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Feasibility in the echocardiographic estimation of parameters 
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Abstract
Background: Echocardiographic cardiac parameters in the prone position are usually obtained with an esophageal 
probe. The feasibility of obtaining them by means of a transthoracic approach is unknown. Objective: Estimating the 
feasibility to obtain parameters of the right ventricle by transthoracic echocardiography in prone position on the subject. 
Methods: Pilot design of consecutive case series without cardiopulmonary disease. Demographic, vital signs and echo-
cardiographic variables were defined in the ventral initial, prone and ventral final decubitus positions. The data are shown 
with averages and standard deviations, and frequencies and percentages according to the variable. The differences 
between the positions were calculated with ANOVA of repeated samples and adjustment of Bonferroni test. Intra-subject 
variability was obtained by the Bland-Altman procedure and its 95% confidence interval. Results: We studied 50 subjects, 
44 (88%) males, age 30 ± 6 years and body mass index 25.65 ± 2.71 kg/m2. Tricuspid annular plane systolic excursion 
(TAPSE) and S’-wave were measured 100% of the time. The vital signs and echocardiographic variables according to 
the position had differences in: heart rate (74 ± 9 vs. 77 ± 9 vs. 75 ± 8 beats/min), partial oxygen saturation (94.40 ± 
1.70 vs. 96.64 ± 1.79 vs. 95.32 ± 1.36%) and mean systemic blood pressure (65.33 ± 5.38 vs. 67.69 ± 6.31 vs. 65.29 
± 5.62 mmHg); TAPSE (19.74 ± 3.24 vs. 21.60 ± 2.97 vs. 19.44 ± 2.84 mm), mean difference (bias) 0 (2, –2.0) and 
S’-wave (13.52 ± 1.87 vs. 15.02 ± 2.09 vs. 13.46 ± 1.55 cm/s), mean difference (bias) –0.46 (1.21, –2.14) respectively. 
Conclusions: Obtaining right ventricle parameters by transthoracic ecocardiopraphy is feasible in the prone position. 
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Resumen
Introducción: Los parámetros cardiacos ecocardiográficos en posición de decúbito prono usualmente se obtienen con sonda 
esofágica. Se desconoce la factibilidad de obtenerlos mediante aproximación transtorácica. Objetivo: Estimar la factibilidad para 
obtener parámetros del ventrículo derecho mediante ecocardiografía transtorácica en el sujeto en posición de decúbito prono. 
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Introduction

The prone decubitus (PD) or ventral decubitus posi-
tion is an anatomical position of the human body char-
acterized by lying face down keeping the patient’s head 
sideways and the neck in neutral position.

This position is commonly used in medical-surgical 
procedures, such as nephrolithotomy1, endoscopic ret-
rograde cholangiopancreatography2, and in posterior 
fossa surgeries of the head, neck, vertebrae, retroper-
itoneum, and posterior body structures in case of plas-
tic surgery3,4.

In intensive care units, the PD position has been 
used as part of adult respiratory distress syndrome 
(ARDS) treatment5-7. With this position, an improvement 
has been defined in oxygenation, pulmonary mechan-
ics, pulmonary ventilation/perfusion (V/Q) ratio, and as 
a pulmonary protection maneuver in these patients5-7; 
the effect on mortality is still questioned, although a 
meta-analysis that included 12 works and 2129 patients 
showed a mortality decrease with the use of PD for 
more than 12 h8.

In ARDS, study and treatment have focused on the 
evaluation of pulmonary vascular damage, and the 
goals have been “lung opening” and arterial oxygen 
saturation optimization9.

With the new knowledge about pathophysiology in 
ARDS and with better non-invasive methods to assess 
the right ventricle (RV) as transthoracic echocardiography 
(TTE) does, hemodynamic aspects have acquired higher 
relevance, specifically the development of acute cor pul-
monale10, which appears to be involved in mortality.

TTE assessment is usually carried out in dorsal de-
cubitus (supine) or lateral position, since it does not 

interfere with the position of the transducer11,12; howev-
er, in the PD position, the anterior chest wall is obstruct-
ed and, therefore, having useful windows to carry out 
RV estimations appears to be limited.

Hence, in this work, as a first approach to the entity, 
we studied subjects without cardiopulmonary disease 
in PD position to know the feasibility of having adequate 
acoustic windows to determine RV parameters with 
TTE.

Methods
The work was carried out at the Postsurgical 

Cardiovascular Intensive Care Department (Postsurgical 
Therapy [PST]) of the Ignacio Chávez National Institute 
of Cardiology, from March 1, 2018, to December 31, 
2018.

Study design
Pilot study, case series, and consecutive subjects 

who were admitted to the PST department and agreed 
to participate were studied.

Inclusion and exclusion criteria
Subjects of both genders, older than 18 years and 

without cardiopulmonary disease were included in the 
study. Subjects with acoustic window alterations were 
excluded from the study. Those with incomplete studies 
or studies of poor quality for analysis were censored.

To obtain partial oxygen saturation (SpO2), the same 
pulse oximeter was used in all subjects: Onyx® II Model 
9550 (Nonin Medical INC., Plymouth, Minnesota, USA). 

Métodos: Diseño piloto de serie de casos consecutivos sin enfermedad cardiopulmonar. Se acotaron variables demográficas, 
signos vitales y ecocardiográficas en posición decúbito ventral inicial, prono y ventral final. Los datos se muestran con promedios 
y desviaciones estándar, y frecuencias y porcentajes de acuerdo con la variable. La diferencia entre las posiciones se calculó 
con ANOVA de muestras repetidas y ajuste de Bonferroni. Se obtuvo la variabilidad intrasujetos mediante el procedimiento de 
Bland-Altman y su intervalo de confianza al 95%. Resultados: Se estudiaron 50 sujetos, 44 (88%) masculinos, edad 30 ± 6 años 
e índice de masa corporal 25.65 ± 2.71 kg/m2. El TAPSE (excursión sistólica del plano del anillo tricuspídeo) y la onda S’ se 
midieron en el 100% de las veces. Los signos vitales y variables ecocardiográficas de acuerdo con la posición tuvieron diferen-
cias en: frecuencia cardiaca (74 ± 9 vs. 77 ± 9 vs. 75 ± 8 lpm), saturación parcial de oxígeno (94.40 ± 1.70 vs. 96.64 ± 1.79 vs. 
95.32 ± 1.36%) y la presión arterial sistémica media (65.33 ± 5.38  vs. 67.69 ± 6.31  vs. 65.29 ± 5.62  mmHg); TAPSE 
(19.74  ±  3.24  vs. 21.60 ± 2.97  vs. 19.44  vs. 2.84  mm), diferencia media (sesgo) 0  (2, –2.0) y onda S’ (13.52 ± 1.87  vs. 
15.02 ± 2.09 vs. 13.46 ± 1.55 cm/s), diferencia media (sesgo) –0.46 (1.21, –2.14) respectivamente. Conclusión: En posición 
de decúbito prono es factible obtener parámetros del ventrículo derecho por ecocardiografía transtorácica.

Palabras clave: Posición del paciente. Ecocardiografía transtorácica. Ultrasonografía. Imagen diagnóstica. Hemodinamia.
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Systemic blood pressure (BP) was obtained with a 
Phillips® MP 70 pneumatic sphygmomanometer. Due to 
the slim build of all patients, the same standard bracelet 
was used on the right arm, with a 12 × 26-cm camera.

The echocardiography equipment used in all cases 
was the cardiovascular ultrasound system VIVID® E9, 
with M5S-D® sector heart probe (GE Vingmed 
Ultrasound A/S, Norten, Norway), with 1.5-4.6-MHz 
transducer, and images were obtained with tissue har-
monic imaging. No echographic contrast medium was 
used to improve endocardial edges visualization.

All echocardiographic parameters were acquired by 
the same researcher (General Medical Council); the 
second evaluation, intended to establish intra-observer 
agreement with regard to parameters, was carried out 
24 h after the first ones were estimated.

Echocardiographic parameters were quantified ac-
cording to the guidelines published by the American 
Society of Echocardiography for assessment of the right 
heart11,12: tricuspid annular plane systolic excursion 
(TAPSE), calculated in M-mode in the four-chamber 

apical plane, measured in millimeters (Fig. 1A1 and A2); 
tricuspid S1-wave, lateral systolic tricuspid annular tis-
sue velocity, using tissue Doppler in the four-chamber 
apical plane measured in cm/s, (Fig. 1B1 and B2); RV 
fractional area change (FAC, %), obtained from RV 
end-diastolic area in relation to RV systolic area in 
four-chamber projection, measured as a percentage; 
pulmonary artery systolic pressure (PAP-s) was calcu-
lated with the tricuspid insufficiency (TI) gradient using 
Bernoulli’s simplified equation: TI2 × 4 + RAP (right atrial 
pressure) inquired in a four-chamber projection with 
continuous Doppler, estimated in mmHg; RV/left ventri-
cle (LV) ratio, quantified in four-chamber projection at 
diastole.

Subject’s PD positioning required for him/her to re-
main lying face down with the head turned to the side 
and the neck in neutral position; in addition, the left arm 
was positioned in the upward direction (toward the 
head) and a 10-cm-height pillow was placed in the 
ventral infraclavicular region, which allowed for a better 
image to be obtained (Fig.  2). The transducer was 

Figure 1. Tricuspid annular plane systolic excursion (TAPSE) echocardiographic images in dorsal decubitus (A1), prone 
decubitus (A2), and S’-wave in dorsal decubitus (B1), prone decubitus (B2). Dorsal and prone decubitus TAPSE, in M 
mode and measured in mm. S’-wave, with tissue Doppler, measured in cm/s.
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placed between the 4th and 5th left intercostal space 
toward the anterior axillary line. With this position, the 
aforementioned variables could be obtained in the PD 
position. This position is a modification of the swimmer 
position used in an intensive care unit in case transe-
sophageal echocardiography is not available13.

Maneuver
Once the study subject had been selected according 

to the inclusion criteria, he/she was placed in the dorsal 
decubitus (supine) position and the referred echocar-
diographic variables and vital signs were determined; 
then, 10 min later, the subject was placed in the PD 
position and the same images were obtained for echo-
cardiographic analysis and recording of the same vital 
signs; finally, the subject returned to his/her final dorsal 
decubitus position and, 10 min later, all variables were 
estimated again. A third participant, blinded to the mea-
surements, collected the results, and recorded them in 
the database.

Statistical analysis
Data are presented as averages ± standard deviation 

for numerical data, and as frequencies and percentag-
es for nominal data. The analysis of between-group 
differences was performed using repeated measures 
ANOVA with Bonferroni’s adjustment. A p < 0.05 was 
considered statistically significant. Intra-subject agree-
ment was analyzed for the estimated RV parameters 

with Bland-Altman’s statistic al method14, and its mag-
nitude was calculated using the intraclass correlation 
coefficient15 with its 95% confidence interval (CI).

Since this was a pilot study to assess the feasibility 
of estimating parameters, a convenience sample of 50 
subjects was used.

The study was approved by the Research and Ethics 
Committee of the Ignacio Chávez National Institute of 
Cardiology, and all subjects signed an informed con-
sent letter before the echocardiography study.

Results
Fifty subjects without cardiopulmonary disease were 

studied. Average age was 30 ± 6 years, the male/fe-
male ratio was 44/6; weight, 77.33 ± 10.85 kg; height, 
1.73 ± 0.07 m; body surface area, 1.91 ± 0.16 m2; and 
body mass index, 25.65 ± 2.71 kg/m2.

Vital signs behavior according to the inquired position 
is shown in table 1.

Echocardiographic variables in the dorsal and PD 
position are listed in table 2. The frequency at which 
acquiring the inquired variables were possible accord-
ing to initial dorsal decubitus, supine decubitus and fi-
nal dorsal decubitus position was, respectively: TAPSE 
50 (100%), 50 (100%), 50 (100%); FAC: 50 (100%), 44 
(88%), 50 (100%); RVDA 50 (100%), 44 (88%), and 49 
(98%); RVSA: 50 (100%), 44 (88%), 49 (98%); PAP-s 
35 (70%), 38 (76%), and 39 (78%); S’ wave: 50 (100%), 
50 (100%), 50 (100%), and RV/LV ratio: 50 (100%), 46 
(92%), and 50 (100%).

Intra-observer agreement for echocardiographic vari-
ables in the dorsal and supine position is shown in 
table 3. Fig. 3 shows TAPSE as the echocardiographic 
variable with the lowest variability in both positions.

Discussion
The purpose of the present work was to know, 

through TTE, the feasibility to estimate RV parameters 
related to its systolic function11,12 in the PD position in 
subjects without cardiopulmonary disease.

The study population had an average age of 30 
years, were more frequently males and the body mass 
index was normal or overweight; with no cardiopulmo-
nary disease.

Vital signs behavior in the study population was as 
follows: there were small differences in heart rate (HR) 
from ventral decubitus to PD position and returned to 
baseline HR when the subjects were moved back to the 
ventral decubitus position, p < 0.014 (Table 1).

LEFT ARM

PILLOW

SECTOR
TRANSDUCER

Figure  2. Prone decubitus position used to obtain the 
echocardiographic variables.
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Table 2. Echocardiographic variables behavior in baseline dorsal decubitus, prone, and final dorsal decubitus 
positions.

Dorsal decubitus X ± SD Prone decubitus X ± SD Dorsal decubitus X ± SD p

TAPSE, mm 19.74 ± 3.24 21.60 ± 2.97 19.44 ± 2.84 1 vs. 2 = 0.001
2 vs. 3 = 0.001
1 vs. 3 = 0.749

S’-wave, cm/s 13.52 ± 1.87 15.02 ± 2.09 13.46 ± 1.55 1 vs. 2 = 0.001
2 vs. 3 = 0.001
1 vs. 3 = 1.00

RV FAC, % 42.14 ± 5.78 45.73 ± 5.72 43.02 ± 4.66 1 vs. 2 = 0.001
2 vs. 3 = 0.004
1 vs. 3 = 0.188

RV area at diastole, cm2 17.25 ± 2.04 17.58 ± 2.18 17.09 ± 1.88 1 vs. 2 = 1.00
2 vs. 3 = 0.312
1 vs. 3 = 0.833

RV area at systole, cm2 9.98 ± 1.73 9.58 ± 1.63 9.74 ± 1.50 1 vs. 2 = 0.613
2 vs. 3 = 1.00

1 vs. 3 = 0.227

PASP mmHg 16.40 ± 6.01 15.89 ± 5.24 15.74 ± 4.69 1 vs. 2 = 1.00
2 vs. 3 = 1.00

1 vs. 3 = 0.775

RV/LV 0.74 ± 0.12 0.76 ± 0.11 0.75 ± 0.12 1 vs. 2 = 0.156
2 vs. 3 = 0.154
1 vs. 3 = 0.950

X: mean; SD: standard deviation; TAPSE: tricuspid annular plane systolic excursion; FAC: fractional area change; RV: right ventricle; LV: left ventricle; PASP: pulmonary 
artery systolic pressure; RV/LV: right ventricle-left ventricle ratio. 

Table 1. Vital signs behavior in baseline dorsal decubitus, prone, and final dorsal decubitus position

Dorsal decubitus X ± SD Prone decubitus X ± SD Dorsal decubitus X ± SD p

HR, bpm 74 ± 9 77 ± 9 75 ± 8 1 vs. 2 = 0.014
2 vs. 3 = 0.45

1 vs. 3 = 0.789

RR, brpm 14 ± 1 14 ± 1 14 ± 1 1 vs. 2 = 0.686
2 vs. 3 = 1.00

1 vs. 3 = 0.871

SpO2, % 94.40 ± 1.70 96.64 ± 1.79 95.32 ± 1.36 1 vs. 2 = 0.001
2 vs. 3 = 0.001
1 vs. 3 = 0.001

SBP, mmHg 124.12 ± 11.75 126 ± 11.24 123.88 ± 11.07 1 vs. 2 = 0.402
2 vs. 3 = 0.132
1 vs. 3 = 1.00

DBP, mmHg 71.86 ± 8.23 74.06 ± 9.53 72 ± 7.70 1 vs. 2 = 0.154
2 vs. 3 = 0.099
1 vs. 3 = 1.00

MBP, mmHg 65.33 ± 5.38 67.69 ± 6.31 65.29 ± 5.62 1 vs. 2 = 0.037
2 vs. 3 = 0.050
1 vs. 3 = 0.680

HR: heart ratio; bpm: beats per minute; RR: respiratory rate; brpm: breaths per minute; SBP: systolic blood pressure; DBP: diastolic blood pressure; M: mean; X: mean; 
SD: standard deviation; SpO2: partial oxygen saturation.

As for respiratory rate (RR), there were no modifica-
tions with position changes, unlike SpO2, which in-
creased when changing from ventral decubitus to PD 

position and returned to baseline level when the subject 
was returned to ventral decubitus position (p = 0.001) 
(Table 1).
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There were no changes detected in systolic and 
diastolic BP; however, mean BP had discreet increases 
with the change from initial decubitus ventral to the PD 
position (p = 0.037) and from PD to ventral (p = 0.050), 
by means of which it equaled initial mean BP (Table 1).

Hemodynamic changes were associated with body 
position changes, as it has been previously referred in 
the field of anesthesia when adopting the PD posi-
tion1-4,16,17. These changes reflect heart preload and 
afterload alterations.

Furthermore, these same body position changes 
cause differences in lung volumes and, therefore, in 
pulmonary V/Q, which is reflected in a better pulmonary 
V/Q ratio and its effect on gas exchange, which in our 

work was shown by a better SpO2 (better oxygen 
saturation).

This work was not designed to describe the patho-
physiology of possible changes in vital signs or hemo-
dynamics in the prone position; however, making some 
considerations about what could be occurring is possi-
ble. These vital signs discreet alterations appear to be 
related to the complex interaction that breath and cir-
culation maintain18-20.

Changes have been described with breaths at normal 
tidal volume18 and not necessarily with the RR sole 
increase, which would support the lack of response in 
RR found in our results; in pathological states, this be-
havior can be more evident and deleterious19.

Table 3. Echocardiographic variables mean difference behavior, bias, intraclass correlation coefficient, and 95% 
confidence interval in dorsal and prone positions

Dorsal decubitus Prone decubitus

Mean difference (bias) ICC (95% CI) Mean difference (bias) ICC (95% CI)

TAPSE, mm 0 (2, –2.0) 0.976 (0.950, 0.988) 0.1 (2, –1.9) 0.974 (0.947, 0.987)

S’-wave, cm/s –0.46 (1.21, –2.14) 0.954 (0.907, 0.968) 0.2 (1.8, –1.4) 0.963 (0.923, 0.982)

RV FAC, % 0.1 (6, –5.8) 0.944 (0.882, 0.973) 0.9 (8.3, –6.5) 0.891 (0.757, 0.951)

RV area at diastole, cm2 0.23 (1.44, –0.98) 0.981 (0.959, 0.991) 0.6 (3.9, –2.7) 0.862 (0.691, 0.938)

RV area at systole, cm2 0.17 (1.44, –1.11) 0.973 (0.944, 0.987) 0.4 (2.6, –1.9) 0.884 (0.741, 0.948)

PASP, mm Hg –0.1 (5.3, –5.6) 0.954 (0.892, 0.981) –0.8 (5.2, –6.9) 0.945 (0.878, 0.976)

RV/LV  0.01 (0.17, –0.14) 0.856 (0.698, 0.932) 0.02 (0.19, –0.15) 0.796 (0.558, 0.905)

ICC: intraclass correlation coefficient; CI: confidence interval; TAPSE: tricuspid annular plane systolic excursion; FAC: fractional area change; RV: right ventricle; 
PASP: pulmonary artery systolic pressure; RV/LV: right ventricle-left ventricle ratio. 

Figure 3. Tricuspid annulus plane systolic excursion mean difference and bias in dorsal decubitus (A) and prone position 
(B). SD: standard deviation.
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Changes in lung volume inspiratory/expiratory phases 
and intrathoracic pressure (ITP) during normal respira-
tory cycle alter right and left heart preload and after-
load, whereupon they interact to vary cardiac output 
and BP with the respiratory cycle20.

During the inspiratory phase of respiration, while the 
alveoli are filled with air, ITP decreases, and favors 
systemic venous return toward the chest; the right heart 
fills up and blood is pumped into the pulmonary artery, 
which dilates to accommodate the flow. In two to three 
beats, blood reaches the LV and BP increases at the 
end of inspiration and beginning of expiration, where-
upon BP slightly decreases at inspiration and increases 
during expiration; this effect can be enhanced or coun-
teracted by the sudden increase of blood flow to the LV 
during inspiration18,21. In addition, mean BP transient 
increase with the PD position can be a reflection of the 
decrease in venous return (preload) induced by the 
position16,17.

In pathological conditions, these alterations can favor 
ventricular interdependence mechanisms18,19.

In the PD position, determining by TTE the parame-
ters shown in table 2 was possible. This study also 
shows that it is possible to determine some parameters 
related to RV systolic function, which in theory would 
enable determining them in subjects with ARDS, which 
will be subject of another study.

Intra-subject variability with regard to the enquired 
indices is small, specifically for TAPSE and the S’-wave, 
and 100% of the time they could be measured; this 
small TAPSE variability has already been previously 
reported in another context22.

These RV echocardiographic parameters are modified 
according to position changes, specifically when adopt-
ing the PD position, and could be related to the preload 
alterations induced by position modification19-21.

Limitations
In this work, the purpose of knowing the feasibility of 

obtaining images for RV systolic function analysis was 
met. However, the estimation was carried out in sub-
jects without cardiopulmonary disease and not on me-
chanical ventilation, as it occurs in patients with 
ARDS5,6. Furthermore, the sample was restricted to 
young patients, with the highest body mass index being 
overweight.

Nevertheless, this work shows that at least the PD 
position is not entirely a limitation to obtain these im-
ages and estimating RV echocardiographic parame-
ters, which makes TTE a suitable, non-invasive tool to 

assess the moment when a patient with ARDS experi-
ences cor pulmonale and opt for pronation; and con-
versely, also the moment the cor pulmonale disappears 
and the PD position is no longer required for patient 
improvement.

Conclusions
TTE is a useful tool for determining parameters relat-

ed to RV systolic function. In the PD position, obtaining 
TTE images is possible to make a consistent and fea-
sible analysis of RV systolic function.

Changes in vital signs and RV parameters estimated 
by TTE were associated with position changes.
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