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Abstract

Aims The present study had two aims: (i) compare echocardiographic parameters in COVID-19 patients with matched con-
trols and (2) assess the prognostic value of measures of left (LV) and right ventricular (RV) function in relation to COVID-19
related death.

Methods and results In this prospective multicentre cohort study, 214 consecutive hospitalized COVID-19 patients
underwent an echocardiographic examination (by pre-determined research protocol). All participants were successfully
matched 1:1 with controls from the general population on age, sex, and hypertension. Mean age of the study sample was
69 years, and 55% were male participants. LV and RV systolic function was significantly reduced in COVID-19 cases as assessed
by global longitudinal strain (GLS) (16.4% + 4.3 vs. 18.5% + 3.0, P < 0.001), tricuspid annular plane systolic excursion (TAPSE)
(2.0+ 0.4 vs. 2.6 £ 0.5, P < 0.001), and RV strain (19.8 + 5.9 vs. 24.2 + 6.5, P = 0.004). All parameters remained significantly
reduced after adjusting for important cardiac risk factors. During follow-up (median: 40 days), 25 COVID-19 cases died. In
multivariable Cox regression reduced TAPSE [hazard ratio (HR) = 1.18, 95% confidence interval (Cl) [1.07-1.31], P = 0.002,
per 1 mm decrease], RV strain (HR = 1.64, 95%ClI[1.02;2.66], P = 0.043, per 1% decrease) and GLS (HR = 1.20,
95%ClI[1.07-1.35], P = 0.002, per 1% decrease) were significantly associated with COVID-19-related death. TAPSE and GLS
remained significantly associated with the outcome after restricting the analysis to patients without prevalent heart disease.
Conclusions RV and LV function are significantly impaired in hospitalized COVID-19 patients compared with matched
controls. Furthermore, reduced TAPSE and GLS are independently associated with COVID-19-related death.

© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
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Introduction

The COVID-19 pandemic has rapidly spread around the world
and resulted in a high number of hospitalizations, intensive
care unit admissions, and deaths.> COVID-19 may affect
the heart in several different ways. The right ventricle
(RV) could be impacted secondarily to pulmonary
pathology-induced elevation in RV afterload.> The left
ventricular (LV) function may be affected secondary to RV
volume and pressure overload due to ventricular
interdependence.* But direct cardiac complications in
COVID-19 have been reported in several case-series including
acute myocardial injury,® myocarditis,>”® and Takotsubo
cardiomyopathy.’ However, a direct measure of how the
heart is affected in COVID-19 compared with matched con-
trols from the general population has not yet been reported.

Transthoracic echocardiography is a cheap, fast and widely
available tool that can be used to directly quantify myocardial
function in both systole and diastole. Measures such as LV
ejection fraction (LVEF), pulsed-wave Doppler measurements
(such as E/e’) and RV parameters [tricuspid regurgitation ve-
locity and tricuspid annular plane systolic excursion (TAPSE)]
are widely validated measurements and reveal substantial in-
formation about cardiac function.

Global longitudinal strain (GLS) is a speckle tracking
based method to angle-independently measure LV
contraction.'®*%*2 Compared with LVEF, GLS measurements
are less influenced by loading conditions, myocardial compli-
ance, and afterload as it measures myocardial deformation
directly. In this study, we investigated how echocardiographic
parameters, both conventional and speckle tracking measure-
ments, potentially differed between patients hospitalized
with COVID-19 and matched controls. We hypothesized that
impaired myocardial function measured by echocardiography
is present in hospitalized COVID-19 patients compared with
controls and that it predicts mortality.

Methods
Population

The ECHOVID-19 study is a prospective cohort study of hospi-
talized COVID-19 patients. Patients were included from all
hospitals in eastern Denmark. All patients were included from
30 March 2020 to 1 June 2020. Inclusion criteria were age

>18 vyears, hospitalization with a laboratory-confirmed
diagnosis of COVID-19, and being capable of signing a written
informed consent. All patients from the COVID-19 wards
were invited to participate if able to sign a written informed
consent. The investigators enrolling patients did not have
any prior knowledge of the health status of the invited pa-
tients. All patients were consecutively invited to participate
independently of their health status. All included participants
gave written informed consent. The study was performed in
accordance with the Second Declaration of Helsinki and
approved by the regional ethics board. The ECHOVID-19
study is registered at Clinicaltrials.gov (NCT04377035). A
power test was performed to determine the sufficient
number of patients to detect echocardiographic differences
(Supporting Information, Table S1).

Controls and matching

The control group comprised participants from the fifth
round of the Copenhagen City Heart Study (CCHS5). The
CCHSS is a large general population study in which a random
sample of 4464 participants from the greater Copenhagen
area underwent an echocardiographic examination in which
speckle tracking was also performed. The CCHS5 has
previously been described in detail.® A total of 214
COVID-19 patients were included in the ECHOVID-19 study.
Cases and controls were matched on age (5 year intervals),
sex, and hypertension. On the basis of these criteria, all
COVID-19 patients were matched 1:1 with controls from the
CCHS5 (Figure 1).

Clinical data and baseline information

All participants in the ECHOVID-19 study answered an exten-
sive questionnaire covering family history of cardiovascular
disease, smoking history, medication, physical activity, and al-
cohol consumption. The electronic health records were used
to obtain clinical information such as early warning score pa-
rameters (of the day of the echocardiographic examination)
and comorbidities. Hypertension and hyperlipidaemia were
defined as use of antihypertensive/cholesterol lowering
medication, self-reported information, or reported in the
electronic health record. Diabetes mellitus was defined as
the use of antidiabetic medication, self-reported disease,
or reported in the electronic health record. Heart failure
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Figure 1 Study flow chart. Flow chart illustrating inclusion process for cases and controls for matched comparison and assessment of the prognostic

value of echocardiography. BMI, body mass index.
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was defined as the use of heart failure medication
(beta-blockers, aldosterone antagonists, and ACE/ARB inhibi-
tors all with an indication for heart failure), self-reported dis-
ease, or reported in the electronic health record. Previous
ischemic heart disease was defined as admission due to myo-
cardial infarction, percutaneous coronary intervention, or
coronary by-pass grafting. Prevalent heart disease was de-
fined as the composite of heart failure and previous ischemic
heart disease. LV dysfunction was defined as LVEF < 40%,
while RV dysfunction was defined as TAPSE < 1.6 cm).****

Outcome

The outcome was death. All deaths registered during the
follow-up period were related to COVID-19. The date of
follow-up was 1 June 2020 on which all patients were
censored.

Development of pulmonary embolisms was CT-verified.
The development of acute respiratory distress syndrome
was defined according to the Berlin criterium.

Transthoracic echocardiography

The portable Vivid 1Q Ultrasound System (GE Healthcare,
Horten, Norway) was used for all echocardiographic examina-
tions which were performed bedside. All examinations were
performed according to a pre-determined comprehensive
echo-protocol. A single trained investigator blinded to all clin-
ical information analysed all echocardiographic examinations
offline. Commercially available post-processing software
(ecHoPAC Version 203, GE Vingmed Ultrasound AS) was used
for all analyses.

Conventional echocardiography

Left ventricular ejection fraction was measured using
Simpson’s biplane method. Pulsed-wave Doppler at the tips
of the mitral leaflets in the four-chamber view was used to
measure peak mitral inflow velocities: E-wave, A-wave, E/A
ratio, and deceleration time of E. Left atrial volume was mea-
sured by the area-length method in the apical four-chamber
and two-chamber view and indexed to body surface area to
calculate left atrial volume index. Colour tissue Doppler
velocities (e’, a’, and s’) were obtained from the apical
four-chamber view at the septal and lateral wall of the mitral
annulus. E-wave was indexed to e’ to obtain E/e’. M-mode
was used in the apical four-chamber view to measure TAPSE.
All conventional measurements were made as recommended
by existing guidelines.*®”

Two-dimensional speckle tracking

All analyses were performed offline in the three apical views
(four-chamber, two-chamber, and three-chamber). Projec-
tions with the highest available frame rate were used. A
semi-automatic function was used to place the region of in-
terest over the entire myocardial wall. In cases of inaccurate
tracing, the region of interest could be manually adjusted. Six
regions from each projection were included into a global
18-segment model of the LV. Global values were calculated
as the average of all segments included. A segment could
be excluded by the investigator if it was deemed untraceable.
In total, 20 cases (9.3%) did not have sufficient image quality
for 2DSTE analysis. Right ventricular longitudinal strain (RVLS)
was measured in an apical four-chamber projection opti-
mized for a view of the RV. The RV free wall was divided into
three segments, and the septal deformation was not included
in RVLS. The strain values of the three segments were aver-
aged to obtain RVLS. GLS and RVLS were expressed as abso-
lute values. The American Society of Echocardiography
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together with the European Association of Cardiovascular Im-
aging have previously published normal values of conven-
tional and 2DSTE parameters.*®

Reproducibility To evaluate reproducibility of TAPSE and
GLS in cases, intraobserver and interobserver variability
(mean differences + 1.96 standard deviation) was obtained
through the Bland—Altman method. Intraobserver variability
of TAPSE was 1 * 3 mm [intraclass correlation coefficient
(ICC) = 0.98], while interobserver variability was 1 + 4 mm
(ICC = 0.95). Intraobserver variability for GLS was 0.1 + 2.2%
(ICC = 0.98), while interobserver variability was 0.1 + 2.9%
(ICC = 0.96).

Statistics

A two-tailed P value < 0.05 was used to define statistical sig-
nificance. Baseline data (Tables 7 and 2) were listed as com-
parisons between cases and controls. Differences in
baseline characteristics between survivors and non-survivors
are listed in Table S1. Histograms and Q—Q plots were used
to determine the type of distribution for continuous
variables. Gaussian distributed (reported as means + SD) var-
iables were compared using ANOVA, non-Gaussian distrib-
uted variables [reported as medians with inter-quartile
range (IQR)] were compared using Wilcoxon rank-sum test
or Kruskal-Wallis test as appropriate. Categorical variables
were compared using Pearson’s y° test, and dichotomous
variables were compared using Fisher’s exact test. Multivari-
able linear regression models were used to adjust for heart
rate, prevalent heart failure, smoking status, diagnosis of
chronic obstructive pulmonary disease, hyperlipidaemia,
body mass index and eGFR when testing for differences in
echocardiographic parameters between cases and controls

Table 1 Baseline characteristics of cases and controls

(Table 2). The prognostic value of significantly affected
echocardiographic measurements was investigated using
univariable and multivariable Cox proportional hazard regres-
sion models in relation to COVID-19-related death. Two mul-
tivariable Cox regression models were constructed. Model 1
was adjusted for age and sex, and Model 2 was adjusted for
the same variables as Model 1 and additionally for hyperten-
sion, diabetes, body mass index, and smoking status. Second-
ary Cox regressions were performed with Model 2 and
additionally oxygen therapy at the day of the visit, eGFR,
and C-reactive protein. In the survival analysis, a sensitivity
analysis was conducted in which all patients with prevalent
heart disease were excluded from the analyses. Logistic re-
stricted cubic spline models were used to visualize the associ-
ation between affected echocardiographic parameters and
COVID-19-related death (Figure 2). The Akaike information
criterion was used to choose the number of knots for the
spline models. Harrel’s C-statistics were calculated for TAPSE
and GLS and compared.

Results

A total of 214 patients with COVID-19 and 214 matched
COVID-19 free controls were included in the study. Baseline
characteristics of cases and controls are listed in Table 1. All
cases underwent an echocardiographic examination a median
of 4 days IQR: [2, 8]) from the day of admission. The mean
age of the two groups were 69 years, and 55% were male
participants in both groups. Cases and controls differed on
several parameters including cardiovascular risk factors. A
larger proportion of cases suffered from diabetes, hyperlipid-
aemia, prevalent heart failure, and chronic obstructive pul-
monary disease.

Characteristic Controls Cases P value
Number 214 214
Male (%) 117 (54.7%) 117 (54.7%) 1.00
Age, years, (SD) 68.6 (13 5) 68.9 (13.5) 0.80
BMI, kg/m (SD) 27.2 (4. 26.8 (5.6) 0.37
Pack-years if smoking history, (IQR) 20.3 (8. 6 36.9) 25.0 (15.0, 41.0) 0.31
Smoking status, (%)

Current 7 (12.6%) 12 (6.2%) 0.003

Former 102 (47.7%) 74 (38.5%)

Never 85 (39.7%) 106 (55.2%)
Hypertension (%) 122 (57.0%) 122 (57.0%) 1.00
Diabetes (%) 18 (8.4%) 52 (25.5%) <0.001
Hyperlipidaemia (%) 56 (26.2%) 86 (40.2%) 0.002
Prevalent heart failure (%) 1(5.1%) 22 (10.3%) 0.046
Previous ischemic heart disease (%) 24 (11.2%) 34 (15.9%) 0.16
Chronic obstructive pulmonary disease (%) 14 (6.5%) 32 (15.0%) 0.005
Heart rate, beats per mlnute (SD) 65.8 (11.0) 81.4 (16.6) <0.001
eGFR, mL/min/1.73 m? (IQR) 81.8 (70.3, 91.9) 86.7 (63.3, 111.7) 0.060

BMI, body mass index; IQR, inter-quartile range.
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Table 2 Differences in echocardiographic parameters between cases and controls

Variable Controls Cases P value Adjusted P value®
Number 214 214
Systolic function
Left ventricular ejection fraction, (%) mean (SD) 59.0 + 7.2 57.6 = 9.0 0.15
Global longitudinal strain, (%) mean (SD) 18.5 = 3.0 16.4 = 4.3 <0.001 0.047
Diastolic function
E/e’', median (IQR) 8.5[6.6, 10.5] 8.5[6.8, 11.9] 0.10
E/A ratio median (IQR) 0.9[0.7, 1.2] 1.0[0.8, 1.3] 0.006 0.23
E-wave deceleration time, ms (IQR) 193.4 [165.8, 228.5] 189.9 [156.4, 228.2] 0.48
Right ventricular function
TAPSE, mean (SD) 2.6 £0.5 20=x04 <0.001 <0.001
TR velocity, m/s mean (SD) 24+04 25+03 0.46
Right ventricle longitudinal strain, % (SD) 242 6.5 19.8 £ 59 <0.001 0.004

BMI, body mass index; IQR, inter-quartile range.

“Multivariable model adjusting for heart rate, prevalent heart failure, smoking status, hyperlipidaemia, diabetes, eGFR, COPD, and BMI.

Figure 2 Association between RV and LV echocardiography-assessed function and COVID-19-related death. Displaying the unadjusted probability of
COVID-19-related death (with 95% confidence intervals) for the population in relation to LVEF, GLS, TAPSE, and RVLS. GLS, global longitudinal strain,
LVEF, left ventricular ejection fraction; RVLS, right ventricular longitudinal strain; TAPSE, tricuspid annular plane systolic excursion.
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Echocardiographic data

Median time from admission to echocardiography was
4 days IQR: [2, 8]. Several echocardiographic parameters
differed between cases and controls (Table 2). Systolic
function was significantly reduced in COVID-19 patients as
assessed by GLS (cases: 16.4% * 4.3 vs. controls:
18.5% * 3.0, P < 0.001) and remained significantly reduced
after multivariable adjustment (P = 0.047). Of the

investigated diastolic parameters, only E/A ratio differed
between the two groups (cases: 1.0 [0.8, 1.3] vs. controls:
0.9 [0.7, 1.2], P = 0.006). However, this difference was not
significant after multivariable adjustment (P = 0.23). Right
ventricular function was significantly impaired in COVID-19
cases compared with controls, (TAPSE: cases: 2.0 £ 0.4 vs.
controls: 2.6 £ 0.5, P < 0.001, and RVLS: cases: 19.8 + 5.9
vs. controls: 24.2 + 6.5, P < 0.001), and remained significant
after multivariable adjustment (TAPSE: P < 0.001,

ESC Heart Failure 2020; 7: 4189-4197
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RVLS: P = 0.004). Tricuspid regurgitation velocity was similar
in the two groups.

The prognostic value of echocardiographic
parameters

During the follow-up period (median 40 days IQR: [27, 52]),
25 COVID-19 cases died. Median time from the echocardio-
graphic examination to death was 8 days IQR: [5, 18]. The
cause of death was respiratory failure in 20 cases, multiple or-
gan failure in two cases, cardiac arrest in one case, and aggra-
vation of other diseases due to COVID-19 in two cases.
Twelve cases developed pulmonary embolisms during hospi-
talization; however, prevalence of pulmonary embolisms
was not significantly higher in patients who died [2 (8%) vs.
10 (5%), P = 0.58]. Participants dying were older, suffered
more frequently from prevalent heart disease, had a prior
history of deep vein thrombosis or lung embolisms, had
higher levels of C-reactive protein, NT-proBNP, troponin,
and reduced kidney function as assessed by eGFR (Table S1).

Left ventricle or RV dysfunction was observed in 39
(20.0%) of cases. Troponin levels in cases with LV or RV
dysfunction was median 24 ng/L (IQR: [14, 35]) (troponin
T)/34 ng/L (IQR: [11, 46]) (troponin 1); meanwhile in cases
without LV or RV dysfunction, median troponin T was
18 ng/L (IQR: [6, 27]), and troponin | was 12 ng/L (IQR: [8,
42]. Participants with observed LV or RV dysfunction were
more likely to suffer from valvular disease [12 (31%) vs. 13
(8%), P < 0.001] and prevalent heart failure [13 (33%) vs. 8
(5%), P < 0.001]. But patients with LV or RV dysfunction
did not suffer more from pulmonary embolisms (1 (3%) vs.
4 (3%), P = 1.00), acute respiratory distress syndrome
[4 (11%) vs. 22 (14%), P = 0.56], or pulmonary hypertension
[16 (49%) vs. 53 (37%), P = 0.24] prior to echocardiography.
The prevalence of previous ischemic heart disease was not
higher in the group with LV or RV dysfunction [5 (13%) vs.
13 (8%), P = 0.39]. Cases with LV or RV dysfunction were
more likely to die than cases without [8 (21%) vs. 11 (8%),
P = 0.011] but did not develop pulmonary embolism more
frequently [2 (5%) vs. 10 (6%), P = 0.77].

Univariable and multivariable Cox regression models inves-
tigating the association between reduced LV and RV parame-
ters and COVID-19 related death are listed in Table 3. In
univariable models, reduced TAPSE, LVEF, and GLS were all
significantly associated with a higher risk of dying. In the mul-
tivariable Model 2, TAPSE [hazard ratio (HR) = 1.18, 95% con-
fidence interval (Cl) [1.07-1.31], P = 0.002, per 1 mm
decrease], RVLS (HR = 1.64, 95%Cl[1.02;2.66], P = 0.043, per
1% decrease), and GLS (HR = 1.20, 95%CI[1.07-1.35],
P =0.002, per 1% decrease) were significantly associated with
COVID-19-related mortality. The measures remained statisti-
cally significant after the additional adjustment for oxygen
therapy, eGFR, and CRP. When excluding all participants with

Table 3 Prognostic value of RV and LV parameters

a

Model 1 Model 2 Sensitivity analysis
95% ClI

95% ClI

Unadjusted regression

P value

HR 95% Cl

P value

HR

P value

HR

95% ClI P value

HR

Parameter

RV parameters

1.02;1.40 0.024
0.852.35 0.18

1.20
41

0.002
0.043

0.001
0.018

[1.08, 1.33]
[1.06, 1.96]

1.20
1.44

<0.001
0.092

[1.11, 1.36]

[0.98, 1.34]

14

m
N —

RV strain, per 1% decrease

TAPSE, per 1 mm decrease
LV parameters

0.25

1.03 [0.98, 1.09]

0.12

1.04 [0.99, 1.09]

1.20

0.010
<0.001

1.06 [1.01, 1.11]

1.28

LVEF, per 1% decrease
GLS, per 1% decrease

1.20°

1.30 1.10;1.53 0.002

0.002

[1.07, 135]

0.001

[1.08, 1.33]

[1.15, 1.42]

Model 1 includes the variables: sex and age. Model 2 includes the variables of Model 1 along with hypertension, diabetes, body mass index, and smoking status.

GLS, global longitudinal strain; LV, left ventricle; LVEF, left ventricular ejection fraction; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion.
°All participants with prevalent disease were excluded from a multivariable Cox regression with Model 2.
’Remained significant in multivariable models including model 2, CRP, oxygen therapy, and eGFR
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prevalent heart failure (N = 22) from the analysis, only TAPSE
and GLS remained significantly  associated  with
COVID-19-related death in the fully adjusted model (Table 3).
The association between RV and LV echocardiography-
assessed function and the risk of COVID-19 related death is
illustrated in Figure 2. Prognostic value of regarding risk of
death did not differ between TAPSE and GLS when comparing
Harrel’s C-statistics: 0.71 vs. 0.79, P = 0.13.

Discussion

The present report is the largest prospective echocardio-
graphic study of COVID-19 patients and the first case—control
study assessing differences in cardiac function between hos-
pitalized COVID-19 patients and matched controls. In this
prospective multicentre cohort study, we found that (i) both
LV and RV systolic function were reduced in patients with
COVID-19, and even after adjusting for multiple potential
confounders, (ii) these reduced measures of LV and RV
systolic function were independently associated with an
increased risk of COVID-19 mortality.

A recently published study on 120 patients with COVID-
19'° found RVLS to be an important predictor of all-cause
mortality, and multiple studies have reported a high preva-
lence of myocardial injury (defined as elevated cardiac bio-
markers) in COVID-19 patients.?®?* Additionally, case-series
have described a number of different cardiovascular compli-
cations in COVID-19.22%723 A large retrospective survey
study including 1216 observations from COVID-19 patients
has recently been published. The authors report high
numbers of cardiac complications (55% with an abnormal
echocardiography).?* However, this study is based on survey
data obtained from retrospectively obtained clinical echocar-
diograms and only includes echocardiographic findings of
COVID-19 patients who clinically required an echocardiogra-
phy during their hospitalization which may have resulted in
an overestimation of the degree of cardiac involvement in
COVID-19. It remains unknown whether SARS-CoV-2 affects
the myocardium directly leading to impaired cardiac function
or the cardiac impairment is related to the systemic conse-
qguences of acute COVID-19. Systemic inflammation is known
to destabilize vascular plaques and increase metabolic de-
mand leading to cardiac stress.>®> An alternative hypothesis
is that the virus causes diffuse systemic endothelial inflamma-
tion including microvascular systems in both the heart, kid-
ney, and intestines, which may lead to compromised local
myocardial blood flow and cause ischemia-related cardiovas-
cular complications such as myocardial infarction with
non-obstructive coronary arteries (MINOCA).%®

In this study, we matched hospitalized COVID-19 patients
1:1 to participants from the large general population study,
the CCHS5. All participants from both CCHS5 and

ECHOVID-19 live in eastern Denmark and have many similar-
ities such as socio-economic status and demographics. This
makes matching well-balanced and useful when assessing dif-
ferences in echocardiographic parameters between COVID-19
cases and COVID-19-free controls. We found that both LV
and RV function were lower in COVID-19 cases compared
with matched controls and also lower than normal observed
values (Normal TAPSE = 2.4 mm, normal GLS = 16.7).*® The
reported TAPSE values were not below recommended
cut-offs and as such most patients did not have significant
RV pathology. However, the echocardiography was per-
formed early in their hospital stay, and it thus seems that
TAPSE already at an early stage starts to decline compared
to matched controls. This is in line with what has been sug-
gested in the studies reporting myocardial injury. However,
previous studies have lacked a control group to demonstrate
that the myocardial impairment could be related directly to
COVID-19. It may be that patients presenting with myocardial
impairment in the study may already have had
un-acknowledged myocardial impairment prior to the
COVID-19 infection. Unfortunately, we did not have informa-
tion on myocardial performance in the patients prior to hos-
pitalization and could thus not control for it. We adjusted for
heart rate as this parameter was naturally higher in cases
with COVID-19 due to the acute infection. Additionally, we
adjusted for prevalent heart failure as this of course influ-
ences echocardiographic parameters. What remains un-
known is whether the reduced myocardial function happens
as a result of SARS-CoV-2 attacking the heart directly, hap-
pens as a secondary consequence of the systemic infection,
or due to a combination of the two. Also, we cannot rule
out that there may be a higher prevalence of undetected sub-
clinical heart disease in COVID-19 patients requiring hospital-
ization compared with the general population. No matter
which explanation is true, it does not change the finding that
we observe a reduced systolic function of both ventricles in
hospitalized COVID-19 patients. We believe that it is clinically
relevant to assess cardiac function in hospitalized COVID-19
patients as we found that echocardiographic parameters
were closely associated with death due to COVID-19.

Li et al*® recently published a study including 120
COVID-19 patients from a single centre in which they re-
ported prognostic findings similar to our multicentre study.
They found that patients with reduced RV function as
assessed by RVLS and TAPSE had a higher risk of dying than
those with more preserved RV function. Their reported range
of both RVLS and TAPSE is like ours underscoring the impact
of COVID-19 on the RV. They did, however, not report values
of GLS, and it seems that this measurement was not included
as a measure in their study. We found GLS to be strongly as-
sociated with COVID-19-related death. Thus, the findings of
our study further broaden the knowledge on cardiac involve-
ment in hospitalized COVID-19 patients as we demonstrate
reduced systolic function of both the RV and LV.
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Furthermore, the reduced systolic function of both the RV
and LV are closely associated with prognosis in COVID-19.

Strengths and limitations

The sample size in the present study is relatively small which
limits the power of the study. We included patients from all
hospitals in the Copenhagen region and the Zealand region
to increase sample size. This ensures that our multicentre
population is representative of the general population being
admitted with COVID-19 in Denmark. Another strength is that
The Copenhagen City Heart Study included participants from
the same region of Denmark as the ECHOVID-19 study. We
cannot exclude selection bias, but all patients were asked if
they wanted to participate in the study in a blinded fashion.
In particular, patients were included consecutively based on
name and a COVID-19 positive test. The patients were not se-
lected for echocardiography because of a perceived increased
risk or clinical worsening. All of this was done to avoid selec-
tion bias. A limitation to our study is that we did not record
information on the type of oxygen therapy device which
could have affected the pulmonary pressure. However, none
of the patients were invasively intubated at the time of echo-
cardiography, which is known to cause mechanical injury. Ad-
ditionally, information on arterial pO2/fraction of inspired
oxygen at the time of echocardiography was not recorded.
Furthermore, we did not include information on chamber di-
mensions in this study as the aim was to assess how cardiac
function and not dimensions were affected in patients with
COVID-19. Another strength of the ECHOVID-19 study is the
prospective design with the echocardiographic examination
being performed on all patients according to a
pre-determined research protocol. It would have been inter-
esting if it had been possible to perform a computed tomog-
raphy on all participants to assess the number of pulmonary
embolisms. However, this was not possible. Additionally, we
did not have data available on cardiac biopsies and the pres-
ence of viral genome inside heart cells, autoptic specimens
nor magnetic resonance imaging, which could have revealed
more about how COVID-19 affects the heart.
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