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Abstract
Background: Coronavirus disease 2019 (COVID- 19) is a recently recognized viral 
infective disease which can be complicated by acute respiratory stress syndrome 
(ARDS) and cardiovascular complications including severe arrhythmias, acute coro-
nary syndromes, myocarditis and pulmonary embolism. The aim of the present study 
was to identify the clinical conditions and echocardiographic parameters associated 
with in- hospital mortality in COVID- 19.
Methods: This is a multicentre retrospective observational study including seven 
Italian centres. Patients hospitalized with COVID- 19 from 1 March to 22 April 2020 
were included into study population. The association between baseline variables and 
risk of in- hospital mortality was assessed through multivariable logistic regression 
and competing risk analyses.
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1 |  BACKGROUND

Coronavirus disease 2019 (COVID- 19) is a recently recog-
nized infective disease caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS- CoV- 2), which has spread 
from the Hubei province, China, and has currently taken on 
pandemic proportions.1

The clinical management of patients with COVID- 19 is 
complex due to the need for dedicated in- hospital pathways, 
protective measures for healthcare professionals and isolated 
beds of intensive care, particularly in areas overwhelmed by 
wide viral spread.2 Therefore, early identification of patients 
at higher risk for adverse outcome and prompt implementa-
tion of pharmacological and interventional treatments may 
be challenging.

A variety of cardiovascular complications among hospi-
talized patients infected by SARS- CoV- 2, including arrhyth-
mias, acute coronary syndromes, myocarditis and pulmonary 
embolism, have been reported.3,4 Early recognition of these 
life- threatening conditions is crucial for the therapeutic 
success.

Due to the wide availability and bedside feasibility, 
transthoracic echocardiography (TTE) is generally consid-
ered the first- line imaging approach for patients with sus-
pected or confirmed cardiac disease, particularly in critical 
care setting.5 However, the clinical context of the pandemic 
makes the employment of TTE difficult, since it needs 
close contact with the patient and may be associated with 
the risk of infection for echocardiographers. Therefore, it is 
recommended to adopt a parsimonious approach in the use 

of TTE, which should be carefully considered on a case- 
by- case basis and performed only if retained essential for 
patients care.6,7

The role of TTE in risk stratification of patients admitted 
with COVID- 19 has been poorly investigated. The aim of this 
multicentre study was to evaluate clinical characteristics of 
patients hospitalized with COVID- 19 and to investigate the 
association between clinical characteristics and echocardio-
graphic parameters with in- hospital mortality.

2 |  METHODS

This is a multicentre retrospective observational study in-
cluding consecutive patients with confirmed diagnosis of 
COVID- 19 admitted at seven Italian centres from 1 March 
to 22 April 2020.

COVID- 19 diagnosis was based on the World Health 
Organization criteria, and all cases were confirmed by real- 
time reverse transcriptase- polymerase chain reaction analysis 
of pharyngeal swab specimens.

All patients included in this study were evaluated by 
the hospital cardiology service and underwent TTE within 
48  hours from admission. To minimize the exposure to 
COVID- 19, each referral for TTE was confirmed as clinically 
appropriate by one consultant cardiologist.8

This study was conducted according to the Declaration 
of Helsinki. Informed consent was waived due to the retro-
spective design. Reporting of the study conforms to broad 
EQUATOR guidelines.9

Results: Out of 1401 patients admitted at the participating centres with confirmed 
diagnosis of COVID- 19, 226 (16.1%) underwent transthoracic echocardiography 
(TTE) and were included in the present analysis. In- hospital death occurred in 68 
patients (30.1%). At multivariable analysis, left ventricular ejection fraction (LVEF, 
P < .001), tricuspid annular plane systolic excursion (TAPSE, P < .001) and ARDS 
(P < .001) were independently associated with in- hospital mortality. At competing 
risk analysis, we found a significantly higher risk of mortality in patients with ARDS 
vs those without ARDS (HR: 7.66; CI: 3.95- 14.8), in patients with TAPSE ≤17 mm 
vs those with TAPSE >17 mm (HR: 5.08; CI: 3.15- 8.19) and in patients with LVEF 
≤50% vs those with LVEF >50% (HR: 4.06; CI: 2.50- 6.59).
Conclusions: TTE might be a useful tool in risk stratification of patients with 
COVID- 19. In particular, reduced LVEF and reduced TAPSE may help to identify 
patients at higher risk of death during hospitalization.

K E Y W O R D S

COVID- 19, echocardiography, left ventricular ejection fraction, outcome, SARS- CoV- 2, tricuspid 
annular plane systolic excursion
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2.1 | Measures and outcome

The baseline demographic, clinical, laboratory and TTE data 
were collected and recorded on an electronic datasheet. In 
all patients, demographic (age, gender, height, and weight), 
clinical (comorbidities, pharmacological therapy before and 
during hospitalization), laboratory (D- dimer, N- terminal pro- 
brain natriuretic peptide, and high- sensitivity troponin) and 
echocardiographic data were collected. TTE was performed in 
accordance with the current guidelines.10 Echocardiographic 
analysis included the evaluation of left ventricular end- 
diastolic (LVEDV) and end- systolic volumes (LVESV). 
Left ventricular systolic function was assessed by determin-
ing left ventricular ejection fraction (LVEF) through biplane 
analysis using the modified Simpson's rule. Systolic pulmo-
nary artery pressure (sPAP) was derived from the tricuspid 
regurgitant jet velocity using systolic trans- tricuspid pressure 
gradient calculated by the modified Bernoulli equation and 
the addition of estimated right atrial pressure according to 
inferior vena cava dimension and inspiratory distensibility. 
Heart valve regurgitations were assessed using by the Color 
Doppler method.11 As a parameter of global right ventricu-
lar (RV) function, tricuspid annular plane systolic excursion 
(TAPSE), which reflects the base to apex shortening of the 
right ventricle in systole, was assessed. After adjusting the 
echo transducer at the level of the RV chamber to achieve op-
timal visualization of the RV, TAPSE was obtained by align-
ing the M- mode linear cursor to the lateral tricuspid annulus 
and calculated as previously described.10

Information on clinical course (admission in intensive 
care unit and respiratory support measures) and in- hospital 
complications were systematically recorded. Acute respira-
tory distress syndrome (ARDS) diagnosis was defined ac-
cording to the Berlin definition.12 Acute myocardial injury 
was diagnosed in patients with elevated cardiac troponin lev-
els with at least one value above the 99th percentile upper 
reference limit.13

The number of patients who had died or recovered was 
recorded. No patient was still hospitalized at the time of the 
analysis (June 25, 2020). The occurrence of death during 
hospitalization was identified as the outcome measure of this 
study.

2.2 | Statistical analysis

Distribution of continuous data was tested with the 
Kolmogorov- Smirnov and the Shapiro- Wilk test. Normally 
distributed variables were expressed as mean  ±  standard 
deviation, whereas non- normal ones as median and inter-
quartile range (IQR). Categorical variables were reported 
as numbers and percentages. Continuous normally distrib-
uted variables were compared by using the Student t test. 

Categorical variables were compared with chi- squared 
test, or Fisher exact test when appropriate. Differences be-
tween non- normally distributed variables were tested with 
Kruskal- Wallis test. Variables from different settings (ie 
clinical, laboratory, echocardiographic) were tested through 
univariable logistic regression to evaluate the association 
with mortality during hospitalization. To limit the risk of 
overfitting, only variables significantly associated (P < .05) 
with mortality at univariable analysis were tested in the mul-
tivariable model, accounting for potential confounders and 
multicollinearity bias related to the interplay between them. 
The final regression model was built in a step- down man-
ner, by removing at each step the least significant predictors 
based on P values (backward elimination), reiterating this 
process until no nonsignificant variables remain. Variables 
were excluded from the regression model if showed signifi-
cant collinearity, defined as a variance inflation factor >5 
or a correlation coefficient >0.5. Variables describing in- 
hospital treatments (eg drugs), interventions (eg respiratory 
support) and clinical setting (ICU, ward) were not tested 
in the model to avoid the introduction of unaccounted con-
founders related to the local protocol and patient's manage-
ment in different centres. Results were presented as relative 
risk (RR) with their 95% confidence intervals (CI). To test 
the statistical interaction between ARDS and TAPSE, an in-
teraction term ‘ARDS’ * ‘TAPSE’ was entered into a sepa-
rate regression model.

A competing risk analysis for discharge free from death 
and in- hospital mortality was performed and displayed using 
stacked cumulative incidence function area curves. The risk 
of in- hospital mortality in the subgroups of interest was ex-
pressed as hazard ratio (HR) and 95% CI. LVEF >50% and 
TAPSE >17 normal cut- off values were considered for sub-
group definitions.10,14

For all test, a P value < .05 was considered statistically sig-
nificant. Analyses were performed by using R version 3.5.1 
(R Foundation for Statistical Computing, Vienna, Austria).

3 |  RESULTS

A total of 1401 patients with confirmed diagnosis of 
COVID- 19 were admitted at the participating centres; in- 
hospital mortality was reported in 181 cases (12.9%; CI: 
11.1%- 14.8%).

Out of the entire population, 226 (16.1%) subjects un-
derwent TTE within 48  hours from admission and were 
included in this analysis. In- hospital death occurred in 68 
cases (30.1%; CI: 24.2%- 36.5%); 158 patients recovered and 
were discharged. The baseline demographic and clinical fea-
tures of the study population at admission are summarized 
in Table 1. The mean age was 68.9 ± 13.9 years; male sex 
was reported in 141 patients (62.4%) and was significantly 
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T A B L E  1  Demographic and clinical features at admission

Overall (N = 226) Death (N = 68) Survival (N = 158) P

Age, years 68.9 ± 13.9 72.4 ± 12.1 67.4 ± 14.3 .012

Males, N (%) 141 (62.4) 51 (75.0) 90 (57.0) .016

Height, cm 165.2 ± 8.3 165.9 ± 8.0 164.8 ± 8.4 .508

Weight, kg 74.3 ± 13.1 74.4 ± 16.1 74.2 ± 11.6 .946

Clinical presentation

Symptoms onset to hospitalization, d 
(median [IQR])

5.50 [2.25, 10.00] 5.00 [2.00, 10.00] 6.00 [3.00, 10.00] .244

Dyspnoea, N (%) 157 (69.5) 53 (77.9) 104 (65.8) .098

Chest tightness, N (%) 69 (30.5) 27 (39.7) 42 (26.6) .071

Fever, N (%) 153 (67.7) 52 (76.5) 101 (63.9) .090

Cough, N (%) 87 (38.5) 26 (38.2) 61 (38.6) 1.000

GI symptoms, N (%) 30 (13.3) 9 (13.2) 21 (13.3) 1.000

Syncope, N (%) 21 (9.3) 5 (7.4) 16 (10.1) .683

Medical history

Hypertension, N (%) 138 (61.1) 48 (70.6) 90 (57.0) .075

Diabetes, N (%) 64 (28.3) 23 (33.8) 41 (25.9) .296

Dyslipidaemia, N (%) 62 (30.8) 18 (29.5) 44 (31.4) .916

Smoking, N (%) 42 (18.6) 14 (20.6) 28 (17.7) .748

CAD, N (%) 37 (16.4) 15 (22.1) 22 (13.9) .187

Prior MI, N (%) 35 (15.5) 14 (20.6) 21 (13.3) .234

Prior PCI, N (%) 36 (15.9) 14 (20.6) 22 (13.9) .290

Prior CABG, N (%) 13 (5.8) 8 (11.8) 5 (3.2) .025

HF, N (%) 22 (9.7) 11 (16.2) 11 (7.0) .058

History of AF, N (%) 46 (20.4) 14 (20.6) 32 (20.4) 1.000

History of VT, N (%) 3 (1.3) 2 (2.9) 1 (0.6) .449

History of SVT, N (%) 7 (3.1) 1 (1.5) 6 (3.8) .612

Prior stroke/TIA, N (%) 18 (8.0) 5 (7.4) 13 (8.2) 1.000

COPD, N (%) 46 (20.4) 17 (25.0) 29 (18.4) .338

CKD, N (%) 45 (19.9) 19 (27.9) 26 (16.5) .072

Malignancy, N (%) 27 (11.9) 10 (14.7) 17 (10.8) .538

Home pharmacotherapy

ACE inhibitors, N (%) 61 (27.0) 24 (35.3) 37 (23.4) .093

ARBs, N (%) 38 (16.8) 10 (14.7) 28 (17.7) .717

ASA, N (%) 67 (29.6) 27 (39.7) 40 (25.3) .044

P2Y12 inhibitors, N (%) 21 (9.3) 8 (11.8) 13 (8.2) .555

VKA, N (%) 9 (4.0) 4 (5.9) 5 (3.2) .557

NOACs, N (%) 33 (14.6) 9 (13.2) 24 (15.2) .860

Diuretics, N (%) 47 (20.8) 20 (29.4) 27 (17.1) .056

Statins, N (%) 71 (31.4) 25 (36.8) 46 (29.1) .327

Insulin, N (%) 32 (14.2) 12 (17.6) 20 (12.7) .436

Note: Continuous normally distributed variables are expressed as mean ± SD. Categorical variables are n (%). Continuous non- normally distributed variables are 
median (interquartile range).
Abbreviations: ACE, angiotensin- converting enzyme; AF, atrial fibrillation; ARBs, angiotensin II receptor blockers; ASA, acetylsalicylic acid; CABG, coronary artery 
bypass graft; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; HF, heart failure; IQR, 
interquartile range; MI, myocardial infarction; NOACs, nonvitamin- K- dependent oral anti- coagulants; PCI, percutaneous coronary intervention; SVT, supraventricular 
tachycardia; TIA, transient ischaemic attack; VKA, vitamin K antagonists; VT, ventricular tachycardia.



   | 5 of 10SILVERIO Et aL.

prevalent among patients who died during hospitalization 
as compared with those who recovered (75.0% vs 57.0%, 
P = .016). At admission, the most common symptoms were 
dyspnoea (157, 69.5%), fever (153, 67.7%), and cough (87, 
38.5%). Fatigue was reported in 77 patients (34.1%) and was 
prevalent in patients who underwent fatal outcome (47.1% vs 
28.5%, P = .011).

Hypertension (138, 61.1%), dyslipidaemia (62, 30.8%) 
and diabetes (64, 28.3%) were the most common comorbidi-
ties, with no statistical difference between patients who died 
vs those who recovered. History of coronary artery disease, 
prior myocardial infarction and heart failure (HF) had higher 
prevalence in patients deceased during hospitalization, al-
beit not reaching statistical significance. Thirty- six patients 
underwent prior percutaneous coronary intervention and 13 
coronary artery bypass graft, which was significantly preva-
lent in the deceased cohort (11.8% vs 3.2%, P = .025).

At admission, 99 patients (43.8%) were being treated with 
renin- angiotensin- aldosterone system (RAAS) inhibitors with 
no difference between deceased vs survived patients; oral an-
ticoagulation therapy was reported in 42 cases (18.6%).

Main clinical, laboratory and echocardiographic charac-
teristics of the study population are summarized in Table 2. 
Admission in intensive care unit was required for 72 patients 
(31.9%) and was higher in deceased patients as compared 
with those who recovered (67.6% vs 16.5%, P < .001). The 
incidence of ARDS (83.8% vs 31.0%, P < .001) as well as 
the need of oxygen therapy, noninvasive and invasive ven-
tilatory support was higher in patients who underwent fatal 
outcome during the hospitalization. The rate of cardiovascu-
lar in- hospital complications, including myocardial injury 
(54.4% vs 20.3%; P < .001), myocardial infarction (20.6% 
vs 6.3%; P = .003), pulmonary embolism (23.5% vs 10.1%; 
P  =  .015) and acute HF (36.8% vs 8.9%; P  <  .001) was 
significantly higher among deceased patients as compared 
with those who recovered. None of the patients included 
in this study underwent coronary angiography during the 
hospital stay.

Patients who experienced in- hospital mortality had 
lower LVEF (47.6 ± 8.8% vs 55.5 ± 7.6%; P <  .001) and 
TAPSE (17.5 ± 4.2 mm vs 21.7 ± 3.6 mm; P <  .001) and 
higher LVESV (59.2 ± 28.1 vs 47.2 ± 15.1 mL, P < .001) 
as compared with patients who survived. The proportion of 
moderate- to- severe tricuspid regurgitation (TR, 38.2% vs 
13.9%, P < .001) and sPAP values (40.9 ± 10.3 vs 33.3 ± 8.4; 
P < .001) were higher in the deceased cohort.

The following covariates were entered into the multivari-
able logistic regression model: LVEF, TAPSE, sPAP, male sex, 
age, prior coronary artery bypass graft, moderate- to- severe 
TR, and ARDS. After adjustment for confounders, reduced 
LVEF (RR: 0.93; CI: 0.89- 0.97; P <  .001), reduced TAPSE 
(RR: 0.80; CI: 0.72- 0.88; P < .001) and ARDS (RR: 3.05; CI: 
2.69- 3.23; P < .001) resulted to be independently associated 

with in- hospital mortality (Table 3). There was no statistically 
significant interaction between ARDS and TAPSE.

The risk of in- hospital death according to the presence 
of ARDS, low LVEF and low TAPSE values was estimated 
considering discharge alive as competing risk. Patients with 
ARDS showed a significantly higher risk of in- hospital 
death than those without ARDS (HR: 7.66; CI: 3.95- 14.8; 
P < .001; Figure 1). By stratifying the study population ac-
cording to the LVEF and TAPSE cut- off normal values,10,14 
we found a significantly higher mortality risk in patients with 
TAPSE ≤17 mm vs those with TAPSE >17 mm (HR: 5.08; 
CI: 3.15- 8.19; P < .001) and in patients with LVEF ≤50% vs 
those with LVEF >50% (HR: 4.06; CI: 2.50- 6.59; P < .001; 
Figure 1).

4 |  DISCUSSION

The main findings of the present multicentre Italian study 
can be summarized as follows: (a) echocardiography was 
performed in about one sixth of patients hospitalized for 
COVID- 19; (b) the in- hospital course of this COVID- 19 
population was characterized by a high need for intensive 
treatments and a high incidence of severe adverse events; (c) 
LVEF, TAPSE and ARDS were independently associated 
with in- hospital mortality; (d) at competing risk analysis, pa-
tients with ARDS, TAPSE ≤17 mm ad LVEF ≤50% emerged 
as the highest risk groups for death during hospitalization.

Italy has been one of the hardest- hit Country by 
COVID- 19, and the Italian government has adopted an early 
nationwide community containment to control spreading 
of infection.15,16 In this observational registry, we recruited 
1401 COVID- 19 patients hospitalized at seven Italian cen-
tres; of them, 16.1% underwent TTE. This proportion of use 
of ultrasound may be considered consistent with the recom-
mendations proposed by the leading societies of cardiovas-
cular imaging intended to optimize sources and reduce the 
risk of contagion in this clinical setting.6,7 The strict indica-
tion for TTE may contribute to explain the high proportion of 
comorbidities and in- hospital complications observed in this 
study population. In fact, our patients showed a worse clinical 
profile, more need of intensive care, and a higher incidence 
of in- hospital death, compared to previous study cohorts.17,18

Many authors reported a high risk of multiple and 
life- threatening cardiovascular complications during the 
in- hospital course of patients infected by SARS- CoV- 2, in-
cluding pulmonary embolism, myocardial infarction, acute 
myocardial injury, acute HF and ventricular arrhythmias.19– 23 
These cases need to be prioritized for focused cardiac ultra-
sound studies, which have been proposed as the most appro-
priate approach for minimizing the time of exposure with the 
patients and improve the safety of operators.6 Therefore, we 
collected conventional meaningful parameters of LV and RV 
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function, valves and pericardium. Data on advanced TTE, 
such as speckle- tracking echocardiography, were not system-
atically collected, probably because they are not easy to ac-
quire routinely in patients infected by SARS- CoV- 2 (need for 

multiple views, ECG gating, adequate frame rate, multiple 
cardiac cycles cine loops).

At multivariable analysis, LVEF, TAPSE and ARDS 
emerged as independent predictors of in- hospital mortality. 

T A B L E  2  Clinical, laboratory and echocardiographic findings during hospitalization

Overall (N = 226) Death (N = 68) Survival (N = 158) P

Laboratory

Peak troponin, ng/L (median [IQR]) 24.40 [2.78, 225.00] 98.00 [24.40, 400.00] 20.40 [2.76, 123.38] .004

Peak D- dimer, ng/mL (median [IQR]) 625.00 [100.75, 1994.00] 1616.00 [568.00, 2735.00] 524.50 [59.50, 1296.25] .009

NT- proBNP, pg/mL (median [IQR]) 1100.00 [300.00, 3442.00] 2417.50 [502.50, 7010.00] 731.00 [200.00, 2972.00] .098

Echocardiography

LVEF, % 53.1 ± 8.7 47.6 ± 8.8 55.4 ± 7.6 <.001

LVEF ≤50%, N (%) 53 (23.5) 33 (48.5) 20 (12.7) <.001

LVEDV, mL 105.7 ± 31.8 110.9 ± 36.4 103.4 ± 29.5 .111

LVESV, mL 50.9 ± 20.7 59.2 ± 28.1 47.2 ± 15.1 <.001

TAPSE, mm 20.5 ± 4.3 17.5 ± 4.2 21.7 ± 3.6 <.001

TAPSE ≤17 mm, N (%) 47 (20.8) 32 (47.1) 15 (9.5) <.001

sPAP, mm Hg 35.5 ± 9.7 40.9 ± 10.3 33.3 ± 8.4 <.001

Pericardial effusion, N (%) 13 (13.1) 5 (17.2) 8 (11.4) .651

Moderate- severe MR, N (%) 36 (15.9) 15 (22.1) 21 (13.3) .146

Moderate- severe TR, N (%) 48 (21.2) 26 (38.2) 22 (13.9) <.001

Moderate- severe AR, N (%) 4 (1.8) 0 (0.0) 4 (2.5) .439

Moderate- severe AS, N (%) 7 (3.1) 3 (4.4) 4 (2.5) .742

In- hospital course

LMWH, N (%) 183 (81.7) 59 (88.1) 124 (79.0) .156

Antiviral drugs, N (%) 118 (52.2) 46 (67.6) 72 (45.6) .004

Glucocorticoids, N (%) 102 (45.1) 39 (57.4) 63 (39.9) .023

Immunoglobulins, N (%) 2 (0.9) 0 (0.0) 2 (1.3) .875

Antibiotics, N (%) 166 (73.5) 59 (86.8) 107 (67.7) .005

Tocilizumab, N (%) 1 (1.0) 1 (3.4) 0 (0.0) .636

Hydroxychloroquine, N (%) 180 (79.6) 59 (86.8) 121 (76.6) .118

ICU, N (%) 72 (31.9) 46 (67.6) 26 (16.5) <.001

Oxygen therapy, N (%) 190 (84.1) 65 (95.6) 125 (79.1) .004

Noninvasive ventilation, N (%) 99 (43.8) 49 (72.1) 50 (31.6) <.001

Invasive ventilation, N (%) 67 (29.6) 45 (66.2) 22 (13.9) <.001

ARDS, N (%) 106 (46.9) 57 (83.8) 49 (31.0) <.001

Pulmonary embolism, N (%) 32 (14.2) 16 (23.5) 16 (10.1) .015

Myocardial injury, N (%) 69 (30.5) 37 (54.4) 32 (20.3) <.001

MI, N (%) 24 (10.6) 14 (20.6) 10 (6.3) .003

Acute HF, N (%) 39 (17.3) 25 (36.8) 14 (8.9) <.001

Death, N (%) 68 (30.1) 68 (100.0) 0 (0.0) <.001

Note: Continuous normally distributed variables are expressed as mean ± SD. Categorical variables are n (%). Continuous non- normally distributed variables are 
median (interquartile range).
Abbreviations: AR, aortic regurgitation; ARDS, acute respiratory distress syndrome; AS, aortic stenosis;BNP, brain natriuretic peptide; HF, heart failure; ICU, 
intensive care unit; IQR, interquartile range; LMWH, low- molecular- weight heparin; LVEDV, left ventricular end- diastolic volume; LVEF, left ventricular ejection 
fraction; LVESV, left ventricular end- systolic volume; MI, myocardial infarction; MR, mitral regurgitation; NT- proBNP, N- terminal pro- B- type natriuretic peptide; 
sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane excursion; TR, tricuspid regurgitation.
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Our results were consistent with previous findings from Rath 
and colleagues, who reported that impaired LVEF and RV 
systolic function were associated with higher mortality in 
123 patients with COVID- 19.24

Left ventricular ejection fraction is a well- established 
parameter for risk stratification both in the ward and in the 
intensive care unit, and still represent the most widely used 
parameter for the assessment of LV systolic function.10,25,26 
In patient with reduced LVEF, COVID- 19 could act like a 

precipitating factor and rapidly deteriorate the patients' clini-
cal status. In fact, previous studies demonstrated the associa-
tion of concomitant cardiac disease with outcome in patients 
infected by SARS- CoV- 2.27

Although SARS- CoV- 2 primarily affects the respira-
tory tract, it has also been associated with LV dysfunction 
in more serious cases.28 The pathophysiology of myocardial 
impairment has not yet definitely clarified, but either isch-
aemic or nonischaemic mechanisms have been hypothesized, 

Univariable Multivariable

RR CI P RR CI P

Age 1.02 1- 1.04 .013 - - NS

Male sex 1.81 1.17- 2.61 .011 - - NS

Prior CABG 2.18 1.2- 3 .017 - - NS

LVEF 0.92 0.89- 0.95 <.001 0.93 0.89- 0.97 <.001

LVESV 1.02 1.01- 1.03 <.001 - - NS

TAPSE 0.81 0.75- 0.87 <.001 0.80 0.72- 0.88 <.001

sPAP 1.06 1.04- 1.09 <.001 - - NS

Moderate- severe TR 2.3 1.61- 2.96 <.001 - - NS

ARDS 5.87 4.01- 7.81 <.001 3.95 2.69 -  3.23 <.001

Pulmonary embolism 1.87 1.18- 2.55 .010 - - NS

Myocardial injury 2.39 1.96- 3.46 <.001 - - NS

Acute HF 2.39 1.85- 2.81 <.001 - - NS

Abbreviations: ARDS, acute respiratory distress syndrome; CABG, coronary artery bypass graft; CI, 
confidence interval; HF, heart failure; LVEF, left ventricular ejection fraction; RR, relative risk; sPAP, systolic 
pulmonary artery pressure; TAPSE, tricuspid annular plane excursion; TR, tricuspid regurgitation.

T A B L E  3  Univariable and 
multivariable analysis for the risk of in- 
hospital mortality

F I G U R E  1  Stacked cumulative incidence function area curves for discharge free from death and in- hospital mortality according to ARDS, 
LVEF and TAPSE values. The probability of discharge free from death over the course of the study is shown in blue. The probability of in- hospital 
mortality is shown as red. The area in grey is the probability of being event free. ARDS, acute respiratory distress syndrome; CI, confidence 
interval; HR, hazard ratio; LVEF, left ventricular ejection fraction; TAPSE, tricuspid annular plane excursion



8 of 10 |   SILVERIO Et aL.

including systemic inflammatory response, hypoxia- induced 
cardiac injury, direct viral damage and adrenergic stimu-
lation.29,30 Indeed, the occurrence of myocardial damage 
demonstrated by increased cardiac troponin levels have 
been associated with in- hospital mortality in patients with 
COVID- 19.19 Moreover, in a Chinese cohort from Wuhan, 
acute HF and myocardial injury were significantly associated 
with death regardless of past medical history of cardiovascu-
lar diseases.31

Independently from the time of onset of LV dysfunction, 
this analysis suggests that LVEF at admission may be very 
useful to identify patients with higher probability of fatal out-
come, and the reference normal value of 50% might be effec-
tively employed also in this patient population.

An extensive pulmonary interstitial involvement, throm-
botic complications such as pulmonary embolism, and the 
use of high positive end- expiratory pressures, are some of 
the mechanisms potentially involved in a RV impairment in 
patients with COVID- 19.32,33 In a cohort of 74 patients in-
fected by SARS- CoV- 2 assessed by TTE, the most common 
abnormalities were RV dilation and dysfunction.34 Moreover, 
Pagnesi et al35 showed that patients with RV dysfunction had 
a higher burden of cardiac pre- existing comorbidities. In the 
present study, we found that the RV longitudinal shortening es-
timated by TAPSE was an independent predictor of mortality, 
and abnormal TAPSE values identified individuals with about 
five times greater risk of death during the hospitalization. 
According to the pathophysiology of the disease, RV function 
is essential to maintain a clinical balance and its evaluation 
during the progression of the infection may be crucial for the 
patient risk assessment.24,36 This information could drastically 
influence their clinical management, especially in terms of di-
uretic therapy, ventilation strategies and specific anticoagula-
tion regimens. A quick and easy parameter such as TAPSE is 
suitable for assessing RV function in these patients, especially 
for its rapid and real- time feasibility in urgent and intensive 
care settings. Our results are also consistent with a recent mul-
ticentre study including 870 COVID- 19 patients undergoing 
TTE during the acute phase, which identified LV longitudinal 
strain and RV free wall strain, two indices of left and right 
ventricular systolic function, respectively, as independently as-
sociated with 1- year mortality.37

In this study population, we found a very high prevalence 
of ARDS. Consistently with previous data from Chinese co-
horts, the prevalence of cardiovascular diseases, in particular 
hypertension, was significantly increased in critically ill pa-
tients with ARDS compared to those with milder forms.38 
The high proportion of ARDS might have contributed to the 
mortality rate observed, as the association between ARDS 
and fatal outcome in patients hospitalized for COVID- 19 has 
been extensively described.39,40

Although limited by the retrospective nature of the 
study, our results point out the usefulness of TTE for risk 

stratification in COVID- 19 patients. An accurate evaluation 
of both LV and RV function by echocardiography should be 
strongly considered in this setting, particularly in more criti-
cal and severe cases.41

Some limitations of this observational retrospective study 
should be acknowledged. Although we reviewed all consecu-
tive patients infected by SARS- CoV- 2 hospitalized at different 
Italian institutions, TTE was performed in only one sixth of 
the entire patient population. The need of echocardiographic 
data restricted the analysis to 226 cases, who could not be 
representative of the entire COVID- 19 population and may 
have affected the generalizability of our findings. The use 
of TTE in only a limited percentage of cases, which resulted 
to be particularly serious and at high risk of adverse events, 
may reflect the adherence to the current recommendation on 
the use of imaging modalities in patients with COVID- 19, 
which circumscribe the adoption of TTE to more challenging 
cases.6,8 Indeed, the high mortality rate observed in our study 
was consistent with previous echocardiography- focused stud-
ies, which reported similarly high rates of mortality during 
the in- hospital stay.34,37

In this study, we did not include indexes of diastolic dys-
function as well as novel parameters from speckle tracking 
or other advanced echocardiographic techniques. The con-
text of pandemic and the risk of infection for the operators 
make difficult to perform a lot of measures and may jus-
tify an approach based on few parameters quick to assess 
at bedside.

Owing to the absence of TTE data before hospitalization, 
we cannot exclude the presence of patients with pre- existent 
LV and/or RV impairment in this data set. However, our aim 
was not to investigate the prognostic role of new- onset TTE 
abnormalities, but to explore the association between the 
presence of echocardiographic abnormalities at admission 
and in- hospital course in patients with COVID- 19. Therefore, 
the analysis was restricted to patients who underwent TTE 
within 48 hours from admission.

5 |  CONCLUSIONS

Cardiovascular complications can negatively impact on out-
comes of patients with COVID- 19. Clinical and echocardio-
graphic parameters such as LVEF ≤50%, TAPSE ≤17 mm, 
and ARDS might help to identify patients at higher risk for 
in- hospital mortality. Our preliminary findings need to be 
confirmed in larger, prospective studies.

ACKNOWLEDGEMENT
Open Access funding provided by Universita degli Studi di 
Salerno within the CRUI-CARE Agreement. [Correction 
added on 21 May 2022, after first online publication: CRUI 
funding statement has been added.]



   | 9 of 10SILVERIO Et aL.

CONFLICT OF INTEREST
No conflict of interest.

ORCID
Angelo Silverio   https://orcid.org/0000-0001-9749-8092 
Vincenzo Russo   https://orcid.org/0000-0002-9227-0360 
Antonello D’Andrea   https://orcid.
org/0000-0002-9698-9145 

REFERENCES
 1. Hui DS, I Azhar E, Madani TA, et al. The continuing 2019- nCoV 

epidemic threat of novel coronaviruses to global health -  the latest 
2019 novel coronavirus outbreak in Wuhan, China. Int J Infect Dis. 
2020;91:264- 266.

 2. Rosenbaum L. Facing Covid- 19 in Italy -  ethics, logistics, 
and therapeutics on the epidemic's front line. N Engl J Med. 
2020;382(20):1873- 1875.

 3. Madjid M, Safavi- Naeini P, Solomon SD, Vardeny O. Potential 
effects of coronaviruses on the cardiovascular system: a review. 
JAMA Cardiol. 2020;5(7):831- 840.

 4. Citro R, Pontone G, Bellino M, et al. Role of multimodality im-
aging in evaluation of cardiovascular involvement in COVID- 19. 
Trends Cardiovasc Med. 2021;31(1):8- 16.

 5. Silverio A, Citro R, Nardi F. Clinical imaging in patients experi-
encing chest pain. Minerva Cardioangiol. 2017;65(6):601- 615.

 6. Skulstad H, Cosyns B, Popescu BA, et al. COVID- 19 pandemic 
and cardiac imaging: EACVI recommendations on precautions, in-
dications, prioritization, and protection for patients and healthcare 
personnel. Eur Heart J Cardiovasc Imaging. 2020;21(6):592- 598.

 7. Kirkpatrick JN, Mitchell C, Taub C, Kort S, Hung J, Swaminathan 
M. ASE Statement on protection of patients and echocardiogra-
phy service providers during the 2019 novel coronavirus out-
break: endorsed by the American College of Cardiology. J Am Soc 
Echocardiogr. 2020;33(6):648- 653.

 8. Valente S, Colivicchi F, Caldarola P, et al. Position paper ANMCO: 
Gestione delle consulenze e attività ambulatoriali cardiologiche in 
corso di pandemia COVID- 19 [ANMCO Position paper: consid-
erations on in- hospital cardiological consultations and cardiology 
outpatient clinics during the COVID- 19 pandemic]. G Ital Cardiol. 
2020;21(5):341- 344.

 9. Simera I, Moher D, Hoey J, Schulz KF, Altman DG. A catalogue 
of reporting guidelines for health research. Eur J Clin Invest. 
2010;40(1):35- 53.

 10. Lang RM, Badano LP, Mor- Avi V, et al. Recommendations for 
cardiac chamber quantification by echocardiography in adults: an 
update from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. Eur Heart J 
Cardiovasc Imaging. 2015;16(3):233- 270.

 11. Zoghbi WA, Adams D, Bonow RO, et al. Recommendations for 
noninvasive evaluation of native valvular regurgitation: a re-
port from the American Society of Echocardiography Developed 
in Collaboration with the Society for Cardiovascular Magnetic 
Resonance. J Am Soc Echocardiogr. 2017;30(4):303- 371.

 12. Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute re-
spiratory distress syndrome: the Berlin Definition. JAMA. 
2012;307(23):2526- 2533.

 13. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal defini-
tion of myocardial infarction (2018). Circulation. 2018;138(20): 
e618- e651.

 14. Galderisi M, Cosyns B, Edvardsen T, et al. Standardization of adult 
transthoracic echocardiography reporting in agreement with recent 
chamber quantification, diastolic function, and heart valve disease 
recommendations: an expert consensus document of the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc 
Imaging. 2017;18(12):1301- 1310.

 15. Tuite AR, Ng V, Rees E, Fisman D. Estimation of COVID- 19 out-
break size in Italy. Lancet Infect Dis. 2020;20(5):537.

 16. Silverio A, Di Maio M, Ciccarelli M, Carrizzo A, Vecchione 
C, Galasso G. Timing of national lockdown and mortal-
ity in COVID- 19: the Italian experience. Int J Infect Dis. 
2020;100:193- 195.

 17. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospital-
ized patients with 2019 Novel Coronavirus- infected pneumonia in 
Wuhan, China. JAMA. 2020;323(11):1061- 1069.

 18. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting char-
acteristics, comorbidities, and outcomes among 5700 patients 
hospitalized with COVID- 19 in the New York city area. JAMA. 
2020;323(20):2052- 2059.

 19. Shi S, Qin M, Shen B, et al. Association of cardiac injury with mor-
tality in hospitalized patients with COVID- 19 in Wuhan, China. 
JAMA Cardiol. 2020;5(7):802- 810.

 20. Scudiero F, Silverio A, Di Maio M, et al. Pulmonary embolism in 
COVID- 19 patients: prevalence, predictors and clinical outcome. 
Thromb Res. 2021;198:34- 39.

 21. Tomasoni D, Italia L, Adamo M, et al. COVID- 19 and heart fail-
ure: from infection to inflammation and angiotensin II stimula-
tion. Searching for evidence from a new disease. Eur J Heart Fail. 
2020;22(6):957- 966.

 22. Scudiero F, Parodi G. Dual antiplatelet therapy in patients with 
acute coronary syndrome during the coronavirus disease of 2019 
pandemia: the right choice at the right time. J Cardiovasc Med. 
2020;21(8):535- 537.

 23. Russo V, Di Maio M, Mottola FF, et al. Clinical characteristics 
and prognosis of hospitalized COVID- 19 patients with incident 
sustained tachyarrhythmias: a multicenter observational study. Eur 
J Clin Invest. 2020;50(12):e13387.

 24. Rath D, Petersen- Uribe Á, Avdiu A, et al. Impaired cardiac func-
tion is associated with mortality in patients with acute COVID- 19 
infection. Clin Res Cardiol. 2020;109(12):1491- 1499.

 25. Solomon SD, Zelenkofske S, McMurray JJ, et al. Sudden death in 
patients with myocardial infarction and left ventricular dysfunc-
tion, heart failure, or both. N Engl J Med. 2005;352(25):2581- 2588.

 26. Grimm W, Christ M, Bach J, Müller HH, Maisch B. Noninvasive 
arrhythmia risk stratification in idiopathic dilated cardiomyopa-
thy: results of the Marburg Cardiomyopathy Study. Circulation. 
2003;108(23):2883- 2891.

 27. Inciardi RM, Adamo M, Lupi L, et al. Characteristics and out-
comes of patients hospitalized for COVID- 19 and cardiac disease 
in Northern Italy. Eur Heart J. 2020;41(19):1821- 1829.

 28. Sud K, Vogel B, Bohra C, et al. Echocardiographic findings in pa-
tients with COVID- 19 with significant myocardial injury. J Am Soc 
Echocardiogr. 2020;33(8):1054- 1055.

 29. Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID- 19 and cardiovas-
cular disease. Circulation. 2020;141(20):1648- 1655.

 30. Inciardi RM, Lupi L, Zaccone G, et al. Cardiac involvement in a pa-
tient with coronavirus disease 2019 (COVID- 19). JAMA Cardiol. 
2020;5(7):819- 824.

 31. Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 de-
ceased patients with coronavirus disease 2019: retrospective study. 
BMJ. 2020;368:m1091.

https://orcid.org/0000-0001-9749-8092
https://orcid.org/0000-0001-9749-8092
https://orcid.org/0000-0002-9227-0360
https://orcid.org/0000-0002-9227-0360
https://orcid.org/0000-0002-9698-9145
https://orcid.org/0000-0002-9698-9145
https://orcid.org/0000-0002-9698-9145


10 of 10 |   SILVERIO Et aL.

 32. Poyiadji N, Cormier P, Patel PY, et al. Acute pulmonary embolism 
and COVID- 19. Radiology. 2020;297(3):E335- E338.

 33. Canonico ME, Siciliano R, Scudiero F, Sanna GD, Parodi G. The 
tug- of- war between coagulopathy and anticoagulant agents in pa-
tients with COVID- 19. Eur Heart J Cardiovasc Pharmacother. 
2020;6(4):262- 264.

 34. Mahmoud- Elsayed HM, Moody WE, Bradlow WM, et al. 
Echocardiographic findings in patients with COVID- 19 pneumo-
nia. Can J Cardiol. 2020;36(8):1203- 1207.

 35. Pagnesi M, Baldetti L, Beneduce A, et al. Pulmonary hyperten-
sion and right ventricular involvement in hospitalised patients with 
COVID- 19. Heart. 2020;106(17):1324- 1331.

 36. D'Andrea A, Scarafile R, Riegler L, et al. Right ventricular function 
and pulmonary pressures as independent predictors of survival in 
patients with COVID- 19 pneumonia. JACC Cardiovasc Imaging. 
2020;13(11):2467- 2468.

 37. Karagodin I, Singulane CC, Woodward GM, et al. 
Echocardiographic correlates of in- hospital death in patients with 
acute COVID- 19 infection: the world alliance societies of echo-
cardiography (WASE- COVID) study. J Am Soc Echocardiogr. 
2021:S0894- 7317(21)00483- 1.

 38. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute re-
spiratory distress syndrome and death in patients with coronavirus 

disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. 
2020;180(7):934- 943.

 39. Russo V, Di Maio M, Attena E, et al. Clinical impact of pre- admission 
antithrombotic therapy in hospitalized patients with COVID- 19: a 
multicenter observational study. Pharmacol Res. 2020;159:104965.

 40. Silverio A, Di Maio M, Citro R, et al. Cardiovascular risk factors 
and mortality in hospitalized patients with COVID- 19: systematic 
review and meta- analysis of 45 studies and 18,300 patients. BMC 
Cardiovasc Disord. 2021;21(1):23.

 41. Zhang Y, Coats AJS, Zheng Z, et al. Management of heart fail-
ure patients with COVID- 19: a joint position paper of the Chinese 
Heart Failure Association & National Heart Failure Committee 
and the Heart Failure Association of the European Society of 
Cardiology. Eur J Heart Fail. 2020;22(6):941- 956.

How to cite this article: Silverio A, Di Maio M, 
Scudiero F, et al. Clinical conditions and 
echocardiographic parameters associated with 
mortality in COVID- 19. Eur J Clin Invest. 
2021;51:e13638. https://doi.org/10.1111/eci.13638

https://doi.org/10.1111/eci.13638

	Clinical conditions and echocardiographic parameters associated with mortality in COVID-19
	Abstract
	1|BACKGROUND
	2|METHODS
	2.1|Measures and outcome
	2.2|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES


