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Abstract
Mechanical ventilation in prone position is a strategy that increases oxygenation and reduces mortality in severe ARDS. 
The hemodynamic and cardiovascular assessment of these patients is essential. Transthoracic echocardiography (TTE) is 
a widely used tool to assess hemodynamics in critical care, but the prone position is thought to limit adequate TTE views 
and goal-oriented measurements. The aim of this study is to show the feasibility of the hemodynamic assessment by tran-
sthoracic echocardiography during prone position ventilation (PPV). This is a retrospective, observational study, carried 
out in the intensive care unit (ICU) of a tertiary-care center in Buenos Aires, Argentina. We included all the adult patients 
admitted to the ICU between March 2020 and August 2021 who had a TTE examination in PPV due to ARDS. During the 
study period, we evaluated by TTE a total of 35 patients requiring PPV. The vast majority of the patients had COVID-19 
pneumonia (91.4%). In 33 out of 35 (94.3%) cases, it was able to achieve an adequate apical four chamber view. We assessed 
qualitatively the systolic function of left ventricle (LV) and right ventricle (RV) in all of the successfully evaluated patients. 
We measured the RV basal diameter (94.3%), RV/LV ratio (77.1%), tricuspid annular plane systolic excursion (TAPSE) 
(91.4%), and septal mitral annular plane systolic excursion (MAPSE) (88.5%) in most of them. Also, we quantified the left 
ventricle outflow tract velocity time integral (LVOT VTI) in a large part (68.5%) of the examinations. Transthoracic echo-
cardiography is a useful tool for the hemodynamic assessment of patients in prone position under mechanical ventilation.
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Introduction

Prone position ventilation (PPV) improves oxygenation and 
reduces mortality in severe or moderate-to-severe acute res-
piratory distress syndrome (ARDS) [1]. The survival benefit 
is likely related to a more homogeneous lung ventilation 
and reduced ventilator-induced lung injury (VILI). Current 
guidelines recommend prone positioning for a prolonged 
period of time in adult patients with ARDS and deep 
hypoxemia [2, 3]. Despite the evidence, the adoption of 

this maneuver in daily practice used to be low [4, 5], but in 
recent years it has been widely adopted due to the COVID-
19 related ARDS (C-ARDS) [6–8].

The hemodynamic assessment of prone patients is cru-
cial for everyday practice but may be challenging. It can 
be performed with right heart catheterization, transpul-
monary thermodilution measurements, or echocardiog-
raphy. Critical care echocardiography (CCE) is a well-
established tool for cardiac function and volume status 
assessment [9]. Transthoracic echocardiography (TTE) 
is the most common approach in the critical care setting 
but, transesophageal echocardiography (TEE) has been 
advocated during prone position in ARDS patients in 
terms of image quality and safety [10]. Several limita-
tions arise with the transesophageal route, including the 
availability of the TEE probe, costs, and specific training 
[9]. Moreover, early in the COVID-19 pandemic, there 
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were concerns regarding the echocardiographer’s safety 
during the TEE examination [11].

In the clinical context of C-ARDS, with a large popu-
lation of mechanically ventilated patients in the prone 
position, the feasibility of performing TTE as a routine 
assessment has a crescent interest [12–14].

In this study, we reported our experience with TTE as 
a pragmatic, goal-oriented approach in PPV during the 
COVID-19 pandemic.

Materials and methods

This is a retrospective, observational study, carried out in 
the 20 medical-surgical bed ICU of a tertiary-care center 
in Buenos Aires, Argentina (Sanatorio de los Arcos), 
between March 2020 and August 2021. The Institutional 
Review Board (Comité de Ética en Investigación, Clínica 
y Maternidad Suizo-Argentina) approved the study proto-
col (approval number 6518) and waived the requirement 
for informed consent.

Study population

We included all the adult (≥ 18 years old) patients admit-
ted to the ICU between March 2020 and August 2021 who 
had a TTE examination in PPV due to ARDS.

ARDS was diagnosed according to the Berlin defini-
tion [15]. Prone ventilation was strongly recommended in 
patients who met the PROSEVA criteria [1].

Intervention

As this is a pragmatic study carried out in the COVID-19 
pandemic with work overload and staff shortening, the deci-
sion to perform a TTE examination in prone position was 
at physician discretion. We also attempted to reduce the 
exposition time inside the patient’s room; hence the main 
objective was to perform a goal-oriented TTE examination.

We used a Philips Envisor HD or Sparq ultrasound 
machine (Philips Healthcare, Bothell, WA, USA) with a 
phased array S2-4 probe. All the studies were performed by 
a board-certified intensivist in critical care ultrasonography 
and echocardiography (IC).

All the patients were in the “swimmer” position. We did 
not make any specific adjustments to the patient bed or posi-
tion. The ultrasound machine was located to the left of the 
prone patient. The probe was placed at the 5th–6th intercos-
tal space, at the apex beat, between the left middle clavicular 
line and left anterior axillary line. The mark of the probe 
pointed towards cephalic and dorsal until it was possible to 
visualize in B mode an apical four chamber view. The five 
apical chambers view was obtained by slightly tilting the 
transducer’s tail towards the dorsal region (Figs. 1, 2).

The primary objective was to perform a qualitative 
assessment of the LV and RV function. In all cases, an 
attempt was made to measure the LV and RV basal diam-
eters and its ratio, the mitral annular plane systolic excursion 
(MAPSE), and the tricuspid annular plane systolic excursion 
(TAPSE). According to individual situations, we addition-
ally measured transmitral E and A wave, lateral and septal 
mitral annulus e′ wave, E/e′ ratio, and the S′ wave of the lat-
eral tricuspid annulus. On a case-by-case basis, if a tricuspid 
regurgitation flow could be identified by color Doppler, we 

Fig. 1  A Transthoracic echo-
cardiography in a patient under 
mechanical ventilation in prone 
position (patient 1). B Position 
of the transducer at the point of 
apex beat (between the middle 
clavicular line and the left ante-
rior axillary line) (patient 2)
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used continuous Doppler (CW) to estimate the pulmonary 
artery systolic pressure (PASP) using Bernoulli’s formula. 
In the apical five chamber view, we systematically measured 
the velocity time integral (VTI) of the left ventricle outflow 
tract (LVOT) if its flow was correctly aligned (Figs. 3, 4).

Data collection

We collected the following variables from the electronic 
medical records: age, gender, comorbidities, diagnosis at 
admission, APACHE II score, respiratory parameters, vaso-
pressor support, and in-hospital mortality.

The LV and RV basal diameter, LV systolic and diastolic 
function, the LVOT VTI, RV systolic function, and presence 
of valvular disease were obtained from the recorded images 
of ultrasonographic studies.

Statistical analysis

The data was analyzed with MedCalc® Statistical Soft-
ware version 20.011 (MedCalc Software Ltd, Ostend, Bel-
gium; https:// www. medca lc. org; 2021). The frequencies 
and distribution of qualitative variables were expressed in 
absolute quantity and percentage, while quantitative vari-
ables were expressed as median and interquartile range. 
An exploratory analysis comparing groups of categorical 
variables was done with Chi-square test. A p-value less 
than 0.05 was considered statistically significant for all 
comparisons.

Fig. 2  Image in B mode in 
prone position. A Apical four 
chamber view. B Apical five 
chamber view

Fig. 3  Left ventricle assesment 
in prone position. A M mode 
measurement of lateral MAPSE 
in an apical four chamber view 
B PW at the LVOT above the 
aortic valve in the apical five 
chamber view with its VTI 
measurement. C PW at the 
transmitral flow in the apical 
four chamber view measuring 
of E and A waves velocities. D 
TDI measuring e’ wave velocity 
at the septal border of the mitral 
ring in an apical four chamber 
view

https://www.medcalc.org
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Results

From March 2020 to August 2021, a total of 93 ARDS 
patients underwent PPV. Of these, 35 patients (38%) 
were evaluated by TTE (Table 1). The median age was 56 
(47–69) years, with a clear predominance of male subjects 
(80%). The most frequent comorbidities were arterial hyper-
tension, obesity, dyslipidemia, smoking and diabetes. The 
cause of ARDS was COVID-19 pneumonia (C-ARDS) in 
the vast majority of cases (91.4%). The in-hospital mortality 
was 51.4%, with a median APACHE II score of 16 (12–20).

Most of the patients had suitable views for echocardio-
graphic assessment. Overall, in 94.3% of the patients, it was 
possible to obtain an apical four chambers view and in 68.5% 
of the examinations, the apical five chambers view was sat-
isfactory enough for LVOT VTI quantification.

The LV and RV systolic function was qualitatively 
assessed in the vast majority of the patients. Regarding the 
quantitative assessment, the septal MAPSE was measured 
more frequently (88.5%) than the lateral MAPSE (57.1%). 
The TAPSE was obtained in 91.4% of the patients. In most 
of the patients, we were able to measure the LVOT VTI and 
the RV/LV diameter. We assessed the diastolic LV function 
through the E and A wave ratio in more than half of the study 
population. Only 14.2% of the patients presented mild tricus-
pid regurgitation flow by color Doppler that allowed PASP 
estimation. Given the potential impact of obesity in the echo-
cardiographic quality image, we performed an exploratory 
analysis of the feasibility of obtaining the echocardiographic 

variables in obese patients compared to non-obese patients 
with no statistical significance. Table 2 describes the num-
ber of measurements of echocardiographic variables and its 
comparison between obese and non-obese patients.

In our study, 30 of the patients had a preserved LV sys-
tolic function, while two had moderate to severe impair-
ment. The median LVOT VTI was 20.6 (18.3–24.2) cm. 
All evaluated patients (94.3%) had a preserved RV systolic 
function (“eyeball”). The median value of RV/LV ratio was 
0.8 (0.7–0.9). The TAPSE was 2.0 (1.8–2.2) cm and the 
tricuspid lateral ring S’ wave was 11.6 (10.6–13.6) cm/sec. 
In none of the cases pericardial effusion or significant val-
vulopathies were found. The characteristics of echocardio-
graphic variables are described in Table 3.

Discussion

The rate of PPV in ARDS was low for years, in spite of its 
benefits on gas exchange and mortality. In recent years, it 
has been steeply offered to mechanically ventilated patients 
with C-ARDS. Prone ventilation similarly improves oxygen-
ation in C-ARDS and non-C-ARDS patients, but mortality 
remains high (45%) in both [6, 16]

The critical condition of these patients requires careful 
hemodynamic monitoring. In an international survey, more 
than half of the COVID-19 ICU patients (54%) had an echo-
cardiographic examination performed, mostly with a tran-
sthoracic approach (97%) [17].

Fig. 4  Right ventricle assesment 
in prone position. A Meas-
urement of the right and left 
ventricles basal diameter in B 
mode in an apical four chamber 
view. B M mode measure-
ment of TAPSE in an apical 
four chamber view. C S′ wave 
velocity at the tricuspid ring in 
an apical four chamber view 
by TDI D CW at the tricuspid 
regurgitation flow measuring 
the peak velocity in an apical 
four chamber view



2307The International Journal of Cardiovascular Imaging (2022) 38:2303–2309 

1 3

Due to the interposition of the air-filled lungs between the 
heart and the thoracic wall, mechanical ventilated patients 
proposed a challenge for TTE assessment, especially obese 
and prone patients. In those circumstances, a TEE assess-
ment is recommended given the improvement in quality 
image [10]. Nevertheless, its implementation has inherent 
difficulties that were accentuated by the COVID-19 pan-
demic: the probe is not available in many of the ICUs, a 
TEE trained physician is needed, has higher risk of aero-
sol generation, and require high workload including proper 
equipment sterilization and longer exposure to the patient’s 
infected particles [9, 11, 18].

As we do not have at disposal a TEE probe, we have been 
performing TTE assessment in PPV patients since 2015. Its 
practice and implementation increased considerably since 
2020 with C-ARDS.

The objective of the study was not to measure the larg-
est number of echocardiographic variables but to adopt a 
pragmatic and point of care approach in accordance with 
the catastrophic health situation with scarce resources. We 
had in consideration to limit the exposure time of the sonog-
rapher and to not create excessive burden given the staff 
shortage, as posed at the beginning of the pandemic [11, 19].

In our study, a transthoracic echocardiographic assess-
ment was feasible in 94.3% of the evaluated patients. In 
them, we obtained a qualitative LV and RV systolic function 
assessment and in most of the examinations, we measured 
the LV/RV ratio. These findings are similar to the ones previ-
ously reported [12–14].

Table 1  Demographic and clinical characteristics of patients (n = 35)

PBW predicted body weight
a Median (IQR)

Patient characteristics

Age (years)a 56 (47–69)
Male, n (%) 28 (80)
Comorbidities, n (%)
 Arterial hypertension 23 (65.7)
 Ischemic heart disease 4 (11.4)
 Smoker 5 (14.2)
 Asthma 2 (5.7)
 Obesity 14 (40.0)
 Dyslipidemia 6 (17.1)
 Diabetes 5 (14.2)
 Cancer 3 (8.5)
 Immunosuppression 2 (5.7)

Diagnosis, n (%)
 COVID-19 Pneumonia 32 (91.4)
 Bacterial pneumonia 2 (5.7)
 Hemophagocytic syndrome 1 (2.9)
 APACHE II  Scorea 16 (12–20)
  PaO2/FiO2

a 166 (124–235)
 Tidal volume (ml)a 420 (393–458)
 Tidal volume (ml/kg of PBW) 6.2 (5.9–6.8)
 Plateau pressure,  (cmH2O)a 24 (22–27)
 PEEP  (cmH2O)a 12 (10–15)
  FiO2 (%)a 50 (46–60)
 Vasopressors, n (%) 14 (40)
 In-hospital mortality, n (%) 18 (51.4)

Table 2  Number of 
measurements and its 
comparison between obese and 
non-obese patients

Echocardiographic measurements n (%)

LV systolic function All n = 35 Obese n = 14 Non-obese = 21 P value

LV systolic function (eyeball) 33 (94.3) 14 (100) 19 (90.5) 0.241
 LV basal diameter 27 (77.1) 12 (85.7) 15 (71.4) 0.33
 Lateral MAPSE 20 (57.1) 10 (71.4) 10 (47.6) 0.169
 Septal MAPSE 31 (88.5) 13 (92.9) 18 (85.7) 0.517
 LVOT VTI 24 (68.5) 9 (64.3) 15 (71.4) 0.661

LV diastolic function
 Transmitral E and A wave 19 (54.2) 7 (50) 12 (57.1) 0.683
 Lateral mitral annulus e′ wave 11 (31.4) 4 (28.6) 7 (33.3) 0.772
 Septal mitral annulus e′ wave 12 (34.2) 4 (28.6) 8 (38.1) 0.567
 E/e′ ratio 12 (34.2) 4 (28.6) 8 (38.1) 0.567

RV systolic function
 RV systolic function (eyeball) 33 (94.3) 14 (100) 19 (90.5) 0.241
 RV basal diameter 33 (94.3) 14 (100) 19 (90.5) 0.241
 TAPSE 32 (91.4) 14 (100) 18 (85.7) 0.144
 Tricuspid annulus S′ wave 8 (22.8) 2 (14.3) 6 (28.6) 0.33

Other measurements
 PASP 5 (14.2) 1 (7.1) 4 (19) 0.33
 RV/LV ratio 27 (77.1) 12 (85.7) 15 (71.4) 0.33
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The LVOT VTI was quantified in 68.5% of the patients, 
limited due to impediment obtaining an apical five-chamber 
view. The quantitative LV systolic assessment by MAPSE 
was slightly lower than previous studies, mainly regarding 
the lateral MAPSE (57.1%). This may be explained because 
in some of our examinations we experienced difficulties 
obtaining a proper view of the LV’s lateral free wall. Unlike 
some authors, we did not implement any specific maneuver 
to enhance our echocardiographic views. Giustiniano et al. 
deflated the lower thoracic sector of the air-mattress to place 
the probe and Ugalde et al. elevated the left shoulder with 
a pillow to create a space to fit in the transducer [14–20].

Considering that the obese population often present a 
challenge to obtain a good quality echocardiographic image, 
even as outpatients [21, 22], we performed an exploratory 
analysis comparing our echocardiographic measurements 
among obese and non-obese patients. There was no differ-
ence of statistical significance in this small series of cases.

The evaluation of the RV focused on the visual estima-
tion of its systolic function, the measurement of the RV/LV 
basal diameter ratio, TAPSE in most cases, and the S′ wave 
in some, acknowledging that there is active research on the 
best assessment of this topic [23–27].

Our study shows that transthoracic echocardiography in 
prone position ventilation is feasible. It is a non-invasive, 
reproducible, and readily-available method that could be the 
preferred first tier assessment of the PPV patients.

We acknowledge several limitations in our research, 
principally due to its retrospective design. We were not 
able to control confounders or compare measurements. We 
performed TTE studies in only 38% of the prone ventilated 
patients during the study period, so a selection bias cannot 
be ruled out. We could not applied to the PRICES recom-
mendation for reporting CCE data [28]; rather than having 
a protocol for exhaustive quantitative assessments, we used 
a goal-oriented TTE examination. As described in a recent 
systematic review of the literature, this circumstance was not 
unusual while depicting echocardiographic findings from 
COVID-19 patients [29]. Moreover, that study found a het-
erogeneous approach to data reporting, with the larger study 
included providing mainly qualitative information [30].

Nevertheless, we think this limited evaluation reflects real 
life care in several ICUs due to excessive workload and staff 
shortage.

Conclusion

Transthoracic echocardiography assessment could be used, 
even in suboptimal conditions, as an initial hemodynamic 
assessment of mechanical ventilated patients in prone posi-
tion. In most cases, it allows to evaluate the LV and RV 
systolic function and the measurement of LVOT VTI as a 
surrogate of the SV.
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