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Abstract

In patients with the novel coronavirus (COVID-19) infection, the echocardiographic assessment of the right ventricle (RV)
represents a pivotal element in the understanding of current disease status and in monitoring disease progression. The present
manuscript is aimed at specifically describing the echocardiographic assessment of the right ventricle, mainly focusing on the
most useful parameters and the time of examination. The RV direct involvement happens quite often due to preferential lung
tropism of COVID-19 infection, which is responsible for an interstitial pneumonia characterized also by pulmonary hypoxic
vasoconstriction (and thus an RV afterload increase), often evolving in acute respiratory distress syndrome (ARDS). The
indirect RV involvement may be due to the systemic inflammatory activation, caused by COVID-19, which may affect the
overall cardiovascular system mainly by inducing an increase in troponin values and in the sympathetic tone and altering the
volemic status (mainly by affecting renal function). Echocardiographic parameters, specifically focused on RV (dimensions
and function) and pulmonary circulation (systolic pulmonary arterial pressures, RV wall thickness), are to be measured in a
COVID-19 patient with respiratory failure and ARDS. They have been selected on the basis of their feasibility (that is easy
to be measured, even in short time) and usefulness for clinical monitoring. It is advisable to measure the same parameters
in the single patient (based also on the availability of valid acoustic windows) which are identified in the first examination
and repeated in the following ones, to guarantee a reliable monitoring. Information gained from a clinically-guided echo-
cardiographic assessment holds a clinical utility in the single patients when integrated with biohumoral data (indicating
systemic activation), blood gas analysis (reflecting COVID-19-induced lung damage) and data on ongoing therapies (in
primis ventilatory settings).
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The Coronavirus disease 2019 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus (SARS-
CoV-2) was declared a pandemic in March 2020 by the
World Health Organization [1].

The disease has a fatality rate which varies from less than
0.5% to more than 7%, with an infectivity higher than influ-
enza [2, 3]. It is characterized by high trasmissibility and a
sexual dismorphism, since elderly males with comorbidities
are at higher risk of infection and death. In up to 15% of
infected patients, the disease can evolve in a severe form of
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acute respiratory syndrome (ARDS) requiring mechanical
ventilation and admission to intensive care unit (ICU).

The disease is systemic, though it has a lung tropism
causing interstitial pneumonia, which can evolve in severe
ARDS (Table 1).

Echocardiography has become a useful clinical tool both
in medical wards and in critical care settings, since it is able
to provide information on concomitant clinical conditions
(i.e., heart failure) and on the current hemodynamic status
and the heart-lung interactions. In the COVID-19 patients,
the echocardiographic assessment of the right ventricle (RV)
represents a pivotal element in the understanding of current
disease status and in monitoring the disease progression.

The present manuscript is, therefore, aimed at specifi-
cally describing the echocardiographic assessment of the
right ventricle, mainly focusing on the most useful param-
eters and the time of examination. An echocardiographic
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Table 1 Main parameters for RV assessment

View

Normal values

RV dimensions

RV-Focused four apical chamber view

RV area

Manual tracing of RV endocardial border from the lateral tricuspid annulus along the free wall to the apex and back to
medial tricuspid annulus, along the interventricular septum at end-diastole and at end-systole

RV wall thickness

Linear measurement of RV free wall thickness (end-diastole) below the tricuspid annulus at a distance approximating

Base: <41 mm
Midlevel: <35 mm

RV EDA indexed to
BSA (cm?*/m?)

Men normal range
5-12.6

Women normal range
4.5-11.5

RV ESA indexed to
BSA (cm?*/m?)

Men normal range
2.0-74

Women normal range
1.6-6.4

Normal value: <5 mm

the length of anterior tricuspid leaflet,fully open and parallel to the RV freewall

TAPSE tricuspid annular plane systolic excursion

Tricuspid annular longitudinal excursion (M-mode) is measured by proper alignmnt of M-mode cursor with the direc-

tion of RV longitudinal excursion from apical view

Right ventricle outflow tract acceleration time

By positioning the sample volume at the centre of the pulmonary artery (ideally at the annulus) in the short-axis view

24 +3.5 mm
Abnormal < 15 mm

Abnormal < 105 ms

RV right ventricle, TAPSE tricuspid annular plane systolci excursion

examination in a COVID-19 patient should rely on “essen-
tial” measures that is measures easily feasible and repro-
ducible, since it has to be performed quite in a short time
to limit risk exposure and due to the uncomfortable pro-
tective equipment. Since few data are so far available in
COVID-19 patients, some information has been translated
from previous papers in ARDS patients [4, 5] and from our
own experience in this field [6, 7].

Speckle tracking echocardiography is not discussed in
the present paper, since it has been recently and exten-
sively described [8]. Moreover, since this technique is
time-consuming, it may not be feasible in COVID-19
patients in everyday clinical practice.

In the COVID-19 population, personal protection
equipment of operators is crucial for the prevention of
the widespread of the disease and staff protection, as well
as the correct management of devices (i.e., echocardio-
graphic machines) as stated by the ACC Clinical Bulletin
COVID-19 Clinical Guidance for the CV Care Team [9].
It is imperative that devices, comprising ultrasound equip-
ment, are cleaned and disinfected. Guidance on cleaning
and disinfection procedures is also available online at the
Centers for Disease Control and Prevention [10] and World
Health Organization websites [11].
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Why an echocardiographic assessment
should focus on the right ventricle
in COVID-19 disease

The right ventricle is directly and indirectly involved in the
COVID-19 disease course.

The RV direct involvment happens quite often due to pref-
erential lung tropism of the COVID-19 infection which is
responsible for an interstitial pneumonia characterized also
by pulmonary hypoxic vasoconstriction, and thus an RV after-
load increase. Ventilatory therapy (non-invasive and invasive)
affects RV dimension and function, by influencing heart—lung
interactions.

The COVID-19 disease is responsible for a systemic inflam-
matory activation which may affect the overall cardiovascular
system (including the RV) mainly by inducing an increase in
troponin values, an increased in the sympathetic tone and alter-
ing the volemic status (chiefly by affecting renal function).
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Technical issues

Transthoracic and/or transesophageal
echocardiography

The choice of the modality of echocardiograhy (transtho-
racic-TTE- vs. transesophageal-TEE-) is strictly related to
the clinical conditions of the single patient as well as on
the clinical inquiry. In mechanically ventilated patients,
TEE is able to overcome technical problems with acoustic
views, while in patients on spontaneous breathing and/or
non-invasive ventilation, TTE is more feasible and it is
able to answer most clinical inquiries.

What to measure

The following parameters, specifically focused on RV and
pulmonary circulation, are to be measured in a COVID-19
patient with ARDS. They have been selected on the basis
of their feasibility (that is easy to be measured, even in
short time) and usefulness for clinical monitoring. It is
advisable to measure the same parameters in the single
patient (based also on the availability of valid acoustic
windows) which are identified in the first examination
and repeated in the following ones, to guarantee a reliable
monitoring. Each measurement should be performed at
least three times and a mean value should be considered.

(a) RV dimensions. Though RV size can be assessed
visually by the “eyeball” method in the short-axis and
4-chamber views, it is advisable to quantitatively evaluate
it by the ratio RV/LV end-diastolic area. The RV/LV area
ratio is measured at end-diastole by tracing the areas of the
two chambers in the apical four-chamber view on TTE or
the mid-esophageal four-chamber view on TEE. In a RV-
focused apical four-chamber view, RV dilatation is defined
by a diameter > 41 mm at the base and > 35 mm at the mid-
level [12]. In a series of one-hundred consecutive patients
with COVID-19 infection, RV dilatation and dysfunction
were a common finding, being detectable in the 39% and
in the small subset of patients who clinically deteriorated
(20%), showed RV function deterioration [13].

(b) RV wall thickness. Its measurement is performed
in diastole, from the subcostal view, using either M-mode
or two-dimensional imaging. RV hypertrophy is identi-
fied by thickness more than 5 mm indicates. Whenever
RV wall thickness >S5 mm is detected on ICU, it may indi-
cate a chronic RV overload (previously unknown Chronic
Obstructive Pulmonary Disease). In a mechanically venti-
lated patients, RV hypertrophy may be due to mechanical
ventilation itself, since the right ventricle is known able to
thicken in response to increased intrathoracic pressure [14].

(c) Systolic pulmonary arterial pressure. The RV right
atrial pressure gradient can be estimated in presence of
tricuspid regurgitation by measuring the peak regurgitant
jet velocity (v) using continuous-wave Doppler echocardi-
ography and the modified Bernoulli equation (RV systolic
pressure =4v, +right atrial pressure) [12]. In a retrospective
study included in 112 COVID-19 patients, Deng et al. [15]
reported an incidence of pulmonary hypertension of 13%
but their series was constituted mainly by patients with mild
COVID-19 disease. In a series of 28 patients with COVID-
19 disease requiring intensive care unit (ICU) admission, by
means of serial echocardiograms, we observed that systolic
pulmonary arterial pressures were increased in all patients
on ICU admission but significantly decreased during ICU
stay [16]. In a cohort of 200 patients with mild disease,
those with pulmonary hypertension had signs of more severe
COVID-19-related lung disease [16] and Szekely et al. [13]
observed that patients with worse clinical grade had shorter
pulmonary accelerating times suggesting increased RV
afterload. In COVID-19-related ARDS, the development of
increased systolic arterial pressures may be multi-factorial.
First, hypoxic pulmonary vasoconstriction, known to char-
acterize COVID-19-related ARDS [17], is probably the main
factor. Second, lung disease (and progression) contributes
to alterations in pulmonary circulation since atelectasia and
consolidations exert mechanical compression of pulmonary
vessels. Similarly, the role of pulmonary embolisms/throm-
bosis, not infrequent of COVID-19 disease, cannot be ruled
out [18, 19]. Finally, ventilations (specifically positive end
expiratory pressure and driving pressures) are known to
affect RV afterload. In this setting, the right ventricle has to
face an augmented afterload, so it seems advisable to moni-
tor pulmonary arterial pressure by means of echocardiogra-
phy to early detect right ventricle dilatation and/dysfunction
in these patients.

(d) Inferior vena cava diameter (IVC] and its collapse.
In non-ventilated patients, it can be considered a good esti-
mate of right atrial (RA) pressure. It is accepted that IVC
diameter < 2.1 cm that collapses > 50% with a sniff suggests
a normal RA pressure (3 mm Hg mm Hg), while an IVC
diameter > 2.1 cm that collapses < 50% with a sniff suggests
a high RA pressure of 15 mm Hg. In patients with RV dys-
function, the IVC collapsibility should be interpreted with
caution and it should be considered also its trend and central
venous pressure [12].

(e) Tricuspid lateral annular motion (tricuspid annular
plane systolic excursion, TAPSE), an index of RV func-
tion. This parameter “captures” RV longitudinal motion
and requires a proper alignment of M-mode cursor with
the direction of RV longitudinal excursion from the apical
view. Its main limitation is its angle dependence along
with the concept that TAPSE is not representative of
global RV function. Nevertheless, TAPSE showed a good
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correlation with RV fractional area change and radionu-
clide-derived RV ejection fraction [20]. RV dysfunction
is indicated by a TAPSE less than 15 mm being associated
with poor prognosis in critically ill patients [7].

In COVID-19-ARDS, inhaled nitric oxide (iNO) has
been proposed as a rescue therapy in the recent guidelines
[21]. In this context, serial echocardiograms could help
in the early detection of worsening RV function and/or a
further increase in systolic pulmonary arterial pressures,
factors which may suggest a tempestive use of iNO.

(g) Left ventricle. A few key points. LV ejection frac-
tion should be measured and clinically interpreted taking
into account also the dosage of inotropic drugs if admin-
istered. Valvular diseases (mitral and aortic) should also
be assessed, especially at first echocardiogram. The pres-
ence of valvular disease when at least moderate, is able
to affect the course and severity of the lung disease and,
obviously, therapies (especially fluid administration) [6].

When using TEE, the following parameters should also
be measured: Superior vena cava collapse (absent or pre-
sent), Filling pressures (low, normal, or high), Shunting
across patent foramen ovale (absent or present).

Acute cor pulmonale (ACP). ACP is defined as the
association of RV dilatation with a paradoxical septal
motion at end-systole. In the era of protective ventilation,
ACP is estimated to occur 20-25% of ARDS patients,
mainly related to plateau pressure, driving pressure and
pCO2 [4, 5]. “A so-called protective approach” was pro-
posed based on the echocardiographic findings (mainly
RV overload), to protect the right ventricle by setting/
adapting the ventilatory strategy. It mainly consists in
decreasing the plateau pressure (below 27-28 cm of
H20), limiting the PEEP, avoiding intrinsic PEEP, and
controlling hypercapnia. Whenever these adaptations are
not feasible, the presence of ACP in refractory ARDS may
suggest the use of extracorporeal membrane oxygenation
support (ECMO) [4]. To date, ACP has not been reported
in COVID-19-related ARDS, nor specifically addressed.
Though protective ventilatory strategy is highly advised
in COVID-19-related ARDS [21], each echocardiographic
examination, especially in ventilated COVID-19 patients,
should rule out/detect early signs of ACP and/or ACP
development, in primis RV dilatation and the develop-
ment of septal dyskinesia. In these circumstances, rescue
therapies (such as iNO and/or ECMO) should be rapidly
adopted. This is particularly true taking into account
the high incidence of pulmonary embolism in COVID-
19 patients [22] due to COVID-19-related alteration in
the haemostatic system [23]. In a series of 28 patients
with COVID-19-related ARDS, ACP was detected in two
patients (7%), who required ECMO support [16].
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When to perform echocardiogram

Echocardiography should be performed on admission in
patients with COVID-19 disease and should be periodically
repeated according to the clinical course. On admission, it
is able to provide valuable information on the clinical status
of that moment and to highlight clinical elements indicat-
ing previous diseases (i.e., ischemic heart disease and/or
pre-existing chronic lung disease). If the clinical course is
uneventful, echocardiograms should be done at least once a
week and at discharge. In mechanically ventilated patients, it
is advisable to perform an echocardiographic assessment at
any time, higher ventilatory parameters are required to main-
tain adequate oxygenation or any new undifferentiated state
of shock develops. Whenever RV dilation or dysfunction is
detected (even at an echocardiogram performed routinely),
treatments (ventilatory and not) should be re-examined and
rescue therapies should be considered.

Proning

In COVID-19-related ARDS, proning is aften associated
with amelioration of hypoxemia, though this maneuver
may be more challenging in these patients, since acciden-
tal endotracheal tube disconnection from the ventilator may
occur.

The greatest physiologic rationale for benefits from prone
positioning can be found in those patients with more severe
and heterogeneous lung injury and greater ventilation—perfu-
sion heterogeneity in the dependent lung zones while supine.
Placing a patient in the prone position facilitates recruitment
and decreases heterogeneity of compliance, which improves
oxygenation and minimizes injurious ventilation [24, 25].

So far, no data are available on the effects of prone posi-
tion assessed by echocardiography on RV and pulmonary
circulation. It can be hypothesized that whenever prone
positioning is able to efficaciously treat ventilation—perfu-
sion heterogeneity, a reduction in RV afterload (indicated
by systolic pulmonary arterial pressure) could be detected
at echocardiography performed after supination.

Information gained from a clinically-guided echocar-
diographic assessment holds a clinical utility in the single
patients when integrated with biohumoral data (indicating
systemic activation), blood gas analysis (reflecting COVID-
19-induced lung damage) and data on ongoing therapies (in
primis ventilatory settings).

Conclusion
In COVID-19 patients, the clinical interpretation of echo-

cardiographic findings specifically focused on RV dimension
and function and on pulmonary circulation is complex since
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it should contemplate the assessment by disease severity
(indicated by P/F ratio and/or PaO,), the kind of ventilation
(non-invasive vs. mechanical ventilation) and ventilatory
parameters due to their influence on intrathoracic pressures.

According to available evidence [13, 15-17], echocardi-

ography should be part of the clinical evaluation of patients
with COVID-19 infection, especially those with moderate-
to-severe disease. Indeed, RV dimension and function and
systolic pulmonary arterial pressure are sensitive indicators
of RV afterload, an indirect marker of lung disease severity
in COVID-19 infection.
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