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ORIGINAL RESEARCH

Impact of Right Ventricular- Pulmonary 
Circulation Coupling on Mortality in 
 SARS- CoV- 2 Infection
Francesca Bursi , MD, PhD, MSc; Gloria Santangelo , MD; Andrea Barbieri , MD; Anna Maria Vella, MD; 
Filippo Toriello , MD; Federica Valli , MD; Dario Sansalone, CCP; Stefano Carugo , MD;  
Marco Guazzi , MD, PhD

BACKGROUND: The COVID- 19– related pulmonary effects may negatively impact pulmonary hemodynamics and right ventricu-
lar function. We examined the prognostic relevance of right ventricular function and right ventricular- to- pulmonary circulation 
coupling assessed by bedside echocardiography in patients hospitalized with COVID- 19 pneumonia and a large spectrum of 
disease independently of indices of pneumonia severity and left ventricular function.

METHODS AND RESULTS: Consecutive COVID- 19 subjects who underwent full cardiac echocardiographic evaluation along with 
gas analyses and computed tomography scans were included in the study. Measurements were performed offline, and quan-
titative analyses were obtained by an operator blinded to the clinical data. We analyzed 133 patients (mean age 69±12 years, 
57% men). During a mean hospital stay of 26±16 days, 35 patients (26%) died. The mean tricuspid annular plane systolic 
excursion/pulmonary artery systolic pressure (TAPSE/PASP) ratio was 0.48±0.18 mm/Hg in nonsurvivors and 0.72±0.32 mm/
Hg in survivors (P=0.002). For each 0.1 mm/mm Hg increase in TAPSE/PASP, there was a 27% lower risk of in- hospital death 
(hazard ratio [HR], 0.73 [95% CI, 0.59– 0.89]; P=0.003). At multivariable analysis, TAPSE/PASP ratio remained a predictor of 
in- hospital death after adjustments for age, oxygen partial pressure at arterial gas analysis/fraction of inspired oxygen, left 
ventricular ejection fraction, and computed tomography lung score. Receiver operating characteristic analysis was used to 
identify the cutoff value of the TAPSE/PASP ratio, which best specified high- risk from lower- risk patients. The best cutoff for 
predicting in- hospital mortality was TAPSE/PASP <0.57 mm/mm Hg (75% sensitivity and 70% specificity) and was associated 
with a >4- fold increased risk of in- hospital death (HR, 4.8 [95% CI, 1.7– 13.1]; P=0.007).

CONCLUSIONS: In patients hospitalized with COVID- 19 pneumonia, the assessment of right ventricular to pulmonary circulation 
coupling appears central to disease evolution and prediction of events. TAPSE/PASP ratio plays a mainstay role as prognostic 
determinant beyond markers of lung injury.
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SARS- CoV- 2 is the primary determinant of the cur-
rent pandemic of COVID- 19 and has become a 
major public health concern. The disease exhibits 

a large variety of clinical severity ranging from asymp-
tomatic infection to severe bilateral pneumonia with re-
spiratory failure, eventually leading to death.1

SARS- CoV- 2 may cause acute and chronic direct 
myocardial injury, or indirectly through cardiac stress 
because of hypoxemia, systemic inflammation, pulmo-
nary parenchyma damage, or circulation involvement.2 
Understanding the pathophysiology of heart and lung 
interaction in this setting may be useful to clarify the 
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hemodynamic consequences of pneumonia and help 
to tailor adequate therapy for multifold targets.

Acute right heart failure is a known complication of 
acute respiratory distress syndrome (ARDS) attribut-
able to other diseases, and there is emerging evidence 
of right ventricular (RV) dysfunction in patients with 
COVID- 19.3,4 However, results are controversial, and 
studies have been chiefly limited to patients with the 
most severe disease presentation.5,6 Our group and 

others observed that RV strain was frequently abnor-
mal and provided independent prognostic value over 
markers of lung disease.7,8 Further exploration of RV 
function by addressing its coupling with pulmonary cir-
culation (Pc) appears quite attractive and may reveal 
latent right heart disease with more solid perspectives 
on prognosis and clinical evolution.

Accordingly, our primary aim was to systemati-
cally assess the value of RV- to- Pc coupling and right 
heart failure by bedside echocardiography in predict-
ing all- cause death among hospitalized patients with 
COVID- 19 pneumonia presenting with a wide variety of 
disease severity.

METHODS
We analyzed all patients diagnosed with COVID- 19 
who underwent a clinically indicated echocardiogram 
in 2020 and were admitted to regular or subintensive 
or intensive care wards at the San Paolo University 
Hospital of Milan, Lombardy region, the area most af-
fected by the pandemic in Italy at the time the study 
was conducted.

Study methods have been outlined before.7 Briefly, 
according to the World Health Organization guidance, 
the diagnosis of SARS- CoV- 2 infection was confirmed 
as a positive result of real- time reverse transcriptase– 
polymerase chain reaction assay of nasal and pharyn-
geal swabs. The institutional ethics board of Azienda 
Socio Sanitaria Territoriale Santi Paolo e Carlo Santi 
Paolo and Carlo, Milan, approved this study (proto-
col number 2020/ST/099). Patients provided informed 
consent for data use.

At the time of data collection, no vaccine was 
available.

Baseline clinical characteristics, laboratory, radio-
logical, and instrumental data as well as therapy were 
obtained by review of electronic medical records. We 
collected arterial blood gases analysis, type of venti-
lator support, and vital parameters at the time of the 
echocardiographic exam. Data were used to calcu-
late the Sequential Organ Failure Assessment score.9 
ARDS was defined by applying the Berlin criteria.10 The 
time to echocardiogram was the time lag from hospital 
admission to the day of the echocardiogram.

All laboratory exams were collected at the time of 
the echocardiogram. C- reactive protein (CRP), high- 
sensitivity troponin I, and N- terminal pro- B- type natri-
uretic peptide (NT- proBNP) were collected also at the 
peak level. The Chronic Kidney Disease Epidemiology 
Collaboration equation was used to determine the es-
timated glomerular filtration rate.11

Computed tomography (CT) reports and images 
were reviewed in parallel to evaluate and confirm the 
typical COVID- 19 features. A semiquantitative lung 
total severity score was calculated according to Chung 

CLINICAL PERSPECTIVE

What Is New?
• There is emerging evidence that COVID- 19 may 

negatively impact pulmonary hemodynamics 
and right ventricular (RV) function.

• The relationship between tricuspid annular 
plane systolic excursion (longitudinal RV fiber 
shortening) and pulmonary artery systolic pres-
sure (RV afterload) provides a noninvasive index 
of in vivo RV load adaptability that may unmask 
latent right heart disease in different clinical 
settings.

• In our cohort of hospitalized patients with 
COVID- 19 pneumonia, we assessed the inde-
pendent prognostic relevance of RV to pulmo-
nary circulation coupling performed by bedside 
echocardiography assessed along with mark-
ers of lung injury and left ventricular function; 
tricuspid annular plane systolic excursion/pul-
monary artery systolic pressure ratio appears 
as an independent marker of disease evolution 
and prediction of in- hospital death.

What Are the Clinical Implications?
• Although underlying mechanisms for these as-

sociations are not fully understood, tricuspid 
annular plane systolic excursion/pulmonary 
artery systolic pressure ratio might be part of 
a multiparametric clinical evaluation to identify 
high- risk patients and optimize management of 
patients with COVID- 19.

• Prespecified studies would be of interest for 
understanding how much these echocardio-
graphic results can impact on patient manage-
ment and clinical decision making.

Nonstandard Abbreviations and Acronyms

GLS global longitudinal strain
LS longitudinal strain
PASP pulmonary artery systolic pressure
Pc pulmonary circulation
TAPSE tricuspid annular plane systolic excursion
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et al. Each of the 5 lung lobes was assessed for de-
gree of involvement and classified as none (0%), mini-
mal (1%– 25%), mild (26%– 50%), moderate (51%– 75%), 
or severe (76%– 100%), with a score of 0 to 4 for each 
segment. The overall lung total severity score was 
reached by summing the 5 lobe scores (range, 0– 20) 
with higher values indicating a more significant alter-
ation of lung parenchyma.12

In- hospital death was the outcome. Patients were 
followed- up from presentation to death or hospital dis-
charge. The final enrollment date was December 15, 
2020, the final follow- up date was January 13, 2021. 
The secondary end point was in- hospital death follow-
ing the echocardiogram, and patients were followed to 
death or discharge.

Echocardiographic Exam
The echocardiograms were performed at the bedside, 
with patients in the left lateral decubitus position when 
possible, but mostly in a supine or sitting position 
with a machine dedicated to patients with COVID- 19 
(Vivid S6 echocardiograph; General Electric Medical 
System, Milwaukee WI). Personnel were provided with 
adequate personal protective equipment. To reduce 
the scan time, the exam was focused on answering 
the clinical problem according to international soci-
eties’ recommendations.13,14 The operator was re-
quired to store basic views, color Doppler imaging of 
the valves, and spectral continuous wave Doppler of 
the tricuspid regurgitant jet. Images were stored in a 
cine loop on the institutional server, and all measure-
ments were performed off- line (EchoPAC version 203; 
General Electric Vingmed Ultrasound AS) according to 
current guidelines15 by an expert operator blinded to 
the clinical data. Conventional parameters included RV 
fractional area change, tricuspid annular plane systolic 
excursion (TAPSE), maximum right atrio- ventricular 
trans- tricuspid gradient 4*(tricuspid regurgitation ve-
locity).2 We used inferior vena cava size changes to 
estimate right atrial pressure in patients not on positive 
expiratory pressure; this was added to the former to 
derive the pulmonary artery systolic pressure (PASP). 
In patients in whom inferior vena cava could not be 
used (positive airway pressure, insufficient quality of 
subcostal images) or in case of uncertainties, right 
atrial pressure was assumed to be 8 mm Hg according 
to guidelines.16 TAPSE/PASP ratio was calculated as a 
surrogate of right ventriculoarterial coupling.17 Left ven-
tricular end- systolic volume and left ventricular ejection 
fraction (LVEF) were assessed using the Simpson bi-
plane method. When volumes were not measurable, 
LVEF was visually estimated. Left atrial volume was 
measured with the biplane Simpson method and in-
dexed to body surface area.18 When the image quality 
allowed, longitudinal strain (LS) measurements were 

obtained by a single examiner according to the inter-
national society recommendations.19 RV global longitu-
dinal strain (RV- GLS) and longitudinal strain of the RV 
free- wall LS were measured from the apical 4- chamber 
view, and an endocardial border was traced delineating 
a region of interest. The software generated LS curves 
for each segment, and peak strain was calculated by 
averaging the values of each segment. To calculate 
the left ventricular (LV) LS, the endocardial border was 
manually traced in apical 4- , 2- , and 3- chamber views. 
After generating longitudinal curves by the software, 
the peak negative value was obtained by averaging the 
LV LS across all 17 segments. Similarly, left atrial peak 
LS was measured at the end of the reservoir phase 
by averaging the curves obtained from each segment 
from 4-  and 2- chamber views. Segments in which ad-
equate tracking quality was impossible despite manual 
adjustments were excluded from the analysis, and the 
strain parameters were obtained by averaging the re-
maining segments. To further explore the role of RV- 
to- Pc in this population, we calculated the RV free- wall 
LS and RV- GLS to PASP ratios.

Statistical Analysis
Values are expressed as mean±SD, as median and 
first and third quartile (Q1– Q3) in cases of highly 
skewed variables, or as percentages for categorical 
variables. Differences between groups were analyzed 
using an independent- sample t test, paired t test, 
Mann- Whitney test, χ2, or Fisher exact test as appro-
priate. Correlations between variables were evaluated 
with Pearson coefficients, and highly skewed variables 
were log transformed.

Cox proportional hazards model analysis was used 
to calculate the risk of death; data are presented as 
hazard ratios (HRs) and 95% CIs. Multiple Cox pro-
portional hazards models of multivariable adjustments 
were performed to examine the prognostic role of RV 
coupling by adjusting for relevant markers of prognosis 
and lung involvement. Model 1 adjusted for age and 
oxygen partial pressure at arterial gas analysis/frac-
tion of inspired oxygen (PaO2/FiO2). Model 2 adjusted 
for age, PaO2/FiO2, and ejection fraction. Model 3 ad-
justed for age, PaO2/FiO2, and CT lung score. PaO2/
FiO2 was considered as a marker of abnormal function 
of the lung, CT lung score as a marker of extension of 
anatomical involvement of the lung, and ejection frac-
tion as a marker of LV dysfunction.

The variables were chosen by the investigator 
based on clinical relevance and significance at univari-
ate analyses and entered in the Cox model. The model 
was kept as parsimonious as possible to avoid overfit-
ting of the model. Bootstrap validation was performed 
across 1000 bootstrapped replicates to evaluate the 
stability of the prediction model. A stepwise backward 
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regression model was set up from all parameters that 
were predictive at univariable analysis to identify the 
optimal combination of predictive variables (age, pre-
vious cardiac disease, CT lung severity score, PaO2/
FiO2, LVEF, and TAPSE/PASP ratio). A χ2 test compar-
ing the log likelihood ratios of nested models was ob-
tained to evaluate the model predictive performance of 
TAPSE and PASP alone or as a ratio.

To evaluate the prognostic accuracy of RV- to- Pc 
coupling in predicting in- hospital death, receiver op-
erating characteristic (ROC) curves were constructed, 
the area under the curve (AUC) was calculated, and 
sensitivity and specificity were calculated using stan-
dard definitions. ROC analysis was used to identify the 
cutoff value of the TAPSE/PASP ratio that best iden-
tified higher-  and lower- risk patients. The cutoff was 
the value corresponding to the greatest combination of 
sensitivity and specificity.

Kaplan- Meier analysis was used to depict survival 
stratified by TAPSE/PASP best cutoff, and the 2 groups 
were compared using the log- rank test. Absolute val-
ues of LV LS, RV- GLS, and free- wall LS were used in 
the analyses for simpler interpretation. Analyses were 
performed using the Statistical Package for the Social 
Sciences version 23 (IBM, Armonk, NY), and a 2- sided 
value of P<0.05 was considered statistically significant.

The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

RESULTS
Population Characteristics
The study population consisted of 133 patients; the 
mean age was 69±12 years, 57% were men, and 83% 
were White. The indications for the exam were sus-
pected right heart dysfunction in 20%, left heart or valve 
dysfunction in 31%, monitor of known cardiac disease 
in 17%, suspected endocarditis in 13%, pericardial ef-
fusion in 5%, stroke in 1%, and other reasons in 14%. 
At the time of the echocardiographic exam, 12 (9%) pa-
tients were intubated, 4 (3%) were in bilevel positive air-
way pressure, 44 (33%) in continuous positive airway 
pressure, 34 (26%) in face mask with high oxygen flow, 
20 (15%) in nasal cannula, and 11 (14%) in room air. The 
mean sequential organ failure assessment was 2.3±1.9; 
48% of patients met the Berlin criteria for ARDS, and 
mean PaO2/FiO2 was 249±134 mm Hg. Pulmonary in-
volvement by CT showed a total severity lung score of 
9±6; in 8 patients a concomitant segmental pulmonary 
embolism diagnosis was made. Contrast- enhanced 
CT for pulmonary embolism diagnosis was performed 
in a similar proportion in survivors (30%) and nonsur-
vivors (27%) (P=0.759). Median (Q1– Q3) CRP was 102 
mg/L (56– 126 mg/L), procalcitonin was 0.34 ng/mL 

(0.10– 1.342 ng/mL), lymphocytes 9% per µL (5%– 16% 
per µL), neutrophils 84% per µL (73%– 90% per µL), 
and D- dimer 1119 ng/mL (462– 2975 ng/mL). Mean 
estimated glomerular filtration rate was 71±32 mL/min 
per 1.73 m2. Troponin I was measured in 53% and was 
only mildly elevated, and the median (Q1– Q3) was 0.08 
ng/dL (0.01– 0.21 ng/dL). NT- proBNP was available in 
58 patients, and the median (Q1– Q3) value was 2925 
pg/mL (586– 8857 pg/mL) (Table 1).

Clinical and Echocardiographic 
Characteristics of Survivors and 
Nonsurvivors
During a mean hospital stay of 26±16  days, 35 (26%) 
patients died. Table 1 shows the characteristics of the 
entire population and of survivors versus nonsurvivors. 
Nonsurvivors were older, had a higher prevalence of car-
diac diseases, showed worse respiratory parameters, 
and had a worse index of multiorgan failure. At the CT 
they presented a worse calculated lung severity score 
and higher CRP levels, whereas they were similar for 
other laboratory parameters, cardiovascular risk factors 
distribution, and primary COVID- 19 therapies (Table 1). 
Echocardiography was performed at a median (Q1– Q3) 
of 8 (3– 14) days from the diagnosis, 9 (5– 17) days in survi-
vors versus 5 (3– 11) days in nonsurvivors (P=0.006).

Despite having similar indexed LV volumes and RV 
size, nonsurvivors showed significantly worse echocar-
diographic paraments of LV and RV systolic function 
than survivors. Notably, they presented worse indices of 
LV systolic dysfunction, including lower LVEF, higher wall 
motion score index, and worse LV- GLS, as well as lower 
peak left atrial longitudinal strain. Remarkably, nonsur-
vivors had significantly worse RV parameters, higher 
PASP, worse RV indices of longitudinal function includ-
ing decreased TAPSE, and when it was measurable, 
a worse RV- GLS and free- wall LS. Consequently, they 
showed worse indices of RV- to- Pc coupling. The mean 
TAPSE/PASP ratio was 0.48±0.18 in nonsurvivors and 
0.72±0.32 mm/Hg in survivors (P<0.002) (Table 2).

RV- to- Pc coupling was associated with in- hospital 
death. For each 0.1 mm/mm Hg increase in TAPSE/
PASP, there was a 27% lower risk of in- hospital death 
(HR, 0.73 [95% CI, 0.59– 0.89]; P=0.003). In a series of 
multivariable models, the association of TAPSE/PASP 
ratio and in- hospital death remained after adjustments 
for age, PaO2/FiO2, LVEF, and CT lung score. (Table 3) 
The internal validity of these models was confirmed by 
bootstrapping (all P<0.004). To confirm the robustness 
of our results we examined the incremental value of 
TAPSE/PASP ratio. The likelihood ratio tests between 
nested models showed that adding TAPSE/PASP to 
the models including age, PaO2/FiO2, and TAPSE and 
age, PaO2/FiO2, and PASP improved the models sig-
nificantly (both P<0.05).
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Table 1. Characteristics of Study Patients by In- Hospital Mortality

Variable Feasibility, % Total, 133 Survivors, 98 Nonsurvivors, 35 P value

Age, y 100 69±12 67±13 76±11 <0.001

Male sex, n (%) 100 76 (57) 58 (59) 18 (51) 0.426

Weight, kg 95 75±16 76±17 73±15 0.336

BSA, m2 95 1.8±0.2 1.9±0.2 1.8±0.2 0.303

White race, n (%) 100 112 (83) 80 (82) 32 (94) 0.172

Risk factors and history

Smoking, n (%) 100 35 (26) 23 (23) 12 (34) 0.475

Hypertension, n (%) 100 77 (58) 54 (55) 23 (65) 0.275

Diabetes, n (%) 100 32 (24) 22 (22) 10 (29) 0.467

Previous cardiac disease, n (%) 100 50 (38) 30 (31) 20 (57) 0.005*

History of coronary disease, 
n (%)

100 29 (22) 16 (16) 13 (37) 0.010*

History of heart failure, n (%) 100 12 (9) 5 (5) 7 (20) 0.008*

Previous valve disease, n (%) 100 15 (11) 6 (6) 9 (26) 0.004*

Atrial fibrillation, n (%) 100 21 (16) 13 (13) 8 (22) 0.182

ACE inhibitors or ARB before 
admission, n (%)

99 55 (42) 36 (37) 19 (54) 0.078

History of cancer, n (%) 100 18 (13) 12 (12) 6 (17) 0.565

Chronic obstructive pulmonary 
disease, n (%)

100 20 (15) 12 (12) 8 (23) 0.132

Previous stroke, n (%) 100 10 (8) 4 (4) 6 (17) 0.021*

In- hospital therapy

Corticosteroids, n (%) 100 85 (64) 63 (65) 22 (67) 0.858

Prophylactic anticoagulants, 
n (%)

100 61 (46) 49 (50) 12 (34) 0.274

Therapeutic anticoagulants, 
n (%)

62 (47) 42 (43) 20 (57)

Hydroxychloroquine, n (%) 100 37 (28) 29 (30) 8 (23) 0.445

Monoclonal antibodies, n (%) 100 4 (3) 3 (3) 1 (3) 0.952

Antivirals, n (%) 100 24 (18) 19 (19) 5 (14) 0.500

Immunosuppressants, n (%) 100 4 (3) 4 (4) 0 0.225

Antibiotics, n (%) 100 93 (70) 67 (68) 26 (74) 0.512

Presentation

ARDS by Berlin criteria, n (%) 100 53 (48) 34 (35) 19 (54) 0.047*

Type of ventilation, n (%) 100 0.381

None 19 (14) 16 (16) 3 (9)

Nasal cannula 20 (15) 14 (14) 6 (17)

Face mask 34 (26) 27 (27) 7 (20)

CPAP 44 (33) 32 (33) 12 (34)

Bilevel 4 (3) 3 (3) 1 (3)

Intubated 12 (9) 6 (6) 6 (17)

CT total lung severity score 85 9±6 8±6 11±6 0.007*

SOFA score 86 2.3±1.9 2.1±1.9 2.9±1.7 0.062

Heart rate, bpm 100 83±15 82±15 88±14 0.028*

Respiratory rate, breaths per 
min

92 21±6 20±5 23±7 0.003*

Systolic blood pressure, mm Hg 100 129±24 129±21 126±27 0.420

Diastolic blood pressure, 
mm Hg

100 74±13 75±14 70±11 0.035*

Pulmonary embolism, n (%) 99 8 (6) 8 (8) 0 0.109

 (Continued)



J Am Heart Assoc. 2022;11:e023220. DOI: 10.1161/JAHA.121.023220 6

Bursi et al Right Ventricular Coupling in SARS- CoV- 2 Pneumonia

In a stepwise backward multivariable regression 
analysis considering age, previous cardiac disease, CT 
lung severity score, PaO2/FiO2, and LVEF, the TAPSE/
PASP ratio was retained in the model and was sig-
nificantly associated with in- hospital death (adjusted 
HR for each 0.1 increase, 0.66 [95% CI, 0.51– 0.84]; 
P=0.001). In a separate multivariable model after ad-
justing for D- dimer levels, TAPSE/PASP ratio remained 
associated with increased risk of death (for each 0.1 
unit increase adjusted HR, 0.72 [95% CI, 0.56– 0.93]; 
P=0.012).

An ROC analysis the AUC for in- hospital death for 
TAPSE was 0.68 (95% CI, 0.55– 0.81; P=0.017), for 

PASP was 0.71 (95% CI, 0.59– 0.83; P=0.005), and for 
the TAPSE/PASP ratio was 0.75 (95% CI, 0.64– 0.86; 
P=0.001). The best cutoff for predicting in- hospital 
mortality was a TAPSE/PASP ratio <0.57 mm/mm Hg 
(75% sensitivity and 70% specificity) (Figure S1). The 
Figure shows the in- hospital survival curves by TAPSE/
PASP best cutoff. Patients with TAPSE/PASP ratio 
<0.57 had a >4- fold increased risk of in- hospital death 
(HR, 4.8 [95% CI, 1.7– 13.1]; P=0.003). Multivariable 
analyses showed the strength and significance of this 
association remained unaltered (Table  3). Baseline 
characteristics by the TAPSE/PASP best cutoff are 
shown in Table S1.

Variable Feasibility, % Total, 133 Survivors, 98 Nonsurvivors, 35 P value

Laboratory data

Oxygen saturation, % 100 96±3 97±3 94±4 0.001*

PaO2/FiO2, mm Hg 92 249±134 266±137 205±116 0.015*

PaO2, mm Hg 91 112±55 121±59 87±32 <0.001*

FiO2, % 96 50±22 49±22 53±24 0.378

pCO2, mm Hg 90 39±8 39±7 39±11 0.9

pH 90 7.4±0.1 7.4±0.1 7.4±0.1 0.325

Creatinine, mg/dL, reference 
range 0.52– 1.04

100 0.7 (0.6– 1.1) 0.7 (0.6– 0.9) 0.9 (0.7– 1.7) 0.006*

eGFR, mL/min 100 71±32 87±32 65±31 0.001*

Lymphocytes, ×103/µL, 
reference 1- 3.4 × 103/µL

100 1.4 (0.8– 1.5) 1.2 (0.8– 1.5) 1.0 (0.5– 1.3) 0.035*

Lymphocytes, %, reference 
range 27– 37

100 13 (9– 23) 16 (11– 26) 9 (5– 14) <0.001*

Neutrophils, ×103/µL, reference 
range 1.5– 7.5

100 5.9 (4.0– 8.9) 4.9 (3.4– 7.4) 8.0 (5.2– 11.4) <0.001*

Neutrophils, %, reference range 
44– 74

100 76 (64– 84) 72 (62– 83) 83 (75– 90) 0.004*

AST, U/L, reference range 
17– 50

100 32 (25– 49) 31 (24– 45) 34 (26– 54) 0.218

ALT, U/L, reference <50 100 28 (18– 48) 29 (18– 55) 24 (17– 36) 0.208

Ferritin, ng/mL 75 484 (185– 922) 447 (177– 922) 666 (267– 960) 0.249

D- dimer, ng/mL, reference <270 78 624 (326– 1412) 586 (305– 1155) 894 (527– 2121) 0.099

Peak D- dimer, ng/mL 95 1119 (462– 2975) 849 (398– 2663) 1620 (1031– 2980) 0.043*

Troponin I, ng/dL, reference 
<0.034

53 0.02 (0.01– 0.13) 0.01 (0.01– 0.08) 0.12 (0.01– 0.41) 0.039*

Peak troponin I, ng/dL 53 0.08 (0.01– 0.21) 0.04 (0.01– 0.16) 0.18 (0.08– 0.67) 0.014*

NT- proBNP, pg/mL, reference 
range 0– 296

40 1560 (621– 9127) 1106 (442– 7745) 5800 (2585– 13 825) 0.012*

Peak NT- proBNP, pg/mL 48 2925 (586– 8857) 1550 (326– 7850) 6520 (3130– 14 250) 0.006*

CRP, mg/L, reference <10 100 40 (20– 82) 34 (17– 69) 79 (47– 120) <0.001*

Peak CRP, mg/L 100 102 (56– 126) 91 (48– 124) 123 (97– 132) 0.002*

Duration of hospitalization, days 100 27±16 29±16 19±11 <0.001*

Data are presented as mean±SD, median (Q1– Q3), or number (percentage). Laboratory exams were collected at the time of the echocardiogram unless 
otherwise specified. ACE indicates angiotensin- converting enzyme; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate 
aminotransferase; BSA, body surface area; CPAP, continuous positive airway pressure; CRP, C- reactive protein; CT, computed tomography; eGFR, estimated 
glomerular filtration rate; FiO2, fraction of inspired oxygen; LVEF, left ventricular ejection fraction; NT- proBNP, N- terminal pro- B- type natriuretic peptide; PaO2, 
oxygen partial pressure at arterial gas analysis; pCO2, partial pressure of carbon dioxide; Q1, first quartile; Q3, third quartile; and SOFA, sequential organ failure 
assessment.

*Indicates statistical significance.

Table 1. (Continued)
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RV- to- Pc Coupling Correlates With Heart 
and Lung Parameters
The TAPSE/PASP ratio was significantly correlated 
with CT total lung severity score (r=−0.25, P=0.033) 
and with respiratory rate (r=−0.25, P=0.031), but 
was not related to PaO2/FiO2, sequential organ fail-
ure assessment, estimated glomerular filtration rate, 
D- dimer, and CRP. We observed a correlation with in-
dices of myocardial injury in the 48 patients for whom 

high- sensitivity troponin I was available. After natural 
logarithmic (ln) transformation, the correlation with tro-
ponin showed r=−0.394, P=0.006. In the 38 patients in 
whom it was measured, lnNT- proBNP showed a good 
correlation with TAPSE/PASP ratio (r=−0.60, P<0.001).

As expected, there was a significant correlation be-
tween TAPSE/PASP ratio and LVEF (r=0.45, P<0.001), 
wall motion score index (r=−0.44, P<0.001), LV GLS 
(r=0.34, P<0.001), peak left atrial LS (r=0.51, P<0.001), 
and left atrial volume indexed (r=−0.26, P=0.017). In 

Table 2. Echocardiographic Characteristics in Survivors and Nonsurvivors

Echocardiographic data Feasibility, % Total, 133 Survivors, 98 Nonsurvivors, 35 P value

LVEDV index to BSA, mL/m2 89 50±19 49±19 55±21 0.156

LVESV index to BSA, mL/m2 85 25±16 24±16 28±18 0.168

LVEF, % 100 55±11 56±11 50±13 0.003*

WMSI 100 1.1±0.4 1.1±0.3 1.4±0.5 0.004*

LV GLS, % 53 16±4 16±4 12±5 0.002*

LAVi, mL/m2 92 36±20 34±22 43±17 0.050

Left atrial peak longitudinal strain, % 66 19±9 20±9 15±9 0.039*

RV diameter, mm 83 35±6 35±5 36±7 0.188

FAC, % 79 41±7 41±6 38±8 0.110

Right atrial- ventricular gradient, 
mm Hg

68 28±11 26±10 34±11 0.003*

PASP, mm Hg 68 36±12 34±12 42±12 0.004*

Pulmonary valve acceleration time, 
ms

32 87±26 88±27 84±22 0.657

S′ tricuspid lateral annulus, ms 40 11±3 12±3 11±3 0.278

TAPSE, mm 89 21±5 22±4 19±4 0.001*

TAPSE/PASP, mm/mm Hg 65 0.66±0.31 0.72±0.32 0.48±0.18 0.002*

TAPSE/right atrial- ventricular gradient, 
mm/mm Hg

65 0.87±0.48 0.96±0.50 0.59±0.31 0.003*

RV GLS, % 57 15±4 16±4 12±4 <0.001*

RV free- wall strain, % 57 18±5 19±5 14±5 <0.001*

RV GLS/PASP, %/mm Hg 44 0.50±0.25 0.56±0.25 0.33±0.25 <0.001*

RV free wall strain/PASP, %/mm Hg 45 0.59±0.31 0.66±0.31 0.40±0.19 <0.001*

RAVi, mL/m2 89 35±21 35±19 36±28 0.940

Strain parameters are presented as absolute values. BSA indicates body surface area; FAC, fractional area change; GLS, global longitudinal strain; LAVi, left 
atrial volume indexed; LV, left ventricular; LVEDV, left ventricular end diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end- systolic 
volume; PASP, pulmonary arterial systolic pressure; RAVi, right atrial volume indexed; RV, right ventricular; TAPSE, tricuspid annular plane systolic excursion; 
and WMSI, wall motion score index.

*Indicates statistical significance.

Table 3. Univariate and Multivariable Cox Proportional Hazard Models for TAPSE/PASP and Risk of In- Hospital Mortality

HR for 0.1 mm/mm Hg TAPSE/PASP 
increase (95% CI) P value

HR for TAPSE/PASP 
<0.57 (95% CI) P value

Unadjusted model, N=86 0.73 (0.59– 0.89) 0.003 4.7 (1.7– 13.1) 0.007

Model 1: adjusted for age and PaO2/FiO2, 
N=81

0.66 (0.52– 0.84) 0.001 6.3 (2.0– 19.0) 0.001

Model 2: adjusted for age, PaO2/FiO2, and 
LVEF, N=81

0.71 (0.55– 0.93) 0.012 4.6 (1.3– 16.8) 0.016

Model 3: adjusted for age, PaO2/FiO2, and 
CT lung score, N=69

0.72 (0.54– 0.94) 0.017 4.8 (1.5– 15.8) 0.009

CT indicates computed tomography; FiO2, fraction of inspired oxygen; HR, hazard ratio; LVEF, left ventricular ejection fraction; PaO2, oxygen partial pressure 
at arterial gas analysis; PASP, pulmonary arterial systolic pressure; and TAPSE, tricuspid annular plane systolic excursion.
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addition, TAPSE/PASP ratio was also correlated with 
RV echocardiographic variables such as fractional area 
change (r=0.40, P<0.001), RV- GLS (r=0.41, P=0.001), 
and RV free- wall LS (r=0.46, P<0.001). There was no 
correlation between time of echocardiogram and ei-
ther TAPSE/PASP ratio or TAPSE and PASP alone 
(P>0.05).

Subgroup With a Pre– COVID- 19 
Echocardiogram
Thirty- four patients had an echocardiogram performed 
before COVID- 19 infection. A significant correlation be-
tween the LVEF measured before and during COVID- 19 
pneumonia (r=0.73, P<0.001) was found. The mean 
LVEF before COVID was similar to that measured dur-
ing COVID- 19 pneumonia (54%±12% versus 55%±10%, 
P=not significant). Interestingly, this was not the case 
for the TAPSE/PASP ratio in the 15 patients with a pre– 
COVID- 19 measurable TAPSE/PASP (r=0.23, P=0.44). 
The average TAPSE/PASP ratio was significantly higher 
before COVID (0.66±0.2  mm/mm  Hg) compared with 
that measured during COVID- 19 infection (0.47±0.2 mm/
mm Hg) (P=0.013).

Sensitivity Analyses
There was a strong linear positive correlation between 
TAPSE/PASP and TAPSE/right atrio- ventricular gradi-
ent (r=0.974, P<0.0001). Interestingly, both variables 
provided similar results as reported in Table  S2. 
At ROC analysis, the AUC for in- hospital death for 

TAPSE/right atrio- ventricular gradient was almost 
identical to that TAPSE/PASP ratio (0.75 [95% CI, 
0.64– 0.87]; P=0.001).

In the subgroup of patients for whom the quality of 
images was sufficient for RV speckle tracking analysis, 
RV- to- Pc was examined also as RV GLS/PASP and RV 
free- wall LS/PASP ratios. These were found to be sig-
nificantly lower in nonsurvivors compared with patients 
discharged alive. (Table 2).

A good correlation has been observed between 
TAPSE/PASP and both RV- GLS/PASP and RV free- 
wall LS/PASP ratios (r=0.80, P<0.001 and r=0.81, 
P<0.001, respectively).

For each increase in 0.1 units of RV- GLS/PASP, 
there was a 35% reduced risk of in- hospital death 
(HR, 0.65 [95% CI, 0.50– 0.85]; P=0.002; AUC, 0.77 
[95% CI, 0.64– 0.89]; P=0.002) and for each 0.1 unit 
increase in RV- free wall LS/PASP there was a 34% 
reduced risk of death (HR, 0.66 [95% CI, 0.51– 0.86]; 
P=0.002; AUC, 0.78 [95% CI, 0.65– 0.91]; P=0.001) 
(Figures S2 and S3). The best cutoff for predicting in- 
hospital mortality was a value of <0.51 for RV- GLS/
PASP (94% sensitivity and 59% specificity) and of 
<0.49 for RV- free wall LS (87% sensitivity and 70% 
specificity). In the multivariable analysis after adjust-
ments for age, previous cardiac disease, and CT lung 
severity score, PaO2/FiO2, LVEF, the RV GLS/PASP 
and the free- wall LS/PASP remained associated with 
in- hospital death (adjusted HR, 0.63 [95% CI, 0.45– 
0.87]; P=0.006 and adjusted HR, 0.67 [95% CI, 0.50– 
0.90]; P=0.008, respectively).

Figure. Kaplan Meier curve of percent of in- hospital survival stratified by TAPSE/
PASP <0.57 mm/mm Hg or ≥0.57 mm/mm Hg.
PASP indicates pulmonary arterial systolic pressure; and TAPSE, tricuspid annular plane 
systolic excursion.
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After excluding the 8 patients diagnosed with pul-
monary embolism, the results were similar (data not 
shown).

DISCUSSION
The main findings of the present investigation were: (1) 
A latent RV- to- Pc uncoupling, estimated by TAPSE/
PASP ratio, is common in hospitalized patients with 
COVID- 19 pneumonia presenting with a wide variety 
of disease severity. (2) The TAPSE/PASP ratio is in-
dependently associated with an increased risk of in- 
hospital mortality, a finding that expands further the 
remarkable usefulness of this variable in daily clinical 
practice.

Insights on RV- to- Pc Coupling by TAPSE/
PASP Ratio
The concept of ventriculo- arterial coupling refers to 
the relationship between ventricular contractility and 
afterload. The adequacy of RV contractility adaptation 
to afterload or coupling between the RV and the Pc 
occurs when there is a maximum transfer of potential 
energy from one elastic chamber (the ventricle) to an-
other (the arterial system) at a minimal energy cost.20 
When contractility can no longer match afterload, a 
maladaptive remodeling with progressive RV dilation 
is required to ensure stroke volume through Frank- 
Starling mechanisms. This occurs at the expenses of 
increased filling pressures and, ultimately, clinical de-
compensation.21 To detect these changes, we used a 
bedside transthoracic echocardiography surrogate of 
RV- to- Pc coupling, the TAPSE/PASP ratio, previously 
shown to be a valid correlate of invasively measured 
end- systolic to arterial elastance,17,22 with TAPSE 
considered as a load- dependent surrogate of end- 
systolic elastance and PASP as an indirect estimate 
of arterial elastance. Remarkably, the TAPSE/PASP 
ratio has been proven to implement the prognostic 
accuracy in many clinical settings, such as chronic 
heart failure, with either reduced or preserved ejec-
tion fraction,23– 25 pulmonary arterial hypertension,26 
and pulmonary embolism.27

TAPSE/PASP provided superior prognostic impor-
tance than right ventricular function (TAPSE) alone or 
PASP alone, suggesting, in agreement with previous 
reports,6 that it is not a mere ratio of 2 main effects that 
could be modeled independently, but rather, it is a use-
ful independent measurement that provides greater 
prognostic information.

Clinical Implications of RV- to- Pc 
Uncoupling in COVID- 19
There is a solid background for considering COVID- 19 
pneumonia a trigger of RV- to- Pc uncoupling. 

Uncoupling occurs in severe or rapidly evolving pul-
monary vascular disease,28 in severe inflammatory 
conditions such as sepsis,29 or in left heart failure, a 
condition in which early RV- to- Pc uncoupling can be 
observed because of negative ventricular interac-
tions.30 In patients with COVID- 19, similar substrates 
may be at work and contribute to a worse prognosis. 
We found that, despite a preserved RV size and func-
tion measured as fractional area change, some degree 
of RV- to- Pc uncoupling occurs and signals an in-
creased risk of in- hospital death independently of age, 
PaO2/FiO2 ratio, and CT lung score.

There are several mechanisms through which the 
SARS- CoV- 2 infection may impair the TAPSE/PASP 
ratio,31 that is, a direct alveolar– capillary damage and 
consequent fibrosis promoting an inflammatory- driven 
microvessel disease,32 which yields to an increased 
pulmonary vascular resistance, pulmonary vascular 
thrombosis, and embolism,33 a negative inotropic ef-
fect mediated by the cytokine cascade and a direct 
myocardial injury.34

In the lung, the angiotensin- converting ezyme 2 
vehicles SARS- CoV- 2 favoring injury35 and vasocon-
striction, edema, and disrupted microvascular lung 
wall properties.20 The sudden increase in RV afterload 
with the development of severe ARDS/hypoxemia and/
or a poor RV function adaptation by direct myocardial 
injury/infarction36 may contribute to a poor outcome. 
Although the role of one mechanism versus the other 
cannot be definitively dissected, some considerations 
are in order. The TAPSE/PASP ratio was significantly 
but weakly correlated with the severity of lung involve-
ment by CT, and no association was found with mark-
ers of illness severity, including PaO2/FiO2, sequential 
organ failure assessment, estimated glomerular fil-
tration rate, and CRP. Conversely, the association of 
TAPSE/PASP ratio with troponin levels may support a 
predominant role for a direct myocardial injury, rein-
forced also by the strong association with NT- proBNP.

Although thrombosis and pulmonary embolism 
have been the subject of interest in explaining, at least 
in part, the pathophysiology of COVID- 19 pulmonary 
manifestations, we did not find an association between 
TAPSE/PASP ratio and D- dimer levels, nor with the oc-
currence of pulmonary embolism. Nonetheless, most 
patients were receiving anticoagulant therapy.

The average PASP levels in nonsurvivors were only 
mildly increased (42±12  mm  Hg), suggesting that a 
limited RV adaptability to loading conditions is impli-
cated in the lower TAPSE/PASP ratio, thus indicating 
that RV dysfunction may occur from the earlier stages 
of afterload increase.37 The observed average TAPSE/
PASP ratio of 0.48±0.18 mm/mm Hg in nonsurvivors is 
consistently smaller than the normal reported values of 
1.11±0.03 in subjects with a similar mean age,38 which 
is relevant because it corroborates the unfavorable 
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RV- to- Pc coupling in patients with COVID- 19 pneumo-
nia, especially in those with worse prognosis. This ratio 
is markedly reduced similarly to the findings of D’Alto et 
al in 94 severely ill patients with COVID- 19,6 extending 
the observations to a wider range of disease severity, 
because Berlin criteria for ARDS were present in about 
half of our study population. On the other hand, the 
identified prognostic cutoff is higher than 0.36, which is 
highly prognostic in heart failure.17,39 Overall, these re-
sults suggest that in patients with COVID- 19, the right 
heart may fail early and seems oversensitive even to 
modest increases in the imposed afterload in the con-
text of the COVID- 19 pneumonia.

In ROC analysis, the AUC for in- hospital death was 
0.75, indicating good accuracy. The best cutoff for 
predicting in- hospital mortality was a TAPSE/PASP 
<0.57  mm/mm  Hg (75% sensitivity and 70% speci-
ficity), similar to the highest combination of sensitivity 
and specificity found by D’Alto et al in ARDS attrib-
utable to COVID- 19.6 Remarkably, in our cohort, pa-
tients with TAPSE/PASP<0.57 had a >4- fold increased 
risk of in- hospital death. At variance with findings of 
D’Alto et al, we were able to address the TAPSE/PASP 
ratio in a subset of patients who performed a full echo 
examination before the COVID- 19 infection, based on 
their planned regular check- up. Interestingly, the dif-
ferences in TAPSE/PASP ratio provide an argument 
on the cause– effect relationship between the infection 
and the observed uncoupling data. In addition, the ad-
verse prognostic effect of RV- to- Pc uncoupling was 
further explored in the subgroup of patients in whom 
the quality of echocardiographic images was good 
enough to obtain 2- dimensional speckle- tracking im-
ages, and RV strain parameters were used in place of 
TAPSE as a surrogate of contractility. We found that 
both RV GLS/PASP and RV free- wall LS/PASP were 
strong determinants of in- hospital death, even after 
multivariable adjustment. The drawback of using strain 
parameters, potentially highly precise, is that they were 
feasible in less than half of the study population and re-
quired dedicated software and expertise. Despite the 
challenging setting, TAPSE/PASP ratio was feasible in 
a slightly higher proportion of patients. Furthermore, 
this index was easy to calculate at the bedside in un-
stable, severely ill respiratory patients without the need 
for sophisticated software. TAPSE/PASP ratio can be 
implemented as part of the standard bedside echo-
cardiographic examinations in patients hospitalized for 
severe COVID- 19. Further investigations are needed 
to understand how echocardiographic results could 
influence patient management improving the out-
comes. Although identifying a possible therapeutic 
target was not the aim of the present study, we may 
advance some hypotheses on the clinical implications 
of our results. Once identified by TAPSE/PASP, high- 
risk subjects may receive more attention and a closer 

follow- up. Finally, the finding that a negative prognostic 
effect of COVID19 may be mediated by an uncoupling 
of RV to Pc is important to understand the mechanism 
of damage and highlights the need to implement re-
search on this topic.

Limitations
This is a single- center study including a series of pa-
tients undergoing a clinically indicated echocardiogram 
(9% of total patients hospitalized with COVID- 19) and a 
relatively small sample size. These limitations, however, 
are common to most studies on patients with COVID- 19. 
Some biomarkers like troponin and NT- proBNP were 
available only in a subgroup of patients. Less than half 
of the patients had sufficient image quality to perform 
strain analysis. Despite this proportion being similar to 
other studies,5 we decided to move to ancillary analyses, 
clearly recognizing that we could not formally explore 
whether the ratio of RV strain to PASP was superior to 
TAPSE/PASP ratio in predicting death. PASP was meas-
urable by echocardiography only if there was a detect-
able tricuspid jet. The limited reliability and accuracy of 
Doppler echocardiography in estimating true pulmonary 
pressures is well known and shared by all similar stud-
ies.40 The finding that the results were identical using 
the atrio- ventricular gradient in place of estimated PASP 
supports the robustness of our results. The echocardio-
gram was performed earlier in nonsurvivors compared 
with survivors; therefore, we could not exclude the effect 
of a temporal bias, because in acute conditions TAPSE/
PASP may not be stable. Similarly, it remains undefined 
if the results would be different if the TAPSE/PASP were 
measured at a different time point during the evolving 
disease. In addition, despite several multivariable adjust-
ments, we may not exclude that prior cardiac history 
might retain a residual influence on the effect of RV- to- Pc 
coupling on survival.

At the time the study was performed COVID- 19 
vaccines were not yet available; therefore, we do not 
know if our results would be similar, but this certainly 
may represent a step for the near future. Patients with 
known cardiovascular diseases or risk factors were not 
excluded, and these conditions may have influenced 
RV- to- Pc coupling. Nevertheless, these subjects are 
the most vulnerable to COVID- 19 infection, and their 
exclusion would hamper the generalizability of the re-
sults. We acknowledge that our study was limited to a 
short follow- up analysis, because we only examined 
in- hospital mortality.

CONCLUSIONS
In patients hospitalized with COVID- 19, the nonin-
vasive echocardiographic assessment of RV- to- Pc 
coupling by the TAPSE/PASP ratio significantly and 
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independently adds to the prognostic relevance of the 
PaO2/FiO2 ratio, LVEF, age, and CT lung score. These 
observations prompt for the integration of bedside 
echocardiography with the right heart- associated 
parameters including RV size, function, and PASP in 
assessing the COVID- 19 in- hospital clinical course 
for improving clinical decision making and refining 
the prediction of adverse events. Present findings 
point to a direct link between COVID- 19 pneumonia, 
RV- to- Pc uncoupling, and adverse prognosis. Pre- 
specified studies would be of interest for understand-
ing how much these echocardiographic results can 
impact on patient management and clinical decision 
making.
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Supplemental Material 



 

 

Table S1. Patients’ characteristics in the 86 subjects in whom TAPSE/PASP was measurable 

stratified by TAPSE/PAPS ≥ or <0.57 

 

Variable TAPSE/PAPS≥0.57 

(N=51) 

TAPSE/PAPS<0.57 

(N=35) 

p-value 

Age, years 67±13 72±12 0.062 

Male sex, n (%) 31(61) 22 (63) 0.846 

Weight, Kg  76±15 70±17 0.096 

BSA, m2 1.9±0.2 1.8±0.2 0.174 

Caucasian, n (%) 42 (82) 30 (86) 0.678 

Risk factors and 

history 

   

Smoking, n (%) 10 (22) 14 (41) 0.061 

Hypertension, n (%) 25 (49%) 24 (69%) 0.072 

Diabetes, n (%) 15 (29%) 6 (17%) 0.193 

Previous cardiac 

disease, n (%) 

10 (20%) 25 (71%) <0.001 

History of coronary 

disease, n (%) 

6 (12%) 11 (34%) 0.025 

History of Heart 

Failure, n (%) 

1 (2) 11 (31) <0.001 

Previous valve 

disease n (%) 

1 (2) 10 (29) <0.001 

Atrial Fibrillation, n 

(%) 

5 (10) 11 (31%) 0.011 

ACE or ARB before 

admission, n (%) 

16 (32) 17 (49) 0.123 

History of cancer, n 

(%) 

5 (10) 7 (20) 0.180 

Chronic obstructive 

pulmonary disease, n 

(%) 

5 (10) 8 (23) 0.097 

Previous stroke, n (%) 2 (4) 3 (9) 0.365 

In Hospital therapy    

Corticosteroids, n (%) 33 (66) 22 (65) 0.903 

Prophylactic 

anticoagulants, n (%) 

Therapeutic 

anticoagulants, n (%) 

 

28 (55) 

21 (41) 

 

11 (31) 

21 (60) 

0.091 

Hydroxychloroquine, 

n (%) 

15 (29) 11 (31) 0.841 

Monoclonal 

antibodies, n (%) 

1 (2) 2 (6) 0.754 

Antivirals, n (%) 8 (16) 4 (11) 0.576 

Immunosuppressants, 

n (%) 

4 (8) 0  0.142 

Antibiotics, n (%) 37 (73) 26 (74) 0.858 

Presentation    

ARDS by Berlin 

criteria n (%) 

21 (41) 12 (35) 0.586 

Type of ventilation  

None 

 

7 (14%) 

 

5 (14%) 

0.688 



 

 

Nasal cannula 

Face mask 

CPAP 

Bilevel 

Intubated 

6 (12%) 

13 (26%) 

19 (37%) 

1 (2%) 

5 (10%) 

5 (14%) 

12 (34%) 

8 (23%) 

0 

5 (14%) 

CT total severity lung 

score 

8.9±5.6 11±7 0.181 

SOFA score 2.4±2.2 2.7±1.9 0.536 

HR, bpm 82±14 90±19 0.032 

Respiratory rate, 

breath per minute 

21±6 23±8 0.182 

Systolic blood 

pressure, mmHg 

127±19 124±26 0.556 

Diastolic blood 

pressure, mmHg  

72±12 72±14 0.811 

Pulmonary embolism,  

n (%) 

6 (12) 1(3) 0.147 

Laboratory data    

Oxygen Saturation, %  97±3 96±4 0.103 

PaO2/FiO2 246±142 133±23 0.859 

PaO2, mmHg  109±60 106±50 0.766 

FiO2, % 50±23 48±24 0.724 

pCO2, mmHg 38±6 37±8 0.279 

pH 7.4±0.05 7.4±0.08 0.407 

Creatinine, mg/dl 

(reference range 0.52-

1.04) 

0.7 (0.5-0.9) 1.0 (0.8-1.5) <0.001 

eGFR-EPI, mL/m 

ml/min 

95 (83-112)  71 (37-94) <0.001 

Troponin I, ng/dl 

(reference range < 

0.034) 

0.012 (0.012-0.35) 0.050 (0.016-0.162) 0.010 

NT-proBNP, pg/ml 

(reference range 0-

296) 

828 (361-2550) 9450 (3480-40850) <0.001 

Lymphocytes, 

(x103/µL) 

(reference range 1-3.4 

x103/µL) 

1.1 (0.8-1.4) 1.0 (0.6-1.5) 0.566 

Lymphocytes, % 

(reference range 27-

37) 

14.7 (10.4-24.1) 11 (6.4-17.7) 0.012 

Neutrophils,  

x103/µL) 

(reference range 1.5-

7.5) 

5.3 (3.6-7.2) 7.4 (4.8-10.4) 0.008 

Neutrophils, % 

(reference range 44-

74) 

71.9 (62.3-83.8) 76.8 (69.1-87.10) 0.069 

Ferritin, ng/ml 

 

367 (135-725) 370 (134-769) 0.924 

D-dimer, ng/ml 

(reference range < 

270) 

619 (320-1845) 787 (499-1913) 0.325 

AST, U/L 32 (25-43) 38 (27-57) 0.070 



 

 

(reference 17-50) 

ALT, U/L 

(reference < 50) 

 

27 (20-48) 34 (22-83) 0.094 

CRP, mg/L (reference 

range <10) 

46 (17-101) 43 (20-729) 0.868 

Duration of 

hospitalization, days 

29±17 24±18  

0.307 

Echocardiographic 

data 

   

VTDi, ml/m2 50±18 57±23 0.118 

VTSi, ml/m2, 22±11 34±22 0.005 

LVEF, % 58±7 44±15 <0.001 

WMSI 1.0±0.2 1.5±0.5 <0.001 

LV GLS, % 17±3 10±5 <0.001 

LAVi, ml/m2 31±11 51±32 0.001 

Left Atrial strain, % 22±7 13±7 <0.001 

RV diameter, mm 34±5 37±7 0.059 

FAC, % 42±5 37±9 0.008 

PASP, mmHg 29±8 45±12 <0.001 

TAPSE, mm 23±4 17±4 <0.001 

TAPSE/PASP, 

mm/mmHg  

0.8±0.3 0.4±0.1 <0.001 

RV GLS, % 17±4 13±4 <0.001 

RV free-wall LS 20±4 15±4 <0.001 

 

  



 

 

Table S2. Univariate and multivariable cox models for TAPSE/PASP and TAPSE/right atrial-

ventricular gradient, mm/mmHg and risk of in-hospital mortality. 

 
 HR for 0.1 

mm/mmHg 

TAPSE/ right 

atrial-ventricular 

gradient  increase 

(95%CI) 

p-value HR for 0.1 

mm/mmHg 

TAPSE/PASP 

increase 

(95%CI) 

p-value 

Unadjusted model 

(n=84) 

 

0.78 (0.66-0.92) 0.003 0.73  

(0.59-0.89)  

0.003 

Model 1 (n=80): 

 adjusted for age and 

PaO2/FiO2 

0.72 (0.60-0.87) 0.001 0.66  

(0.52-0.84) 

0.001 

Model 2 (n=80): 

 adjusted for age, 

PaO2/FiO2, and EF 

0.76 (0.63-0.93) 0.008 0.71  

(0.55-0.93) 

0.012 

Model 3 (n=69): 

 adjusted for age, 

PaO2/FiO2, and CT 

lung score 

0.77 (0.62-0.94) 0.013 0.72  

(0.54-0.94) 

0.017 

 

 



 

 

Figure S1. ROC curve for TAPSE/PASP.  

 

 
 

 

Cut point of ROC corresponding specificity corresponding sensitivity  

<0.571 mm/mmHg  70% 75% 

<0.595 mm/mmHg 80% 64% 

<0.656 mm/mmHg 90% 54% 

 

  



 

 

Figure S2. ROC curve for RV free-wall LS/PASP.  

 

 
  



 

 

Figure S3. ROC curve for RV GLS/PASP. 

 

 
 

 

 

 

 

  


