by Castelao J et al. in 95.5% and 73.8% of studied patients,
respectively.”® Similar predilection for posterior and lower region
involvement was described by Lu W et al, who also noted a subpleural
and peripheral pulmonary zones distribution of LUS findings.?? Inter-
estingly, a more prominent involvement of the anterior areas of the
lungs was noted in patients with severe disease relative to those with
mild disease (36% vs 21% of patients, p.021),’? and clinical deteriora-
tion was associated with loss of aeriation in anterior lung segments. 190
Higher prevalence of bilateral involvement and anterior areas involve-
ment in severe disease seems to be a recurring finding among the
reviewed studies. Alharthy A et al.studied 89 intensive care unit (ICU)
patients with confirmed COVID-19, of which 84.2% were intubated
and 15.7% required High Flow Nasal Cannula (HFNC). Bilateral and
anterior areas involvement was evident in in 78.6% of patients. The
findings of confluent B-lines originating from irregular pleural lines

was found in 69.6% of cases and suggested an advanced disease. 10t

421 | Diagnostic performance of LUS

LUS demonstrated remarkable sensitivity and negative predictive
value (NPV) among reviewed studies, with sensitivity ranging from 68%
to 93.3% and a NPV ranging from 52% to 94.1%,7%9496.102 s ggesting
the utility of LUS as a screening test to rule out COVID-19 lung infec-
tion. . Pivetta E et al. have even demonstrated higher sensitivity and
NPV for an integrated approach combining clinical and LUS findings
when compared to a negative initial RT-PCR result (94.4% vs 80.4% for
sensitivity and 95% vs 85.2% for NPV, respectively).193 In this study,
an integrated assessment based on clinical features and LUS findings
was able to identify 21 false negative RT-PCR results that tested pos-
itive on a subsequent test performed after 72 hours. Data regard-
ing specificity, positive predictive value (PPV), and diagnostic accuracy
has been conflicting, with some studies demonstrating values as low
as 21.3%, 19.2%, and 33.3% for specificity, PPV and diagnostic accu-
racy, respectively,’02 while others demonstrating higher values up to
92.9%, 84.6%, and 93.3% for specificity, PPV and diagnostic accuracy,
respectively.??2 Lu W et al. demonstrated higher sensitivity and NPV
of LUS in patients with moderate disease (77.8% and 88.9%, respec-
tively) with both values reaching 100% in patients with severe disease.
Overall, LUS showed a higher efficacy in assessing patients with no and
severe lung lesions, with diagnostic accuracy for patients with no, mild,
moderate, and severe lung lesions of 93.3%, 76.7%, 76.7%, and 93.3%,
respectively.”? Bar S et al. suggested four ultrasound signs that were
independently associated with a positive COVID-19 RT-PCR; upper

Echocardiography EYWAEFSVEIR-E

sites Blines > 3[OR 1.52(1.31--1.79]), lower sites thickened pleura[OR
1.73(1.49--1.98)], lower sites consolidation [OR 2.39 (2.07--2.69)], and
postero-lateral sites thickened pleura [OR 1.97 (1.72--2.22)],1%4 sug-
gesting a role for LUS in triaging patients with suspected COVID-19
lung infection.

422 | Comparison to other imaging modalities

A chest computed tomography (CT) scan is considered as the gold
standard for the diagnosis of COVID-19 pneumonia, having a sen-
sitivity greater than RT-PCR.10> Zieleskiewicz L et al. demonstrated
a significant association between LUS score and chest CT severity.
A LUS score > 23 predicted severe SARS-CoV-2 pneumonia (speci-
ficity > 90% and a PPV of 70%) and a score < 13 excluded severe SARS-
CoV-2 pneumonia (sensitivity > 90% and an NPV of 92%) diagnosed
by chest CT scan.'%¢ Similarly, Ottaviani et al. observed 21 non-ICU
patients, noting the extent of affected lung using LUS score for B lines,
(wherein each lung is divided into six segments delineated by anterior,
posterior axillary lines, parasternal, and paravertebral lines), as well
as the presence of ultrasound consolidations had an excellent correla-
tion with the percentage of lung involvement on chest high resolution
(HR)CT (r = .935, p < 0.001 and r = .452, p = 0.04, respectively).107
A significant positive correlation of LUS score with CT visual score
(r=.65,p <0.001) was also described in a study by Nouvenne A et al.8?
These data suggest a promising role for LUS as an alternative to CT
scan for screening patients with suspicion of COVID-19, as well as
assessing the severity of the disease. Shumilov et al. compared LUS
findings to chest X ray (CXR) in 18 symptomatic COVID-19 patients
and found LUS was useful in detecting interstitial syndrome compared
with CXR (94% “B-lines” vs 61% “hazy increased opacity”; p < 0.02)
as well as detecting lung consolidations effectively (77% for LUS vs
38.8% for CXR; p < 0.02).7! Similar findings were described by Pare
JR et al., wherein LUS was more sensitive than CXR (88.9% vs 51.9%,
respectively) for the association of pulmonary findings of COVID-19
(p=0.013).

423 |
scoring

Prognostic implications and utility of LUS

Y Lichter et al.,, found the presence of pleural effusion, pleural thick-
ening, and a high total LUS score at baseline examination were signifi-
cantly associated with increased mortality. Greater involvement of the
anterior segments was a main contributor to the worsening LUS score.
The unadjusted hazard ratio of death for patients with LUS score > 18
was 2.65 [1.14-6.3], p = 0.02, suggesting a 2.6-fold increase in mor-
tality in those patients.1%° Extent of lung involvement on LUS was
predictive of the need for intensive care unit admission as noted by
Bonadia N et al, patients admitted to ICU had a median 93% of areas
involved versus 20% of areas involved in patients who did not require
ICU admission.’%® In a study by Zhao L et al., a LUS score cutoff point

of more than 32 was found to predict refractory disease (defined as
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respiratory failure with a PaO2/FiO2 of <100 mm Hg or patients who
were treated with ECMO) with a specificity of 89.3% and a sensitiv-
ity of 57.1%.197 Description of LUS scores in individual studies is pro-
vided in Table S2. Castelao J et al., used a self-designed scoring system
to evaluate severity of lung involvement. The total lung score showed
a strong correlation (r = —.765) with the oxygen pressure-to-fraction
of inspired oxygen ratio, and the anterior region lung score was signif-
icant (OR, 2.159; 95% confidence interval, 1.309-3.561) for the risk
of requiring noninvasive respiratory support (NIRS).?® LUS score cor-
related with IL-6 concentrations (r = .52, p = 0.001) and arterial
pCO2 (r = .30, p = 0.033) and was inversely correlated with oxygena-

tion (r = —.34, p = 0.001) in mechanically ventilated patients with
COVID-19.110
4.2.4 | Potential implications for management

Usefulness of point-of-care ultrasound in the primary care setting has
been evaluated in previous studies,!11112 and Calvo-Cebrian A et al.
aimed to evaluate its utility in influencing decisions about patients
with clinical suspicion of COVID-19. A self-designed LUS severity
scale and the individual finding of coalescent B-lines was found to be
significantly associated with the main outcome of appropriate hospital
referral (p = 0.008; OR, 4.5; 95% Cl, 1.42-14.27) and a higher rate of
hospital admission (p = 0.02; OR, 4.76; 95% Cl, 1.18-19.15).7> Another
utility of LUS was demonstrated by Dargent A et al., who monitored
the evolution of COVID-19 pneumonia in 10 patients admitted to the
ICU, and observed a lower LUS score in all patients on the day of extu-
bation compared with admission, suggesting an accurate reflection
of disease progression.!® Gaspardone et al. observed LUS findings
in the post-acute phase of COVID-19, noting residual lung alterations
on the LUS and a higher LUS score at the time of discharge in patients
who had more severe disease during the acute phase compared with

patients with milder disease.”?

425 | Utility in pregnant women

LUS is a potential alternative to CT scan in pregnant women, given the
lack of radiation and option for short interval repeat testing associated
with the procedure. Given obstetricians/gynecologists use ultrasound
in their routine examinations, the systematic utilization of this practice
to expand to LUS evaluation has previously been proposed.!1* Useful-
ness of LUS in assessing lung involvement in pregnant women with sus-
pected or confirmed COVID-19 infection has been explored in several
studies.?1>-117 The addition of LUS scoring to symptoms and exposure
history in pregnant women had significant impact on the prediction
of a positive RT-PCR result, increasing the positive predictive value of
the model from 77.1% (95% Cl, 67.0-84.8%) to 93.7% (95% Cl, 83.7-
97.8%).116 |n a series of eight pregnant women with a positive COVID-
19 RT-PCR, who underwent point-of-care LUS examinations after rou-
tine obstetric ultrasound, Yassa M et al. was able to detect serious lung

involvement in seven patients, significantly influencing their manage-

BARSSOUM ET AL.

ment and providing an alternative imaging modality in two patients not
willing to undergo a CT chest.11”

LUS has many advantages when evaluating patients in the setting
of suspected or proven COVID-19 pneumonia. It is a widely available
tool that can be readily used at the bedside to provide a rapid point of
care assessment of the lungs, an advantage that is becoming more and
more prominent with the rising use of pocket ultrasound devices. Fur-
ther, cardiac sonographers can be trained to use LUS and be able to pro-
vide more clinically relevant information at bed side and with a short
learning curve. The available literature suggests remarkable sensitivity
and NPV for lung involvement in COVID-19, when compared with RT-
PCR, proposing LUS as a useful screening tool to rule out COVID-19
lung infection at the bedside. The use of LUS scoring systems seems to
provide robust prognostic data as well, in terms of iliness severity, need
for ICU admission, and mortality. On the other hand, several limita-
tions exist when using LUS. Although, most of the available studies have
used a standard 12-zone scanning technique for LUS, the dataiis lacking
when it comes to identifying which technique provides the most reli-
able findings, and consequently, the highest sensitivity, specificity, and
diagnostic accuracy. The lack of a unified or a standardized LUS scor-
ing system presents a challenge and further research is needed to iden-
tify the optimum scoring system to be used for prognostic implications.
Although, the use of LUS offers several advantages, further research is
needed to evaluate if the routine use of LUS in this setting would have
an implication on patient outcomes, an area in which we find that the

available literature comes in short.

42.6 | MRI findings in COVID

Nine studies fulfilled our inclusion criteria.}’®-126 QOne study
included patients in the acute stage and remaining five studies
included patients post recovery.'?% Three studies had control groups
comparators.}18122123 patients underwent MRI because of bio-
chemical evidence of myocardial injury as evidenced by elevated high
sensitivity troponin18120 or because of cardiac symptoms 20121 while
other studies performed screening MRI to identify high risk athletes
in competitive sports who tested positive for COVID-19 regardless of
symptoms.119:122.124-126 Of pote, in one study, none of the patients
had elevated cardiac troponins.?1? The study characteristics are fully
described in Table 3.

4.2.7 | Ejection fraction and volumetric assessment

LV and RV ejection fraction (EF) were noted in four studies.!18:120-122
In a study of 100 COVID-19 patients, and 50 controls, patients who
recovered from COVID-19 had lower LVEF, RVEF, and higher left ven-
tricular mass.118 This was duplicated in another study of 10 patients
where two had depressed LVEF with apical ballooning suggesting a
Takotsubo pattern and three patients having mildly reduced EF.120 In
another study of athletes recovering from COVID-19 compared with
controls, RVEF was significantly reduced in the COVID-19 group.122
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428 | Myocardial edema/late gadolinium
enhancement (LGE) and myocarditis pattern

Myocardial edema based on T2 sequences was reported in three out
of five studies.117-121 Lake Louise criteria were satisfied in four out of
26117 and eight out 10 patients. 20 Similarly, Late gadolinium enhance-
ment (LGE) was reported in five studies. 18122 | ocation and extent
of LGE varied between individual studies. Non -ischemic scar was

observed in 20 out of 100 patients,'8

in another study, eight patients
had scar at RV insertion (two patients), three patchy involvement
and three linear involvement.?? Three out of 10 patients'?° and 14
out of 26 patients'2! had subepicardial LGE, one study reported that
most LGE was observed at inferior, and inferolateral basal and mid

121 122,123

segments*<* and this was confirmed in other reports.

429 |
(ECV)

T1/T2 mapping and extracellular volume

Four studies reported T1 values.118120-122 Natjve T1 was increased
among COVID-19 recovering patients compared with controls in two

studies.!18121 One study showed normal T1 values as compared with

122 3nd one study had no comparators.t29 Similarly, native

118,121,122 Eytra-

controls
T2 values were elevated compared with controls.

120-122

cellular volume (ECV) was reported in three studies and was

significantly elevated compared with controls!?2

or patients with neg-
ative MRI.121 Reported values for ECV were ranging between 28
and 36%.120.121 One study reported that ECV was increased in mid-

septum. 1?2

4.3 | Cardiac MRI and athletes

Cardiac MRI can have a great clinical implication in assisting in risk
stratifying competitive athletes to resume high intensity sports. There
has been conflicting data about the true prevalence of myocardial
LGE and/or myocarditis due to COVID-19 sequalae. For instance, in a
study of 26 COVID-19 patients, all asymptomatic and with normal EKG
and cardiac biomarkers, four patients had evidence of myocarditis on
CMR.1? |n another study that involved recovered, previously hospi-
talized patients with moderate to critical COVID-19, myocarditis was
observed in almost 30% on follow up CMR.123 While in other larger
studies, prevalence of abnormalities on CMR was much lower.124125
In a study of 2820 athletes, primary screening with CMR had a lower
yield than clinically indicated CMR (referring patients who were iden-
tified as high risk on initial screening with EKG/Echo/cardiac biomark-
ers). Cardiac symptoms and at least one abnormal screening test were
the strongest predictors of cardiac involvement on CMR.124 Also, in
another study of 145 asymptomatic or with mild symptoms, the preva-
lence of myocarditis was only 1.4% on universal screening.126 While,
in another study of 30 patients referred to CMR due to abnormal ini-
tial screening, five patients were not allowed to go back to competitive

sports due to evidence of myocarditis/or pericarditis.12>

BARSSOUM ET AL.

Acute myocarditis as evidenced by myocardial edema and/or LGE
can be seen most commonly in the inferior and infero-lateral walls and
is usually scattered or sub-epicardial. It seems to be more correlated to
cardiac biomarkers as opposed to EKG changes.

In competitive athletes, the role of CMR is yet to be fully under-
stood. CMR evidence of cardiac affection seems to be rare in patients
with no symptoms and no abnormal initial screening and it may be rea-
sonable to forego CMR testing before return to high intensity sports in
this patient population.

5 | CONCLUSION

The present review of current literature investigating the various uses
of imaging, mainly cardiac, among patients with COVID-19 delineated
the wide spectrum of utilization of these imaging modalities in deter-
mining the cardiac manifestations among COVID-19 patients and pre-
dicting mortality. However, while, the imaging modalities demonstrate
a beneficial role among COVID-19 patients, it is imperative to ensure
operator safety from acquiring the disease. Further research is needed
to evaluate if the routine use of these imaging modalities has any impli-
cation on prognostic values and patient outcomes.
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