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Abstract

Purpose: To assess the prognostic utility of quantitative 2D-echocardiography, in-
cluding strain, in patients with COVID-19 disease.

Methods: COVID-19-infected patients admitted to the San Paolo University Hospital
of Milan that underwent a clinically indicated echocardiographic examination were
included in the study. To limit contamination, all measurements were performed of-
fline. Quantitative measurements were obtained by an operator blinded to the clini-
cal data.

Results: Among the 49 patients, nonsurvivors (33%) had worse respiratory param-
eters, index of multiorgan failure, and worse markers of lung involvement. Right
ventricular (RV) dysfunction (as assessed by conventional and 2-dimensional speckle
tracking) was a common finding and a powerful independent predictor of mortal-
ity. At the ROC curve analyses, RV free wall longitudinal strain (LS) showed an AUC
0.77 + 0.08 in predicting death, P = .008, and global RV LS (RV-GLS) showed an AUC
0.79 + 0.04, P = .004. This association remained significant after correction for age
(OR = 1.16, 95%Cl 1.01-1.34, P = .029 for RV free wall LS and OR = 1.20, 95%ClI
1.01-1.42, P = .033 for RV-GLS), for oxygen partial pressure at arterial gas analysis/
fraction of inspired oxygen (OR = 1.28, 95%Cl 1.04-1.57, P = .021 for RV free wall-
LS and OR = 1.30, 95%Cl 1.04-1.62, P = .020 for RV-GLS) and for the severity of
pulmonary involvement measured by a computed tomography lung score (OR = 1.27,
95%Cl 1.02-1.19, P = .034 for RV free wall LS and OR = 1.30, 95%CIl 1.04-1.63,
P =.022 for RV-GLS).

Conclusions: In patients hospitalized with COVID-19, offline quantitative
2D-echocardiographic assessment of cardiac function is feasible. Parameters of RV
function are frequently abnormal and have an independent prognostic value over

markers of lung involvement.
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1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a new human coronavirus causing the ongoing coro-
navirus disease (COVID-19) which started in December 2019 in
Wuhan, China, and rapidly spread to all continents. The World
Health Organization (WHO) declared the outbreak to be a pan-
demic on March 11, 2020.* Clinical presentation ranges from as-
ymptomatic to acute respiratory distress syndrome (ARDS) that
can lead to death.?

Patients with concomitant cardiac diseases have an extremely

poor prognosis,3'4

and SARS-CoV-2 may cause direct acute and
chronic damage to the cardiovascular system.®

Echocardiography may provide useful information, especially
in critical care patients, because it can be performed quickly at the
bedside. However, the recommendations relating to the use of echo-
cardiography in the COVID-19 pandemic must be considered only
as expert suggestions due to the lack of evidence-based scientific
outcome data. To date, there is no means to predict the impact of
the virus on patient outcome probably because the pathophysiology
of COVID-19 remains unexplained. We aimed to assess the prog-
nostic utility of quantitative 2D-echocardiography, including strain

analysis, in hospitalized patients with confirmed COVID-19 disease.

1.1 | Abbreviations

ARDS: acute respiratory distress syndrome; CKD-EPI: chronic kid-
ney disease epidemiology collaboration equation; COVID-19: coro-
navirus disease-19; CT: computed tomography; eGFR: estimate the
glomerular filtration rate; FAC: fractional area change; FiO2: frac-
tion of inspired oxygen; LS: longitudinal strain; LVEF: left ventricu-
lar ejection fraction; LVESV: left ventricular end-systolic volume;
NTpro-BNP: N-terminal pro-brain natriuretic peptide; PaO2: oxygen
partial pressure at arterial gas analysis; PASP: pulmonary artery sys-
tolic pressure; PPE: personal protective equipment; RT-PCR: reverse
transcriptase-polymerase chain reaction; RV: right ventricular; RV-
GLS: right ventricular global longitudinal strain; SARS-CoV-2: severe
acute respiratory syndrome coronavirus 2; SOFA: sequential organ
failure assessment; TAPSE: tricuspid annular plane systolic excur-
sion; WHO: World Health Organization.

2 | METHODS

We performed a retrospective analysis of all patients diagnosed with
COVID-19 who underwent a clinically indicated echocardiographic
examination in March-April 2020 and admitted to regular or sub-
intensive or intensive wards at the San Paolo University Hospital of
Milan, Lombardy region, the most affected area by the pandemic in
Italy. According to the WHO guidance,’ the diagnosis of SARS-CoV-2
was confirmed as a positive result of real-time reverse transcriptase-

polymerase chain reaction (RT-PCR) assay of nasal and pharyngeal

swabs. The institutional ethics board of ASST Santi Paolo and Carlo,
Milan, approved this study (protocol number 2020/ST/099).

Baseline clinical characteristics, laboratory, radiological, and in-
strumental data as well as therapy were obtained by review of elec-
tronic medical records. We collected arterial blood gases analysis,
type of ventilation and setting, and vital parameters at the time of
the echocardiographic examination.

These data were used to calculate the sequential organ failure
assessment (SOFA) score.” ARDS was defined by applying Berlin
criteria.®

Creatinine kinase, high-sensitivity troponin, N-terminal pro-brain
natriuretic peptide (NT-proBNP), transaminases, C-reactive protein,
lactic dehydrogenase, and procalcitonin were collected at the peak
level. The Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation was used to estimate the glomerular filtration
rate (eGFR).?

Computed tomography (CT) reports and images were reviewed
to evaluate the presence of typical COVID-19 features. A semiquan-
titative lung total severity score was calculated according to Chung
at al. Each of the five lung lobes was assessed for degree of involve-
ment and classified as none (0%), minimal (1%-25%), mild (26%-
50%), moderate (51%-75%), or severe (76%-100%) with a score 0-4
for each segment. The overall lung “total severity score” was reached
by summing the five lobe scores (ranging from O to 20) with higher
values indicating a greater alteration of lung parenchyma.'®

In-hospital death was the outcome. The final follow-up date was
June 19, 2020.

2.1 | Echocardiographic examination

According to international societies, during the COVID-19 pandemic
to reduce the risk of contamination and consumption of personal
protective equipment (PPE), examinations were performed only if
they provide clinical benefit taking into account patient characteris-
tics, blood test abnormalities, and hemodynamic stability.***3

The echocardiograms were performed at the bedside, with pa-
tients in the left lateral decubitus position when possible, but mostly
in supine or sitting position with a machine dedicated to COVID-19-
infected patients (Vivid S6 echocardiograph—GE—Medical System,
Milwaukee WI). Personnel were provided with adequate PPE. To re-
duce the scan time, the examination was focused on the answer to
the clinical problem. The operator was required to store basic views
(apical chamber views, parasternal long and short-axis views at the
base and mid ventricle, subxiphoid views), color Doppler imaging
of the valves, spectral CW Doppler of the tricuspid regurgitant jet.
Images were stored in a cine loop in the institutional server and all
measurements were performed offline (EchoPAC version 203 GE
Vingmed Ultrasound AS) according to current guidelines by an ex-
pert operator blinded to the clinical data.? Conventional parameters
included right ventricular (RV) fractional area change (FAC), tricus-
pid annular plane systolic excursion (TAPSE), and maximum right

atrioventricular trans-tricuspid gradient 4*(tricuspid regurgitation
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velocity).? We used inferior vena cava size changes to estimate right
atrial pressure in patients not on positive expiratory pressure; this
was added to the former to derive the pulmonary artery systolic
pressure (PASP). TAPSE/PASP was calculated as a surrogate of right
ventriculoarterial coupling.}* Left ventricular end-systolic volume
(LVESV) and left ventricular ejection fraction (LVEF) were assessed
using the Simpson biplane method. When volumes were not mea-
surable, LVEF was visually estimated. Left atrial volume was mea-
sured with the biplane Simpson method and indexed to body surface
area'15 RV global longitudinal strain (RV-GLS) was measured by a sin-
gle examiner from the apical 4-chamber view, and the endocardial
border was manually traced delineating a region of interest com-
posed by 6 segments with eventual manual adjustment. Longitudinal
strain curves were generated by the software for each RV segment,
and RV-GLS peak was calculated by averaging the values of each
segment (Figure 1). The longitudinal strain of the RV free wall (RV
free wall-LS) was obtained averaging the 3 curves obtained from the
basal, medial, and apical free wall (Figure 2). To calculate left ventric-
ular LS, endocardial border was manually traced in apical 4-, 2-, and
3-chamber views after generating longitudinal curves by the soft-
ware. The peak negative value was obtained by averaging LV lon-
gitudinal strain across all 17 segments. Strain measurements were
obtained according to the international society recommendations.*®
Segments in which adequate tracking quality was impossible despite
manual adjustments were excluded from the analysis, RV free wall
LS, RV-GLS, and the left ventricular LS were obtained by averaging

the remaining segments.

2.2 | Statistical analysis

Values are expressed as means + SD, in case of highly skewed vari-
ables as median (25™-75th percentile) or as percentages for cate-

gorical variables. Differences between groups were analyzed using

FIGURE 1 Measurement of RV

free wall LS (arrow). The dotted curve
represents the average free wall LS.

LA = left atrium; LV = left ventricle;

LS = longitudinal strain; RA = right atrium;
RV = right ventricle

Echocardiography W LEYm

independent sample t test, Mann-Whitney test, chi-square test or
Fisher's exact test as appropriate. Correlations between variables
were evaluated with the Pearson coefficients.

To evaluate the prognostic accuracy of the RV echocardiographic
indexes, receiver operating characteristic (ROC) curves were con-
structed and the area under the curve was calculated; sensitivity and
specificity were calculated using standard definitions. Logistic re-
gression analysis was used to calculate the risk of death of RV func-
tion parameters, and data are presented as odds ratios (OR) and 95%
confidence intervals (Cl). Multivariable logistic regression analyses
were performed to examine the prognostic role of RV dysfunction
independent of markers of severity of pulmonary involvement. The
reproducibility was measured using Bland-Altman analysis. Analyses
were performed using the Statistical Package for the Social Sciences
(SPSS Inc, Chicago, lllinois) version 23, and a two-sided value of

P < .05 was considered as statistically significant.

3 | RESULTS
3.1 | Population characteristics

We enrolled 49 patients, 31 (63.3%) men, mean age 65.7 + 12.6 years,
6 were Hispanic, and the remainder Caucasian. Table 1 shows the
baseline characteristics of the study population. Chronic obstructive
pulmonary disease was found in 6 patients and none had a history
of pulmonary embolism. In 43 (88%) subjects, pulmonary CT was
performed and confirmed typical COVID-19 pneumonia with ground
glass pattern in all, crazy paving alterations in 70%, pulmonary con-
solidations in 91%, and microvascular dilation in 18%. At the time of
the echocardiographic examination, 11 patients were intubated, 1
was in bilevel positive airway pressure, 17 were in continuous posi-
tive airway pressure, 9 were in face mask with high oxygen flow, and
11 were in nasal cannula. The median SOFA (25%"-75th percentile)

%0 \’[ 400
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score was 2.0 (1.0-4.7), median oxygen partial pressure at arterial
gas analysis/fraction of inspired oxygen (PaO2/FiO2) was 222 (124~
322), and median PaO2 was 87 (70-144) mm Hg. Median c-reactive
protein was 122 (67-140) mg/L, procalcitonin 0.5 (0.12-2.15) ng/mL,
lymphocytes 7.6% (4.2%-11.1%)/uL, neutrophils 87% (79%-90%)/
uL, D-dimer 1797 (585-3306) ng/mL, and eGFR 83 (43-96) mL/
min/1.73m?.

The echocardiogram was performed at a median (25th-75th per-
centile) of 8 (4-15) days from the onset of symptoms. The reason for
the examination was suspected right heart dysfunction in 17 (35%),
left heart or valve dysfunction in 16 (33%), suspected worsening of
known cardiac disease in 10 (20%), suspected endocarditis in 4 (8%),
and pericardial effusion in 2 (4%). The echocardiographic report con-
cluded with a new diagnosis of unknown cardiac disease in 11 (23%)
patients, in the remainder it confirmed a known cardiac condition

(16%) or did not reveal any cardiac abnormality (61%).

3.2 | Clinical and echocardiographic
characteristics of survivors and nonsurvivors

During a mean hospital stay of 30 + 17 days, 16 (33%) patients died.
Table 1 shows the characteristics of the entire population and sur-
vivors vs nonsurvivors. Nonsurvivors showed worse respiratory
parameters and worse index of multiorgan failure. At the CT, they
presented worse calculated lung severity score, higher prevalence of
crazy paving pattern, and microvascular dilation.

Table 2 shows the feasibility of each echocardiographic param-
eter. The echocardiogram was able to provide an estimate of LVEF
in all patients, but the Simpson biplane method was used in the 40
patients in whom the volumes were measurable. PASP was measur-
able in 39% of patients due to lack of tricuspid regurgitation, diffi-
culty to align with the ultrasound beam or due to the impossibility

to estimate the right atrial pressure. TAPSE was measurable in 92%.

1

FIGURE 2 Measurement of RV-GLS
considering both free wall and septum
(double-tip arrow). The dotted curve
represents the average RV-GLS. LA = left
atrium; LV = left ventricle; GLS = global
longitudinal strain; RA = right atrium;

RV = right ventricle
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RV free wall-LS was obtained in 38 patients (78%) averaging the 99
of 111 segments (89.1%) that the software was able to track; RV-
GLS was obtained in 37 patients (76%) averaging the 199 of 216 seg-
ments (92.1%) that the software was able to track.

The echocardiographic measurements in the entire population
and in survivors vs nonsurvivors are shown in Table 2. In our popu-
lation, mean RV free wall LS and RV-GLS were on average low and
below normality threshold and were significantly worse in patients
who eventually died.

Similarly, among echocardiographic parameters, nonsurvivors
showed significantly worse RV function, worse left ventricular LS
and increased indexed left atrial volume. Clinical characteristics
were not significantly different among patients in whom RV strain
was measurable or not. There was no significant correlation be-
tween RV function and respiratory parameters (Table 3).

At the ROC curve analyses, RV free wall LS showed an AUC
0.77 + 0.08 in predicting death, P = .008, and RV-GLS showed an
AUC 0.79 + 0.04, P = .004. A RV free wall LS cutoff of -18% cor-
responded to a 69% sensitivity and 64% specificity for death; while
a for RV-GLS a cutoff of -13.5% corresponded to a 62% sensitivity
and 83% specificity. For TAPSE, AUC was 0.69 + 0.08, P =.042. Less
negative RV free wall LS and RV-GLS were associated with an in-
creased risk of death, OR = 1.18 (95%Cl 1.03-1.36), P = .018, and
OR = 1.22 (95%Cl 1.03-1.45), P = .019, for each unit increase, re-
spectively. This association remained significant after correction for
age (OR = 1.16, 95%Cl 1.01-1.34, P = .029 for RV free wall LS and
OR =1.20, 95%Cl 1.01-1.42, P = .033 for RV-GLS) and after further
adjustment for PaO2/FiO2 (OR = 1.28, 95%CI 1.04-1.57, P = .021
for RV free wall LS and OR = 1.30, 95%Cl 1.04-1.62, P = .020 for
RV-GLS). By correcting for the severity of pulmonary involvement
measured by the lung total severity score, RV strain parameters re-
mained associated with an increased risk of in-hospital death with
an OR = 1.27 (95%Cl 1.02-1.19) P = .034 for RV free wall LS and
OR =1.30 (95%Cl 1.04-1.63) P = .022 for RV-GLS.
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TABLE 2 Echocardiographic findings of the study population and in survivors vs nonsurvivors
p-
Variable Feasibility Total Survivors Nonsurvivors value
LVEF, % 49 (100%) 53+12 55+12 49+ 9 .06
LVESV index to body surface area, 40 (82%) 27 + 15 26 + 16 29 +15 855
mL/m?
WMSI 48 (98%) 1.25+0.45 1.17 +0.36 1.43 +0.56 .09
LV GLS, % 32 (65%) -15+4 -16 +4 -12+4 .028
Left atrial volume index to body 42 (86%) 32+11 29 +9 39+ 14 .0041
surface area, mL/m?
Right atrial-ventricular gradient, 34 (69%) 28+ 9 25+ 41 33+ 10 .010
mm Hg
PASP, mm Hg 19 (39%) 33+9 307 39+11 .060
TAPSE, mm 45 (92%) 20+ 4 21+5 18+ 3 .033
TAPSE/PASP, mm/mm Hg 18 (37%) 0.62 +0.24 0.69 +0.23 0.44 +0.15 .039
FAC, % 40 (82%) 41+8 42+ 6 39+11 .36
RV-GLS % 37 (76%) -15+5 -17+5 -12+4 .008
RV free wall strain, % 38 (78%) -18 + 6 -19 +5 -14 + 6 .015

Note: Continuous variables are reported as mean + standard.

Abbreviations: FAC = fractional area-change right ventricle; LVEF = Left ventricular ejection fraction; LVESV = left ventricular end-systolic volume;
LVGLS = left ventricular global longitudinal strain; PASP = pulmonary arterial systolic pressure; RV = right ventricular; RV-GLS = right ventricular
global longitudinal strain; TAPSE = tricuspidal annular plane systolic excursion; WMSI = wall motion score index.

TABLE 3 Correlation among right

RV free wall PASP, ventricular indices of dysfunction and
RV-GLS, % strain, % TAPSE, mm mm Hg K Y
respiratory parameters

r P r P r P r P

Respiratory rate, 130 458 157 .360 -011 946 .097  .693

breath per minute

Pa02, mm Hg -146 404 -.074 667 136  .385 113 .645

Pa02/Fi02 -.020 .905 .007 967 -.199 .188 069 779

Oxygen Saturation, % -.288 .084 -.202 .223 234 122 .046  .849

SOFA score .036 .834 -.069 .686 .000 .998 242 .318

CT total severity lung -.081 .659 -.050 .781 .019 906 136 .630

score

Abbreviations: CT = computed tomography; FiO2 = fraction of inspired oxygen; PaO2 = oxygen
partial pressure at arterial gas analysis; RV = right ventricular; RV-GLS = right ventricular global
longitudinal strain; SOFA = sequential organ failure assessment; TAPSE = tricuspidal annular plane

systolic excursion.

Adjustments for SOFA score did not affect the association of
free wall LS (OR = 1.30, 95% CI 1.05-1.60, P = .017) and RV-GLS
(OR 1.26, 95%Cl 1.04-1.52, P = .018) and death.

When LVEF was entered in the multivariable model including
free wall LS, this remained independently associated with an in-
creased risk of death (OR = 1.17, 95%Cl 1.01-1.36, P = .040), simi-
larly the model with RV-GLS (OR = 1.25, 95%Cl 1.01-1.53, P = .036).
When patients with known coronary artery disease were excluded,
less negative RV strain measurements remained associated with an
increased risk of death (OR 1.21, 95%Cl 1.01-1.44, P = .037 for RV
free wall LS and OR 1.20, 95%Cl 1.00-1.43, P = .048).

In 10 randomly selected and blindly analyzed studies, Bland-

Altman analysis demonstrated good intra- and inter-observer

agreement, with a small bias not significantly different from zero.
For free wall LS, mean differences + 2 SDs were -0.5 + 1.5% and
0.8 + 2.2%, for intra- and inter-observer agreement, respectively.
For RV-GLS, mean differences + 2 SDs were -0.1 + 0.7% and

-0.3 + 1.7%, for intra- and inter-observer agreement, respectively.

4 | DISCUSSION

This study presents the results of quantitative 2D echocardiogra-
phy evaluation in patients with confirmed COVID-19 disease. The
main findings can be summarized as follows: (a) in patients under-

going a clinically indicated echocardiography examination, offline
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quantitative 2D speckle tracking was feasible even though difficult
acoustic windows were common in this challenging clinical setting,
(b) RV dysfunction was a common finding, and (c) RV strain and
TAPSE were associated with higher mortality, with a substantial in-
dependent prognostic value over markers of severity of pulmonary
involvement.

In the present investigation, RV function was assessed by con-
ventional parameters and using 2D speckle tracking. This technique,
which has the advantage of being almost angle-independent and less
affected by ventricular morphology,'” may have an additive role in
cases of controversy between clinical suspicion and conventional
echocardiographic findings since it can detect subclinical RV dys-
function. Furthermore, RV strain demonstrated a prognostic value
in different disease conditions.*®

In the COVID-19 era, decisions about cardiac diagnostic testing
must be carefully weighed with the risk of exposure and whether the
test would make a difference in the management of the patient. To
minimize staff's time with suspected or positive COVID-19-infected
patients and to reduce the risk of spread, in our institution, we des-
ignated a separate machine and separate reporting room for remote
analyses. In our experience, the offline echocardiographic measure-
ments represent an acceptable trade-off between the need for min-
imizing the risk of virus transmission and the comprehensiveness of
echocardiographic reports. 2D-derived measures such as strain may
be analyzed remotely without need of collecting additional images.15

Of note, we found that 78% of patients showed sufficiently valid
acoustic windows for 2D strain assessment despite the challenging
and hazardous context of COVID-19 whereby a high percentage of
patients was in a sitting position due to noninvasive ventilation and
the operator equipped with cumbersome PPE with limited scan time.
This is in keeping with albeit slightly lower than previous data in sim-
ilar settings demonstrating that RV strain was feasible in 94% of me-
chanically ventilated ARDS patients, even though difficult acoustic
windows were common.’

These findings have important potential clinical implications con-
sidering that some patients with COVID-19 at high risk might need
a comprehensive examination and sometimes echocardiographic
surveillance.®

Emerging evidence suggests that cardiovascular complications
represent a significant threat in COVID-19 beyond respiratory dis-
ease, but the pathophysiology remains incompletely understood.
Any serious infection increases the metabolic demands and patients
with underlying cardiac diseases do not have sufficient reserve ca-
pacity to compensate. Hence, several reports indicate that patients
with severe COVID-19 have often an elevated troponin, but unfortu-
nately, echocardiographic data were not reported for most of these
patients.20 Of note, in our study, the conventional and strain indices
of RV dysfunction, which were frequently altered, were correlated
neither with respiratory parameters nor with the CT severity score.
This is in keeping with the hypothesis that SARS-CoV-2 is capable
of causing multiple organ failure through various mechanisms.?!

Indeed, SARS-CoV-2 can directly infect the heart leading to immune

Echocardiography g%l LEYJﬂ

cell recruitment and myocarditis22 and impact the microvasculature
via its effects on angiotensin-converting enzyme 2, triggering micro-
vascular obstruction and tissue ischemia.?® Importantly, pro-inflam-
matory cytokines upregulated in patients with severe COVID-19%!
have the potential to trigger cardiomyocyte dysfunction and cardiac
depression as already well described in other inflammatory condi-
tions such as sepsis.24 Varga et al found evidence of direct viral in-
fection of the endothelial cells and diffuse endothelial inflammation
across vascular beds of different organs in a series of patients with
COVID-19.2° Endothelial dysfunction could place an extra afterload
on the heart worsening cardiac dysfunction.?® Increased catechol-
amine levels can lead to further myocardial toxicity, vasospasm,
and microcirculation disturbance.?” Puelles et al demonstrated that
SARS-CoV-2 has an organotropism beyond the respiratory tract,
including the kidneys, liver, and heart, worsening the course of
COVID-19 disease.?®

These findings suggest that SARS-CoV-2 infection could cause
both pulmonary and systemic inflammations, which may con-
tribute to RV failure through RV overload and direct damage to
cardiomyocyte.?’

Although several clinical risk factors of poor prognosis have been
identified in SARS-CoV-2 infection,*® including RV dysfunction®! in
our cohort, the RV longitudinal strain was a predictor of mortality,
independent of respiratory parameters, but also independent of
LV function or markers of multiorgan failure. At the time of writ-
ing the manuscript in COVID-19-infected patients speckle tracking
echocardiography was used only by Li et al who showed that in 120
consecutive patients, RV function parameters were independently
associated with mortality.%?

Thus, our results reinforce emerging evidence that predominant
RV dysfunction may represent the final common pathway directly
or indirectly related to COVID-19 prognosis. Early identification of
RV dysfunction with speckle tracking might be useful not only to
guide management acutely (ie, fluid management, monitoring high-
PEEP response in intubated patients)® but also to tailor follow-up

subsequently.

5 | LIMITATIONS

The study has the inherent limitations of a retrospective analysis
with a relatively limited sample size. However, the majority of the
existing analyses, in COVID-19-infected patients, are based on
retrospective and often single-center series. We analyzed only pa-
tients who were hospitalized with COVID-19 during the period of
highest mortality and morbidity peak in our region and in whom the
echocardiogram was deemed necessary for clinical reasons to better
allocate available resources®* (8.4% of total COVID-19 hospitalized
patients). Therefore, our findings may not apply to populations in
other areas or milder forms of COVID-19. We acknowledge that our
analysis was limited to a short follow-up analysis as we examined

in-hospital mortality.
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Troponin and NT-proBNP were available only in a subgroup of
patients; therefore, we could not examine their association with
echocardiographic data.

Due to intervendor variability in 2D strain measurement algo-
rithms, our results apply only to the strain software used in our
study.

In our population, conventional measures of RV overload like
PASP and TAPSE/PASP were measurable in a small percentage of
subjects. Therefore, given the logistical challenges in the setting of
this outbreak with limited cardiac catheterization laboratory avail-
ability, the true prevalence of RV pressure overload and ventricu-

loarterial coupling in this setting may be underreported.

6 | CONCLUSION
Our data demonstrated that in hospitalized patients with COVID-
19 undergoing a clinically indicated echocardiography examination,
offline quantitative 2D-echocardiographic assessment of cardiac
function is a valuable tool for physicians and can help understand
the characteristics of cardiac involvement. RV systolic dysfunction
especially 2D speckle tracking parameters were associated with
increased mortality with substantial independent prognostic value
beyond respiratory disease.

Additional larger studies are needed to explain the potential
mechanistic relationships between RV dysfunction and COVID-19
outcomes.
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