
Vol.:(0123456789)1 3

The International Journal of Cardiovascular Imaging (2021) 37:825–834 
https://doi.org/10.1007/s10554-020-02051-9

ORIGINAL PAPER

Echocardiographic features of patients with COVID-19 infection: 
a cross-sectional study

Hasan Ali Barman1,4   · Adem Atici2 · Esra Aktas Tekin3 · Omer Faruk Baycan2 · Gokhan Alici4 · 
Bengisu Keskin Meric1 · Omer Sit4 · Omer Genc5 · Fahri Er5 · Baris Gungor6 · Irfan Sahin7 · Namigar Turgut3

Received: 16 August 2020 / Accepted: 29 September 2020 / Published online: 8 October 2020 
© Springer Nature B.V. 2020

Abstract
COVID-19 patients with cardiac involvement have a high mortality rate. The aim of this study was to investigate the 
echocardiographic features in COVID-19 patients between severe and non-severe groups.For this single-center study, data 
from patients who were treated for COVID-19 between March 25, 2020 and April 15, 2020 were collected. Two-dimensional 
echocardiography (2DE) images were obtained for all patients. Patients were divided into two groups based on the severity 
of their COVID-19 infections. 2DE parameters indicating right ventricular (RV) and left ventricular (LV) functions were 
compared between the two groups.A total of 90 patients hospitalized for COVID-19 were included in this study. The mean 
age of the severe group (n = 44) was 63.3 ± 15.7 years, and 54% were male. The mean age of non-severe group (n = 46) 
was 49.7 ± 21.4 years, and 47% were male. In the severe group, RV and LV diameters were larger (RV, 36.6 ± 5.9 mm vs. 
33.1 ± 4.8 mm, p = 0.003; LV 47.3 ± 5.8 mm vs. 44.9 ± 3.8 mm, p = 0.023), the LE ejection fraction (LVEF) and the RV 
fractional area change (RV-FAC) were lower (LVEF, 54.0 ± 9.8% vs. 61.9 ± 4.8%, p < 0.001; RV-FAC, 41.4 ± 4.1% vs. 
45.5 ± 4.5%, p < 0.001), and pericardial effusions were more frequent (23% vs. 0%) compared to patients in the non-severe 
group. A multiple linear regression analysis determined that LVEF, right atrial diameter, high-sensitivity troponin I, d-dimer, 
and systolic pulmonary artery pressure, were independent predictors of RV dilatation.The results demonstrate that both right 
and left ventricular functions decreased due to COVID-19 infection in the severe group. 2DE is a valuable bedside tool and 
may yield valuable information about the clinical status of patients and their prognoses.
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Introduction

COVID-19 (Coronavirus Disease 2019), caused by severe 
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), 
is a disease with high mortality due to multi-organ failure 
involving the respiratory, cardiac, renal, neurological, 
hepatic and intestinal systems [1, 2]. COVID-19 infection 
is associated with many direct or indirect cardiovascular 
complications, including myocarditis, myocardial damage, 
arrhythmia, heart failure (HF), and venous thromboembolism 
[3, 4], and myocardial ischemia and necrosis is associated 
with impaired ventricular function that causes an increased 
mortality risk in patients [5].

Two-dimensional echocardiography (2DE) is an 
important, noninvasive test which helps to identify cardiac 
function and hemodynamic status. 2DE has gained 
importance in COVID-19 patients with multi-organ 
involvement, especially in cases involving hemodynamic 
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instability. Due to risk of infection, routine 2DE is not 
recommended for each patient, and there are currently no 
comprehensive 2DE studies in COVID-19 patients. Here, 
we investigated 2DE variables and their possible correlations 
with disease severity in COVID-19 patients.

Methods

Study population

Between March 25, 2020 and April 15, 2020, 90 patients 
with positive SARS-CoV-2 real-time RT-PCR tests were 
included. 2DE images were obtained for all patients. 
According to the severity of their COVID-19 infections, 
the patients were divided into two groups: severe and non-
severe. Patients younger than 18 years of age, patients with 
a previous history of HF, valvular heart disease, coronary 
artery disease, atrial fibrillation, pulmonary hypertension, 
pulmonary embolism, chronic obstructive pulmonary 
disease, and renal failure were excluded from the study. This 
study was approved by the institutional review board, and 
the Republic of Turkey Ministry of Health.

Data collection

Detailed data about patient demographics, clinical 
characteristics, and laboratory findings were retrospectively 
collected from medical records. The images from chest 
computed tomography (CT) scans were retrieved from 
the picture archiving and communication system (PACS). 
Laboratory results upon admission included complete 
blood cell analysis, blood biochemistry, kidney function, 
electrolytes, C-reactive protein (CRP), high-sensitivity 
troponin I (hs-TnI), and d-dimer.

Transthoracic two‑dimensional echocardiography

2DE studies were performed by a cardiologist using an 
X5 transducer (Philips Epiq7; Philips Healthcare, Inc., 
Andover, MA, USA) to evaluate parasternal and apical 
images (2D, M-mode, Doppler echocardiography), with the 
patient placed in the left lateral decubitus position. After 
the 2DE images were recorded, analyses was performed 
by two independent and experienced cardiologists, 
blinded to the clinical data of the patients, at the end 
of the day. Echocardiographic images were obtained 
using the four standard views (long-axis parasternal, 
short-axis parasternal, two-chamber apical, and four-
chamber apical) using the techniques recommended 
by the American Society of Echocardiography (ASE) 

guidelines [6]. Using the parasternal long-axis view, 
the left ventricular end diastolic diameter (LVEDD), 
the left ventricular end systolic diameter (LVESD), 
and the interventricular septal (IVS) and posterior wall 
(PW) thicknesses (just distal to the mitral leaflets tips) 
were expressed in millimeters. Left ventricular systolic 
function was assessed using the left ventricular ejection 
fraction (LVEF) that was calculated from apical 4- and 
2-chamber views by manually tracing end-diastolic and 
end-systolic endocardial borders, using Simpson’s biplane 
method [7]. The left atrial (LA) diameter was measured 
from the parasternal long-axis view at end-systole. The 
right ventricular (RV) diameter was measured from the 
apical 4-chamber view at the tricuspid annulus, 42–45 mm 
at the base indicating right ventricular dilatation [8]. The 
upper normal limit for the long axis dimension of the right 
atrium (RA) is 45 mm. Tricuspid annulus plane systolic 
excursion (TAPSE) was done by the M-Mode, which is 
placed across the lateral tricuspid valve annulus using 
a 4-chamber view. Systolic pulmonary artery pressure 
(sPAP) was measured by tricuspid regurgitation (TR) 
peak velocity. 2DE RV fractional area change (RV-FAC) 
was calculated using a 4-chamber view by tracing the 
end-diastolic and end-systolic cavity, and calculating 
the percentage change in area. Tricuspid lateral annular 
systolic velocity (S’) was assessed by pulse wave (PW) 
tissue Doppler imaging (TDI) from a 4-chamber view by 
placing the sample volume at the base of the free RV wall. 
After each examination, the device probes were cleaned 
with hydrogen peroxide disposable wipes. When an 
echocardiography device entered the COVID-19 service, 
it remained in that service and was not shared with other 
departments of the hospital.

Definitions

According to the World Health Organization (WHO) 
interim guidance, the diagnosis of COVID-19 is based 
on a real-time reverse-transcription polymerase chain 
reaction (RT-PCR) test. SARS-CoV-2 RNA was detected 
using the real-time RT-PCR method in the Public Health 
Microbiology Reference Laboratory of the Ministry of 
Health. The severe COVID-19 group was defined with 
any of the following: (1) respiratory distress (respiratory 
rate ≥ 30 breaths per min); (2) oxygen saturation at 
rest ≤ 93%; (3) ratio of the partial pressure of arterial 
oxygen (PaO2) to the fractional concentration of oxygen 
inspired air (FiO2) (PaO2:FiO2, ≤ 300 mmHg); or (4) a 
critical complication (respiratory failure and mechanical 
ventilation required, septic shock, and/or multiple organ 
dysfunction/failure and intensive care unit admission 
required) [9]. Acute cardiac injury was defined as hs-TnI 
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serum levels above the 99th percentile upper reference 
limit [10].

Statistical analyses

All statistical tests were conducted using the Statistical 
Package for the Social Sciences 21.0 for Windows (SPSS 
Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test 
was used to analyze normality of the data. Continuous 
data are expressed as mean ± SD, and categorical data are 
expressed as percentages. The Chi-square test was used to 
assess differences in categorical variables between groups. 
Student’s t-test or the Mann-Whitney U test was used to 
compare unpaired samples as needed. The relationships 

among parameters were assessed using Pearson’s or 
Spearman’s correlation analysis according to the normality 
of the data. 15 patients were randomly selected to assess 
intra- and inter-observer variability for LVEF, RV-FAC, 
and the RV-diameter, expressed as intraclass correlation 
coefficients (ICCs). Multiple linear regression analyses 
using the stepwise method were performed to assess the 
independent variables affecting the dependent variable (RV 
diameter). All independent variables in the multiple linear 
regression were tested for multicollinearity. If the variance 
inflation factor (VIF) exceeded 3.0, the variable was 
considered to be collinear. All reported confidence interval 
(CI) values were calculated at the 95% level. Significance 
was assumed using a two-sided p value < 0.05.

Table 1   Demographic and 
clinical characteristics of 
patients severe and non-severe

BMI Body mass index, HT hypertension, DM diabetes mellitus, HLD hyperlipidemia, HR heart rate, SBP 
systolic blood pressure, DBP diastolic blood pressure, WBC white blood cell, CRP C-reactive protein, 
hs-TnI high sensitive troponin I, CK creatinine kinase, ICU intensive care unit, MV mechanical ventilation, 
CT computed tomography
* Reported for patients without MV
** Days from admission to the day of echocardiographic examination

Severe (n = 44) Non-severe (n = 46) p

Age (years) 63.3 ± 15.7 49.7 ± 21.4 0.001
Male, n (%) 24 (54%) 22 (47%) 0.524
BMI (kg/m2) 30.1 ± 5.6 28.1 ± 5.3 0.224
Fever, n (%) 23 (52%) 22 (48%) 0.546
Cough, n (%) 29 (66%) 28 (61%) 0.614
 Shortness of breath, n (%) 20 (45%) 7 (15%)  < 0.001
HT, n (%) 23 (52%) 9 (19%) 0.001
DM, n (%) 10 (22%) 4 (8%) 0.066
HLD, n (%) 7 (15%) 3 (6%) 0.196
Smoking, n (%) 26 (%59) 25 (%55) 0.754
HR, beats/min 78.1 ± 13.8 72.9 ± 12.6 0.072
SBP (mmHg) 104.4 ± 10.9 111.3 ± 11.0 0.093
DBP (mmHg) 70.9 ± 6.4 69.7 ± 8.4 0.464
Laboratory findings on admission
Hemoglobin (g/Ll) 11.3 ± 2.3 13.5 ± 1.8  < 0.001
WBC (103/μL) 7.0 (5.2–12.0) 5.4 (3.6–7.3) 0.005
Creatinine (mg/dL) 0.8 (0.6–1.2) 0.8 (0.6–0.9) 0.563
Sodium (mmol/L) 139.3 ± 6.4 137.3 ± 2.7 0.070
Potassium (mmol/L) 4.0 ± 0.6 4.2 ± 0.4 0.239
Glucose (mg/dL) 147.9 ± 60.8 117.8 ± 40.2 0.008
CRP (mg/dL) 102 (40–188) 20 (10–81)  < 0.001
Hs-TnI (pg/mL) 20 (5–86) 9 (3–16) 0.004
D-dimer (ng/mL) 1170 (330–2840) 255 (27–510)  < 0.001
CK-MB (ng/mL) 2.2 (1.1–3.8) 1.3 (0.9–2.3) 0.083
O2 saturation, %* 87.5 ± 3.6 95.5 ± 1.9  < 0.001
Clinical parameters
ICU, n (%) 29 (65%) – –
MV, n (%) 24 (54%) – –
Hospital stay** (days) 12.2 ± 4.3 8.0 ± 4.3  < 0.001
Pneumonia on CT, n (%) 43 (97%) 37 (80%) 0.009



828	 The International Journal of Cardiovascular Imaging (2021) 37:825–834

1 3

Results

The demographic, clinical and laboratory parameters of the 
90 patients included in the study are shown in Table 1. The 
severe group included 44 patients who were older compared 
to the 46 non-severe patients. There were no statistically 
significant differences between the groups in terms of 
gender, body mass index (BMI), diabetes mellitus (DM), 
hyperlipidemia, and smoking, while hypertension (HT) was 
more frequent in the severe group. There were no statistical 
differences between the two groups in terms of heart rate, 
systolic and diastolic blood pressure, creatinine, sodium, 
potassium, and creatine-kinase MB (CK-MB) levels. 
However, hemoglobin, white blood cell (WBC), glucose, 
CRP, hs-TnI, and d-dimer levels were significantly different 
between the groups. In the severe group, typical pneumonia 
was more frequently encountered on CT images (97% vs. 
80%) and patients in this group had lower O2 saturations.

The comparison of 2DE examination findings is shown in 
Table 2. LVEDD, LVESD, and LA diameters were higher, 

and LVEF, E wave, E/A ratios, and RV-FAC were lower 
in the severe patient group. RV, RA, inferior vena cava 
(IVC) diameters were increased, and sPAP was higher in 
the severe group, but TAPSE values were similar between 
the groups. Figures 1 and 2 show sample echocardiographic 
images from the severe and the non-severe group. Pericardial 
effusion were also more frequent in the severe patient group 
(23% vs. 0%).

When patients requiring mechanical ventilation (MV) 
were removed from the analysis, patients in the severe 
group still had increased LVEDD, LVESD, RV, RA, and 
LA diameters, and decreased LVEF, E wave, E/A ratios 
and RV-FAC compared to the non-severe group (Table 2). 
However, none of the echocardiographic indices differed 
significantly according to the type of ventilation within the 
severe group (p > 0.05 for all comparisons).

In a subgroup analysis, 29 patients with concomitant 
myocardial injuries were compared to 61 patients without 
myocardial injuries. Patients with myocardial injuries were 
older (66.7 ± 15.6 years vs. 51.5 ± 20.1 years), had higher 

Table 2   Comparison of 2-D 
transthoracic echocardiographic 
parameters in the study 
population

MV mechanical ventilation, LVEF left ventricular ejection fraction, LVEDD left ventricular end diastolic 
diameter, LVESV left ventricular end systolic diameter, LA left atrial, MR mitral regurgitation, RV right 
ventricular, RA right atrial, TAPSE tricuspid annular plane systolic excursion, RV-FAC right ventricular 
fractional area change, TDI S’ tissue Doppler imaging systolic wave S’ velocity, PA pulmonary artery, TR 
tricuspid regurgitation, sPAP systolic pulmonary artery pressure, IVC inferior vena cava
p1 comparison between non-severe and severe groups
p2 comparison between non-severe and severe groups excluding patients with mechanical ventilation

Non-severe (n = 46) Severe (n = 44) Severe exc. 
MV (n = 20)

p1 p2

Left heart findings
LVEF (%) 61.9 ± 4.8 54.0 ± 9.8 58.7 ± 7.4  < 0.001 0.041
LVEDD (mm) 44.9 ± 3.8 47.3 ± 5.8 48.3 ± 5.2 0.023 0.005
LVESD (mm) 28.8 ± 4.1 33.1 ± 6.7 32.8 ± 6.5 0.001 0.004
LV mass, g/m2 92.9 ± 4.5 95.0 ± 6.2 94.2 ± 5.4 0.076 0.333
LA (mm) 34.6 ± 5.5 39.4 ± 5.5 38.8 ± 5.2  < 0.001 0.005
E (cm/s) 90.6 ± 25.4 67.8 ± 13.6 66.5 ± 13.6  < 0.001  < 0.001
A (cm/s) 69.7 ± 16.2 74.8 ± 14.6 69.5 ± 13.6 0.130 0.965
E/A ratio 1.2 ± 0.5 0.9 ± 0.3 1.0 ± 0.4  < 0.001 0.041
Right heart findings
RV (mm) 33.1 ± 4.8 36.6 ± 5.9 36.7 ± 5.2 0.003 0.010
RV ≥ 42 mm, n (%) 2 (4%) 11 (25%) 3 (15%) 0.007 0.159
RA (mm) 36.8 ± 6.6 39.9 ± 7.3 41.7 ± 5.9 0.023 0.007
TAPSE (mm) 21.4 ± 3.6 20.1 ± 4.3 20.3 ± 4.3 0.126 0.288
TAPSE ≤ 16 mm, n (%) 4 (8%) 11 (25%) 3 (15%) 0.016 0.425
RV-FAC, % 45.5 ± 4.5 41.4 ± 4.1 41.5 ± 3.4  < 0.001 0.001
TDI S’, cm/s 13.8 ± 3.0 13.1 ± 3.0 13.3 ± 3.6 0.324 0.585
PA, mm 21.3 ± 3.0 21.3 ± 3.0 21.4 ± 4.9 0.413 0.976
sPAP, mmHg 28.5 ± 7.3 35.5 ± 8.6 32.0 ± 9.3 0.039 0.117
sPAP ≥ 35 mmHg, n (%) 6 (14%) 17 (38%) 8 (40%) 0.013 0.027
IVC (mm) 12.5 ± 2.6 16.8 ± 5.0 12.8 ± 3.5  < 0.001 0.689
Pericardial effusion, n (%) 0 (0%) 10 (23%) 1 (5%) – –
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hs-TnI and d-dimer levels, and required more frequent 
ICU admissions (69% vs. 18%). When echocardiography 
parameters were compared, LVEDD, LVESD, RV diameters 
(39.5 ± 6.0 mm vs. 34.0 ± 5.3 mm) were significantly higher 
and LVEF (52.3 ± 10.8% vs. 60.8 ± 5.7%) and RV-FAC 
were significantly lower in patients with myocardial injury. 
However, RA diameters and TAPSE values were comparable 
between the two groups. The frequency of pericardial 
effusion was significantly higher in the subgroup group 
with developed myocardial injury (27% vs. 3%; p = 0.001). 
In none of the patients was pericardial tamponade diagnosed 
(Table 3).

The relationships between RV, LVEF and RV-FAC 
and hs-TnI, d-dimer and CRP levels were evaluated by 
univariate correlation analysis (Table  4). A significant 
positive correlation was found between RV diameter, 

hs-TnI, and d-dimer levels (Fig. 3) and LVEF was negatively 
correlated with hs-TnI, d-dimer, and CRP levels. Similarly, 
a statistically significant negative correlation was found 
between RV-FAC, hs-TnI, and d-dimer levels, but not with 
CRP levels.

The independent predictors of RV diameter were analyzed 
using a linear regression analysis. The parameters that were 
statistically significant, and the parameters likely to affect 
RV diameters, were included in the model. In this context, 
the relationships between age, HT, hemoglobin, creatinine, 
glucose, CRP, hs-TnI, d-dimer, LVEF, RA, sPAP, TAPSE, 
and RV diameter were evaluated. LVEF, RA, hs-TnI, 
d-dimer, and sPAP were defined as independently correlated 
with RV diameters (Table 5).

Reproducibility

Intra- and inter-observer reliability for LVEF, RV-FAC, and 
RV-diameter values were assessed in 15 randomly selected 
subjects and expressed as ICCs. ICCs for intra- and inter-
observer reliability for LVEF were 0.90 (95% CI 0.85–0.95) 
and 0.87 (95% CI 0.81–0.94), respectively; for RV-FAC they 
were 0.91 (95% CI 0.86–0.95) and 0.88 (95% CI 0.82–0.95), 
respectively; and for RV-diameter they were 0.91 (95% CI 
0.85–0.96) and 0.88 (95% CI 0.83–0.93), respectively.

Discussion

The principal findings of our study were: (1) In COVID-
19 patients classified as severe, RV, LV, RA, and IVC 
diameters were higher, LVEF and RV-FAC were lower, 
and pericardial effusions were more frequent compared 
to non-severe patients. (2) A linear regression analysis 

Table 3   Transthoracic echocardiography parameters of patients with 
and without cardiac injury

LVEF left ventricular ejection fraction, LVEDD left ventricular end 
diastolic diameter, LVESV left ventricular end systolic diameter, IVS 
interventricular septum, PW posterior wall, LA left atrial, MR mitral 
regurgitation, RV right ventricular, RA right atrial, TAPSE tricuspid 
annular plane systolic excursion, RV-FAC right ventricular fractional 
area change, TDI S’ tissue Doppler imaging systolic wave S’ velocity, 
PA pulmonary artery, TR tricuspid regurgitation, sPAP systolic 
pulmonary artery pressure, IVC inferior vena cava

Cardiac 
injury ( +) 
(n = 29)

Cardiac 
injury ( −) 
(n = 61)

p

Left heart findings
LVEF (%) 52.3 ± 10.8 60.8 ± 5.7  < 0.001
LVEDD (mm) 46.0 ± 6.3 46.1 ± 4.3 0.899
LVESD (mm) 32.7 ± 7.4 30.1 ± 4.9 0.054
IVS (mm) 11.2 ± 1.6 10.3 ± 2.4 0.084
PW (mm) 10.6 ± 1.3 9.5 ± 2.2 0.020
LA (mm) 37.7 ± 5.0 36.6 ± 6.4 0.417
E (cm/s) 69.5 ± 16.6 84.3 ± 24.7 0.002
A (cm/s) 77.2 ± 16.1 69.9 ± 14.9 0.043
E/A ratio 0.9 ± 0.2 1.2 ± 0.5 0.003
Right heart findings
RV (mm) 39.5 ± 6.0 34.0 ± 5.3 0.031
RV ≥ 42 mm, n (%) 8 (27%) 5 (8%) 0.014
RA (mm) 37.2 ± 6.4 38.9 ± 7.4 0.300
TAPSE (mm) 20.2 ± 4.5 21.1 ± 3.6 0.317
TAPSE ≤ 16 mm, n (%) 9 (31%) 6 (10%) 0.014
RV-FAC, % 40.9 ± 4.5 44.8 ± 4.9 0.002
TDI S’, cm/s 13.4 ± 2.9 13.5 ± 3.1 0.926
PA, mm 21.5 ± 3.9 20.8 ± 3.5 0.383
sPAP, mmHg 32.1 ± 9.0 29.1 ± 7.5 0.109
sPAP ≥ 35 mmHg, n (%) 11 (37%) 12 (19%) 0.063
IVC (mm) 19.0 ± 4.6 13.2 ± 3.4  < 0.001
Pericardial effusion, n (%) 8 (27%) 2 (3%) 0.001

Table 4   Correlation of echocardiographic findings with prognostic 
laboratory parameters

RV right ventricular, LVEF left ventricular ejection fraction, RV-FAC 
right ventricular fractional area change, hs-TnI high-sensitive 
troponin I, CRP C-reactive protein

Spearman hs-TnI D-dimer CRP

RV diamater
Correlation coefficient 0.646 0.612 0.168
p  < 0.001  < 0.001 0.119
LVEF
Correlation coefficient  − 0.388  − 0.464  − 0.310
p  < 0.001  < 0.001 0.003
RV-FAC
Correlation Coefficient  − 0.656  − 0.624  − 0.101
p  < 0.001  < 0.001 0.353
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determined that LVEF, RA diameter, hs-TnI, d-dimer, and 
sPAP were independent predictors of RV dilatation. (3) A 
correlation analysis showed significant correlations between 
echocardiographic parameters (RV diameter, LVEF, and 
RV-FAC) and laboratory parameters (elevated hs-TnI and 
d-dimer levels).

It is well-established that COVID-19 causes in multi-
organ involvement, and the presence of cardiac dysfunction 
is associated with worse outcomes [11]. 2DE is very useful 
in this group of patients but is not routinely used due to 
the risk of transmitting the disease [12]. It allows non-
invasive evaluation of cardiac function and hemodynamic 
status of the patient providing data on severity of disease 
[11]. In these patients, 2DE can also be used to exclude 
obstructive problems (e.g., cardiac tamponade and 
pulmonary embolism) and hypovolemic shock (decreased 
cardiac output and collapsed IVC) [13–15]. In recent years, 
studies have also revealed the importance of bedside 2DE 
in sepsis patients requiring MV [16, 17]. In these studies, it 
was observed that approximately 30–40% of sepsis patients 
developed a decrease in LVEF and diastolic dysfunction. 
In sepsis patients, hyperdynamic heart functions due to 
systemic inflammatory responses, increased cardiac output 
(CO), and LVEF are observed in the early period. In the late 
period, extensive myocardial inhibition occurs due to severe 
hypoxia and inflammation [5].

Myocardial injury has been shown to be associated 
with worse prognoses in patients with COVID-19 [18, 
19]. In these patients, myocardial involvement, segmental 
contraction defects or global hypokinesia may be observed 
in the left heart due to hypoxic damage, respiratory distress, 
and inflammation, and a recent report [20] has shown that 
even though LVEF was not decreased, a decrease in RV 
longitudinal strain (less than − 23%) may have a prognostic 
role in COVID-19 patients. In addition, Szekely et al. have 
demonstrated that patients with myocardial injury and worse 
clinical condition did not have any significant difference in 
LV systolic function, but had worse RV function compared 
to patients with normal troponin levels or mild clinical 
conditions [21]. Although our study also shows a decrease 
in RV-FAC, it diverges from the above study by showing a 
decrease in LVEF and enlargement of the LV. Hani et al. 
performed echocardiography on patients within five days of 
hospital admission, and showed normal or hyperdynamic LV 
systolic function with dilated and impaired RV function [22]. 
In contrast, we have shown that, both in the severe group and 
in patients with myocardial injury, LVEF and RV-FAC were 
decreased, the LV and RV were enlarged, and LV diastolic 
dysfunction was more frequent. Twenty-four out of the 44 
severe patients were ventilated mechanically. We found that 
RV function (RV diameter and RV-FAC) and LVEF were 
still worse in the severe group of patients compared to the 

Table 5   Factors related to RV diameter of COVID-19 patients in stepwise multiple linear regression analysis

RV right ventricular, LVEF left ventricular ejection fraction, RA right atrial, hs-TnI high-sensitive troponin I, sPAP systolic pulmonary artery 
pressure, CRP C-reactive protein, TAPSE tricuspid annular plane systolic excursion
a Dependent variable: RV diameter
b Correlates in the Model: (Constant), LVEF, RA diameter, hs-TnI, D-dimer, sPAP

Model Unstandardized coefficients Standardized coefficients p value 95% CI

B Std. Error Beta

Constantb 23.323 5.990  < 0.001 16.694–32.514
LVEF  − 0.208 0.065  − 0.346 0.002  − 0.322– − 0.098
RA diameter 0.306 0.081 0.323  < 0.001 0.225–0.394
hs-TnI 0.007 0.003 0.213 0.013 0.003–0.012
D-dimer 0.591 0.178 0.274 0.001 0.412–0.784
sPAP 0.159 0.054 0.249 0.005 0.087–0.248

Excluded variablesa

Model B Partial correlation Collinearity statistics p value

Tolerance

Age 0.151 0.192 0.574 0.106
Hypertension 0.020 0.028 0.666 0.816
Hemoglobin 0.169 0.215 0.576 0.070
Creatinine 0.008 0.012 0.789 0.922
CRP 0.053 0.080 0.815 0.504
Glukoz 0.148 0.203 0.674 0.087
TAPSE  − 0.136  − 0.161  − 0.496 0.177
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non-severe group, but the echocardiographic indices were 
similar within the severe group regardless of the mode of 
ventilation.

In patients with COVID-19, alveolar damage, pulmonary 
capillary damage, and an increase in pulmonary vascular 
resistance all occur due to inflammation, hypoxia, and 
hypercapnia in the lungs. This causes an increase in 
RV afterload. Improper MV settings may also facilitate 
increases in pulmonary arterial pressure and RV afterload 

[5]. The right side of the heart’s major function is 
circulation/oxygenation which is directly correlated with 
the clinical status of the COVID-19 patients. Development 
of RV dysfunction is part of a vicious cycle that causes 
deterioration in acute respiratory distress syndrome (ARDS) 
patients [23, 24]. The degree of RV dysfunction has been 
shown to be an important predictor of mortality in different 
patient groups. A significant portion of severe COVID-19 
patients also needed MV, and such ventilation is known 

Fig. 1   a–d Two-dimensional transthoracic echocardiography of a 
patient with right ventricular dysfunction with severe COVID-19. a 
Enlarged right ventricle (RV). b Increased systolic pulmonary artery 

pressure (sPAP). c Reduced tricuspid annulus plane systolic excursion 
(TAPSE). d Decreased TDI-derived tricuspid lateral annular systolic 
velocity (S′)
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to have hemodynamic effects on ventricular performance 
[25]. MV further increases pulmonary artery pressure and 
exacerbates right-heart dysfunction, especially if lung-
protective ventilation is not performed properly. Postponing 
MV for as long as possible in each patient should be the 
standard in order to prevent the adverse effects of MV on 
ventricular function.

In COVID-19 patients, using 2DE is recommended to 
evaluate heart failure, arrhythmia, ECG changes, and newly 

diagnosed cardiomegaly via chest X-ray or chest-CT [5]. 
According to ASE recommendations for COVID-19 patients 
[26], 2DE should be performed only if the test will make a 
significant contribution to the clinical course, and should 
not be repeated if there are no significant changes in patient 
progress. Personal protective equipment should be used, 
and contact time should be minimized. The decision to 
perform 2DE should be made by a combined evaluation of 
the patient’s clinical status and all other tests. Non-urgent 

Fig. 2   a–d Two-dimensional transthoracic echocardiography of 
a patient with normal right ventricular function with non-severe 
COVID-19. a Right ventricle (RV). b Systolic pulmonary artery 

pressure (sPAP). c Tricuspid annulus plane systolic excursion 
(TAPSE). d TDI-derived tricuspid lateral annular systolic velocity 
(S′)



833The International Journal of Cardiovascular Imaging (2021) 37:825–834	

1 3

echocardiography should be postponed for suspected or 
diagnosed COVID-19-positive patients.

Our study was limited in several ways. First, the 
principal limitation in the design of the study was the lack 
of a control group. Second, the data were from a single 
center, and the sample size was relatively small. Third, the 
lack measurements for cardiac output, cardiac index, and 
longitudinal strains for the LV and the RV. Fourth, there was 
no 2DE patient data prior to their COVID-19 infections, and 
there were no follow-up data related to echocardiography 
parameters. Fifth, the echocardiography images were 
recorded by one person due to the risk of infection, but 
evaluated by two physicians.

Here, we found that patients with COVID-19 may 
have biventricular systolic dysfunction in severe forms 
of the disease, especially in patients with cardiac injury. 
Echocardiographic parameters such as LVEF, RV diameter, 
and RV-FAC were correlated with laboratory parameters for 
bad prognoses such as elevated hs-TnI, CRP, and d-dimer. 
A 2DE examination can detect early signs of ventricular 
dysfunction, and this ability may help to guide therapy in 
this group of patients. 2DE may also be useful for detecting 
regional or global contraction defects of the LV in selected 
patients and for demonstrating acute overload of the RV 
in the presence of ARDS, especially in the presence of 
hemodynamic instability.
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