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Features of echocardiographic study 
in patients with COVID-19

Novel coronavirus infection has become one of urgent health problems of the 21st century. The associated disorders often result 
in the development of cardiopulmonary pathology, which requires creation of a new paradigm in diagnosis and treatment. Studies 
performed during the pandemic have demonstrated an important role of echocardiography (EchoCG) in diagnosis of right 
ventricular (RV) dysfunction in patients with respiratory insufficiency in COVID-19. The analysis of EchoCG parameters with a 
high prognostic value showed that in EchoCG, a special attention should be paid to right heart dimensions, RV contractility, and 
pulmonary artery (PA) systolic pressure, which are the most sensitive indexes of RV afterload and indirect markers of pulmonary 
disease severity. RV FAC can be recommended for evaluation of the RV systolic function as the most informative variable. Also, 
it was demonstrated that the RV longitudinal strain has an additional significance for early identification of signs of systolic 
dysfunction and risk stratification in patients with COVID-19. In addition to the effectiveness and reproducibility of this method, 
an important advantage of EchoCG is its availability, possibility of saving images for remote interpretation by other specialists, and 
tracking changes in morphological and functional parameters of the heart. Thus, the analysis of international literature suggests 
that EchoCG plays an important role in prediction of severe cardiopulmonary disorders and timely selection of the treatment 
for patients with COVID-19. For these reasons, EchoCG should serve as an additional method of clinical evaluation, particularly 
in persons with moderate or severe disease.
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Introduction
The novel coronavirus infection has become one of 

the most pressing health issues of the 21st century. The 
pandemic of COronaVIrus Disease 2019 (COVID-19) 
not only caused significant changes in the nature of 
socio-economic relations in society but set specific 
tasks for medicine to develop of new science-based 
approaches for the diagnosis and effective treatment of 
COVID-19. The complexity of COVID-19 treatment 
is due to the fact that the developing disorders often 
cause pulmonary and cardiac comorbidities, which 
requires creating a new paradigm in the diagnosis 
and treatment of cardiopulmonary disorders. In this 
regard, predictive diagnosis to predict the risk of life-
threatening complications and adverse outcomes of the 
disease is becoming of great importance.

Cardiovascular complications
SARS-CoV-2 causes not only lung damage, but also 

causes direct or indirect life-threatening structural and 
functional damage to the cardiovascular system [1, 2]. 
The direct effect of the virus on the myocardium, and 
the toxic effect of cytokines released during infection 
with simultaneous development of myocarditis, acute 

myocardial infarction, or stress cardiomyopathy, may 
be the primary link in the formation of cardiovascular 
disorder in COVID-19 [3, 4].

Moreover, cardiac disorders may be associated with 
acute lung damage causing secondary right ventricular 
(RV) dysfunction [3]. This may result from acute 
respiratory distress syndrome (ARDS) being the most 
severe stage of acute lung damage, acute pulmonary 
embolism associated with blood clotting disorders, 
venous thromboembolism. The development of acute 
lung injury syndrome in COVID-19 significantly wor-
sens the prognosis. According to the meta-analysis [5], 
mortality in ARDS of different origin is about 45 %, by 
in ARDS associated with COVID-19, it is particularly 
high and can reach 85 % [6–8]. The high incidence and 
severity of cardiovascular complications in COVID-19 
is most likely to explain this discrepancy.

Clinical trials confirm that patients with cardio-
vascular disorders (coronary artery disease, 
hypertensive heart disease, diabetes mellitus, valvular 
or congenital heart diseases) face the highest risk 
of developing complications [9]. Serious cardiac 
compli cations are likely to aggravate patient’s 
condition due to a reduced cardiovascular functional 
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reserve  [3]. Moreover, hypermetabolism leads in 
systemic inflammation syndrome to increased oxygen 
consumption, aggravates myocardial ischemia and 
heart failure. This suggests that infectious stress in 
COVID-19 can quickly shove a patient with heart 
failure or coronary artery disease to the decompensated 
state [8].

Echocardiography in the COVID-19 era
Echocardiography has been focused on the functional 

evaluation of the left heart for several decades. Many 
researchers noted the long-term absence of changes 
in the left heart in most patients with COVID-19 
[10–13], which contributed to an underestimation 
of the significance of echocardiography at the dawn 
of the SARS-CoV-2 spread. Additionally, ignorance 
and underestimation of the pathophysiological 
and clinical value of structural and functional RV 
changes also limited the use of echocardiography in 
COVID-19 patients. The above reasons, as well as the 
prevention of coronavirus transmission and the desire 
to protect medical personnel, have led to limited use 
of echocardiography. But, given the high frequency of 
cardiovascular complications, it became increasingly 
difficult to follow initial guidelines [14, 15].

The use of transesophageal echocardiography in 
COVID-19 patients was unreasonably limited, since 
the exhaled dispersion of the air mixture aerosols 
during the procedure increases the risk of infection 
among the staff [3, 16]. At the same time, the frequent 
lack of adequate transthoracic imaging in patients with 
ARDS and / or mechanical ventilation does not allow 
completely abandoning the use of transesophageal 
access [17].

The initial provisions with respect to transthoracic 
echocardiography have changed. New research studies 
carried out by 2021 (COVID-19 third wave) made it 
possible to supplement the echocardiography protocol 
with conceptual diagnostic concepts of the examination 
technique, the significance of parameters, and the 
assessment of the risk of life-threatening disorders. It is now 
recognized that transthoracic echocardiography represents 
a balance of benefit and risk, especially for patient routing 
in ER, when determining treatment strategy, and when 
left and / or right ventricular dysfunction is suspected 
[14]. Particular attention is paid to the benefits of focus 
assessed transthoracic echocardiography in critical 
COVID-19 patients with unstable hemodynamics, when 
echocardiography is becoming more important for clinical 
decision-making [16, 18, 19].

The understanding of the diagnostic algorithm has 
also changed significantly during the pandemic. Ac-

cor ding to data accumulated over the past decades, a 
decrease in the RV performance is an independent 
predictor of complicated disease and mortality in 
patients with heart failure, pulmonary hypertension, 
coronary artery disease, left ventricular (LV) dys-
func tion, congenital or acquired heart valve diseases 
[20–22]. Studies conducted during the COVID-19 
pandemic have expanded the understanding of the real 
possibilities of predicting adverse outcomes in patients 
with COVID-19 and right ventricular dysfunction 
[10, 23].

Echocardiography protocol in 
patients with COVID-19

The use of the standard protocol of common 
echocardiographic parameters has limited information 
content [23] due to the complex irregular form of 
the RV and rapidly changing hemodynamics during 
the progression of COVID-19 [21]. There is still 
no standardized protocol for echocardiography 
approved by the scientific communities to assess 
the cardiopulmonary system in COVID-19 patients. 
Never theless, given the available information, we 
sought to identify the most informative echo cardio-
graphic parameters worth of attention in patients with 
COVID-19.

Of course, the traditional echocardiographic 
parameters are mainly used: LV ejection fraction 
and volumetric and linear parameters of the heart 
chambers. But, since the RV better reflects the state of 
the pulmonary system in COVID-19 patients and the 
relationship of hospital mortality with the RV dilation 
has been shown [14], the echocardiography protocol 
should include an assessment of dimensions especially 
of the right chambers [24, 25]. It is also necessary to 
assess the RV systolic function using such indicators 
as fractional area change (FAC), RV myocardial 
velocity (S’), tricuspid annular plane systolic excursion 
(TAPSE); RV myocardial performance index, or the Tei 
index, as well as possibly indicators the RV myocardial 
strain (right ventricular free wall longitudinal strain 
(RVFWLS), and RV global longitudinal strain (GLS). 
Assessment of pulmonary hemodynamics and the 
measurement of pulmonary artery (PA) pressure 
should be mandatory (Table 1).

Morphometric analysis of the right heart
Morphometric analysis is the primary way to assess 

the right heart, including in patients with acute lung 
tissue damage. The reservoir function of the right 
cham bers compensates for the increased afterload, 
which is expressed in compensatory dilation of both 
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the right ventricle and right atrium. As the pulmonary 
resis tance increases, the RV dilates, the absolute values 
of the RV dimensions and the ratio of the RV area to the 
LV area increase, which can approach to 1,0 and even 
surpass it (normal is 0.6) (Figure 1). And in this case, 
the RV can form the apex of the heart.

According to Argulian et al. [26], RV dilation was 
often detected by focus assessed transthoracic echo-
cardiography in hospitalized patients with COVID-19. 
According to the univariate analysis, COVID-19 

mortality was associated with mechanical ventilation, 
cardiotonic support, RV dilation, and in the multi-
variate analysis, RV dilation was the only variable 
associa ted with an unfavorable outcome (odds ratio 
(OR) 4.5; 95 % confidence interval (CI): 1.5–13.7; 
p=0.005).

Parameters of the RV systolic function
TAPSE is the most common and easily reproducible 

method of assessing the RV systolic function [27]. 
Decreased excursion (<17 mm) is indicative of the RV 
systolic dysfunction [28].

According to a systematic review and meta-analysis 
(Martha et al., 2021) that included 641 patients with 
COVID-19, a 1 mm decrease in TAPSE was associated 
with higher mortality (hazard ratio (HR) 1.24; 95 % 
CI: 1.18–1.31; p<0.001; in the combined adjusted 
model HR 1.21; 95 % CI: 1.11–1.33; p=0.001) [29]. 
The mean TAPSE difference between the living and 
deceased patient groups was 3.74 mm, but it is worth 
noting that in only two of seven studies, this indicator 
was lower than the reference. In the rest of the papers, 
TAPSE varied from 18 to 21 mm in the group of 
unfavorable outcomes.

According to the Chinese researchers, TAPSE 
decreased in only 4 % of hospitalized patients with 
COVID-19 [30]. It is noteworthy that, reduced TAPSE 
was observed in some studies mainly in terminal 
COVID-19 patients, among whom the values often 
surpassed the threshold, which is likely to be due to 
several drawbacks of this parameter, including most 
particularly the assessment of the RV longitudinal 
function only at the basal level (see supplementary 
materials on the journal’s website). Severe tricuspid 
regurgitation (TR) can also lead to overestimation 
of TAPSE [2].

Table 1. Echocardiographic assessment of the right heart

Dimensions of the right heart chambers

RA linear and volumetric indicators

RV linear dimensions

RV area

RV/LV area ratio

RV systolic function

RV fractional area change (RVFAC)

Tricuspid annular systolic velocity (S’)

Tricuspid annular plane systolic excursion (TAPSE)

RV myocardial performance index (Tei index)

Myocardial strain indicators (RVFWLS , RVGLS)

Parameters of pulmonary hemodynamics

PA systolic pressure

Mean PA systolic pressure

Pulmonary vascular resistance

RA, right atrium; RV, right ventricle, LV, left ventricle,  
RVFAC, right ventricular fractional area change;  
TAPSE, tricuspid annular plane systolic excursion;  
RVFWLS, right ventricular free wall longitudinal strain;  
RVGLS, right ventricular global longitudinal strain;  
PA, pulmonary artery.

RV, right ventricle; LV, left ventricle; RVOT, right ventricular outflow tract.

Figure 1. Morphometric analysis of the right ventricular dimensions

RV linear dimensions RV/LV area ratio is 0.8 (normal 0.6) RVOT diastolic diameter is 3.7 
(normal 2.0±0.15 cm)
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Tissue Doppler allows measuring the tricuspid 

annular systolic velocity (S´). Normally, this indicator 
should exceed 9.5 cm / s in pulse-wave tissue Doppler 
[28]. Pressure overload is accompanied in ARDS 
by the appearance of TR and is likely to results in an 
overestimation of S´ [2]. Moreover, the use of this 
indicator in patients with rapid pressure overload is 
limited, like in the case of TAPSE, to the assessment of 
basal RV segments [31] and longitudinal RV function.

Several studies demonstrated that the RV fractional 
area change (FAC) is well correlated with right 
ventricular ejection fraction (RVEF) as shown by MRI 
[32, 33]. This value normally exceeds 35 % [28].

In the study by Barman et al., this indicator exceeded 
the threshold value despite a statistically significant 
decrease in RVFAC in the severe COVID-19 group 
(41 % versus 45 % in the living patient group) and the 
signs of left ventricular dysfunction [34]. Similar data 
were obtained by Golukhova et al. who determined 
echocardiographic predictors of adverse outcome in 
COVID-19 patients [23], according to which there 
was a statistically significant decrease in RVFAC 
among deceased patients (45.4 % versus 52.7 % in the 
living patient group). Nevertheless, the values often 
turned out to be above normal, i.e., 35 %, in the group 
of COVID-19 patients with severe course or adverse 
outcome.

Bleakley et al. on the contrary showed a significantly 
higher percentage of patients with RV dysfunction 
identified by RVFAC [35]. However, they studied the 
right ventricular dysfunction phenotype in critical 
patients with ARDS of coronaviral origin, in which 
42.2 % of whom veno-venous extracorporeal membrane 
oxygenation was used. The authors suggested that 
a radial disorder (from the periphery to the center of 
the cavity) rather than a longitudinal one (from the 
heart base to its apex) is the dominant RV dysfunction 
phenotype in such patients. Which is why such 
parameters of the longitudinal function assessment as 
TAPSE and RV systolic myocardial velocity of (S’) do 
not carry adequate information due to hyperdynamics, 
possibly in response to radial dysfunction. RVFAC in 
combination with PA systolic pressure (RV interface 
with a pulmonary circulation) is more preferable.

RV myocardial performance index (Tei index) could 
be a more accurate parameter for assessing RV systolic 
function. Normally, RV Tei index does not exceed 0.40 
in pulse-wave Doppler and 0.55 in pulse-wave tissue 
Doppler [27]. However, increased PA pressure leads 
to pseudonormalization of this indicator, which is a 
significant drawback of this parameter for patients with 
increasing pulmonary resistance [36].

It should be noted that RV ejection fraction depends 
largely on load conditions, and therefore cannot be 
used as a reliable criterion for assessing the RV wall 
motion in patients with severe dilation or during 
pressure overload, which is common among patients 
with COVID-19. New echocardiographic techniques, 
including 2D STE and 3D echocardiography, allowed 
achieving high accuracy of RV functional evaluation 
comparable to MRI, which is the gold standard for RV 
imaging and evaluation [37]. However, 3D analysis of 
RV requires special software and directly depends on 
the image quality. Moreover, the dependence on the 
load is a significant drawback of RV 3D modeling, which 
can lead in severe dilation to the incomplete inclusion 
of the whole RV in the pyramidal form data set, and 
ultimately result in poor accuracy of 3D calculations. 
Thus, the inclusion of a three-dimensional analysis in 
the focus assessed protocol foe COVID-19 patients is 
unreasonable in the absence of information about the 
prognostic value [28] and the existing limitations of 
the method.

The visualization of myocardial strain a modern 
and promising technique for assessing the RV function 
and the mechanics of the RV myocardium [10, 38, 39]. 
Myocardial strain is a change in the object relative to 
its initial form [28]. Echocardiographic evaluation 
of RV strain can be performed using tissue Doppler 
imaging (TDI) or two-dimensional speckle tracking 
echocardiography (2D STE). Both methods are 
considered reproducible and relatively accurate to 
differentiate between different physiological and 
pathological conditions [40]. STE allows analyzing 
speckle track during myocardial shortening. Speckles 
are grains, but, in fact, they form a unique ultrasonic 
picture, which remains relatively stable throughout the 
cardiac cycle and thus recognizable for the software. 
Each RV segment can be analyzed separately. Mean 
RVFW or RV (including septal segments) strain 
can also be calculated. Thus, this technique allows 
measuring the performance of each segment separately. 
Unlike Doppler imaging, STE speckle tracking does 
not depend on the scanning angle, and the myocardial 
strain can be tracked in any direction [28].

It has been convincingly proved in several studies 
that the analysis of the RV longitudinal strain is a 
powerful tool for predicting the unfavorable course 
of various diseases [10, 23, 41, 42]. An important 
advantage of assessing the longitudinal deformation of 
the free wall of the RV (RVFWLS) is the independence 
of its predictive value from the LV global systolic 
function [10] and a higher predictive value compared 
to the right ventricular global longitudinal strain 
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(RVGLS) in patients with COVID-19 [43]. Moreover, 
the non-Doppler imaging technique was shown to be 
superior in monitoring of the RV performance [2] 
and can be applied in clinical algorithms aimed at 
preventing progressive RV dysfunction in COVID-19 
patients [23].

LV dysfunction may be secondary to RV pressure 
and / or volume overload due to ventricular 
interdependence [44]. Of interest is a study, in which 
a comparative analysis of biventricular myocardial 
strain (LVGLS, RVFWLS, RVGLS) was conducted 
in patients with compensated and unfavorable course 
of COVID-19 [45]. All patients had reduced LVGLS, 
while RVFWLS and RVGLS were significantly 
decreased only in patients with adverse outcomes. Mean 
RVGLS and RVFWLS were 10.2 ± 3.7 % and 9.8 ± 3.8 %, 
respectively, in the adverse outcome group, 20.3 ± 6.1 % 
(p=0.007) and 21.5 ± 6.5 % (p=0.007), respectively, in 
the group of patients with the compensated course of 
the disease.

The meta-analysis by Wibowo et al. (2021) showed 
than lower LVGLS and RVFWLS were independently 
correlated with adverse outcome in COVID-19 and a 
1 % decrease in LVGLS and RVFWLS was associated 
with a 1.3-fold and 1.24-fold increase in mortality, 
respectively [42].

Baycan et al. determined the following predictors of 
adverse outcome in patients with COVID-19: LVGLS > 

−15.2 % (OR=8.34, area under the curve (AUC)=0.83, 
sensitivity=77 %, specificity=75 %), RVFWLS > −18.45 %  
(OR=6.23, AUC=0.77, sensitivity=72 %, specificity= 66 %)  
[43].

A large cohort study conducted during the 
COVID-19 pandemic showed a high prognostic value 
of RVFWLS in the assessment of an unfavorable 
prognosis, superior to TAPSE or RV systolic 
myocardial velocity (S’) [10]. The authors detected 
signs of RV dilation and RV systolic dysfunction in 
deceased patients and identified RVFWLS <23 % (in 
absolute values) as an independent predictor of hos-
pital mortality according to multivariate analysis 
(AUC =0.87; sensitivity =94.4 %, specificity =64.7 %, 
p<0.001).

Lassen et al. [46] observed a decrease in systolic 
function of both ventricles in hospitalized patients 
with COVID-19. Cox multivariate regression showed 
correlations between decreased TAPSE (HR 1.18; 95 % 
CI: 1.07–1.31; p=0.002, a 1 mm decrease), LVGLS 
(HR 1.20; 95 % CI: 1.07–1.35; p=0.002, a 1 % decrease), 
and RVFWLS (HR =1.64; 95 % CI: 1.02–2.66; p=0.043, 
a 1 % decrease) and COVID-19 mortality.

The predictive capability of RV and LV longitudinal 
strain was confirmed in the study by the World Alliance 
Societies of Echocardiography [39]. The study included 
data of 13 sites. The following indicators were singled 
out of echocardiographic predictors of mortality in 
patients with COVID-19: LVGLS 16.7 % and RVFWLS 
20.2 %. Thus, these values can be important markers 
and even predictors of the clinical course of COVID-19.

Evaluation of pulmonary hemodynamics
The most likely mechanism of the development of a 

concomitant disorder in COVID-19 patients is related 
to lung disease that disrupts the balance in oxygen 
delivery and consumption, elevates resistance of 
pulmonary vessels, and leads to the rapid development 
of pulmonary hypertension, which ultimately results in 
acute RV overload and dysfunction [47]. There were 
correlations between high PA systolic pressure and the 
disease severity, the transfer of patients to intensive 
care units, and the development of ARDS [48].

Pulmonary artery systolic pressure (PASP) is 
calculated by the peak TR gradient using the modified 
Bernoulli formula with the addition of estimated 
central venous pressure [27, 49]. Another option for 
assessing pulmonary hemodynamics is measuring 
mean pulmonary artery pressure (mPAP) using the 
formula proposed by Masuyama [50]. However, 
echocardiography may be accompanied in patients 
with pulmonary damage by acoustical disturbance from 
B-lines in the parasternal short axis of the heart base.

The RA pressure can be measured directly by 
the central venous catheter, but it is assessed most 
often in clinical practice by the inferior vena cava 
diameter and its response to inhalation [27, 51]. 
The estimated RA pressure does not exceed 20 
mm Hg. However, according to a review by leading 
experts, the RA pressure may exceed 30 mm Hg 
(direct catheterization) in some patients with severe 
lung diseases [41], which can lead to a significant 
underestimation of the PA pressure. According to 
other authors, the correlation Doppler imaging and 
catheterization of the right heart shows acceptable 
variability [52, 53]. Anyway, echocardiography allows 
abandoning direct catheterization of the right heart 
in patients with COVID-19 given the high risk of 
bleeding during anticoagulant therapy and in order to 
reduce unnecessary procedures to evaluate pulmonary 
hypertension in patients with COVID-19 [48].

It is also possible to measure the echocardiographic 
equivalent of pulmonary vascular resistance (PVR) 
using the ratio of the peak TR velocity (m / s) to the 
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integral of linear velocity with respect to time (VTI) in 
the RV outflow tract region [54].

Analysis of the coupling of RV with the pulmonary 
circulation allows regarding RV and PA as a sing-
le cardiopulmonary system [35, 55]. Modern echo-
cardio graphic technologies make it possible to 
determine changes in the coupling without a complex 
scheme for RV pressure-volume plotting using the 
RV systolic function with respect to the pulmonary 
pressure measured by echocardiography [35, 55, 56]: 
1) TAPSE / PASP, 2) FAC / mPAP or PASP. These 
formulas were proposed as surrogates for the invasive 
indicators of the RV-PA coupling Ees / Ea (systolic 
elastance / arterial elastance) [56, 57]. Reduced coup-
ling is indicative of lower capability of the RV to 
contract during the increasing hydraulic load [58, 59] 
and the development of maladjustment processes [55], 
and also correlates with the likelihood of unfavorable 
course of various pathological conditions [35, 55, 60]. 
According to Bleakley et al., the measurement of the 
RV-PA coupling provides additional information on the 
severity of RV functional disorders in ARDS associated 
with COVID-19 [35].

Limitations
The accumulated echocardiographic data of patients 

with COVID-19 have different weights and different 
evidence base due to the differences in examination 
techniques. Data heterogeneity is also considerably 
related to large differences in populations, ethnicity, 
the lack of reference test protocols, and the study of 
parameters in patients with COVID-19 of varying 
severity. Randomized trials with standardized protocols 
including comparative analyses with control groups are 
necessary to confirm the available data.

Conclusion
Echocardiography plays an important role in the 

prediction of severe cardiopulmonary disorders and 
making timely decisions on COVID-19 treatment 
strategy. Analysis of the RV dimensions, geometry, 
and function has become an important component 
of the evaluation of the condition of the heart and 

contributes to clinical decision-making in patients with 
cardiorespiratory failure [16]. The increasing role of 
echocardiography is emphasized in the diagnosis of 
RV dysfunction in patients with refractory respiratory 
failure [34]. Transthoracic echocardiography is 
important for the clinical evaluation of patients with 
COVID-19, especially in moderate to severe disease, the 
monitoring of hospitalized patients with multiple lung 
tissue consolidation regions and ARDS [17]. Moreover, 
echocardiography showed that large volumes of 
mechanical ventilation and increased alveolar pressure 
could lead to the excessive RV afterload and elevated 
PASP [61], which contributed to changes in respiratory 
support and the application of protective ventilation in 
patients with COVID-19 [41].

Analysis of the findings of various studies of 
COVID-19 patients showed that the best-possible 
echocardiography protocol should be aimed at 
measuring the dimensions of the right heart, the RV 
contractile function, and pulmonary pressure, which 
are the most sensitive indicators of the RV afterload and 
indirect markers of the lung disease severity. Analysis 
of the RV strain contributes to the early identification 
of signs of systolic dysfunction and risk stratification 
in patients with COVID-19. However, as well as the 
effectiveness and reproducibility of the method, its 
availability, especially within most intensive care units, 
is the important aspect in the context of the ongoing 
pandemic. Thus, RVFAC can be recommended to 
assess the RV systolic function as the most informative 
indicator among the standard parameters of the RV 
functional state, especially in critical conditions.

It is important to note that the examinations should 
be performed by experienced specialists, which will 
reduce the duration of scanning and allow obtaining 
the best possible imaging quality. It is also reasonable 
to save images for remote interpretation by other 
specialists and monitoring changes in morphological 
and functional parameters of the heart [3].
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