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Abstract

Backgound: To investigate the right heart function in COVID-19 (coronavirus disease 2019) patients with acute respiratory

distress syndrome (ARDS). Methods: A retrospective analysis of 49 COVID-19 patients with ARDS was performed. Patients

were divided into severe and critically severe group according to severity of illness. Age-matched healthy volunteers were

recruited serving as a control group. The cardiac cavity diameters, tricuspid annular plane systolic excursion (TAPSE), tricuspid

valve regurgitation pressure gradient biggest (TRPG), pulmonary arterial systolic pressure (PASP), maximum inferior vena cava

diameter (IVCmax) and minimum diameter (IVCmin), and inferior vena cava collapse index (ICV-CI) were measured using

echocardiography. Results: We found the TAPSE was significantly decreased in pneumonia patients compared to healthy

subjects (P<0.0001), which was significantly lower in critically severe patients (P=0.0068). TAPSE was less than 17mm in 3

(8.6%) severe and 5 (35.7%) critically severe patients. There were no significant differences in PASP and TRPG between severe

and critically severe patients. The IVCmax and IVCmin were significantly increased in critically severe patients compared to

healthy subjects and severe patients (P < 0.01), whereas ICV-CI was significantly decreased (P < 0.05). COVID-19 patients had

significantly larger right atrium and ventricle than healthy controls (P < 0.01). The left ventricular ejection fraction (LVEF)

in critically severe patients was significantly lower than that in severe patients and healthy controls (P < 0.05). Conclusion:

Right ventricular function is impaired in critically severe COVID-19 patients. The assessment and protection of the right heart

function in COVID-19 patients should be strengthened.

Background

Coronavirus disease 2019 (COVID-19) pneumonia, caused by the SARS coronavirus 2 (SARS-CoV-2), has
spread rapidly all over the world [1, 2]. It can induce systemic multiple organ damage, especially the lungs
[3]. It is reported that 26.1% of patients required admission to an intensive care unit (ICU) and 61.1% of
them developed acute respiratory distress syndrome (ARDS) [4]. Moreover, the incidence of ARDS among
the patients who died of COVID-19 pneumonia was 81%, however, which was 45% in survivors [5].

We have already known that ARDS is often accompanied by right ventricular (RV) dysfunction and the
incidence is about 20-30%, and RV dysfunction is an important determinant of mortality in ARDS patients
[6-8]. However, the incidence of RV dysfunction in patients with ARDS caused by COVID-19 pneumonia
is unclear. At present, echocardiography is still the prefered choice for evaluating RV function of patients
with ARDS, with the advantages of bedside, non-invasive and convenient. Tricuspid annular plane systolic
excursion (TAPSE) is widely used as a quantitative index to evaluate RV function, which is highly correlated
with the mortality of ARDS patients, thus providing a good parameter for us to interpret RV function in
COVID-19 patients [9].
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In this study, we sought to determine the incidence of RV dysfunction using echocardiography in a cohort
of patients with ARDS caused by COVID-19 pneumonia.

Methods

Study population

We retrospectively analyzed 49 patients with ARDS caused by COVID-19 pneumonia (age [?]18 years) who
were admitted to the ICU of the First Affiliated Hospital of Harbin Medical University from February to
March 2020. The novel coronavirus nucleic acid test results were positive in all patients. The diagnosis of
ARDS was based on the Berlin definition [10]. According to the Guidelines for diagnosis and treatment of
novel coronavirus pneumonia (Trial Version 5) [11], all selected patients were divided into severe and critically
severe group. Patients with polypnea (respiratory rate [?] 30 times/min), decreased oxygen saturation ([?]
93% at rest), PaO2/ FiO2[?]300mmHg or exacerbation of lung imaging more than 50% within 24-48 hours
were classified as severe type, and those with respiratory failure requiring mechanical ventilation, shock or
other organ failure were classified as critically severe type. Patients with no echocardiographic windows, or
who had congenital heart disease, cardiac valvular disease or acute myocardial infarction were excluded. All
49 patients were enrolled for final analysis, including 35 severe and 14 critically severe cases. Age, gender,
underlying disease, APACHE II score within 24 hours of hospitalization, heart rate (HR) and mean arterial
pressure (MAP) during echocardiographic examination were recorded. Age-matched healthy volunteers (n
= 25) were recruited serving as a control group.

Echocardiography

Echocardiography assessment was performed in all patients within 48 h of ICU admission by the same
echocardiographer using a commercially available system (Vivid E9, GE, Inc.) equipped with a 2.5-4MHz
transducer (M5S probe). All patients were examined in a calm or sedated state. All echocardiographic
parameters were evaluated according to American Society of Echocardiography (ASE) guidelines [12].

RV function assessment

TAPSE was defined as the peak excursion of tricuspid annulus from end-diastole to end-systole, and was
measured from the apical four-chamber view by placing the M-mode cursor through the lateral tricuspid
annulus. TAPSE less than 17 mm indicated RV dysfunction [12].

The diameter changes of inferior vena cava (IVC) during the respiratory cycle were measured from the
IVC long axis view by M-mode. The minimum diameter of the inferior vena cava (IVCmin) was measured
in the inspiratory phase and the maximum diameter of the inferior vena cava (IVCmax) was measured in
the expiratory phase when breathing spontaneously. The inferior vena cava collapse index (ICV-CI) was
calculated by the formula of (IVCmax-IVCmin) / IVCmax × 100%.

The diameter of pulmonary artery (PAD) was measured from parasternal short-axis view by two-dimensional
echocardiography. Tricuspid valve regurgitation pressure gradient biggest (TRPG) was measured and pulmo-
nary arterial systolic pressure (PASP) was estimated indirectly by tricuspid regurgitation velocity with the
addition of right atrial pressure, assuming no significant right ventricular outflow tract (RVOT) obstruction.

Cardiac diameters and left ventricular function

By two-dimensional echocardiography, left ventricular end-diastolic dimension (LVEDD) was measured from
the parasternal long-axis view, while the right atrial diameter (RAD) and right ventricular diameter (RVD)
were measured from the apical four-chamber view. The sampling volume was placed above the aortic valve
orifice to obtain the aortic valve blood flow spectrum and measure the aortic valve velocity (AV) from the
apical five-chamber view. A modified Simpson’s method was used to measure left ventricular end-diastolic
volume (EDV) and end-systolic volume (ESV). Left ventricular ejection fraction(LVEF) was calculated as
followed: LVEF=(EDV-ESV)/EDV.

Statistical analysis

2
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The statistical analysis was performed using GraphPad Prism 6. Categorical variables are reported as fre-
quencies and percentages. Continuous variables are reported as mean ± standard deviation (SD). Categorical
variables were compared using Chi square test. For comparison between severe and critically severe patients,
the Mann-Whitney U test was used. One-way ANOVA followed by Tukey’s test was used for statistical
comparisons between healthy subjects, severe and critically severe group.

Results

Patient characteristics

Among all patients enrolled, 35 (71.4%) were severe type and 14 (28.6%) were critically severe type. There
were 22 (62.9%) patients with mild and 13 (37.1%) with moderate ARDS in the severe patients, 4 (28.6%)
with moderate and 10 (71.4%) with severe ARDS in the critically severe patients. The clinical characteristics
of patients are shown in Table 1.

There was no significant difference in age between COVID-19 pneumonia patients and healthy donors (P >
0.05). Critically severe patients had significantly higher APACHE II score (P = 0.0001) and lower PaO2/FiO2

compared to severe patients (P < 0.0001). The HR in critically severe patients was significantly increased
compared to the healthy group (P = 0.0056), and the MAP was significantly decreased than that in the
healthy group and critically severe group (P < 0.01). In critically severe patients, 11 (78.6%) cases received
invasive mechanical ventilation and 8 (57.1%) were treated with vasoactive drugs. There was no statistically
significant difference in comorbidity between severe and critically severe patients (P > 0.05).

RV function

As shown in Figure 1, a normal TAPSE was recorded in all healthy subjects, but the TAPSE was significantly
decreased in patients with COVID-19 pneumonia. Further, the TAPSE was significantly lower in critically
severe patients than in severe patients (P = 0.0128). 3 (8.6%) severe and 5 (35.7%) critically severe patients
had a reduced TAPSE (< 17mm).

The echocardiographic parameters of RV function in patients with COVID-19 pneumonia are shown in Table
2. Tricuspid regurgitation was present in 21 (60.0%) severe and 13 (92.9%) critically severe patients, and
there were no statistically significant differences in PASP and TRPG between the two groups (P > 0.05).
Patients with COVID-19 pneumonia had a significantly higher PAD than healthy subjects (P < 0.0001).
The IVCmax and IVCmin were significantly increased in critically severe patients than in healthy subjects
and severe patients (P < 0.01), whereas ICV-CI was significantly decreased (P < 0.05).

The diameters of cardiac cavity and LVEF

The diameters of cardiac cavity and other echocardiographic parameters are shown in Table 3. Patients with
COVID-19 pneumonia had significantly larger right atrium and right ventricle than healthy subjects (P <
0.01), and there were no statistically significant difference in RAD and RVD between severe and critically
severe patients (P > 0.05). Critically severe patients had a significantly lower LVEF than healthy subjects
and severe patients (P < 0.05).

Discussion

Our results demonstrated that RV dysfunction is an important clinical feature in COVID-19 pneumonia
patients with ARDS, which is related to the severity of COVID-19 pneumonia and ARDS. Bedside echocar-
diography allows an early integrated assessment of the RV function through the evaluation of TAPSE. The
echocardiographic parameters of RV function and cardiac cavity in COVID-19 pneumonia patients show
abnormity to different extents compared to healthy subjects.

Viral pneumonia is the one of the most common causes for ARDS and is associated with high morbidity
and mortality worldwide, such as SARS, H1N1 flu and so on [13-15]. RV dysfunction is frequently presented
in these patients, and leads to left-right asymmetry of the heart, which can worsen hemodynamic stability
and is associated with a poorer prognosis [6, 16, 17]. In our study, a higher incidence of RV dysfunction was
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found in critically severe group who had more severe ARDS patients, which is similar to that in the severe
ARDS population caused by SARS and H1N1 viruses [15, 18, 19]. Thus, RV dysfunction is common in viral
pneumonia patients, especially in patients with severe ARDS.

TAPSE, as the most commonly used index for evaluating RV function, has been widely used in patients with
ARDS [20]. A TAPSE less than 17 mm was recommended as a major parameter of RV dysfunction by ASE
guidelines. In present study, we found the TAPSE in patients with COVID-19 pneumonia was significantly
decreased compared to healthy people, and the proportion of patients with TAPSE <17 mm was significantly
higher in critically severe patients (35.7%) than that in severe patients (8.6%), indicating that there was a
correlation between the occurrence of RV dysfunction and the severity of COVID-19 pneumonia. Patients
in critically severe group appeared to be more severely ill in terms of APACHE II, decreased MAP and
increased HR. Moreover, invasive ventilation and vasopressors are frequently required in these patients.

The function of the RV is to keep proper pulmonary perfusion pressure and systemic venous pressure to
maintain normal blood flow [21]. The main factors affecting the RV function in patients with ARDS are
impaired RV contraction and increased pulmonary vascular resistance. It is known that the increase of
pulmonary vascular resistance may be induced by vasoconstrictor, hypoxemia, hypercapnia, acidosis and
so on, which cause the deterioration of right heart structure and function [22-24]. Recent studies have
shown that the clinical characteristics of severe and critically severe COVID-19 pneumonia patients are
severe hypoxemia, hypercapnia and microthrombosis, which may lead to the increase of pulmonary vascular
resistance [3-5].

In our study, the values of TRPG and PASP were higher than normal ranges and increased in COVID-
19 pneumonia patients. Although the majority of patients in critically severe group received mechanical
ventilation, there were no significant differences in TRPG and PASP between the severe and critically severe
patients. This may be because pulmonary vascular resistance is reduced by positive pressure mechanical
ventilation and is not seriously deteriorated in the early stages of the disease [25-27]. The right heart had a
poor ability to regulate pressure load [16]. In this study, the right heart cavity and pulmonary artery were
enlarged soon after the increase of pulmonary vascular resistance in patients with COVID-19 pneumonia.

Patients with critically severe COVID-19 pneumonia are often accompanied by organ dysfunction and shock.
The results of the present study have shown that both RV and left ventricular systolic function in critically
severe patients with COVID-19 pneumonia are impaired. The hemodynamic instability of decreased LVEF
and MAP is associated with more severe RV dysfunction, which present significantly decreased TAPSE,
enhanced diameters of IVC and reduced ICV-CI. Therefore, the monitoring and protection of right ventricular
function need to be strengthened in the management of patients with COVID-19 pneumonia. There are
limitations in the present study. This is a retrospective study with limited sample size. The results need to be
further confirmed by prospective clinical studies. In addition, although the assessments of echocardiography
were performed by ultrasonologist, it became more challenged and difficult than usual to obtain parameters
since three-level isolation and protection measures must be taken when contacting patients with COVID-19
pneumonia. However, in this case, echocardiography is the most important bedside examination method for
evaluation of patients with COVID-19 pneumonia.

Conclusions

RV dysfunction is relatively common in patients with severe and critically severe COVID-19 pneumonia,
which is related to the severity of illness. Early monitoring of RV function is very important for these
patients. It is suggested that bedside echocardiography might be used as an objective examination in
the evaluation of RV function in the COVID-19 pneumonia patients with ARDS. TAPSE may serve as a
quantitative indicator of early detection of RV dysfunction. These findings are helpful to further improve
the clinical diagnosis and treatment strategies for patients with COVID-19 pneumonia.

Abbreviations

ARDS: Acute respiratory distress syndrome; ASE: American society of echocardiography; AV: Aortic valve
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velocity; COVID-19: Coronavirus disease 2019; EDV: End-diastolic volume; ESV: End-systolic volume;
HR: Heart rate; ICU: Intensive care unit; ICV-CI: Inferior vena cava collapse index; IVC: Inferior vena
cava;IVCmax: Maximum diameter of the inferior vena cava; IVCmin: Minimum diameter of the inferior vena
cava; LVEDD: Left ventricular end-diastolic dimension; LVEF: Left ventricular ejection fraction; MAP: Mean
arterial pressure; PAD: Diameter of pulmonary artery; PASP: Pulmonary arterial systolic pressure; RAD:
Right atrial diameter; RV: Right ventricular; RVD: Right ventricular diameter; RVOT: Right ventricular
outflow tract; SARS-CoV-2: SARS coronavirus 2; SD: Standard deviation; TAPSE: Tricuspid annular plane
systolic excursion; TRPG: Tricuspid valve regurgitation pressure gradient biggest.
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Table 1. Clinical characteristics of healthy subjects and patients with COVID-19 pneumonia

Healthy (n = 25) Severe patients (n = 35) Critically Severe (n = 14)
Male 12 (48.0%) 19 (54.3%) 6 (42.9%)
Age 62.2 ± 8.2 64.3 ± 13.0 65.6 ± 14.6
HR 72.5 ± 8.9 77.4 ± 13.6 88.0 ± 22.6 *
MAP 76.5 ± 6.1 90.7 ± 12.1 * 78.1 ± 18.5#

APACHE II - 6.2 ± 3.7 15.1 ± 9.5 #

Mechanical ventilation - - 11 (78.6%)
Vasoactive agent - - 8 (57.1%)
PaO2 : FiO2 ratio - 259.1 ±136.8 92.3 ± 34.2 #

ARDS
Mild - 22 (62.9%) -
Moderate - 13 (37.1%) 4 (28.6%)
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Severe - - 10 (71.4%)
Co-morbidities
Hypertension - 12 (34.3%) 5 (35.7%)
Diabetes - 8 (22.9%) 5 (35.7%)
Cardiovascular disease - 6 (17.1%) 2 (14.3%)

Note: HR: heart rate; MAP: mean arterial pressure; APACHE II: Acute Physiology and Chronic Health
Evaluation II; ARDS: acute respiratory distress syndrome. * p < 0.05 compared with healthy group;# p <
0.05 compared with severe patients group.

Table 2. Echocardiographic parameters of right ventricular function

Healthy (n = 25) Severe patients (n = 35) Critically Severe (n = 14) Critically Severe (n = 14)
PAD (mm) 20.2 ± 2.9 23.7 ± 2.0 * 25.3 ± 4.6 *
TRPG (mmHg) - 25.3 ± 5.2 28.8 ± 11.0
PASP (mmHg) - 29.8 ± 4.8 35.9 ± 13.5
TAPSE (mm) 23.8 ± 3.4 20.4 ± 2.4 * 17.6 ± 3.4 * #

IVCmax (mm) 14.4 ± 3.5 14.0 ± 2.0 17.6 ± 3.8 * #

IVCmin (mm) 7.7 ± 4.8 6.2 ± 2.1 12.1 ± 5.7 * #

ICV-CI (%) 50.4 ± 22.3 55.9 ± 12.6 34.1 ± 24.8 * #

Note: PAD: pulmonary artery diameter; TRPG: tricuspid valve regurgitation pressure gradientbiggest;
PASP: pulmonary arterial systolic pressure; TAPSE: tricuspid annular plane systolic excursion; IVCmax:
maximum diameter of the inferior vena cava; IVCmin: minimum diameter of the inferior vena cava; ICV-CI:
inferior vena cava collapse index. * p < 0.05 compared with healthy group;# p < 0.05 compared with severe
patients group

Table 3. Cardiac diameters and left ventricular function

Healthy (n = 25) Severe patients (n = 35) Critically Severe (n = 14)
LVEDD (mm) 43.6±3.5 45.6±2.9 44.3±3.0
RVD (mm) 17.6±3.1 34.7±3.3 * 34.6±3.3 *
RAD (mm) 30.4±3.4 32.7±2.3 * 34.1±3.6 *
LVEF (%) 64.8±4.0 63.9±5.0 59.4±8.4 * #

AV (cm/s) 117.4±9.3 112.7±16.1 112.1±16.3

Note: LVEDD: left ventricular end-diastolic dimension; RVD: right ventricular diameter; RAD: right atrial
diameter; LVEF: left ventricular ejection fraction; AV: aortic valve velocity. * p < 0.05 compared with healthy
group; # p < 0.05 compared with severe patients group.

FIGURE LEGENDS

Fig. 1 Values of tricuspid annular plane systolic excursion (TAPSE) for individual COVID-19 pneumonia
patients and healthy subjects.
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