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Abstract

Aims COVID-19, a respiratory viral disease causing severe pneumonia, also affects the heart and other organs. Whether its
cardiac involvement is a specific feature consisting of myocarditis, or simply due to microvascular injury and systemic inflam-
mation, is yet unclear and presently debated. Because myocardial injury is also common in other kinds of pneumonias, we in-
vestigated and compared such occurrence in severe pneumonias due to COVID-19 and other causes.

Methods and results We analysed data from 156 critically ill patients requiring mechanical ventilation in four European ter-
tiary hospitals, including all n = 76 COVID-19 patients with severe disease course requiring at least ventilatory support,
matched to n = 76 from a retrospective consecutive patient cohort of severe pneumonias of other origin (matched for age,
gender, and type of ventilator therapy). When compared to the non-COVID-19, mortality (COVID-19 = 38.2% vs. non-
COVID-19 = 51.3%, P = 0.142) and impairment of systolic function were not significantly different. Surprisingly, myocardial
injury was even more frequent in non-COVID-19 (96.4% vs. 78.1% P = 0.004). Although inflammatory activity [C-reactive
protein (CRP) and interleukin-6] was indifferent, b-dimer and thromboembolic incidence (COVID-19 = 23.7% vs. non-COVID-
19 = 5.3%, P = 0.002) driven by pulmonary embolism rates (COVID-19 = 17.1% vs. non-COVID-19 = 2.6%, P = 0.005) were
higher.

Conclusions Mpyocardial injury was frequent in severe COVID-19 requiring mechanical ventilation, but still less frequent than
in similarly severe pneumonias of other origin, indicating that cardiac involvement may not be a specific feature of COVID-19.
While mortality was also similar, COVID-19 is characterized with increased thrombogenicity and high pulmonary embolism
rates.
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Introduction

The novel coronavirus disease COVID-19, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
been spreading rapidly among the human population since
December 2019 and was officially declared a pandemic on
11 March 2020 by the World Health Organization. COVID-19
led to a worldwide healthcare crisis with over 20 million con-
firmed cases and over 700 000 fatalities (as of 11 August
2020).> While SARS-CoV-2 primarily involves the respiratory
system, leading to severe pneumonia with consequent acute
respiratory distress syndrome in up to 10% of all cases, the
disease has also a considerable impact on the cardiovascular
system according to latest studies.? Especially patients with
pre-existing cardiovascular conditions were shown to be at
higher risk for a severe disease course and death.? Further-
more, COVID-19 was associated with multiple direct and indi-
rect cardiovascular complications including acute myocardial
injury. Myocardial injury (Cl) has thus been reported in 20—
28% of hospitalized COVID-19 patients, more common in pa-
tients in intensive care units (ICU), and was associated with
increased mortality.>* First case reports have also reported
COVID-19 associated myocarditis.>™ In line with these obser-
vations, histological changes of cardiac tissue are suggestive
of COVID-19-specific cardiac involvement.®®° This theory is
further supported by the high affinity of SARS-CoV-2 to angio-
tensin converting enzyme 2,'° as well as from previous obser-
vations in SARS disease, which was also associated to specific
cardiac involvement.*! Furthermore, COVID-19 seems to typ-
ically cause thrombotic events, which potentially further ag-
gravate cardiovascular outcomes.?

Another important point concerning SARS-CoV-2 and the
heart is the deterioration and delay in medical treatment in
areas severely affected by the pandemic, due to considerable
shortages in ICU capacity, medical staff, and available
tests.>*> Cardiac involvement, on the other hand, is also
observed in patients suffering from pneumonias of other
(non-COVID-19) origin,® associated to disease severity and
outcome in critically ill patients.>”"*® Also thrombotic events,
which seem to be very common in COVID-19, are frequently
observed in such ICU population.®® It could be thus specu-
lated, that in severe COVID-19 disease, Cl and cardiovascular
outcome are primarily driven by severity of pulmonary dis-
ease with consequent end-organ ischemia and generation
of toxic radicals, rather than disease-specific cardiac
involvement.

This important pathophysiological issue is yet to be prop-
erly investigated. Comparison studies matching COVID-19 to
severe pneumonias of other origin are still scarce. Therefore,
in this multicentre study, in order to characterize Cl in COVID-
19, we examined cardiovascular outcomes in critically
ill patients requiring ventilator therapy due to SARS-
CoV-2-induced pneumonia. To uncover COVID-19-specific
characteristics of Cl, we matched our study population to a

historical cohort requiring respiratory support due to severe
pneumonia of non-COVID-19 origin (non-COVID-19). To avoid
unspecific effects caused by collapsing healthcare provision,
patients were only recruited in two European countries
(Germany and Austria), where medical systems were not
overstrained due to COVID-19 outbreak and enough ICU ca-
pacities were available. We hypothesized that compared with
other pneumonias, COVID-19 would promote higher Cl rates
with specific characteristics.

Key questions

What is already known about this subject?

Myocardial injury is a common occurrence in critical COVID-
19; hence, a disease-specific involvement of the myocardium
has been suggested. Yet myocardial injury also occurs in
pneumonias of other origin, usually secondary to the severe
pulmonary disease.

What does this study add?

In this multicentre study, myocardial injury and mortality
were high but similar in patients requiring ventilatory support
due to COVID-19 or pneumonias of other origin. While
thrombotic events were more frequent, as they seem to be
a typical feature of COVID-19, myocardial injury on the other
hand, might be merely secondary to severe pulmonary dis-
ease and systemic inflammation.

How might this impact on clinical practice?
The herein presented clinical data shape our understanding
on how COVID-19 affects the cardiovascular system. The find-
ings should have an impact on developing treatment strate-
gies and the effective allocation of resources aimed at
reducing the high mortality of the pandemic.

Methods

The study was conducted in four European tertiary centres
(see further) in accordance with standards of good clinical
practice and the principles of the Declaration of Helsinki
and was approved by the respective local ethic committees.

Study cohorts

We included all critically ill 76 COVID-19 patients, who re-
quired ventilator therapy between March and May 2020 [in
Germany: University Hospital Miinster (n = 18) and Maria Hilf
Hospital Monchengladbach (n = 18); in Austria: University
Hospital Salzburg (n = 28) and Kepler University Hospital Linz
(n = 12)]. Critical COVID-19 disease was defined as the need
for ventilator therapy, which was specified as either
non-invasive or invasive mechanical ventilation. Treatment
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of critical COVID-19 pneumonia was performed according to
current recommendations.?® Diagnosis of COVID-19 was
established according to positive results of oropharyngeal
or/and nasopharyngeal swabs test shown by real-time re-
verse transcription—polymerase chain reaction assay for
COVID-19 (performed according to the manufacturer) and
chest radiography and/or computer tomography of the tho-
rax indicative for COVID-19-related pneumonia according to
current recommendations.?! Treatment of all patients was
concluded, meaning they were either discharged or had died
at the time of data analysis.

The control cohort was recruited from a consecutive, ret-
rospective cohort of 1029 patients treated between 2016
and March 2020, requiring ventilator therapy (non-invasive
or invasive ventilation) due to respiratory failure induced by
severe pneumonia of non-COVID-19 origin according to cur-
rent intensive care guidelines.?? To account for potential co-
morbidities and severity of respiratory failure, 76 patients
were matched to COVID-19 patients according to gender
and age, as well as to the type of required ventilator therapy
(non-invasive or invasive ventilation). If more than one candi-
date in the retrospective non-COVID-19 cohort fully fulfilled
the matching criteria, the patient with the closest admission
time point as compared with the time point of the beginning
of the recruitment of the COVID-19 cohort (March 2020) was
chosen for matching.

Data collection and analyses

A detailed description of data collection and analyses includ-
ing applied definitions is provided in the supporting informa-
tion. Briefly, in all eligible patients, patient data including
demographics, medical history, laboratory examinations,
comorbidities, complications, specific treatment measures,
and outcomes were collected and analysed. To further
characterize Cl, available transthoracic echocardiography
and radiographic images were investigated. Cl was defined
as high-sensitive troponin (hs-Tn) above the 99th-percentile
upper reference limit,>* regardless of new abnormalities in
electrocardiography and echocardiography. To account for
the usage of different hs-Tn assays in the recruiting centres,
levels of hs-Tn are given as the relative value (%) of the
troponin assay-specific cut-off value (14.0 ng/L for hs-TnT
and 51.4 ng/mL for hs-Tnl).

Statistical analysis

The statistical analysis was carried out blindly by our statisti-
cal analytic team using SPSS 20 software package. Descriptive
statistics were obtained for all study variables. All categorical
variables were compared for the study outcome by using the
Fisher exact test. Ordinal data are presented as median
(interquartile range) values, and variables were compared

using the Mann—-Whitney U test. Continuous variables were
tested for normal distribution using the Kolmogorov—Smirnov
test. According to results, continuous variables were
compared using the independent Student’s t-test or the
Mann-Whitney U test, as appropriate. Continuous data
are expressed as mean and standard deviation or median
(interquartile range) values. A P value < 0.05 was regarded
statistically significant.

Results

Baseline characteristics of the two cohorts are presented
in Table 1. According to matching criteria, there were no
differences in relevant variables (gender, age, and respiratory
therapy). The majority of non-COVID-19 presented with a
pneumonia of primarily bacterial origin (Table 1). However,
both cohorts did not present any differences in the preva-
lence of relevant pre-existing pathologies (Table 1), indicating
a similar status of comorbidities in both groups.

Inspired by previous reports indicating a high burden of CI
in COVID-19,>* we evaluated cardiac markers, echocardiogra-
phy, and radiology images in both populations. Indeed, Cl as
indicated by elevated hs-Tn levels was a frequent finding in
both COVID-19 and non-COVID-19 (Figure 1A and Table 2).
Surprisingly, despite the described previous reports in
COVID-19, non-COVID-19 presented higher levels of cardiac
biomarkers [hs-Tn, creatine kinase myoglobin fraction, and
N-terminal pro-brain natriuretic peptide; Figure 1B-D and
Table 2] suggesting a higher burden of Cl in non-COVID-19.
Simultaneously, a higher frequency of Cl in laboratory results
and pulmonary congestion on radiography imaging in non-
COVID-19 was observed (Figure IA and Table 2). Therefore,
we speculated that a high burden of Cl is generally observed
in critical pneumonic disease of various non-COVID-19 origin
and not specifically a COVID-19-dependent finding. In order
to further evaluate our hypothesis, we investigated echocar-
diography and cardiac radiographic images. They revealed a
high frequency of novel functional cardiac impairment, which
however was similar in both groups (Figure 2F—-H and Table 2).
We then evaluated if Cl might rather depend on the severity
of disease progression with consequent end-organ
ischemia. Therefore, we investigated lactate and pH levels. In-
deed, as indicated by lower pH and higher lactate values, they
revealed a more severe course in non-COVID-19 (Table 3).
While this observation probably could explain a higher
incidence of Cl in this population, general outcomes and
required ICU therapies like usage of catecholamine,
extracorporal membrane oxygenation therapy, and rate/
reasons of/for cardiopulmonary resuscitation were not
significantly different in both groups (Table 4). Importantly,
mortality was high in both groups and tended to be even
higher in non-COVID-19 but not significantly different (Figure
1E and Table 4), thus reflecting a poor outcome in both
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Table 1 Baseline characteristics of investigated cohorts
COVID-19 (n = 76) Non-COVID-19 (n = 76)
Mean =+ SD, Median Mean =+ SD, Median
Characteristic n (Q3-Q1) or % n (Q3-Q1) or % P value
Gender (female) 23/76 30.3% 23/76 30.3% >0.999
Age (years) 76 66.8 = 13.4 76 65.3 = 13.4 0.480
BMI (kg/m?) 76 27.5 (6.0) 72 26.0 (7.8) 0.159
Aetiology of pneumonia
Bacterial 0/76 0% 51/76 67.1%
Viral 76/76 100% 22/76 28.9%
Toxic 0/76 0% 3/76 3.9%
Bacterial superinfection if viral or toxic 28/76 36.8% 19/76 25.0%
Required respiratory therapy
Non-invasive ventilation® 13/76 17.1% 13/76 17.1% >0.999
Invasive ventilation 63/76 82.9% 63/76 82.9% >0.999
Medical history
Arterial hypertension 43/76 56.6% 41/76 53.9% 0.870
Coronary artery disease 10/76 13.2% 14/76 18.4% 0.505
Peripheral vascular disease 4/76 5.3% 4/76 5.3% >0.999
Diabetes mellitus 20/76 26.3% 17/76 22.4% 0.706
Current smoking 13/76 17.1% 22/76 28.9% 0.123
Heart failure 7/76 9.2% 14/76 18.4% 0.157
Valvular heart disease 3/76 3.9% 5/76 6.6% 0.719
Atrial fibrillation 9/76 11.8% 16/76 21.1% 0.189
Pulmonary arterial hypertension 4/76 5.3% 2/76 2.6% 0.681
Obstructive lung disease 11/76 14.5% 17/76 21.1% 0.295
Restrictive lung disease 3/76 3.9% 7/76 9.2% 0.327
Malignancy 11/76 14.5% 17/76 22.4% 0.295

BMI, body mass index; ICU, intensive care unit; SD, standard deviation.

Baseline characteristics of the investigated cohorts.

‘The term non-invasive ventilation (NIV) refers to mechanical ventilation involving end-expiratory and inspiratory positive air pressure
support via a tightly fitted face mask or helmet, as opposed to invasive ventilation necessitating endotracheal intubation. All patients
included in the study had some form of mechanical ventilation (patients who merely needed oxygen insufflation were not included).

P < 0.05.

COVID-19 and non-COVID-19-related pneumonia. To further
evaluate potential associations with inflammatory processes,
further laboratory parameters were studied. However, be-
sides increased procalcitonin (PCT) and leucocytes (Table 3),
which could be driven by the high proportion of bacterial
pneumonia in non-COVID-19 (Table 1), we did not observe
any differences in other relevant inflammatory markers
including C-reactive protein (CRP), interleukin 6 (IL6), and
fibrinogen (Table 3). While these biomarkers were strongly
elevated, they indicated pronounced inflammatory processes
in both COVID-19 and non-COVID-19. Interestingly, despite a
similar inflammatory activity (or even potentially higher in-
flammatory activity as indicated by leucocytes and PCT levels
in non-COVID-19) in both populations, COVID-19 revealed an
increased D-dimer levels (Figure 2A and Table 3) suggesting a
potentially higher thrombogenicity in this population. Conse-
quently, with respect to our results as well recent literature
dealing with COVID-19 disease,? we investigated the inci-
dence of thrombotic/thromboembolic events in both popula-
tions. Indeed, the incidence of these events was significantly
higher in COVID-19 (Figure 2B—F and Table 4). Of note, this ob-
servation was primarily influenced by the high rate of pulmo-
nary embolism in this population (Figure ID and Table 4).
Therefore, our results indicate that independently of severity

of pneumonic disease as well as inflammatory activity,
COVID-19 specifically provokes thrombogenicity, which poten-
tially might drive cardiovascular outcome in the COVID-19
population.

Discussion

Severe COVID-19 disease is generally characterized by pneu-
monia with acute lung injury, yet a high incidence of Cl has
also been reported,®* as well as cases with disease-specific
myocardial alterations.>™ On the other hand, CI in the ab-
sence of acute coronary syndrome has been well described
in pneumonia of non-COVID-19 origin,16 and is common in
patients requiring ICU treatment.>**7-*823 |n order to assess
potential implications on the cardiovascular system, we retro-
spectively compared critically ill COVID-19 patients with other
similarly ill patients with pneumonia of other origin. Com-
pared with other countries at initial outbreaks,*>* our fatal-
ity rate of 38.2% in mechanical-ventilated COVID-19 patients
was low (Figure IE and Table 4), indicating adequate ICU sup-
port in less strained medical systems in Germany and Austria.
Interestingly, such ICU mortality was not different in matched
non-COVID-19 patients (Figure IE and Table 4). Our finding
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Figure 1 Myocardial injury and outcome in COVID-19 vs. non-COVID-19: (A) Incidence of myocardial injury (for the definition, see supporting informa-
tion) was high in both groups. However, higher rates were revealed in non-COVID-19. (B-D) Levels of relevant cardiac biomarkers: (B) high-sensitive
(hs) troponin, (C) CK-MB, and (D) NT-proBNP were increased in non-COVID-19. Highest values measured during the total period of intensive care unit
(ICU) stay are presented as box plots (B-D). (E) ICU mortality rates were similar in both groups. (F-H) Transthoracic echocardiography (TTE) findings in
COVID-19 vs. non-COVID-19: (F) example of TTE obtained during ICU stay in a COVID-19 patient; (G) incidence of newly onset of reduced left ventricular
ejection fraction (rLVEF) with rates of severity of left ventricular ejection fraction (LVEF) impairment, rate of newly onset of rLVEF, and (H) LVEF values
were not different in both groups. CK-MB, creatine kinase myoglobin fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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reassures the importance of available ICU capacities during
the pandemic, as it seems that, given adequate ventilatory
capacity, the mortality outcome of the severe cases of
COVID-19 is similar to that of non-COVID-19 pneumonias.

Our cohort presented a much higher rate of Cl (78.1%;
Figure 1A and Table 4) than previous studies (20-28%), but
those studies included both ICU and non-ICU populations.>*
While we also included in-hospital follow-up investigations
of cardiac biomarkers, our results might indicate a higher bur-
den of ClI in critical COVID-19 patients than previously as-
sumed. Surprisingly though, CI was even more frequent in
non-COVID-19 (Figure IA-D and Table 4). Notably, our inci-
dence rates in non-COVID-19 are in line with other reports in-
vestigating myocardial damage in critical pneumonias
(55-81% in the first 24-48 h and 85% during a follow-up of
7 days).17’18’23

Several case series reported reduced left ventricular (LV)
ejection fraction in COVID-19 patients.>>* Consistently, we
saw high rates of newly onset reduction of LV ejection frac-
tion (20.8%; Table 2 and Figure IF—H), with a consequent sim-
ilar rate of cardiomegaly during follow-up radiography
(Table 2) in our cohort. However, consistent with previous re-
ports indicating up to 30% incidence of transient cardiac

functional impairment in pneumonias of non-COVID-19
origin,*® functional impairment was not more severe in our
COVID-19 patients (Figure IF—H and Table 2). Our results sug-
gest that in critical COVID-19 pneumonia, myocardial impair-
ment is a frequent observation in COVID-19, but similar to
other pneumonias (at least in terms of Cl and systolic LV im-
pairment). But although histologically confirmed cardiomyo-
cyte injury has been described in non-COVID-19
pneumonias,?® systolic LV impairment is usually a transient
observation.’® Whether a similar outcome is also true for
COVID-19 remains unclear.

A further aspect that reflects the severity of critical
pneumonic disease is inflammation. Increased inflammatory
burden was reported to drive Cl in pneumonia of non-
COVID-19 origin. Among others, in critically ill patients, spe-
cific inflammatory markers IL6 and PCT were linked to higher
troponin levels.'”?® In COVID-19, an inflammatory cytokine
storm with consequent acute respiratory distress syndrome
is presumed to be the main drive of morbidity and fatality.>
Similar to non-COVID-19, a high inflammatory activity indi-
cated by CRP and PCT levels has been linked to CI.>™* In our
study, inflammatory activity was high in both COVID-19 and
non-COVID-19, indicating the critical stage of disease in both
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Table 2 Parameters of cardiac outcome/function during ICU stay

COVID-19 (n = 76)

Non-COVID-19 (n = 76)

Median (Q3-Q1) Median (Q3-Q1)
Parameter n or % n or % P value
Myocardial injury 57/73 78.1% 54/56 96.4% 0.004*
Cardiac laboratory markers
Initial hs-Tn (%) 73 178.6 (481.1) 56 317.9 (398.2) 0.003*
Max. hs-Tn (%) 73 354.3 (1409.6) 56 550.0 (1108.9) 0.021*
Initial CK (U/L) 74 174.5 (320.8) 76 103.0 (350.8) 0.231
Max. CK (U/L) 74 518.0 (856.3) 76 490.5 (949.0) 0.864
Initial CK-MB (U/L) 44 19.1 (16.6) 51 27.3(26.2) 0.001*
Max. CK-MB (U/L) 44 22.0 (28.8) 51 38.0 (42.0) 0.002*
Initial NT-proBNP (pg/mL) 44 811.0 (2849.8) 56 3890.0 (6926.3) <0.001*
Max. NT-proBNP (pg/mL) 44 2217.1 (4481.3) 56 6625.5 (13920.0) 0.001*
Functional parameters on TTE 48/76 63.2% 72/76 94.7%
Reduced LVEF 14/48 29.2% 18/72 25.0% 0.676
Newly onset of reduced LVEF 10/48 20.8% 9/72 12.5% 0.307
LVEF (%) 48 55.0 (10.0) 72 55.0(8.8) 0.277
LV dilatation 1/44 2.3% 2/66 3.0% >0.999
RV dilatation 10/44 22.7% 11/68 16.2% 0.460
Pericardial effusion 3/47 6.4% 8/71 11.3% 0.522
Radiology findings
Cardiomegaly 35/76 46.1% 35/76 46.1% >0.999
Cardiomegaly during FU 15/76 19.7% 13/76 17.1% 0.835
Pulmonary venous congestion 26/76 34.2% 56/76 73.7% <0.001*

CK, creatine kinase; CK-MB, creatine kinase myoglobin fraction; FU, follow-up; hs-Tn, high-sensitive troponin; initial, first obtained value;
LV, left ventricular; LVEF, left ventricular ejection fraction; Max., highest level of cardiac biomarker obtained during the total period of the
ICU stay; NT-proBNP, N-terminal pro-brain natriuretic peptide, RV, right ventricular, TTE, transthoracic echocardiography.

Cardiac outcome of patients during intensive care unit (ICU) stay.
P < 0.05.

Table 3 Relevant laboratory markers during ICU stay

COVID-19 (n = 76)

Non-COVID-19 (n = 76)

Median (Q3-Q1) or

Median (Q3-Q1) or

Laboratory marker n Mean + SD n Mean = SD P value
Lactate, U(L) 76 2.62 (1.95) 76 3.41 (4.49) 0.005*
Min. pH 76 7.21 (0.18) 76 7.16 (0.15) 0.007*
Creatinine (mg/dL) 76 1.74 (2.12) 75 2.20 (2.63) 0.699
Potassium (mmoI/L) 76 3.46 (0.48) 76 3.37 (0.41) 0.475
Leucocytes (10°/L) 76 14.82 (11.28) 76 20.20 (12.86) <0.001*
Min. lymphocytes (10 /L) 75 3.00 (6.85) 57 4.70 (6.55) 0.095
CRP (ng/mL) 76 27.5+12.2 76 27.0 £12.9 0.790
PCT (ng/mL) 76 1.59 (5.17) 72 3.00 (22.70) 0.003*
Interleukin 6 (pg/mL) 68 518.9 (2079.6) 32 391.9 (1086.4) 0.897
Fibrinogen (mg/dL) 47 652.2 + 203.6 65 598.8 + 183.9 0.150
D-Dimer (mg/L) 66 6.72 (15.04) 37 3.21 (7.07) 0.005*

CRP, C-reactive protein; Min., lowest level of laboratory biomarker obtained during the total period of ICU stay; PCT, procalcitonin.
Relevant laboratory findings obtained during intensive care unit (ICU) stay. If not other indicated, the highest obtained value during the

whole period of ICU stay is presented.
P < 0.05.

populations. IL6 and CRP levels were not different between
groups, but PCT and leucocytes were increased in non-
COVID-19, possibly explained by the majority of bacterial
infections in non-COVID-19 pneumonias (Table 1). Neverthe-
less, our data indicate a high inflammatory activity in both
groups (Table 3), which probably drives CI. It can be specu-
lated that in COVID-19 (like in other pneumonias), Cl and
systolic impairment in severe disease is driven by pronounced
inflammatory burden and reduced myocardial supply with

consequent functional impairment of cardiac function. The
likely speculation that the high inflammatory burden and re-
duced myocardial supply are responsible for Cl and LV systolic
impairment in severe COVID-19 pneumonia is supported by a
recent report of post-mortem examination, which revealed
cardiac inflammatory processes not meeting the criteria of
true myocarditis in COVID-19.%”

Despite the similar inflammatory activity, we saw a higher
thrombogenicity in COVID-19 (Figure IA and Tables 3-4). The
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Table 4 Patients’ outcome and relevant therapies during ICU stay

COVID-19 (n = 76) Non-COVID-19 (n = 76)
Outcome n Median (Q3-Q1) or % n Median (Q3-Q1) or % P value
Death 29/76 38.2% 39/76 51.3% 0.142
Discharged from ICU 47/76 61.8% 37/76 48.7% 0.142
Duration of invasive ventilatory therapy (days) 63 11 (16) 63 10 (12) 0.124
Duration of ICU stay (days) 76 15 (21) 76 12 (17) 0.033*
Required ICU therapy
ECMO 9/76 11.8% 10/76 13.2% >0.999
Hemofiltration 22/76 28.9% 28/76 36.8% 0.388
Catecholamines 59/76 77.6% 68/76 89.5% 0.079
Electrical cardioversion/defibrillation 6/76 7.9% 14/76 18.4% 0.091
Relevant complications
CPR 6/76 7.9% 10/76 13.2% 0.429
Sustained VT 3/76 3.9% 2/76 2.6% >0.999
Asystole 2/76 2.6% 7/76 9.2% 0.167
Pulseless electrical activity 2/76 2.6% 1/76 1.3% >0.999
Relevant bleeding 4/76 5.3% 5/76 6.6% >0.999
Thrombosis/thromboembolic event 18/76 23.7% 4/76 5.3% 0.002*
Pulmonary embolism 13/76 17.1% 2/76 2.6% 0.005*
Peripheral thrombosis/thromboembolism 7/76 9.2% 2/76 2.6% 0.167
Thromboembolic stroke/TIA 4/76 5.3% 0/76 0.0% 0.120

CPR, cardiopulmonary resuscitation; ECMO, extracorporal membrane oxygenation; TIA, transient ischemic attack; VT, ventricular tachycar-
dia defined as VT > 30 s.

Outcome of patients during intensive care unit (ICU) stay.

P < 0.05.

Figure 2 Thrombosis and/or thromboembolic events in COVID-19 vs. non-COVID-19: (A) While p-dimer levels were elevated (highest values measured
during the total period of ICU stay are presented as box plots), (B) an increased incidence of thrombosis and/or thromboembolic events were revealed
in COVID-19. (C) Example of a computer tomography pulmonary angiogram of a COVID-19 patient, who suffered from multiple, fatal periphery pulmo-
nary embolism events. (D—F) Incidence of various thrombotic and/or thromboembolic events in COVID-19: (D) pulmonary embolism, (E) peripheral
thrombotic and/or thromboembolic events, and (F) thromboembolic stroke or transitory ischemic attack (TIA).
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observation in terms of thromboembolic events, including
pulmonary embolism, is in line with reports from the
Netherlands and the United Kingdom, which reported similar
high rates (31% and 27%, respectively).?®2° Although all our
patients received anticoagulation at least at prophylactic dos-
ages and there was no difference in rates of therapeutic
anticoagulation between cohorts (Figure SI1), thromboem-
bolic events were much higher in COVID-19. Our results are
further supported by autopsy studies that found deep vein
thrombosis and/or pulmonary embolism in most deceased
COVID-19 patients.?° Indeed, the common occurrence of pul-
monary embolism and other thromboembolic events seems
one of the major challenges of present COVID-19 therapy
and research and could have potential impact on cardiovas-
cular outcomes. The potential benefit of an effective antico-
agulant therapy in COVD 19 needs to be further evaluated.

Limitations

The observational design presents the main study limitation,
while the control cohort was not prospectively randomized.
Assessment of Cl was based on cardiac enzymes and echocar-
diography, not including more precise imaging techniques
such as magnetic resonance imaging and/or myocardial bi-
opsy. Our efforts to contain the hospital spread of the virus
(from these ventilated, highly contagious patients) resulted
in a restrictive approach to imaging and interventional proce-
dures. Cardiac inflammatory burden and the question of
COVID-19-associated myocarditis are thus not sufficiently
covered. Advanced imaging and coronary/haemodynamic
workups would have provided useful information on the isch-
aemic and inflammatory nature of Cl. Not all patients had
echocardiography (about 21%), and in some patients, cardiac
enzymes were not measured (Table 2). Missing follow-up
analysis could also have revealed whether Cl was reversible
in survivors. Regarding the comparison group, PCR of infec-
tious viruses and bacterial work-up was not able to identify
the infectious agents in all control patients. Therefore, while
interpreting our results, we are not able to account for spe-
cific cardiac involvements, which are associated with some vi-
ral and bacterial agents. Additionally, the heterogeneity of
our comparison group, which consists of patients suffering
from bacterial, viral and/or toxic pneumonia might in part dif-
fer with regards to the pathogenetic mechanisms compared
with COVID-19 pneumonia (Table S2). On the other hand,
the high rates of superinfection in both groups might partly
attenuate these differences. Nevertheless, the heterogenic
aetiology of pneumonia in our control population remains
one the main study limitations. The passionate use of un-
tested treatments in a number of COVID-19 patients (such
as tocilizumab or hydroxychloroquine, Table S1) might have
affected the results. Finally, instead of screening, diagnostic
workups for thromboembolic events were only performed

when clinically suspected and are therefore most probably
underestimated.

In conclusion, we report a very high rate of Cl in critical
COVID-19 disease, which in this study was even higher in se-
vere pneumonias of other origin. While ICU mortality was
similar, COVID-19 differed significantly in terms of a high oc-
currence of thromboembolic events. Whether Cl, including vi-
ral myocarditis, is a specific feature of the COVID-19 disease is
put in doubt by our findings and requires further investiga-
tion. Prevention and management of thrombotic complica-
tions, including pulmonary embolism, should be one of the
main targets of the therapy of critically ill COVID-19 patients.
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