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COVID-19 has rapidly spread around the world and threatened global health. Although this disease mainly
affects the respiratory system, there is increasing evidence that SARS-CoV-2 also has effects on the car-
diovascular system. Echocardiography is a valuable tool in the assessment of cardiovascular disease. It is
cost-effective, widely available and provides information that can influence management. Given the risk of
personnel infection and equipment contamination during echocardiography, leading world societies have
recommended performing echocardiography only when a clinical benefit is likely, favouring focussed
evaluations and using smaller portable equipment. In the past months, multiple reports have described a
wide pattern of echocardiographic abnormalities in patients with COVID-19. This review summarises these
findings and discusses the possible mechanisms involved.

Keywords

Introduction

Since the World Health Organization (WHO) officially
declared COVID-19 a pandemic, it has rapidly spread and
caused havoc around the world. As of 11 November 2020,
more than 50 million people had been infected, with over
1,000,000 deaths [1]. It is well known that SARS-CoV-2
mainly affects the respiratory system, ranging from mild
upper respiratory symptoms to acute respiratory distress
syndrome (ARDS) [2]. However, in the last few months an
important amount of evidence has shown the cardiovascular
system to be a target of this disease [3]. COVID-19 seems to
affect the cardiovascular system in many ways and has
manifestations that range from asymptomatic elevations of
cardiac biomarkers to cardiovascular collapse and cardiac
arrest [3,4]. Studies have shown that nearly 20% of this

COVID-19 e Echocardiography ® Myocardial injury ® Ventricular function ® Systemic inflammation

population sustains myocardial damage and that myocardial
injury — with or without respiratory failure — is implicated in
up to 40% of deceased subjects [3,5]. Echocardiography is a
widely available, cost-effective tool for evaluating cardiac
structure and function. In critically ill subjects, a focussed
evaluation provides important information that can affect
therapeutic decisions [6]. Given the infectiousness of COVID-
19 and the potential of equipment contamination and
personnel exposure, the leading echocardiographic societies
have recommended performing echocardiograms only if the
obtained information is likely to produce a clinical benefit;
they favour smaller portable devices that are easier to
disinfect and performing focussed evaluations instead of
complete echocardiograms [7,8]. Over the past months,
valuable information has been provided regarding the
echocardiographic manifestations of COVID-19. This review
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aimed to summarise these findings and briefly discuss the
possible mechanisms involved.

Echocardiographic Abnormalities
in COVID-19

In COVID-19, cardiovascular manifestations can be the result
of primary or secondary cardiac involvement, or even a
worsening of previous cardiovascular disease (CVD). In each
situation, echocardiography might be able to provide infor-
mation about the mechanism, type and extent of the effects
[9]. Multiple studies have provided information about
different kinds of cardiac affection, some of them with
different results regarding the frequency of right ventricular
(RV) or left ventricular (LV) involvement [10-12]. This could
be because of the diverse populations analysed in these
studies. While some studies have performed echocardio-
grams on every subject with a diagnosis of COVID-19 [11],
others have only included subjects with a clear indication for
echocardiography (thoracic pain, troponin elevation, hae-
modynamic instability) [12]. Furthermore, subjects in some
studies have been prospectively included, while other
studies have conducted retrospective analysis. In addition,
the disease severity has varied between studies, making the
interpretation of this information complicated (Table 1). The
following section will summarise the available data evalu-
ating the use of echocardiography in COVID-19, dividing
and discussing the possible mechanisms involved (Figure 1).

The Left Ventricle in COVID-19

The largest dataset of echocardiograms in COVID-19 comes
from a recently published paper by Dweck et al, who
collected data from 69 countries using an online survey [10].
Echocardiograms were only performed on those patients with
a clear indication. This was reported in the survey (Table 1). A
total of 1,216 patients were included, and 26% had pre-
existing CVD. This study found that subjects with an
abnormal echocardiogram (55%) were older, with a higher
prevalence of pre-existing CVD, heart failure or valvular heart
disease. An affection of the LV was diagnosed in 479 (39%)
subjects, with systolic dysfunction in 37.4% and biventricular
affection in 14.3%. Categorisation based on the LV ejection
fraction (LVEF) revealed that it was mildly depressed in 17%,
moderately depressed in 12% and severely depressed in 7%.
In addition, 3% had evidence of a new myocardial infarction
(MI), 3% of myocarditis and 2% of findings suggestive of
Takotsubo syndrome (TS). Regarding subjects without a pre-
existing CVD, 46% had an abnormal echocardiogram and
25% had LV anomalies. In this study, chest pain with an ST-
segment elevation and suspected left heart failure were
found to be independent predictors of LV anomalies with an
OR of 4.08 (2.40-6.99) and 1.63 (1.15-2.32), respectively [10].
Similarly, Jain et al. retrospectively analysed the echocar-
diograms of 72 patients with confirmed SARS-CoV-2 infec-
tion [12]. They found that 10% of hospitalised patients had
an indication for echocardiography, with a suspected acute

cardiovascular event (46%) and haemodynamic assessment
(29%) being the most frequent reasons. Pre-existing coronary
artery disease (CAD) was present in 18.15%, heart failure
with reduced ejection fraction (HFrEF) in 20.8% and with
preserved ejection fraction in 2.8%. Overall, 34.7% of these
subjects had an LVEF <50%, 23.6% had evidence of LV wall
motion abnormalities, with 12.5% showing global hypo-
kinesia and 11.1% segmental abnormalities. Interestingly,
four of these patients had apical dyskinesia with basal
sparing, compatible with stress-induced cardiomyopathy.
Increased wall thickness was present in 61.1%, being mild in
36.1% [12]. A retrospective study including 74 patients with
confirmed COVID-19 who underwent echocardiography, in
which 58% of subjects were on vasopressor support, found
that LV systolic function was hyperdynamic or normal in
89% of the patients [13]. In their cohort, 9% of patients had
prior CVD, and three patients who had a previous abnormal
study were excluded. Of note, LV systolic function was
visually assessed in this study and the study by Jain et al.
[12,13]. The results of other studies that included patients
after evaluation of study appropriateness [14,15] are
described in Table 1.

Other studies have performed echocardiograms in every
patient admitted with confirmed SARS-CoV-2 infection
[11,16,17]. Szekely et al. reported the findings of 100 patients
with confirmed COVID-19 systematically evaluated with
echocardiogram during the first 24 hours after hospital
admission [11]; 16% of the patients had a history of CVD and
7% had prior congestive heart failure. In this population, the
LV was found to be smaller than the reference values; cardiac
output (CO) and cardiac index (CI) were found to be lower;
LV systolic function was impaired (LVEF <50%) in 10% of
subjects; and 20% of the patients had an E/e’ ratio >14,
indicative of elevated LV filling pressures. Left ventricular
function and dimensions did not significantly differ between
disease severity categories (with non-invasive mechanical
ventilation [NIMV], invasive mechanical ventilation [IMV] or
O,) [11]. Van den Heuvel et al. consecutively evaluated 51
patients admitted to hospital with SARS-CoV-2 infection and
found that 14 subjects (27%) had LV systolic dysfunction [16].
In this study, even though 19 patients were admitted to the
ICU and 17 required mechanical ventilation during hospi-
talisation, all were without mechanical ventilation or vaso-
pressors at the time of the echocardiographic evaluation. A
key fact of this study is that it used global longitudinal strain
(GLS) added to LVEF to evaluate systolic function (LV
dysfunction was due to LVEF in three, abnormal GLS in seven
and a combination of both in four). Diastolic dysfunction,
defined as an E/e’ ratio >14, was present in 6% [16].

Possible mechanisms involved in left ventricular
abnormalities in COVID-19
Several mechanisms have been proposed as culprits of cardiac

injury in COVD-19 [3]. It is clear since the first reports from
China that myocardial injury, defined by elevation in cardiac
troponins (cITn), was not only common in SARS-CoV-2 but
also associated with a worse prognosis [18,19]. In one of
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Table 1 Characteristics of studies evaluating echocardiographic abnormalities in patients with COVID-19.
Author Study Indications for ~ Definitions Comorbidities Respiratory LV Abnormalities RV Other Limitations
Characteristics Echocardiography Status Abnormalities Echocardiographic
Abnormalities
Dweck 1,216 pts; prospective Suspected left heart LV function: mildly HTN 37%; DM 19%; 54% severe symptoms; 39%. LV systolic 33%. RV systolic Cardiac tamponade 1%; ~ Online survey dependent
etal [10]  online survey; only  failure; suspected right —impaired (55%-45%), THD 14%; HF 9%;  19% evidence of dysfunction: mildly dysfunction: mild- endocarditis 1%; elevated on operator-reported
patients with heart failure; chest pain moderately impaired VHD 7% pneumonia depressed 17%, moderately moderate 19%, severe 6%; PAP 8% outcomes; RV structure
indications with ST-elevation; (35%—45%), severely depressed 12%, severely ~ RV dilation 15%; D-shape and function were visually
biomarker elevation; impaired (<35%). depressed 7%. MI 3%; 4% estimated; selection bias
ventricular arrhythmia; RV function: visually myocarditis 3%; TS 2%
suspected tamponade;  estimated
cardiogenic shock
Jain 72 pts; retrospective; Haemodynamic LV dimensions: normal HTN 66.7%; DM 55.6% on MV LVEF <50% in 34.7%; RV dimensions: mild 1pt AR, 2 pts MR, 4 pts TR. LV and RV parameters
etal [12]  only patients with assessment; concern for a mean*1.96 SD reported.  43.1%; Obes 47.2%; LVWMA in 23.6%: 12.5%  dilation 12.5%, moderate ~ 12.5% with peak TR vel  visually estimated; small,
indications major acute CV event;  Mild, moderate or severe LD 20.8%; CKD global hypokinesia, 11.1% dilation 2.8%, and severe ~ >2.8 m/s; 8 pts with RAP retrospective sample;
other defined by incremental 22.2%; HFrEF segmental abnormalities  dilation 0. RV systolic 0-5 mmHg; 2 pts 5-10 selection bias
addition of 1 SD. 20.8%; HFpEF 2.8%; (LAD 2.8%, RCA 1.4%, MV dysfunction: mildly mmHg; 1 pt 10-20 mmHg;
LV function: visually CAD 18.1%; cancer 1.4%, apical hypokinesia  decreased 26.4%, 4.2% small pericardial
estimated, Simpson’s 4.2%; HT 6.9%; with basal sparing 5.6%)  moderately decreased effusion
biplane when LVEF LVAD 1.4%; AF 9.7%, severely decreased
appeared abnormal. 2.8% 4.2%
RV dimension: basal and
mid diameter, or visual
estimation.
RV function: assessed
semi-quantitatively
Mahamoud- 74 pts; retrospective; Chest pain; arrhythmia; LV function visually HTN 42%; DM 36%; 82% on MV LV dimensions: small LV RV dimensions dilated in PAH probability: low 16%, LV parameters visually
Elsayed only patients with abnormal ECG changes; estimated; RV function CKD 11%; stroke 20%, normal LV 76%, 41%; RV function impaired intermediate 18%, high estimated; small,
etal. [13] indication haemodynamic FAC <35%, TAPSE <17  7%; smoker 7%; LD dilated LV 4%. LV systolic in 27% 16%; pericardial effusion  retrospective sample;
instability; patients only mm; RV dimensions RV 14%; CAD 9%; function: hyperdynamic 4% referral bias
proceeded to echo if dilation if basal diameter  cancer 7% 48%, normal 41%, mildly
troponin-I >14 ng/L or >41 mm impaired 5%, moderately
urgent assessment impaired 3%, severely
needed impaired 3%
Churchill 125 pts prospectively ___ According to guidelines ~ HTN 60%; DM 41%; 88% on MV LV systolic function: _ _ RV not reported; selection
etal [14]  enrolled after Obes 50% hyperdynamic or normal bias
screening for study 78%, impaired 22%,
appropriateness LVWMA 14%
Sud 110 pts, retrospective; ___ _ CAD 21% 42% on MV LV dysfunction in pts with RV dysfunction 17% Pericardial effusion 33%  Small, retrospective
etal [15]  only pts with SMI: 54%, 46% LVWMA, sample; selection bias

clinically indicated
echocardiography
24 pts with SMI
(troponin-T >1

ng/mL)

8% diffuse LV hypokinesia;
37% isolated LV, 17%
biventricular. Pts without
SMI: 19% regional or global
LV dysfunction; 6%

biventricular.
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Table 1. (continued).

Author

Study
Characteristics

Indications for
Echocardiography

Definitions

Comorbidities

Respiratory
Status

LV Abnormalities

RV
Abnormalities

Other
Echocardiographic
Abnormalities

Limitations

Szekely
etal. [11]

Van den
Heuvel
et al. [16]

Rath
et al. [17]

100 pts, prospective;
all patients
underwent

echocardiography

51 pts, cross—
sectional,
all pts underwent

echocardiography

123 pts (data on echo ___

available for 98 pts);
prospective; all pts
underwent

echocardiography

Compared to reference

values

LV dysfunction LVEF
<52% or GLS >-18; RV
dysfunction TAPSE <17
mm, RV §’ <10 cm/s

LV dysfunction LVEF
<50%; RV dysfunction
visually assessed, TAPSE
<20 mm, FAC <35%

IHD 16%; HF 7%;
CABG 5%; AF 15%;
stroke 11%; LD 11%;
CKD 10%; DM 29%;
HTN 57%; Obes
29%; cancer 5%
HTN 41%; DM 18%;
smoker 6%; stroke
4%; CKD 2%; LD
12%; CAD 8%; MI
10%; HF 0; AF 8%;
VA 2%; VHD 2%
HTN 69.9%; DLP
37.4%; DM 24.4%;
smoker 0.8%; Obes
19.5%; AF 22.8%;
CAD 22.8%; CKD
11.4%

29% with need for
non-invasive 02; 10%
on MV

33% required MV,
none at the time of

echocardiography

No mention

LVEF <50% in 10%; CI
<2.5 L/m?/min in 60%;
SVi >35 mL/m? in 72%;
LAVi >34 mL/m? in 32%;
E/e’ >14 in 20%

LV systolic dysfunction in
27%, 5.7% low LVEF,
13.5% abnormal GLS, 7.7%
both impaired

LV function: mean*=SD
LVEF 57 (8)%; LVH in
74.2%

RV dimensions: dilated in  PAT <100 ms in 60%; 1 pt

39%; RV function: FAC
<835% in 17%; TAPSE <17
mm in 14%; RV S’ <9.5
cm/s in 25%; Tei index
>0.54 in 20%

MR; 2 pts AR

RV dysfunction in 10%, 4% ___

low TAPSE, 4% low RV S,
2% both impaired

RV dysfunction: visually
estimated, impaired RV
function in 13.7%, 17.3%
low TAPSE; RV
dimensions

RV dilation in 48.9%

AS 5.7%; AR 11.5%; MR
26.7%; TR 26.7%;

pericardial effusion 48.9%

No ECG trace during

echocardiogram

Small sample; time from

admission to echo

No mention of the
prevalence of LV
dysfunction; RV function
visually assessed in some

cases

Abbreviations: LV, left ventricle; RV, right ventricle; HTN, hypertension; DM, diabetes mellitus; IHD, ischaemic heart disease; HF, heart failure; VHD, valvular heart disease; MI, myocardial infarction; TS, Takotsubo

syndrome; PAP, pulmonary artery pressure; SD, standard deviation; LVEF, left ventricular ejection fraction; Obes, obesity; LD, lung disease; CKD, chronic kidney disease; CAD, coronary artery disease; HT, heart

transplant; LVAD, left ventricular assistance device; AF, atrial fibrillation; MV, mechanical ventilation; LVWMA, left ventricular wall motion abnormalities; LAD, left anterior descendent; RAC, right coronary artery; MV,

multiple vessel; AR, aortic regurgitation; MR, mitral regurgitation; TR, tricuspid regurgitation; RAP, right atrial pressure; FAC, fractional area change; TAPSE, tricuspid annular plane systolic excursion; PAH, pulmonary

arterial hypertension; SMI, significant myocardial injury; PAT, pulmonary artery acceleration time; GLS, global longitudinal strain; VA, ventricular arrhythmia; DLP, dyslipidaemia; LVH, left ventricular hypertrophy.
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Mechanical ventilation
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Figure 1 Echocardiographic manifestations in COVID-19 and possible mechanisms involved.
Abbreviations: RV, right ventricular; LV, left ventricular; ARDS, acute respiratory distress syndrome; DVT, deep vein

thrombosis; PE, pulmonary embolism.

these studies, Guo et al. showed that the mortality of
subjects with underlying CVD and cTn elevations was 69.4%,
and 37.5% for those without CVD, respectively [18]. Other
studies have confirmed the relationship between elevations in
cIn and a worse prognosis [19,20]. COVID-19 has been
related to elevation of inflammatory markers in the so-called
“cytokine storm” [21]. This hyperinflammatory surge has
also been described in cases of Middle East respiratory
syndrome (MERS) and SARS-CoV infection [22]. Some
studies have shown that elevation of cTn correlates with
elevations in inflammation biomarkers such as C-reactive
protein (CRP), and also that the lymphocyte percentage,
CD3+, CD4+, CD8+ T-cell counts, and CD16+ and CD56+
NK are independently associated with myocardial injury
[18,23]. In the study by Szekely et al., CRP elevation was
predictive of LV dysfunction on echocardiogram, suggesting
a relationship between myocardial dysfunction and systemic
inflammation [11].

As in other systemic inflammatory states, LV systolic
dysfunction can be a secondary form of cardiac involvement
detected by echocardiography, which in some cases might
resolve [24]. This has also been found in some patients with
COVID-19 who had LV systolic dysfunction that was
completely resolved on subsequent evaluations [14]. Of note,
in septic and unstable patients, the LV usually appears
hyperdynamic with apparently preserved LVEF, but evalu-
ation using other techniques such as GLS has shown that
patients can have cardiac dysfunction even in the absence of

a diminished LVEF, and this has been associated with a
worse prognosis [25]. In the study by van den Heuvel et al.,
27% of the patients with COVID-19 had LV systolic
dysfunction but only half had a low LVEF, and the mani-
festation was an impaired GLS in 50% [16]. The value of GLS
in detecting subtle myocardial damage in patients with
COVID-19 has been confirmed by other studies [26,27].
Baycan et al. evaluated 100 patients (44 with severe and 56
with non-severe COVID-19) and 45 controls, all of them with
a normal LVEF. Their results showed that GLS was signifi-
cantly impaired in both non-severe and severe COVID-19
patients compared with controls: -16.7x1.3% vs
-145*1.8% vs -19.4*+1.6%, respectively (p=0.001) [26].
Similarly, Stobe et al. demonstrated that patients with SARS-
CoV-2 infection can have abnormalities in LV deformation
despite normal LVEF and that the alterations can predomi-
nantly affect LV basal segments [27]. Also, hyper-
inflammation with catecholamine release can be related to
the development of stress cardiomyopathy [28]. Some pa-
tients in the studies by Dweck et al. and Jain et al. were found
to have wall motion abnormalities compatible with TS
[10,12]. Other reports have described patients with
confirmed COVID-19 presenting with a classic apical
ballooning during echocardiography or ventriculography
and no coronary lesions during angiography, confirming the
diagnosis of TS in COVID-19 [29,30].

Whether myocardial involvement is the result of systemic
inflammation or secondary to direct viral damage is still a
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matter of debate [31,32]. Multiple reports have shown that
patients with COVID-19 can present several manifestations
compatible with acute myocarditis, and these subjects usu-
ally have global or segmental wall motion abnormalities
with reduced LVEF on echocardiogram [4]. In an autopsy
study during the SARS-CoV outbreak that analysed heart
samples, it was found that 35% of patients had viral RNA
[33]. Given the affinity of SARS-CoV-2 to the myocardium
related to the high expression level of angiotensin-converting
enzyme 2 (ACE 2), direct viral damage is thought to be a
possibility [32]. Some reports have even found histopatho-
logical evidence of myocarditis in endomyocardial biopsies
of patients with SARS-CoV-2, and some studies have re-
ported the presence of viral RNA in the heart tissue of a few
patients [4,34-36].

Ischaemic cardiac injury is another possible explanation,
and can be the result of multiple factors [3,4,32]. Some pa-
tients with COVID-19 eventually develop ARDS with severe
hypoxaemia [2], which along with systemic stress, sympa-
thetic activation, use of vasopressors, and underlying CAD
could cause an imbalance in myocardial oxygen supply-
demand, resulting in cardiac ischaemia [3]. SARS-CoV-2
infection has also been associated with a hypercoagulable
state with both venous and arterial thrombotic events
described [35,37]. Direct involvement of endothelial cells
(endotheliitis) is another feature of this infection that could
increase the risk of thrombus formation [38]. Moreover, as in
other severe viral infections [39], inflammation caused by
SARS-CoV-2 could affect plaque stability and cause rupture
of coronary plaques, with a subsequent myocardial infarc-
tion [3]. There is evidence that acute myocardial infarction
(AMI) can occur during the course or can be the initial
manifestation of COVID-19 [40,41]. In a report from Italy
involving 28 patients with COVID-19 and ST-segment
elevation myocardial infarction, 17 had angiographic evi-
dence of a culprit lesion that required revascularisation [40].
Some echocardiography reports in COVID-19 have shown
that patients can have evidence of segmental wall motion
abnormalities involving specific coronary territories [12,15].
Diastolic dysfunction is described in some patients with
COVID-19 and myocardial ischaemia might be the associ-
ated mechanism [11,16].

Since CVD is common in patients with COVID-19 [32],
echocardiographic abnormalities could represent the
presence of prior heart disease that has remained stable or
that has worsened because of the SARS-CoV-2 infection.
Some studies have reported that some of their population
had prior echocardiograms with LV dysfunction or wall
motion abnormalities [11,12,15]. In the majority of these
subsets of patients, the echocardiograms performed dur-
ing SARS-CoV-2 infection showed a worsening of prior
echocardiographic findings. Another mechanism that
might be implicated in cardiac dysfunction during
COVID-19 is downregulation of ACE2 after SARS-CoV-2
entry into the host cells. Since ACE2 inactivates angio-
tensin II and has beneficial effects, this downregulation

could be related to progressive cardiac damage and
worsening dysfunction [3,32].

Cardiac biomarkers, left ventricular echocardiographic
findings and prognosis in COVID-19

It is a matter of debate whether the elevation of cardiac
biomarkers in patients with COVID-19 is merely the reflec-
tion of disease severity or a manifestation of cardiac damage
with cardiac structure and function alterations [42]. The
report by Dweck et al. showed that biomarker elevation was
one of the most frequent reasons for requesting an echocar-
diographic evaluation. Also, those patients with biomarker
elevation (69%) were more likely to have an abnormal
echocardiogram [10]. On multivariate regression models,
elevations of ¢In and brain natriuretic peptide (BNP) were
independent predictors of an abnormal LV on echocardio-
gram with an OR 1.69 (1.13-2.53) and 2.9 (1.75-5.05),
respectively [10]. In the study by Szekely et al., 20% of
patients had cIn elevations and those with troponin-I
>28 ng/L had a significantly lower stroke volume, CO and
CI, without a difference in LVEF [11]. Also, patients with
higher troponin levels more frequently had an E/e” >14 than
those with lower troponin levels. Overall, troponin levels
were predictive of an altered E/e” and an increased left atrial
volume. BNP levels were predictive of a lower SV, CO, and
altered E/e’ [11]. In this same study, LVEF was significantly
associated with clinical deterioration (2.9 [1.1-8.1]; p=0.03 for
10% difference) and mortality (3.2 [1.01-8.1]; p=0.04 for 10%
difference), while an elevated E/e’ ratio (1.08 [1.01-1.2];
p=0.03) was also associated with mortality [11]. Rath et al.
showed that LVEF was significantly associated with ¢Tn
levels and N-terminal-pro-BNP [17]. They also showed that
LVEF was independently related to all-cause mortality [17].
Baycan et al. showed that both elevations in ¢In and
D-dimer significantly correlated with a worse LV GLS
(p=0.001); notably, their study also showed that an impaired
LV GLS was an independent predictor of mortality, sug-
gesting that even subtle myocardial dysfunction can be an
indicator of bad prognosis [26]. Other studies showing the
association between cardiac biomarkers, LV abnormalities
and outcomes are summarised in Table 2 and Supplementary
Table 1.

The Right Ventricle in COVID-19

Since COVID-19 predominately affects the respiratory sys-
tem, some patients will eventually require ventilatory assis-
tance such as a high-flow nasal cannula, NIMV or
endotracheal intubation with IMV [43]. The acute stress
caused by hypoxaemia and mechanical ventilation added to
the prothrombotic state, hyperinflammatory state, direct
viral damage, and ischaemic injury places the RV in a critical
position during COVID-19 [44]. In the study by Dweck et al.,
33% of patients had an abnormal RV on echocardiography
[10]. Of these subjects, 19% had mild-to-moderate RV
dysfunction and 6% had severe dysfunction. The RV was
dilated in 15%, a D-shaped LV was seen in 4% and pulmo-
nary artery pressure was elevated in 8%. In the analysis
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Table 2 Biomarkers, left ventricular abnormalities and outcomes in patients with COVID-19.

Biomarkers and Left Ventricular Abnormalities

Left Ventricular Abnormalities and Outcomes

Dweck et al. [10]

Jain et al. [12]

Szekely et al. [11]

Van den Heuvel et al. [16]

Rath et al. [17]

Baycan et al. [26]

Troponin elevation predicted LV abnormalities on
the echocardiogram: OR, 1.69; 95% CI, 1.13-2.53.
BNP elevation predicted LV abnormalities on the
echocardiogram: OR, 2.96; 95% ClI, 1.75-5.05.
Inverse correlation hs-cTn and LVEF: rho = -0.34;
p=0.006.

Trend towards an inverse correlation NT-proBNP
and LVEF: rho = -0.29; p=0.056

Correlation Troponin-I and E/e’: rho=0.45;
p=0.0001.

Inverse correlation between BNP and SV, CO:
rho= -0.43; p=0.0001 and rho= -0.21; p=0.04,
respectively.

Correlation between BNP and E/e”": rho=0.38;
p=0.0001.

Inverse correlation CRP and SV: rho=-0.22; p=0.03.
Correlation CRP and E/e”: tho=0.87; p=0.0001.

No difference between patients with Troponin-T
>14 ng/L or <14 ng/L and LVEF or GLS: p=0.15
and p=0.20, respectively.

No difference between patients with NT-proBNP
>300 pg/L or <300 pg/L and LVEF or GLS: p=0.62
and p=0.53, respectively.

Inverse correlation Troponin-I and NT-proBNP and
LVEEF: rho= -0.367; p<<0.001 and rho= -0.485;
p<0.001, respectively.

Correlation between elevated hs-cTn and D-dimer

Low LVEF associated with clinical deterioration
and mortality: OR, 2.9; 95% CI, 1.1-8.1 for 10%
difference and OR, 3.2; 95% CI, 1.01-8.1; p=0.04 for
10% difference, respectively.

Elevated E/e’ associated with mortality: OR, 1.08;
95% CI, 1.01-1.2; p=0.03.

LVEF independently associated with mortality: HR,
12.19; 95% CI, 2.87-51.83; p=0.001.

Impaired LV GLS associated with higher risk of

and impaired LV GLS; p=0.001.

death: OR, 1.635; p=0.010 and for a GLS >-15.20
OR, 8.342; p<<0.001. A cut-off value of >-15.20%
had an area under the curve of 0.83 with a
sensibility of 77% and specificity of 75% for
prediction of mortality.

Abbreviations: LV, left ventricle; OR, odds ratio; CI, confidence interval; hs-cTn, high-sensitivity cardiac troponin; NT-proBNP, N terminal pro-brain natriuretic

peptide; LVEF, left ventricular ejection fraction; SV, stroke volume; CO, cardiac output; CRP, C-reactive protein; GLS, global longitudinal strain; HR, hazard ratio.

restricted to only those patients without pre-existing CVD,
one-third of the patients had an abnormal RV [10]. In their
analysis, 60% of the patients were in critical care and 19%
had evidence of pneumonia, although there is no report of
how many patients were on mechanical ventilation. Sus-
pected right heart failure (OR, 2.65; 95% CI, 1.88-3.75) and
moderate (OR, 2.34; 95% CI, 1.32-4.29) or severe (OR, 3.19;
95% CI, 1.73-6.10) COVID-19 disease were independent
predictors of RV abnormalities on the echocardiogram [10].
Jain et al. found that 15.3% of the patients had an increased
RV size (12.5% were mildly increased and 2.8% were
moderately increased) [12]. Right ventricular systolic func-
tion was mildly decreased in 26.4%, moderately decreased in
9.7% and severely decreased in 4.2%. In this study, 20.8% of
the patients had a history of asthma, chronic obstructive
pulmonary disease (COPD) or interstitial lung disease, and

55.6% were on mechanical ventilation at the time of the
echocardiographic evaluation. Regarding 46% of the popu-
lation in whom concern of an acute major CV event was the
main reason for the echocardiogram, 11% represented a
suspicion of pulmonary embolism (PE); findings consistent
with this diagnosis were found in the echocardiogram in four
of these patients [12]. The study by Mahmoud-Elsayed et al.
found a dilated RV in 41% of patients and decreased RV
function in 27%. In this report, most patients had severe
respiratory failure and 82% were on IMV; the use of IMV did
not affect the proportion of subjects with RV dysfunction
[13]. A PE was detected in 20% of subjects with RV
dysfunction as compared with 2% in those without RV
dysfunction (p=0.02) [13].

In the study by Szekely et al., 61% of subjects had mod-
erate disease requiring non-invasive O, and 10% had severe
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disease requiring IMV [11]. The authors found a prevalence
of RV dilation of 39%, reduced fractional area change (FAC)
in 28%, reduced systolic tricuspid lateral velocity (RV S’) in
25%, reduced index of myocardial performance (Tei index) in
20%, and reduced tricuspid annular plane systolic excursion
(TAPSE) in 14%; all are parameters of RV systolic function
[11]. Overall, the authors concluded that the most frequent
echocardiographic abnormality in COVID-19 was RV dila-
tion with or without dysfunction [11]. Also, the authors
evaluated pulmonary flow acceleration time (PAT) as a
measure of pulmonary vascular resistance (PVR) and found
that patients with a worse clinical status had a shorter PAT,
suggesting an increased RV afterload probably secondary to
severe respiratory impairment [11]. Contrary to what is re-
ported by other authors, where the RV is commonly affected
during COVID-19, van den Heuvel et al. reported the pres-
ence of RV dysfunction in 10% of patients [16]. Notably, 33%
of patients had IMV at some point, but none at the time of
the echocardiographic evaluation [16]. Other studies that
assessed RV structure and function in COVID-19 are sum-
marised in Table 1.

Possible mechanisms involved in right ventricular
abnormalities in COVID19
Studies from China have reported that 41.8% of patients who

presented to a hospital with COVID-19-related pneumonia
could develop ARDS, and mortality was very high [45]. In
ARDS, the thin-walled RV, which usually works against low
resistance, faces an abrupt increase in afterload secondary to
increases in PVR, which causes ventricular dilation and
eventual RV failure [46]. The incidence of RV dysfunction
can be as high as 50% in ARDS and has been related to a
worse prognosis [46]. Three parameters have been demon-
strated to be independently associated with RV dysfunction
in ARDS: (1) driving pressure >18 cmH,0O; (2) P,CO, >48
mmHg; and (3) partial pressure of arterial oxygen : fraction
of inspired oxygen (P,O,: F,O,) <150 mmHg [47]. Driving
pressure can be used as a surrogate of transpulmonary
pressure (TPP), which is known to exponentially increase
PVR [48]. Hypercapnia, which occurs both as a consequence
of a ventilation-perfusion mismatch and as a result of pro-
tective ventilation with low tidal volumes in ARDS, is known
to increase PVR. It has been demonstrated that P,CO, is an
independent predictor of RV dysfunction in patients with
ARDS and protective ventilation [49]. Low oxygen satura-
tion, reflected in a P,0,: F;O, <150 mmHg, during severe
ARDS can also increase mean pulmonary arterial pressure
and is associated with RV dysfunction [47]. In most of the
studies evaluating the echocardiographic abnormalities in
COVID-19, a significant number of patients were on IMV at
the time of echocardiographic evaluation, although the
prevalence of ARDS in each was not specified. In the study
by Szekely et al., patients on IMV had a significantly lower
PAT, which reflected an increased PVR associated with a
worse respiratory condition; in addition, patients in the
lower tertiles of PAT had significantly lower oxygen satu-
ration (p<<0.01) and F,O, (p<<0.01) [11]. Another study found

no difference in the use of IMV between patients with and
without RV dysfunction, although patients with RVD had
lower P,0.:FO, and higher F,O, [13]. Positive pressure
ventilation, also commonly used in ARDS, can cause pul-
monary vessel compression, increasing PVR and contrib-
uting to RV dysfunction in these subjects [46]. Patients with
COVID-19 and RVD were found to have higher positive end-
expiratory pressure (PEEP) compared with those without
RVD, although this difference was not statistically significant
[13]. The lower prevalence of RVD reported by van den
Heuvel et al., where patients were off IMV, compared with
the other studies where a higher proportion of patients were
on IMV suggests that the stress associated with respiratory
failure and ventilatory support can partly explain the RV
abnormalities seen in patients during COVID-19 [16].
Increased vasoactive mediators, vascular remodelling,
vascular thrombosis, and vascular compression secondary to
atelectasis and oedema also contribute to RV dilation and
dysfunction in ARDS caused by COVID-19 [44].

As previously mentioned, patients with COVID-19 are in a
prothrombotic state that predisposes them to thromboem-
bolic events, including deep vein thrombosis (DVT) and PE
[32]. There is evidence showing that >40% of patients
admitted to hospital had elevated D-dimer levels, which was
associated with an increased risk of death [50]. Autopsy
studies have found that >50% of the patients in whom
venous thromboembolism was not suspected before death
had evidence of DVT. Moreover, 33% of these patients had a
PE detected as a direct cause of death [35]. Other studies
using CT-pulmonary angiography have shown that 25% of
patients can develop PE; furthermore, PE events can occur
even with prophylactic anticoagulation [51]. In this same
study, D-dimer was significantly higher in patients with PE
compared with those without PE [51]. In the study by
Szekely et al., patients with shorter PAT had greater levels of
D-dimer as compared with those with normal PAT values.
Both CRP and D-dimer were predictive of elevated PAT,
suggesting a link between inflammation, thrombosis and
elevated PVR [11]. Another study showed that D-dimer
levels were related to RV dysfunction [13]. RV dysfunction in
PE occurs because of a sudden increase in PVR secondary to
pulmonary artery (PA) occlusion, and the degree of ven-
tricular dysfunction is affected by thrombus size, the extent
of PA occlusion and baseline cardiopulmonary status [52].
Echocardiography is not routinely indicated in haemody-
namically stable patients with suspected PE, since the
absence of signs of RVD does not exclude the diagnosis;
conversely, in haemodynamically unstable patients the
absence of signs of RV pressure overload can exclude PE as
the cause of haemodynamic instability, while the presence of
signs of pressure overload justifies reperfusion treatment
[52]. In the study by Dweck et al., 33% of patients had a
change in management because of findings on echocardiog-
raphy; more than a third having a change in disease-specific
therapy, which included therapy for PE [10]. Jain et al.
described a change in management in 16.7% of patients who
underwent echocardiographic evaluation; therapeutic
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anticoagulation was started because of signs suggestive of PE
on echocardiography in four of these cases [12]. Similarly, in
the study by Mahmoud-Elsayed et al., 20% of patients with
RV dysfunction had a PE diagnosed by CT [13]. In the study
by van den Heuvel et al, 18% of the patients had a PE
diagnosed; however, the authors reported that none of these
patients had echocardiographic signs of PE and all the pa-
tients included in this report were haemodynamically stable,
which likely reflects the presence of low-risk PE where
echocardiography can miss the diagnosis [16]. There have
also been isolated reports of patients with RV clots in transit
detected during echocardiography [53].

Other mechanisms that likely contribute to RV dysfunction
in COVID-19 are direct myocardial damage by SARS-Cov-2,
microvascular and macrovascular dysfunction associated
with endotheliitis, excess of vasoactive peptides, and in-
flammatory damage [44]. RV dysfunction is likely the result
of a combination of multiple factors: a sudden and progres-
sive rise in PVR increases RV afterload, followed by a rise in
serum catecholamines and other vasoactive peptides, which
finally cause RV dilation and progress to a mismatch in
myocardial oxygen supply-demand with RV ischaemia and
RV dysfunction. Progressive RV failure and dilation with
ventricular interdependence lead to reduced LV diastolic
filling, reduced CO and eventual shock [44,46,52].

Cardiac biomarkers, right ventricular echocardiographic
findings and prognosis in COVID-19

In the study by Szekely et al, patients with shorter PAT had
higher levels of ¢TIn, BNP, D-dimer, and CRP. In addition,
patients with troponin-I levels >28 ng/L had shorter PAT,
RVFAC, TAPSE, and RV S’. CRP was an independent pre-
dictor of altered PAT, Tei index, TAPSE, and RVFAC.
D-dimer was predictive of an abnormal PAT, and RVFAC,
while Troponin-I predicted an abnormal RVFAC [11]. In the
same study, a shorter PAT was associated with clinical dete-
rioration (2.9 [1.04-8.7]; p=0.04 for AT <100 m/s), while an
increased RV end-diastolic area (1.14 [1.01-1.32]; p=0.05 for
1 cm?) and higher Tei index (1.29 [1.02-1.7]; p=0.03) were both
associated with increased mortality [11]. Argulian et al. eval-
uated 110 patients with focussed echocardiography looking
for RV dilation; in their univariate analysis they found that
mechanical ventilation (p=0.003), vasoactive medication use
(p=0.007) and RV enlargement (p=0.001) were associated with
increased mortality [54]. In a multivariate analysis of the same
study, RV enlargement was the only variable significantly
associated with mortality (OR, 4.5; 95% CI, 1.5-13.7; p=0.005)
[54]. Li et al. evaluated 120 patients using RV two-dimensional
(2D) longitudinal strain (RVLS); they found that RVLS was a
stronger predictor of mortality (HR, 1.33; 95% CI, 1.15-1.53;
p<0.001) compared with RVFAC and TAPSE [55]. They
found that the best cut-off value for the prediction of mortality
using RVLS was -23%, with an area under the curve of 0.87
(p<<0.001), sensitivity 94.4% and specificity 64.7% [55]. Other
studies showing the association between cardiac biomarkers,
RV abnormalities and outcomes are summarised in Table 3
and Supplementary Table 1.

Other Echocardiographic Abnormalities
in COVID-19

Some of the reports have described the presence of valvular
heart disease, with the majority of them comprising mitral or
tricuspid regurgitation [11,12,17]. It is unclear whether these
findings are associated with COVID-19 or represent prior
valvular disease but are likely associated with prior diag-
nosed or undiagnosed disease, or with ventricular dilation.
Endocarditis has been another finding in a minority of pa-
tients with COVID-19 during echocardiographic evaluation.
Dweck et al. reported endocarditis in 14 (1%) patients in their
study [10]. It is unclear whether this finding was associated
with SARS-CoV-2 infection, or represented actual bacterial
endocarditis or the presence of thrombus. Other studies have
reported the presence of tricuspid vegetations that dis-
appeared in subsequent echocardiographic evaluation in
patients with negative blood cultures [56]. The presence of
valve vegetations was also described in autopsy findings for
SARS-CoV patients [57]. Pericardial effusion was also a
common finding in the reports of patients with COVID-19;
most of them were mild, with the minority of patients hav-
ing signs of cardiac tamponade [10,12,13,17]. Cardiac tam-
ponade has also been described in isolated reports, with a
finding of bloody effusion during pericardiocentesis [58,59]
and with the isolation of SARS-Cov-2 from pericardial fluid
in one report [59].

Feasibility and Usefulness of
Echocardiography in COVID-19 Patients

Echocardiographic protocols require the operators to stand
close to the patients for prolonged periods, exposing them to
droplets and increasing the risk of infection. Furthermore,
the size of the echocardiographic equipment makes it trou-
blesome to disinfect, increasing the risk of contamination.
Since the beginning of the pandemic there have been con-
cerns about the risk of performing echocardiograms and the
need to carefully selecting patients who might benefit from
echocardiography, to reduce the risk of personnel infection
and increase the utility of examinations. The recommenda-
tions from echocardiography societies are to review the
appropriateness of every procedure, favour the use of
handheld devices that are easier to disinfect and to perform
fast and focussed evaluations [7]. The American Society of
Echocardiography (ASE) has provided a modified point-of-
care ultrasound (POCUS) protocol for the echocardio-
graphic evaluation of patients with suspected or confirmed
COVID-19, which is likely to have an impact on patient
management [8]. The adoption of protocols aimed at
reducing the amount of inappropriate echocardiographic
studies and guarantee that only beneficial examinations are
performed have shown that the workflow in echocardiog-
raphy laboratories has declined in >50% and that study
appropriateness has significantly increased [60].

Some of the studies that have evaluated the echocardio-
graphic abnormalities in COVID-19 have followed these
recommendations, performed focussed examinations and

Please cite this article in press as: Carrizales-Septilveda EF, et al. Echocardiographic Manifestations in COVID-19: A Review.
Heart, Lung and Circulation (2021), https:/ /doi.org/10.1016/j.hlc.2021.02.004



https://doi.org/10.1016/j.hlc.2021.02.004

10

HLC3353 proof m 11 March 2021 m 10/13

E.F. Carrizales-Septlveda et al.

Table 3 Biomarkers, right ventricular abnormalities and outcomes in patients with COVID-19.

Author

Biomarkers and Right Ventricular Abnormalities

Right Ventricular Abnormalities and
Outcomes

Dweck et al. [10]

Mahamoud-Elsayed et al. [13]

Szekely et al. [11]

Van den Heuvel et al. [16]

Rath et al. [17]

Argulian et al. [54]

Li et al. [55]

Baycan et al. [26]

No relation between Troponin or BNP elevation
and RV abnormalities on the echocardiogram: OR,
1.3; 95% CI, 0.86-1.95 and OR, 1.1; 95% CI,
0.63-1.88, respectively.

Inverse correlation D-dimer, CRP and low FAC:
rho= -0.34; p=0.003 and rho= -0.23; p=0.045,
respectively.

Inverse correlation Troponin-I, TAPSE, FAC and
PAT: rho= -0.34; p=0.0006, rho= -0.32; p=0.001 and
rho= -0.21; p=0.04, respectively.

Inverse correlation D-dimer, PAT and FAC: rho=
—0.26; p=0.008 and rho= -0.24; p=0.01, respectively.
Inverse correlation CRP, PAT, TAPSE and FAC:
rho= -0.52; p=0.0001, rho= -0.31; p=0.0001, rho=
-0.27; p=0.01, respectively.

Correlation CRP and Tei index: rtho=0.6; p=0.0001.
No difference between patients with Troponin-T
>14 ng/L or <14 ng/L and TAPSE; p=0.44.

No difference between patients with NT-proBNP
>300 pg/L or <300 pg/L and TAPSE or RV S":
p=0.97 and p=0.8, respectively.

Inverse correlation Troponin-I, NT-proBNP and
FAC: rho= -0.442; p<0.001 and rho= -0.304;
p=0.006, respectively.

No differences in Troponin-I levels in patients with
and without RV dilation

Patients in the lowest tertile of RVLS had higher
levels of D-dimer and CRP compared with patients
in the highest tertiles, p<<0.05 for both.

Increased hs-cTn and D-dimer significantly
associated with an impaired RVLS.

Shorter PAT associated with clinical
deterioration: OR, 2.9; 95% CI, 1.04-8.7; p=0.04,
for PAT <100 m/s.

Increased RV end diastolic area and higher Tei
index associated with mortality: OR, 1.14; 95%
CI, 1.01-1.32; p=0.05, for 1 cm? and OR, 1.29;
95% ClI, 1.02-1.7; p=0.03, respectively.

Impaired RV function associated with a
significantly worse cumulative event-free
survival, compared to patients with normal RV
function.

RV enlargement was the only variable
significantly associated with mortality on
multivariate analysis: OR; 4.5; 95% CI, 1.5-13.7;
p=0.005.

RVLS, FAC and TAPSE associated with
mortality in multivariate analysis: HR, 1.33; 95%
CI, 1.15-1.53; p<<0.001, HR, 0.90; 95% CI,
0.83-0.98; p=0.017 and HR, 0.88; 95% CI,
0.78-0.99; p=0.044, respectively.

RVLS was the strongest predictor of mortality
with an AUC 0.87 (p<<0.001) for a cut-off value
of —23%.

Impaired RVLS associated with higher risk of
death: OR, 1.557; p=0.019 and for a RVLS
>-18.45: OR, 6.229; p=0.011. A cut-off value of
>-18.45% had an area under the curve of 0.77
with a sensibility of 72% and specificity of 66%
for prediction of mortality.

Abbreviations: BNP, brain natriuretic peptide; RV, right ventricle; OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; FAC, fractional area change;

TAPSE, tricuspid annular plane systolic excursion; PAT, pulmonary artery acceleration time; RVLS, right ventricular longitudinal strain; HR, hazard ratio.

used portable devices. Jain et al. found that an abbreviated
echocardiogram protocol reduced the time of evaluation
from 18 to 7 minutes. Overall, echocardiograms were
considered non-diagnostic because of study quality in 5.6%

of patients [12]. Other studies have demonstrated that the
use of limited tablet-based echocardiograms can reduce the
study time by 79% [61]. Dweck et al. demonstrated that
echocardiographic evaluation had an immediate impact on
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Complete Echocardiographic

POCUS Evaluation
Advantages Advantages
- Device portability - Better image resolution
- Easy clean-up - Allows for an appropriate

measurement of
ventricular systolic and
diastolic function, flows
and dimensions.

- Allows measurement of RV
and LV strain

Disadvantages

- Longer time of exposure

- Inability to perform - Decontamination of the
measures of ventricular equipment
function, flows and - Availability of
dimensions with most echocardiography
portable devices equipment in COVID areas

- Shorter time of exposure
- Fast acquisition of
information that can
impact patient
management
Disadvantages
- Less image resolution

Complete Echocardiographic
POCUS Evaluation
- Unstable patients to
look for the aetiology of
haemodynamic

- If information obtained
by POCUS is limited
- To measure LV and RV

::'sfabllltyd' function if visual
- Rising cardiac estimation was not
biomarkers

possible or unreliable

- Suspicion of pulmonary || 5ccooc for diastolic

embolism (especially

high risk dysfunction
18 ) risk) - To measure LV and RV
- To visually assess LV and strain

RV systolic function

- To look for segmental
wall motion
abnormalities

- To look for congestion
(LUS + IVC)

- To look for data of
tamponade in case of
pericardial effusion

- To assess the severity of
valvular disease

Figure 2 POCUS vs complete echocardiographic evaluation: advantages, disadvantages and when to use.
Abbreviations: POCUS, point-of-care cardiac ultrasound; LV, left ventricle; RV, right ventricle; LUS, lung ultrasound; IVC,

inferior vena cava.

the management of 33% of the patients [10], while Jain et al.
reported a change in management in 16.7% [12]. It is un-
certain whether POCUS will overcome a complete echocar-
diographic evaluation in patients with COVID-19 in terms of
safety and effectiveness. POCUS has the advantage of being
fast and, when used properly, it can give valuable informa-
tion that can impact patient care; however, a complete
echocardiogram is necessary for the accurate assessment of
ventricular function, strain and other parameters that seem
to have prognostic implications. Perhaps both methods are
not superior to each other, but complementary (Figure 2).
Given the important number of patients who will develop
ARDS and the fact that some of them can benefit from the
prone position, some reports have suggested that prone po-
sition echocardiography might be feasible, allowing RV and
LV evaluation in a four-chamber view [62].

Conclusions

The cardiovascular system has been affected in a significant
number of patients during COVID-19. Given the high risk of
personnel infection and equipment contamination during
this pandemic, using focussed echocardiographic protocols
and portable device echocardiograms is one of the most
valuable tools for assessing patients with suspected CVD.
The echocardiographic abnormalities described in the avail-
able reports are varied and there appear to be multiple
mechanisms involved. Some reports have shown that
biomarkers and clinical indications can help with correct
selection of patients who are most likely to have echocar-
diographic alterations and can most benefit from the
evaluation. In addition, some echocardiographic alterations
appear to have prognostic implications for patients with
COVID-19.
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