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Methods: This was a multicentre observational study performed in five intensive care
units (ICUs) in Sweden. Patients admitted to participating ICU with COVID-19 were
examined with echocardiography within 72 h from admission and again after 4 to
7 days. Cardiac dysfunction was defined as left ventricular (LV) dysfunction (ejection
fraction <50% and/or regional hypokinesia) or right ventricular (RV) dysfunction (de-
fined as TAPSE <17 mm or visually assessed moderate/severe RV dysfunction).
Results: We included 132 patients, of whom 127 (96%) were intubated. Cardiac dys-
function was found in 42 (32%) patients. Most patients had cardiac dysfunction at
the first assessment (n = 35) while a few developed cardiac dysfunction later (n = 7)

and some changed type of dysfunction (n = 3). LV dysfunction was found in 21 and
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RV dysfunction in 19 patients, while 5 patients had combined dysfunction. Elevated
PAP was found in 34 patients (26%) and was more common in patients with RV dys-
function. RV dysfunction and elevated PAP were independently associated with an
increased risk of death (OR 3.98, p =.013 and OR 3.88, p = .007, respectively).

Conclusions: Cardiac dysfunction occurs commonly in critically ill patients with
COVID-19 in Sweden. RV dysfunction and elevated PAP are associated with an in-

creased risk of death.
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Editorial Comment

Cardiac dysfunction in COVID-19 patients has been reported widely. Here, the authors
show that incidence in a Swedish population is comparable to previously reported non-

Scandinavian incidences. Especially elevated pulmonary artery pressure and right heart

1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). The clinical charac-
teristics of COVID-19 range from asymptomatic infection to critical
illness with acute respiratory distress syndrome, shock or multior-
gan dysfunction, affecting around 5% of symptomatic cases.!?
Cardiac and thrombotic complications are common in patients
with COVID-19 and are associated with a higher mortality and
more complicated disease course.® Myocardial injury with elevated
troponin or creatine kinase is reported in 12 to 38% of hospitalised
patients with COVID-19*° and in approximately 50% of patients
treated in intensive care units (ICU).>® Other cardiac manifesta-

210 and car-

tions include myocarditis,”® Takotsubo cardiomyopathy
diac dysfunction related to multisystem inflammatory syndrome in
children and adults (MIS—C/A).“'12 Several studies have reported
abnormalities in heart function in a large proportion of patients
with COVID-19 undergoing echocardiographylo’B’14 and both
left- and right ventricular dysfunction seem to be independently
correlated to mortality in patients with COVID-19.231>” However,
incidence and influence on mortality of cardiac complications in
critically ill patients with COVID-19 in Sweden are not sufficiently
studied.

The aim of the present study was to assess the incidence of
COVID-19-associated cardiac dysfunction and its influence on mor-
tality in critically ill patients with COVID-19 in Sweden.

2 | METHODS

This was a multicentre observational study. It was approved by the
Swedish Ethics Review Authority Sweden (approval number 036-18,

dysfunction showed elevated mortality, while left ventricular dysfunction did not.

2020-01684 and 2020-03815) and registered in the international
database at Clinicaltrials.gov (registration number NCT04524234).

2.1 | Study design and inclusion

The study was performed in five ICUs in Sweden from 20 April to
30 August 2020. Most patients were included prospectively (n = 98,
72%), but 30 patients were included retrospectively from one of the
five study sites. This site followed the study protocol as to both ex-
amination with echocardiography and collection of laboratory data
on clinical grounds but were not formally participating in the study
until after the third ethical approval. Another nine patients were ret-
rospectively included from the other centres, where the study pro-
tocol was initiated on clinical grounds before the ethical approval.
Details of each participating ICU are described under Data S1.

All patients 218 years of age who were admitted to a participat-
ing ICU with verified COVID-19 were eligible for inclusion. Patients
were included consecutively when study personnel and resources
were available. Echocardiography was performed within 72 h from
admission to the ICU and repeated in 4 to 7 days or at clinical dete-
rioration. Cardiac biomarkers, routine laboratory tests and clinical
data were recorded at each examination. Consent to study inclusion
was obtained from the patient or patient's next of kin whenever pos-

sible but waived for those included retrospectively.

2.2 | Echocardiography, definitions, recordings and
measurements

Transthoracic echocardiography was performed according to
a standardised protocol (see Data S1) for assessment of left
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ventricular (LV) or right ventricular (RV) dysfunction and esti-
mation of pulmonary artery pressure (PAP). LV dysfunction was
defined as ejection fraction <50% with or without regional hy-
pokinesia. LV ejection fraction (EF) was assessed with Simpson
biplane or with eyeballing. Regional wall motion abnormalities
(RWMA) were assessed using the standard 17-segment model.'®
RV dysfunction was defined as a tricuspid annular plane systolic
excursion (TAPSE) <17 mm, or visually assessed at least moder-
ately depressed RV dysfunction. In patients with a tricuspid regur-
gitation (TR), elevated PAP was defined as TR jet velocity >2.9 m/s
(TR Vmax). In patients with no tricuspid regurgitation, we defined
elevated PAP through indirect criteria combining the following
two findings: (1) A high RV load detected through ventricular dila-
tion or flattening of the septum; (2) a high pulmonary afterload
with a pulmonary acceleration time <100 ms. 1920 Velocity Time
Integral (VTI), area of LV outflow tract (LVOT) with calculation of
stroke volumes and cardiac output were assessed wherever image
quality was acceptable. Highly experienced operators performed
all examinations. These were recorded and later reviewed off-line
by certified echocardiographists. Details of the echocardiographic
examinations at each site are presented in Data S1.

At the time of echocardiography, blood samples for measurement
of the cardiac biomarkers troponin and N-terminal pro b-type natri-
uretic peptide (NTproBNP) were obtained and clinical data were re-
corded. Four sites used highly sensitive troponin T and one site used
troponin I. To present a comparable value, the troponin levels were
divided by the upper limit of normal. Age, sex, medical history and
Simplified Acute Physiology Score 3 (SAPS 3)?* were documented.
Systolic blood pressure, mean arterial pressure, diastolic blood pres-
sure, vasopressor dosage, lactate levels, ventilator settings and PaO2/
FiO2-ratio were recorded when echocardiography was performed.
Mortality at 30 days and death occurring within 90 days of admission

to the ICU were registered.

2.3 | Predefined outcomes

The predefined primary outcome was 30-day mortality in patients with
versus without cardiac dysfunction on admission to the ICU. Subgroup
analysis was performed for LV and RV dysfunction. Predefined sec-
ondary outcomes were (a) prevalence of LV and RV dysfunction within
72 hours of admission and during ICU stay; (b) clinical risk factors
associated with cardiac dysfunction and (c) levels of the cardiac bio-
markers troponin and NTproBNP in patients with and without cardiac
dysfunction. Other analyses were not predefined at the initiation of

the study and are considered exploratory.

2.4 | Statistics

A statistical analysis plan was written before the analyses were per-
formed (Data S1). Normally distributed variables are presented as
mean + standard deviation; non-normally distributed variables are

presented as median and interquartile range (IQR). Student’s t-test
was used to compare means of normally distributed variables and
the Mann-Whitney U test was used for comparison of distributions
of non-normally distributed variables. Fisher's exact test was used
for comparison of binary outcomes between two groups. Logistic
regression was used to evaluate mortality at 30 days between pa-
tients with or without cardiac dysfunction in a non-adjusted and a
risk-adjusted analysis (primary outcome). Kaplan-Meier method-
ology with a log rank test was used to compare incidences over
time. IBM SPSS Statistics Version 26 was used for the statistical
analyses. No power analysis was performed, as insufficient data of
the study population were available when the study was initiated,

but we aimed for inclusion of at least 100 patients.

3 | RESULTS

In total, 234 patients were admitted to each participating centre
during their study periods, of whom 137 were included in the study.
Inclusion failure occurred when no investigator involved in the study
was available for including patients or performing echocardiographic
examination. In a sensitivity analysis regarding SAPS score, age and
30-days mortality, the study population was representative of each
ICU’s patient population.?? Two patients were excluded due to their
echocardiography being performed >72 h from admission. An ad-
ditional three patients were excluded because of poor echocardio-
graphic image quality. Thus, a total of 132 patients included in the
final analysis (Figure 1).

3.1 | Study population

The median age of the cohort was 63 years (IQR 53-70); 34 (26%)
were women. Median body mass index (BMI) was 30 (IQR 25-33).

234 Patients Admitted to
Participating Centers During
Study Period

97 Patients not Enrolled
due to Inclusion Failure

137 Patients Included
in the Study 5 Patients Excluded:

e 2 as >72 Hours Elapsed
from Admission to Echo
* 3 Due to Poor Echo

Image Quality

132 Patients Included in
Final Analysis

42 Patients with

Cardiac Dysfunction

 35: Dysfunction Detected on Admission
 7: Dysfunction Detected later in ICU

90 Patients with
Normal Cardiac
Function

FIGURE 1 Study flow chart. LV, left ventricle; RV, right ventricle
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TABLE 1 Patient characteristics

Category

Demographics

Risk score

Medical history

Haemodynamic

Ventilatory

Variable

Age, years

Women, n (%)

BMI

SAPS3

Any cardiac disease, n (%)
Heart failure, n (%)

Coronary artery disease, n (%)
Atrial fibrillation, n (%)
Valvular disease, n (%)

Other cardiac disease, n (%)
Cerebrovascular disease, n (%)
COPD or astma, n (%)

Renal failure, n (%)

Any risk factor of CVD, n (%)
Diabetes, n (%)

Hypertension, n (%)
Hyperlipidaemia, n (%)
Thrombotic disease, n (%)
Other, n (%)

Systolic blood pressure, mmHg
Mean arterial pressure, mmHg
Heart rate, bpm

Noradrenaline >0.20 ug/kg/min, n (%)
FiO2, %

PaO2/FiO2

Mechanical ventilation, n (%)
Ventilation mode

PCV-VG, n (%)

PSV, n (%)

PCV, n (%)

APRV, n (%)

High flow oxygen, n (%)

NIV, n (%)

Oxygen mask, n (%)

PEEP, cmH20

Tidal volumes, ml/IBW adjusted kg
Peak pressures, cmH20
Dynamic compliance, ml/cmH20

Prone position within 24 h, n (%)

All patients
(n=132)
63 (53-70)
34 (26)
30(25-33)
51+9

17 (13)
0(0)
15(11)
5(4)

2(2)

1(1)

10 (8)

13 (10)
7(5)

74 (56)

29 (22)

58 (44)
25(19)
6(5)

28 (21)
125+ 18
79 +11

79 +17
15(11)

50 (40-65)
19.7 (15.6-24.7)
114 (86)

57 (43)

27 (20)

17 (13)

13 (10)
12(9)
4(3)

2(2)

14 (12-15)
7.1(6.3-7.9)
26 (22-28)
19 (17-23)
45 (34)

Note Haemodynamic and ventilatory data are obtained from time of first echo.

A
Cardiac function
Normal function Cardiac dysfunction
(n = 90) (n=42) p-value
64 (53-70) 61 (52-68) 767
27(30) 7(17) 135
30 (26-33) 28 (25-34) 577
51+9 53+ 10 .285
8(9) 9(21) .055
0(0) 0(0) -
8(9) 7(17) .240
2(2) 3(7) .326
0(0) 2(5) .100
0(0) 1(2) .318
5(6) 5(12) .288
9 (10) 4(10) >.999
4(4) 3(7) .679
44 (49) 30 (71) .023
19 (21) 10 (24) .822
32 (36) 26 (62) .005
13 (14) 12 (29) .061
4 (4) 2(5) >.999
18 (20) 10 (24) .651
126 + 18 124 + 19 .707
79 +10 78 +12 .602
78 +15 83+21 .138
7(7) 8(23) .025
50 (40-65) 50 (45-70) .287
19.0 (14.6-25.2) 20.6 (16.2-24.7) .624
83 (86) 31(89) .780
.337
43 (44) 14 (40)
22 (23) 5(14)
92(9) 8 (23)
9(9) 4(11)
92(9) 3(9)
4(4) 0(0)
1(1) 1(3)
14 (11-15) 14 (12-15) 697
7.1(6.4-8.1) 7.0 (6.3-7.8) 473
26 (22-29) 25 (23-27) .983
19 (17-23) 18 (17-22) .835
36 (37) 9 (26) 299

Abbreviations: APRYV, airway pressure release ventilation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; FiO2, fraction of inspired oxygen; NIV, non-invasive ventilation; PaO2, partial pressure of oxygen; PCV, pressure controlled ventilation;
PCV-VG, pressure controlled ventilation - volume guaranteed; PEEP, positive end-expiratory pressure; PSV, pressure support ventilation; SAPS3,
simplified acute physiology score 3.
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Seventeen patients (13%) had a history of cardiac disease, 74 others
(56%) had a risk factor for cardiovascular disease, while no patients
were diagnosed with heart failure. A history of hypertension was
more common in patients with cardiac dysfunction. The mean SAPS
score was 52 + 9 points (Table 1). A total of 127 patients (96%) were
intubated during their ICU stay. Patients were treated with low-
molecular weight heparin (LMWH) in doses corresponding to 0.77
(IQR 0.61-0.95) times the treatment dose for acute thrombotic dis-
ease. More patients with cardiac dysfunction had a high dose of no-
radrenaline (>0.20 pg/kg/min) compared with patients with normal
cardiac function. None of the other haemodynamic or respiratory
variables differed between these groups (Table 1).

3.2 | Cardiac dysfunction and
echocardiographic data

Median time to first echocardiography was 1 day (IQR 1-2); median
time to second examination was 7 days (IQR 4-9). Follow-up echo-
cardiography was available for 89 patients (67%). Of those with no
follow-up available, 19 patients were discharged, four patients died,
while 20 patients were not examined due to that no study personal
was available. Most patients had cardiac dysfunction at the first as-
sessment (n = 35) and a majority of them had normalised their car-
diac function at the second examination (n = 21). A smaller number
of patients had developed cardiac dysfunction at the second exami-
nation (n = 7), while a few had changed type of dysfunction (n = 3).
Five patients had unchanged cardiac dysfunction. In total, 42 patients
(32%) had any cardiac dysfunction of whom 21 patients (15%) had
LV dysfunction, 19 patients (14%) had RV dysfunction and 5 patients
(5%) had combined dysfunction at any of the examinations (Figure 2).
Eight (6%) patients with LV dysfunction displayed a pattern of re-
gional hypokinesia. In two of them, this was attributed to a known

history of cardiac disease. Five patients (4%) had a typical pattern

First echo (Day 1-3) Second echo (Day 4-9)

LV and RV
dysfunction, n=3

LV and RV
dysfunction, n=2

RV dysfunction,

n=16 Sllsdysfunctmn,
LV](;ysfunction, LV dysfunction,
n=

n=7

Normal function,
n=97
Normal function,
n=74

Missing, n=43

FIGURE 2 Findings of cardiac function at each echocardiographic
examination. The circles to the left represent the number of patients
with different types of ventricular function/dysfunction at the first
examination, and to the right at the second examination

of Takotsubo syndrome with reversible apical and/or midventricular
akinesia and no history of cardiac disease. One patient had suspected
COVID-19 myocarditis, and one other had the diagnosis verified with
magnetic resonance imaging (MRI). An 18-year-old patient with global
LV hypokinesia was diagnosed with MIS-C.

Patients with LV dysfunction had larger LV diameters and lower
ejection fractions, stroke volumes and cardiac index compared with pa-
tients with normal LV function (Table 2). Of the 24 patients with RV dys-
function, TAPSE was depressed in 22, while two had preserved TAPSE
but visually assessed moderately afflicted function. Tricuspid regurgita-
tion was more common in patients with RV dysfunction. Elevated PAP
was found in 34 patients (26%). This was diagnosed with a TR Vmax
>2.9 in 32 patients and indirect criteria in two patients. Elevated PAP
was more common in patients with RV dysfunction, as compared with
patients with normal cardiac function (58% vs 22%; p < .001). Levels of
troponin and NTproBNP were higher in patients with cardiac dysfunc-
tion compared with patients with normal cardiac function (Data S1).

3.3 | Mortality and clinical course

In total, 24 patients (18%) died within 30 days of admission to the ICU.
The difference in 30-day mortality between patients with cardiac dys-
function (n = 10, 24%) and with normal cardiac function (n = 14, 16%)
was not significant (p = .332). There was no increased risk of death at
30 days in patients with as opposed to without cardiac dysfunction in
arisk-adjusted model (OR 1.56, p = .391). Right ventricular dysfunction
on admission (risk-adjusted OR 7.03, p = .002), or detected at any time
in the ICU (risk-adjusted OR 3.98, p = .013), was associated with an
increased risk of death at 30 days. Left ventricular dysfunction was not
associated with any increased risk of death at 30 days. Elevated PAP
was associated with an increased risk of death at 30 days (risk-adjusted
OR 3.88, p = .007) (Table 3). There was also an increased risk of death
during the first 90 days from admission in both these groups (Figure 3).
More patients with cardiac dysfunction needed continuous renal re-
placement therapy (CRRT) (n = 16, 38%) compared with patients with
normal cardiac function (n=16, 18%, p = .016). The group with cardiac
dysfunction had less days alive outside the ICU during the first 30 days
from admission, as compared with the group with normal cardiac func-
tion (median O[IQR 0-10] versus 13 days [IQR 0-20], p = .042). Length
of hospital stay did not differ between the two groups (Data S1).

4 | DISCUSSION

The main findings of this study are that (1) cardiac dysfunction oc-
curs frequently in critical iliness caused by COVID-19 in Sweden and
that (2) RV dysfunction and elevated PAP are associated with an in-
creased risk of death.

The present study has several limitations that needs be taken in
consideration when interpreting the results. First, we used a limited
echocardiography protocol oriented towards basic assessment of
cardiac and haemodynamic status. Using this protocol, we missed
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evaluation of potentially important variables including diastolic dys-
function and strain analysis. Visual estimation was used for evaluation
of radial RV dysfunction. This is not an objective method and using e.g.
fractional area change would yield a higher reproducibility and possi-
bly identification of more RV pathology.23 In addition, not all centres
calculated Simpson biplane routinely. Furthermore, we did not regis-
ter fluid balance which is a potential confounder in the assessment of
RV and LV function. Other limitations are that not all eligible patients
were included due to a lack of study resources, that not all patients
had a follow-up echocardiography and that the time frames for this
follow-up were wider than desired. However, patients were included

QACLA Scanainevien™

systematically when resources were available, and a sensitivity analysis
shows that the study population was a representative sample of each
site’s total COVID-19 population. The main strengths of the study are
the multi-centre design, giving a presumably high generalisability of
severe COVID-19 in Sweden, and that echocardiographic follow-up
was performed in a majority of patients, which is not performed in
most studies of COVID-19 associated cardiac dysfunction.

In our study, 32% of the patients had cardiac dysfunction de-
tected at any time in the ICU. A recent systematic review and meta-
analysis has reported a prevalence of RV dysfunction of 20% in
hospitalised COVID-19 patients.?* Studies focusing on patients in

TABLE 2 Echocardiographic data of the 132 participants

Cardiac dysfunction

Variable Normal cardiac function, n = 90 LV dysfunction, n = 25% RV dysfunction, n = 24°
LV diameter, mm 48 + 4 52+ 6 49 +5

LV ejection fraction, % 59+5 43+ 6 57 +11
Stroke volume indexed, ml/m? 40+ 12 30+9 37 +11
Cardiac index, L/min/m? 31+09 2441 301
Regional hypokinesia, n (%) - 8(32) 0(0)

TAPSE, mm 20 (19-23) 20 (17-22) 15 (12-16)°
TAPSE <17, n (%) - 3(12) 22(92)
Moderate or severe RV failure, n (%) - 1(4) 8(33)

TR present, n (%) 41 (46) 15 (60) 19 (79)

TR Vmax, m/s 3.1(2.4-4.0) 2.7 (2.2-3.5) 3.5(2.7-4.5)
Elevated PAP, n (%) 20(22) 6(24) 14 (58)’

Note TR Vmax is reported from patients with a TR present. In the group normal cardiac function, data are reported for first echo. In the groups LV or
RV dysfunction, data are reported from the first echo when dysfunction is detected.

Abbreviations: LV, left ventricle; PAP, pulmonary arterial pressure; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid
regurgitation; TR Vmax, maximal tricuspid regurgitation velocity.

Includes patients with combined dysfunction.

*p-value < .05 vs group of normal cardiac function.

TABLE 3 Mortality analysis

Crude risk of death Adjusted risk of death®
Presentation of cardiac
dysfunction Variable OR 95% Cl for OR p-value OR 95% Cl for OR  p-value
On admission Cardiac dysfunction 1.89 0.74-4.83 0.182 1.56 0.56-4.33 .391
LV dysfunction® 0.49 0.11-2.26 0.358 0.22 0.04-1.38 106
RV dysfunction® 4.90 1.68-14.3 0.004 7.03 2.08-23.8 .002
Elevated PAP 2.49 0.96-6.45 0.061 2.34 0.84-6.51 .103
At any time in ICU Cardiac dysfunction 1.70 0.68-4.22 0.255 1.43 0.53-3.83 476
LV dysfunction® 0.56 0.15-2.04 0.379 0.29 0.06-1.34 113
RV dysfunction® 3.72 1.38-10.0 0.009 3.98 1.34-11.8 .013
Elevated PAP 3.92 1.57-9.84 0.004 3.88 1.45-10.4 .007

Note Cardiac dysfunction refers to having left, right or combined ventricular dysfunction. At any time in the ICU refers to having cardiac dysfunction
or elevated PAP at the first or second echocardiographic examination.

Abbreviations: Cl, confidence interval; ICU, intensive care unit; LV, left ventricle; OR, odds ratio; PAP, pulmonary arterial pressure; RV, right ventricle.
2Adjusted for SAPS 3 score.

BIncludes patients with combined dysfunction.
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the ICU, or with a high proportion of intubated patients, report an
incidence of LV dysfunction of 11-21% and RV dysfunction of 19-
33%.17:232526 |n one previous study of Scandinavian COVID-19 pa-
tients in the ICU, the prevalence of LV and RV dysfunction was 21%
and 32%, respectively.?” Our results are in line with these studies,
although comparisons are uncertain due to heterogeneities in the
study population and the definitions and measurements used.

Cardiac dysfunction was more common at the time of admission
to the ICU than later in the ICU period, and most patients with cardiac
dysfunction upon admission normalised their cardiac function within
the first week. As most patients with cardiac dysfunction had a dy-
namic evolvement of cardiac function, it seems like most of these cases
were COVID-19-associated cardiac dysfunction and to a lesser extent
related to a chronic cardiac disease. In fact, only five patients with car-
diac dysfunction had the same pathology on admission and follow-up.
Furthermore, no patient had a known history of heart failure and only a
minority of patients had a history of coronary artery disease, reflecting
the selection of patients admitted to the ICU with COVID-19.

One of the main findings in this study was the high prevalence of
elevated PAP, which was seen in almost one-third of all patients, cor-
relating closely with RV dysfunction. Both pulmonary embolism and
pulmonary microangiopathy with microthrombosis are common in se-
vere cases of COVID-19 and are known causes of elevated PAP.28%0
Furthermore, RV failure is a complication to ARDS, which has been
recognised since before SARS-CoV-2 emerged.®! Both RV dysfunction
and elevated PAP were associated with an increased risk of death. This
is consistent with several previous publications of COVID-patients, in-
cluding two meta-analyses and one Scandinavian study.*>?*% It is likely
that RV dysfunction is secondary to elevated PAP in most cases and
that this reflects a higher degree of pulmonary disease. It could there-
fore be of value to investigate patients with RV dysfunction or elevated
PAP further by computer tomography for diagnosis of pulmonary em-
bolism, worsening of ARDS, COVID-19 typical infiltrates or secondary
bacterial infection. Furthermore, pulmonary vasodilators could be tried
to see if there is improvement in RV function or decreased PAP.?

Notably, LV dysfunction was not associated with an increased
risk of death. We identified a number of different types and causes
of LV dysfunction including COVID-19 myocarditis, Takotsubo syn-
drome and MIS-C, all described previously in COVID-19.21%33 |n most
cases, we were not able to classify the cause of LV dysfunction but
other plausible causes of LV dysfunction are secondary effects due
to hypoxia, hypotension or a toxic effect due to the inflammatory
state.3* Previous studies have shown conflicting results regarding LV
dysfunction and death, and it is likely that LV dysfunction is of less
importance compared with RV dysfunction in severe COVID-19.2>%

In conclusion, cardiac dysfunction is common in critically ill
Swedish patients with COVID-19 on admission to ICU, and RV dys-
function and elevated PAP are associated with an increased risk of
death. We suggest that echocardiography, with focus on RV func-
tion and PAP, should be performed in COVID-19 patients on admis-
sion to the ICU. However, further research is needed to assess and
establish a causal relationship between RV dysfunction and death
and how to best treat this condition.
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