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Abstract
Background Cardiovascular dysfunction is a significant factor contributing to weaning failure in mechanically 
ventilated children. Understanding the cardiopulmonary pathophysiological changes that occur during weaning is a 
prerequisite for the early recognition of weaning failure of cardiovascular origin. This study aimed to assess the effect 
of weaning trials on central hemodynamics and to identify the indices predictive of cardiac-related weaning failure.

Methods This prospective observational study was conducted in the Pediatric Intensive Care Unit (PICU) and 
included mechanically ventilated patients aged between 2 and 30 months who were on minimal ventilatory settings 
and ready for weaning. Patients who were hemodynamically unstable, diagnosed with neuromuscular diseases, or 
diagnosed with cardiac diseases were excluded. Hemodynamic parameters were evaluated during weaning from 
ventilation via echocardiography and noninvasive cardiometry during pressure support (PS) ventilation and at the 
end of the spontaneous breathing trial (SBT).

Results The study included 50 patients, comprising 30 males (60%) and 20 females (40%) with ages ranging from 2 to 
30 months. Echocardiography revealed a significant increase in the cardiac index (CI), tricuspid annular plane systolic 
excursion (TAPSE), and the E/A ratio at the end of SBT. Moreover, right ventricular systolic pressure (RVSP) significantly 
decreased. Noninvasive cardiometry revealed a significant increase in the index of contractility (ICON) and CI at the 
end of SBT (p-value = 0.023 and < 0.001, respectively). Of the 12 (25%) patients who failed their first extubation trial, 
they exhibited a significantly lower CI and TAPSE (p values = 0.001 and 0.001, respectively).

Conclusion This study identified that weaning from mechanical ventilation in children is associated with 
hemodynamic changes, which can impact weaning success and reveal potential ventricular dysfunction. Bedside 
echocardiography was found to detect cardiac dysfunctions during weaning, and noninvasive cardiometry was 
considered a reliable tool that supports echocardiography for detecting changing trends in CI in PICUs. However, 
accurate values should be confirmed by echocardiography.
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Introduction
Mechanical ventilation is a commonly used procedure 
in critically ill children admitted to pediatric inten-
sive care units (PICUs), yet it is associated with poten-
tial major side effects. Prolonged mechanical ventilation 
increases the risk of infections, morbidity, and mortality 
[1]. Understanding the cardiopulmonary pathophysiol-
ogy changes during mechanical ventilation and its with-
drawal is essential for early identification of weaning 
failure of cardiovascular origin. Weaning success depends 
on the ability of the cardiorespiratory system to tolerate 
these changes [2]. Focused critical care echocardiogra-
phy (FCCE) is increasingly being performed and inter-
preted by trained clinicians as an essential bedside tool 
[3]. Noninvasive technologies such as thoracic electrical 
bioimpedance, thoracic bioreactance, vascular unload-
ing technique, pulse wave transit time, and radial artery 
applanation tonometry are currently available for cardiac 
output monitoring [4]. This study aimed to assess differ-
ent hemodynamic changes occurring during the weaning 
of the pediatric population from mechanical ventilation, 
and to determine cardiovascular-related predictors of 
weaning failure.

Methods
Subjects
This prospective observational study included 50 chil-
dren, aged 2 to 30 months, admitted to the PICU at Ain 
Shams University Children’s Hospital between May 2021 
and September 2022. The study population included 
mechanically ventilated pediatric patients ready to be 
weaned according to the following criteria: (i) Clinical 
criteria: enrolled patients were awake and responsive 
with an intact cough reflex; no sedation was adminis-
tered at the time of examination; hemodynamically sta-
ble (i.e., capillary refill time < 3  s; age-appropriate blood 
pressure; heart rate with no or minimum vasopressor 
support); physiological and metabolic status (i.e., nor-
mal ranges of serum electrolytes and glucose, body tem-
perature < 38 °C, hemoglobin level ≥ 8–10 g/dL), adequate 
oxygenation; pulsed oxygen saturation (SpO2 > 95%); 
and fair nutritional status. Additional criteria included 
(ii) arterial blood gases: normal pH, partial pressure of 
arterial oxygen (PaO2) > 60 mmHg, and partial pressure 
of arterial carbon dioxide (PaCO2) < 50 mmHg; and (iii) 
respiratory mechanics: fractionated inspired oxygen 
(FiO2) < 40%, PaO2/FiO2 > 200, positive end-expiratory 
pressure (PEEP) ≤ 5  cm H2O, respiratory rate (RR) < 40 
breaths/minute, and tidal volume (VT) > 5 ml/kg. Patients 
were excluded if they were hemodynamically unstable, 

diagnosed with neuromuscular diseases not predicted to 
be weaned, or diagnosed with any cardiac disease.

Study design and data collection
The primary objective of this study was to evaluate vari-
ous hemodynamic changes that occur during the wean-
ing process from mechanical ventilation in the pediatric 
population and to identify cardiovascular predictors of 
weaning failure. The secondary objective was to evaluate 
the effectiveness of noninvasive cardiometry in assessing 
hemodynamic changes compared to echocardiography. 
All enrolled patients were subjected to a full, detailed 
medical history and thorough clinical examination.

Regarding the weaning process, we utilized PS ventila-
tion with settings of PEEP 5 cm H2O, PS 6–8 cm H2O, 
and FiO2 30–40% to provide minimal yet effective ven-
tilatory assistance to spontaneously breathing patients. 
We conducted a 30-minute spontaneous breathing trial 
(SBT) with zero pressure support (PS), 5 cm H2O posi-
tive end-expiratory pressure (PEEP), low trigger settings, 
tube compensation, and FiO2 of 30–40%. The use of 
zero PS over T-piece SBT aims to leverage the benefits 
of maintaining patient-ventilator connection, ensuring 
adequate humidification, monitoring expiratory volume, 
and allowing rapid introduction of ventilation if needed 
[5]. All patients were extubated on nasal continuous 
positive airway pressure (CPAP) as per our ICU pro-
tocol. Ventilator-withdrawal failure was defined as the 
requirement to end SBT before completing 30 min or the 
need for re-intubation within 48  h of extubation. Clini-
cal failure criteria included signs of increased respiratory 
muscle effort, reduced level of consciousness, uncontrol-
lable psychomotor agitation requiring sedation, excessive 
sweating, and cyanosis. Additionally, failure was indi-
cated by PaO2 levels below 50–60 mmHg, PaCO2 levels 
above 50 mmHg or an increase of more than 8 mmHg, 
SaO2 below 88–90% with FiO2 above 0.5, pH below 7.32 
or a decrease of more than 0.07, respiratory rate exceed-
ing 40 breaths/min, tachycardia or arrhythmias, high 
blood pressure for age, or increased blood pressure of 
≥ 20% [6]. Extubation failure was defined as the need for 
re-intubation within 48 h of extubation.

Mechanical ventilator settings, including FiO2, peak 
inspiratory pressure (PIP), PEEP, mean airway pressure 
(MAP), RR, VT, and minute ventilation (VT × RR), were 
recorded for all patients before initiation and at the ter-
mination of the 30-minute SBT. All patients were sub-
jected to the following tools before initiating and just 
after ending a 30-minute SBT. Transthoracic echocar-
diography was performed by a single observer under the 
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supervision of a pediatric cardiologist using a 3–8 MHz 
pediatric cardiac transducer using the Samsung HM70A 
Ultrasound System to measure the left ventricular ejec-
tion fraction (LVEF), left ventricular (LV) stroke volume 
(SV), cardiac output, cardiac index (CI) was calculated, 
tricuspid annular plane systolic excursion (TAPSE), right 
ventricular (RV) and LV end-diastolic areas (EDA) to cal-
culate the RVEDA/LVEDA ratio, maximal velocities of 
mitral E and A waves to calculate the E/A ratio, and right 
ventricular systolic pressure (RVSP). Noninvasive cardi-
ometry was performed through electrical bioimpedance 
using the Cardiometer ICON® to measure CI, the index 
of contractility (ICON), systemic vascular resistance 
(SVR), corrected flow time (FTc), stroke volume variation 
(SVV), and thoracic fluid content (TFC).

Data analysis
The data were collected, revised, coded, and entered into 
the Statistical Package for Social Science (IBM SPSS) 
version 23. The quantitative data with a parametric dis-
tribution are presented as the mean, standard deviation, 
and range. Qualitative variables are presented as num-
bers and percentages. The comparison between groups 
regarding qualitative data was performed using the chi-
square test and/or Fisher’s exact test when the expected 
count in any cell was less than 5. Comparisons between 
two independent groups with quantitative data and para-
metric distributions were performed using an indepen-
dent t test, while comparisons of nonparametric data 
were performed using the Mann‒Whitney test. Normal-
ity was assessed using the Shapiro-Wilk test. Spearman 
correlation coefficients were calculated to assess the cor-
relation between two quantitative parameters in the same 
group. A receiver operating characteristic (ROC) curve 
was used to assess the cutoff points for sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive 
value (NPV), and area under the curve (AUC). Univariate 
logistic regression analysis was used to assess the odds 
ratio (OR) and 95% confidence interval (CI) of the most 
important factors associated with extubation failure. The 
confidence interval was set to 95%, and the margin of 
error accepted was set to 5%. PASS11 program for sam-
ple size calculation was used, assuming a weaning failure 
rate of 40%. This percentage was based on the extubation 
failure rate in our ICU in the year preceding study initia-
tion. The sensitivity of echocardiology parameters for the 
prediction of failure was set at 80%, and specificity was 
set at 80%. With a sample size of 50 patients, it is pos-
sible to detect sensitivity with a power of 80% and speci-
ficity with a power of 94%, while setting the alpha error 
(type I error) at 0.05. Therefore, a p value > 0.05 was con-
sidered nonsignificant, a p value < 0.05 was considered 
significant, and a p value < 0.01 was considered highly 
significant.

Results
Fifty pediatric patients were included in this study–30 
males (60%) and 20 females (40%). The ages of the 
patients ranged between 3 and 30 months, with a 
median (IQR) of 21 (8–28) months. Pneumonia was the 
most common cause of mechanical ventilation and was 
recorded in 16 patients (32%). Viral sepsis and septic 
shock were both recorded in 16% of the patient popula-
tion. Thirty-eight patients (76%) had successful extuba-
tion during the first trial; however, 12 patients (24%) did 
not succeed during the first trial.

The mean (± SD) heart rate significantly increased at 
the end of SBT (130.10 ± 12.96) compared to that dur-
ing PS (120.42 ± 16.25) (p-value < 0.001). Regarding 
echocardiography parameters, there were significant 
increases in CI, TAPSE, TAPSE Z score, and E/A ratio 
at the end of SBT compared to those during PS (p val-
ues < 0.001, < 0.001, < 0.001, and 0.002, respectively). In 
addition, there was a significant decrease in RVSP with a 
p value < 0.001 (Table 1).

Patients who failed extubation had lower TAPSE and 
TAPSE Z score during PS (p values = 0.011 and 0.039, 
respectively) and at the end of SBT (p values = 0.001 and 
0.004, respectively) with lower CIs at the end of SBT (p 
value = 0.001) (Tables 2 and 3).

The cutoff point for TAPSE during PS for differentiat-
ing between patients who failed extubation and those 
who were successfully extubated was ≤ 1.61  cm, with 
a sensitivity of 66.67%, specificity of 73.68%, and AUC 
of 0.695. In comparison, the cutoff point for TAPSE at 
the end of SBT for differentiating between patients who 
failed extubation and those who were successfully extu-
bated was ≤ 1.65 cm with a sensitivity of 75.0%, specificity 
of 81.58% and AUC of 0.766 (Fig. 1).

The cutoff point for CI by echo at the end of SBT to 
distinguish between patients who were not success-
fully extubated was ≤ 4.8 L/m2/min, with a sensitivity of 
75.0%, specificity of 78.95%, and AUC of 0.796 (Fig. 2).

Table 1 Echocardiography parameters during PS and at the end 
of SBT

PS (n = 50)
(mean ± SD)

SBT (n = 50)
(mean ± SD)

Test 
value

P-value

LVEF 60.20 ± 9.17 60.00 ± 7.56 0.227• 0.821
CI (L/m/m2) 4.53 ± 0.51 5.04 ± 0.59 -7.917• 0.000
TAPSE (cm) 1.72 ± 0.20 1.77 ± 0.21 -4.466• 0.000
Z-score of TAPSE* 1.4 (1–1.8) 1.65 (1.22–2.1) -4.676‡ 0.000
LV stroke volume (ml) 20.30 ± 8.41 20.33 ± 8.14 -0.031• 0.976
RVSP (mmHg) 21.48 ± 6.44 16.79 ± 5.17 7.693• 0.000
LVEDA/RVEDA 1.46 ± 0.30 1.53 ± 0.36 -1.586• 0.119
E/A 1.32 ± 0.35 1.45 ± 0.36 -3.201 0.002
• Independent t-test; ‡ Mann Whitney test

* Median (IQR)
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Noninvasive cardiometry revealed significant increases 
in ICON and CI at the end of SBT compared to those 
during PS (p values = 0.023 and < 0.001, respectively) 
(Table 4).

Discussion
Cardiovascular dysfunction is a recognizable factor con-
tributing to weaning failure, as observed by previous 
studies in difficult-to-wean adults on mechanical ventila-
tion [7–9]. The utilization of echocardiography to detect 
cardiovascular dysfunction in the intensive care setting 
has grown significantly over the past two decades [10]. 
This study aimed to assess the different hemodynamic 
changes that occur during the weaning of pediatric 
patients from PS mechanical ventilation to SBT. Hemo-
dynamic instability was recognized during the transition 
from positive-pressure mechanical ventilation to spon-
taneous ventilation [11]. At the end of the SBT, signifi-
cant increases in mean heart rate, CI, TAPSE, TAPSE Z 
score, and E/A ratio were recorded, while RVSP sig-
nificantly decreased. Patients who failed extubation had 
lower TAPSE, TAPSE Z scores, and CI, indicating them 
as potential predictive parameters of extubation failure. 
Noninvasive cardiometry showed significant increases 
in ICON and CI at the end of SBT. Positive correlations 
between CI measured by noninvasive cardiometry and 
echocardiography were observed.

Heart rate increased significantly at the end of SBT 
compared to that during PS in our study. This increase 
was similar to that reported in studies by Trifi et al. [12] 
and Caille et al. [9], who reported that the transition to 
T-trial increased HR significantly. The elevation in heart 

Table 2 Relationships between extubation outcomes and 
echocardiography parameters during PS
Echocardiogra-
phy parameters

Success 
(n = 38)
mean ± SD

Failed 
(n = 12)
mean ± SD

Test value P-
val-
ue

LVEF 61.31 ± 9.85 56.67 ± 5.52 1.552• 0.127
CI (L/m/m2) 4.56 ± 0.45 4.43 ± 0.69 0.813 0.420
TAPSE (cm) 1.76 ± 0.17 1.60 ± 0.24 2.629• 0.011
Z-score* 1.44 (1–1.83) 1 (0.5–1.45) -2.062‡ 0.039
LV stroke volume 
(ml)

20.58 ± 7.75 19.42 ± 10.59 0.414• 0.681

RVSP (mmHg) 21.37 ± 6.42 21.83 ± 6.75 -0.216• 0.830
LVEDA/RVEDA 1.46 ± 0.27 1.45 ± 0.40 0.065• 0.948
E/A 1.32 ± 0.33 1.35 ± 0.44 -0.259 0.797
• Independent t-test; ‡ Mann Whitney test

* Median (IQR)

Table 3 Relationships between extubation results and 
echocardiography parameters at the end of SBT
Echocardiogra-
phy parameter

Success 
(n = 38)
(mean ± SD)

Failed 
(n = 12)
(mean ± SD)

Test value P-
val-
ue

LVEF 60.87 ± 7.68 57.25 ± 6.72 1.463• 0.150
CI (L/m/m2) 5.19 ± 0.50 4.56 ± 0.63 3.559 0.001
TAPSE (cm) 1.82 ± 0.16 1.60 ± 0.25 3.508• 0.001
Z-score* 1.69 (1.4–2.1) 0.94 

(0.52–1.55)
-2.913‡ 0.004

LV stroke volume 
(ml)

20.41 ± 7.76 20.08 ± 9.63 0.119• 0.906

RVSP (mmHg) 16.49 ± 5.13 17.75 ± 5.40 -0.732• 0.468
LVEDA/RVEDA 1.55 ± 0.32 1.44 ± 0.47 0.919• 0.362
E/A 1.44 ± 0.34 1.49 ± 0.44 -0.480 0.634
• Independent t-test; ‡ Mann Whitney test

* Median (IQR)

Fig. 1 Receiver operating characteristic (ROC) curve of the TAPSE during PS and after SBT as a predictor of extubation failure
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rate during SBT could be attributed to an increase in 
adrenergic tone, likely resulting from rising serum cat-
echolamine levels during the discontinuation of positive 
pressure ventilation, as previously documented [13].

Several guidelines and recommendations highlighted 
the importance of using echocardiography in a wide 
spectrum of clinical settings in the ICU, including those 
for cardiovascular dysfunction [4, 14–16]. In this study, 
CI significantly increased at the end of SBT; however, 
there was no increase in stroke volume at the end of SBT. 
Therefore, we believe that this increase in CI was directly 

impacted by the increase in HR, which eventually influ-
enced cardiac output. Trifi et al. reported that cardiac 
output significantly increased during SBT due to a sig-
nificant increase in stroke volume [12]. However, the CI 
in our study was lower at the end of SBT in patients with 
failed weaning. Gerbaud et al. observed an increase in CI 
at the end-SBT in ventilated adult patients who were suc-
cessfully weaned (3.3 [3.06–3.77] vs. 3 [2.68–3.3] L/min/
m2, P < 0.001). CI remained unchanged in patients with 
weaning failure [17]. We suggest that the cutoff point for 
CI by echocardiography at the end of SBT to distinguish 
between failed and successful extubation cases is ≤ 4.8 L/
m2/min, with a sensitivity of 75.00% and a specificity of 
78.95%. This could provide a simple, noninvasive guid-
ance for predicting weaning success in ventilated pediat-
ric patients.

Diastolic dysfunction is an essential factor contrib-
uting to cardiac-related weaning failure. The E/A ratio 
increased at the end of SBT, suggesting an alteration in 
diastolic function in our study population. This alteration 
in diastolic dysfunction could be an impact of suggested 
factors, including pulmonary edema, ventricular dys-
function, myocardial ischemia, volume overload, or intra-
thoracic pressure variations during weaning. Bedet et al. 
[18] observed no difference in the E/A ratio in patients 
who were successfully weaned during the second SBT 
(p = 0.736); however, the E/A ratio significantly increased 
at the end of the second SBT in patients with failed wean-
ing (p = 0.003). In our study, the E/A ratio in patients who 
achieved successful or failed weaning was similar at the 
end of SBT. Therefore, our study revealed that regardless 

Table 4 Noninvasive cardiometry parameters during PS and 
at the end of SBT the mean (± SD) CI values measured by 
noninvasive cardiometry (5.19 ± 0.72) were similar to those 
measured by echocardiography (5.04 ± 0.59) at the end of SBT 
(p-value = 0.105). However, the values measured by noninvasive 
cardiometry (4.89 ± 0.68) were greater than those measured by 
echocardiography (4.53 ± 0.51) during PS (p-value < 0.001). There 
was a positive correlation between CI measured by noninvasive 
cardiometry and echocardiography during PS and at the end of 
SBT (Fig. 3), and the difference was evaluated via a bland-Altman 
diagram (Fig. 4)

PS (n = 50)
(mean ± SD)

SBT (n = 50)
(mean ± SD)

Test 
value•

p-
value

ICON 83.38 ± 26.94 90.40 ± 29.87 -2.341 0.023
CI (L/m/m2) 4.89 ± 0.68 5.19 ± 0.72 -3.751 0.000
SVV 19.16 ± 7.75 19.24 ± 8.21 -0.102 0.919
TFC 43.34 ± 16.51 41.40 ± 18.60 0.871 0.388
FTC 268.06 ± 47.52 255.28 ± 47.65 1.958 0.056
SVR 3218.84 ± 1709.54 2992.08 ± 1146.67 1.992 0.052
•: Paired t-test

Fig. 2 Receiver operating characteristic (ROC) curve of CI by echocardiography after SBT as a predictor of failure
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Fig. 4 The difference between echocardiography and noninvasive cardiometry for measuring CI.:a Bland‒Altman plot showing the difference between 
echocardiography and noninvasive cardiometry measurements of CI during PS. b: Bland‒Altman plot showing the difference between echocardiography 
and noninvasive cardiometry measurements of CI after SBT

 

Fig. 3 Correlations between CI by echocardiography and noninvasive cardiometry. a shows the correlation between CI measured via echocardiography 
and noninvasive cardiometry during PS. b shows the correlation between CI measured via echocardiography and noninvasive cardiometry after SBT
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of weaning outcome, the E/A ratio was not considered a 
predictor of weaning failure.

TAPSE significantly increased at the end of SBT, while 
lower TAPSE values during PS and SBT were associ-
ated with weaning failure. Similarly, Roche-Campo et 
al. [19] reported that TAPSE was also lower in patients 
with prolonged weaning (p = 0.03). Our study revealed 
that the cutoff point for TAPSE during PS for differen-
tiating between failed and successful extubation was 
≤ 1.61 cm, with a sensitivity of 66.67% and specificity of 
73.68%. The cutoff point for TAPSE at the end of SBT 
for differentiating between failed and successful extuba-
tion was ≤ 1.65 cm, with a sensitivity of 75.0% and speci-
ficity of 81.58%. An adult study by Papaioannou et al. 
[18] showed that patients with prolonged weaning had 
decreased TAPSE compared to those with short weaning 
(14.59 ± 1.56 versus 19.13 ± 2.59  mm, respectively). They 
recorded a cutoff point of 1.64  cm, with a sensitivity of 
85.00% and specificity of 75.00%, predicting a prolonged 
weaning process. Right ventricular systolic dysfunc-
tion in prolonged weaning patients could be related to 
left ventricular diastolic dysfunction, unlike what was 
reported in adult chronic obstructive pulmonary disease 
(COPD) patients by Daif et al. [20], in which there was no 
difference in TAPSE values between failed and succeeded 
patients. Therefore, our study suggests that TAPSE could 
provide a simple, noninvasive guidance for predicting 
weaning failure in the pediatric population.

This study also compared echocardiography to nonin-
vasive cardiometry in the assessment of CI during wean-
ing. The absolute CI values measured by noninvasive 
cardiometry were greater than those measured by echo-
cardiography. Sanders et al. [21] reported that electrical 
cardiometry cannot replace thermodilution or transtho-
racic echocardiography for the measurement of absolute 
cardiac output. However, our study revealed a significant 
positive correlation between CI measured by noninva-
sive cardiometry and echocardiography during PS and 
after SBT. Boet et al. [22] noted that the cardiac output 
measured by electrical cardiometry was positively cor-
related with cardiac output measured by echocardiogra-
phy in hemodynamically stable preterm infants. Xu et al. 
[23] also concluded that although the absolute values of 
cardiac output measured by electrical cardiometry and 
M-mode echocardiography were not interchangeable, 
the cardiac output distributions in both was similar. On 
the basis of our findings, electrical cardiometry cannot 
replace transthoracic echocardiography, considered the 
standard method for noninvasive cardiac imaging and 
monitoring hemodynamics. However, electrical cardiom-
etry has proven to be an acceptable operator-independent 
trending tool for both cardiac output and CI assessment 
in pediatric patients on mechanical ventilation.

Strengths and limitations
To our knowledge, this study is the first to assess hemo-
dynamic changes during weaning from PS mechanical 
ventilation and predictors of weaning failure in the pedi-
atric population. However, this study has some limita-
tions that need to be accounted for. Our study did not 
assess heart rate variability due to the lack of measure-
ment tools, including invasive arterial line insertion, 
which is not the usual practice in our PICU. Although the 
sample size may be considered low compared to that of 
adult studies, the number of patients is fairly reasonable, 
considering that this was a single-center observational 
study in a pediatric population. We believe that a larger 
sample size from more diverse pediatric populations will 
add valuable results to our findings. Although thermodi-
lution is a more accurate method to assess cardiac output 
and CI, we could not use it in our study due to its invasive 
nature and associated complications.

Conclusion
This study found that weaning from mechanical ventila-
tion is associated with hemodynamic changes, which can 
impact weaning success. Echocardiography is consid-
ered a valuable tool that may raise suspicion of ventricu-
lar dysfunction, which can contribute to weaning failure 
and require further evaluation. Additionally, noninvasive 
electrical cardiometry was highlighted as a supportive 
tool for monitoring hemodynamic trends in the PICU, 
though it should be complemented by echocardiography 
for accurate absolute measurements. This approach high-
lights the importance of thorough cardiovascular assess-
ment during the weaning process and addresses a critical 
knowledge gap in pediatric intensive care. Echocardiog-
raphy should be used as part of a comprehensive evalua-
tion, not as the sole determinant of extubation readiness. 
Further research with larger, more diverse populations is 
needed to validate these findings and determine the opti-
mal role of echocardiography in weaning protocols.

Abbreviations
AUC  Area Under the Curve
CI  Cardiac Index
COPD  Chronic Obstructive Pulmonary Disease
CPAP  Continuous Positive Airway Pressure
E/A  Ratio of Early (E) to Late (A) Ventricular Filling Velocities
EDA  End-Diastolic Area
FCCE  Focused Critical Care Echocardiography
FTc  Corrected Flow Time
FiO2  Fraction of Inspired Oxygen
HR  Heart Rate
ICON  Index of Contractility
ICU  Intensive Care Unit
IQR  Interquartile Range
LVEDA  Left Ventricular End-Diastolic Area
LVEF  Left Ventricular Ejection Fraction
MAP  Mean Airway Pressure
NPV  Negative Predictive Value
OR  Odds Ratio
PEEP  Positive End-Expiratory Pressure



Page 8 of 9Abdelgawad et al. BMC Pediatrics          (2024) 24:681 

PICU  Pediatric Intensive Care Unit
PIP  Peak Inspiratory Pressure
PPV  Positive Predictive Value
PS  Pressure Support
PaCO2  Partial Pressure of Arterial Carbon Dioxide
PaO2  Partial Pressure of Arterial Oxygen
ROC  Receiver Operating Characteristic
RR  Respiratory Rate
RVEDA  Right Ventricular End-Diastolic Area
RVSP  Right Ventricular Systolic Pressure
SBT  Spontaneous Breathing Trial
SD  Standard Deviation
SV  Stroke Volume
SVR  Systemic Vascular Resistance
SVV  Stroke Volume Variation
SaO2  Oxygen Saturation
SpO2  Pulsed Oxygen Saturation
TAPSE  Tricuspid Annular Plane Systolic Excursion
TFC  Thoracic Fluid Content
VT  Tidal Volume

Acknowledgements
We would like to express our sincere gratitude to the medical and nursing 
staff of the Pediatric Intensive Care Unit at Ain Shams University Children’s 
Hospital for their support throughout the study. We are also grateful to the 
families of the patients involved in this study for their cooperation and trust.

Author contributions
Conceptualization, T.A.A., H.M.I., and A.R.R.; methodology, A.R.R., N.S.A., and 
E.M.E.; software, N.S.A.; validation, H.M.I; formal analysis, N.S.A.; investigation, 
E.M.E., S.A.B., and N.S.A.; resources, H.M.I and T.A.A.; data curation, N.S.A. and 
S.A.B.; writing—original draft preparation, N.S.A.; writing—review and editing, 
A.R.R. and H.M.I.; visualization, T.A.A.; supervision, H.M.I. and A.R.R.; project 
administration, A.R.R. All authors have read and agreed to the published 
version of the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
The data presented in this study are available upon request from the 
corresponding author. The data are not publicly available due to the use of 
other unpublished articles based on this database.

Declarations

Ethics approval and consent to participate
The hospital’s institutional review board and the ethics committee of Ain 
Shams University approved this study (Approval number: FMASU MD 97, 
date of approval: May 2020). All procedures followed in our study were in 
accordance with the ethical standards of the hospital’s institutional review 
board and the University’s ethics committee, as well as with the principles 
of the Declaration of Helsinki of 1975, as revised in 2000. Written informed 
consent was obtained from all patient caregivers to participate in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pediatric Intensive Care Unit, Faculty of Medicine, Ain 
Shams University, Cairo, Egypt
2Department of Pediatric Cardiology Unit, Faculty of Medicine, Ain Shams 
University, Cairo, Egypt
3Department of Clinical Pathology, Faculty of Medicine, Ain Shams 
University, Cairo, Egypt

Received: 17 February 2024 / Accepted: 25 September 2024

References
1. Elisa P, Francesca C, Marco P, Davide V, Laura Z, Fabrizio Z et al. Ventilation 

Weaning and Extubation Readiness in Children in Pediatric Intensive Care 
Unit: A Review. Front Pediatr [Internet]. 2022 Apr 1 [cited 2024 Jan 25];10. 
https://pubmed.ncbi.nlm.nih.gov/35433554/

2. Zieleskiewicz L, Muller L, Lakhal K, Meresse Z, Arbelot C, Bertrand PM et al. 
Point-of-care ultrasound in intensive care units: assessment of 1073 proce-
dures in a multicentric, prospective, observational study. Intensive Care Med 
[Internet]. 2015 Sep 29 [cited 2024 Jan 25];41(9):1638–47. https://pubmed.
ncbi.nlm.nih.gov/26160727/

3. Saugel B, Cecconi M, Wagner JY, Reuter DA. Noninvasive continuous cardiac 
output monitoring in perioperative and intensive care medicine. Br J Anaesth 
[Internet]. 2015 Apr 1 [cited 2024 Jan 25];114(4):562–75. https://pubmed.
ncbi.nlm.nih.gov/25596280/

4. Papolos A, Narula J, Bavishi C, Chaudhry FA, Sengupta PP. U.S. Hospital Use 
of Echocardiography: Insights From the Nationwide Inpatient Sample. J Am 
Coll Cardiol [Internet]. 2016 Feb 9 [cited 2024 Jan 25];67(5):502–11. https://
pubmed.ncbi.nlm.nih.gov/26846948/

5. Burns KEA, Khan J, Phoophiboon V, Trivedi V, Gomez-Builes JC, Giammarioli 
B et al. Spontaneous Breathing Trial Techniques for Extubating Adults and 
Children Who Are Critically Ill: A Systematic Review and Meta-Analysis. JAMA 
Netw Open [Internet]. 2024 Feb 23 [cited 2024 Jun 24];7(2):E2356794. https://
pubmed.ncbi.nlm.nih.gov/38393729/

6. Magnet FS, Heilf E, Huttmann SE, Callegari J, Schwarz SB, Storre JH et al. The 
spontaneous breathing trial is of low predictive value regarding spontaneous 
breathing ability in subjects with prolonged, unsuccessful weaning. Med Klin 
Intensivmed Notfmed [Internet]. 2020 May 1 [cited 2024 Jul 12];115(4):300.

7. Cabello B, Thille AW, Roche-Campo F, Brochard L, Gómez FJ, Mancebo J. 
Physiological comparison of three spontaneous breathing trials in difficult-
to-wean patients. Intensive Care Med [Internet]. 2010 Jul [cited 2024 Jan 
30];36(7):1171–9. https://pubmed.ncbi.nlm.nih.gov/20352189/

8. Epstein SK. Etiology of extubation failure and the predictive value of the rapid 
shallow breathing index. Am J Respir Crit Care Med [Internet]. 1995 [cited 
2024 Jan 30];152(2):545–9. https://pubmed.ncbi.nlm.nih.gov/7633705/

9. Caille V, Amiel JB, Charron C, Belliard G, Vieillard-Baron A, Vignon P. Echocar-
diography: a help in the weaning process. Crit Care [Internet]. 2010 Jun 22 
[cited 2024 Jan 27];14(3). https://pubmed.ncbi.nlm.nih.gov/20569504/

10. Burk RE, Beesley SJ, Grissom CK, Hirshberg EL, Lanspa MJ, Brown SM. 
Echocardiography in the Intensive Care Unit. Curr Cardiovasc Imaging Rep 
[Internet]. 2017 Dec 1 [cited 2024 Jan 30];10(12):1–12. https://link.springer.
com/article/https://doi.org/10.1007/s12410-017-9438-9

11. Frazier SK, Stone KS, Schertel ER, Moser DK, Pratt JW. A comparison of 
hemodynamic changes during the transition from mechanical ventilation 
to T-piece, pressure support, and continuous positive airway pressure in 
canines. Biol Res Nurs [Internet]. 2000 [cited 2024 Jan 30];1(4):253–64. https://
pubmed.ncbi.nlm.nih.gov/11232204/

12. Trifi A, Abdellatif S, Ben Ismail K, Daly F, Touil Y, Nasri R et al. Cronicon EC 
EMERGENCY MEDICINE AND CRITICAL CARE Cardiac Ultrasound Assessment 
during ventilator-withdrawal process: A Comparative Cohort Study.

13. Routsi C, Stanopoulos I, Kokkoris S, Sideris A, Zakynthinos S. Weaning failure 
of cardiovascular origin: how to suspect, detect and treat-a review of the 
literature. Ann Intensive Care [Internet]. 2019 Dec 1 [cited 2024 Jan 27];9(1). 
https://pubmed.ncbi.nlm.nih.gov/30627804/

14. Porter TR, Shillcutt SK, Adams MS, Desjardins G, Glas KE, Olson JJ et al. Guide-
lines for the use of echocardiography as a monitor for therapeutic interven-
tion in adults: a report from the American Society of Echocardiography. J Am 
Soc Echocardiogr [Internet]. 2015 [cited 2024 Jan 30];28(1):40–56. https://
pubmed.ncbi.nlm.nih.gov/25559474/

15. Via G, Hussain A, Wells M, Reardon R, Elbarbary M, Noble VE et al. International 
evidence-based recommendations for focused cardiac ultrasound. J Am Soc 
Echocardiogr [Internet]. 2014 [cited 2024 Jan 30];27(7):683https://pubmed.
ncbi.nlm.nih.gov/24951446/. 

16. Levitov A, Frankel HL, Blaivas M, Kirkpatrick AW, Su E, Evans D et al. Guidelines 
for the Appropriate Use of Bedside General and Cardiac Ultrasonography in 
the Evaluation of Critically Ill Patients-Part II: Cardiac Ultrasonography. Crit 
Care Med [Internet]. 2016 Jun 1 [cited 2024 Jan 30];44(6):1206–27. https://
pubmed.ncbi.nlm.nih.gov/27182849/

https://pubmed.ncbi.nlm.nih.gov/35433554/
https://pubmed.ncbi.nlm.nih.gov/26160727/
https://pubmed.ncbi.nlm.nih.gov/26160727/
https://pubmed.ncbi.nlm.nih.gov/25596280/
https://pubmed.ncbi.nlm.nih.gov/25596280/
https://pubmed.ncbi.nlm.nih.gov/26846948/
https://pubmed.ncbi.nlm.nih.gov/26846948/
https://pubmed.ncbi.nlm.nih.gov/38393729/
https://pubmed.ncbi.nlm.nih.gov/38393729/
https://pubmed.ncbi.nlm.nih.gov/20352189/
https://pubmed.ncbi.nlm.nih.gov/7633705/
https://pubmed.ncbi.nlm.nih.gov/20569504/
https://link.springer.com/article/
https://link.springer.com/article/
https://doi.org/10.1007/s12410-017-9438-9
https://pubmed.ncbi.nlm.nih.gov/11232204/
https://pubmed.ncbi.nlm.nih.gov/11232204/
https://pubmed.ncbi.nlm.nih.gov/30627804/
https://pubmed.ncbi.nlm.nih.gov/25559474/
https://pubmed.ncbi.nlm.nih.gov/25559474/
https://pubmed.ncbi.nlm.nih.gov/24951446/
https://pubmed.ncbi.nlm.nih.gov/24951446/
https://pubmed.ncbi.nlm.nih.gov/27182849/
https://pubmed.ncbi.nlm.nih.gov/27182849/


Page 9 of 9Abdelgawad et al. BMC Pediatrics          (2024) 24:681 

17. Gerbaud E, Erickson M, Grenouillet-Delacre M, Beauvieux MC, Coste P, 
Durrieu-Jaïs C et al. Echocardiographic evaluation and N-terminal pro-brain 
natriuretic peptide measurement of patients hospitalized for heart failure 
during weaning from mechanical ventilation - PubMed. Minerva Anestesiol 
[Internet]. 2012 Apr [cited 2024 Jan 30];78(4):415–25. https://pubmed.ncbi.
nlm.nih.gov/22310189/

18. Bedet A, Tomberli F, Prat G, Bailly P, Kouatchet A, Mortaza S et al. Myocardial 
ischemia during ventilator weaning: a prospective multicenter cohort study. 
Crit Care [Internet]. 2019 Sep 18 [cited 2024 Jan 27];23(1). https://pubmed.
ncbi.nlm.nih.gov/31533788/

19. Roche-Campo F, Bedet A, Vivier E, Brochard L, Mekontso Dessap A. Cardiac 
function during weaning failure: the role of diastolic dysfunction. Ann Inten-
sive Care [Internet]. 2018 Dec 1 [cited 2024 Jan 27];8(1).

20. Daif MS, Khalil MM, Salem HM, Abd AM, Moteleb E, Din HE et al. Using 
echocardiography and chest ultrasound for guidance of management of 
difficult-to-wean COPD patients. J Cardiol Curr Res [Internet]. 2018 Aug 7 
[cited 2024 Jan 27];Volume 11(Issue 4). https://medcraveonline.com/JCCR/
JCCR-11-00394.php

21. Sanders M, Servaas S, Slagt C. Accuracy and precision of non-invasive cardiac 
output monitoring by electrical cardiometry: a systematic review and 

meta-analysis. J Clin Monit Comput [Internet]. 2020 Jun 1 [cited 2024 Jan 
27];34(3):433–60. https://pubmed.ncbi.nlm.nih.gov/31175501/

22. Boet A, Jourdain G, Demontoux S, De Luca D. Stroke volume and cardiac 
output evaluation by electrical cardiometry: accuracy and reference nomo-
grams in hemodynamically stable preterm neonates. J Perinatol [Internet]. 
2016 Sep 1 [cited 2024 Jan 27];36(9):748–52. https://pubmed.ncbi.nlm.nih.
gov/27101386/

23. Xu SH, Zhang J, Zhang Y, Zhang P, Cheng GQ. Non-invasive cardiac output 
measurement by electrical cardiometry and M-mode echocardiography 
in the neonate: a prospective observational study of 136 neonatal infants. 
Transl Pediatr [Internet]. 2021 Jul 1 [cited 2024 Jan 27];10(7):1757–64. https://
pubmed.ncbi.nlm.nih.gov/34430424/

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/22310189/
https://pubmed.ncbi.nlm.nih.gov/22310189/
https://pubmed.ncbi.nlm.nih.gov/31533788/
https://pubmed.ncbi.nlm.nih.gov/31533788/
https://medcraveonline.com/JCCR/JCCR-11-00394.php
https://medcraveonline.com/JCCR/JCCR-11-00394.php
https://pubmed.ncbi.nlm.nih.gov/31175501/
https://pubmed.ncbi.nlm.nih.gov/27101386/
https://pubmed.ncbi.nlm.nih.gov/27101386/
https://pubmed.ncbi.nlm.nih.gov/34430424/
https://pubmed.ncbi.nlm.nih.gov/34430424/

	Hemodynamic monitoring during weaning from mechanical ventilation in critically ill pediatric patients: a prospective observational study
	Abstract
	Introduction
	Methods
	Subjects

	Study design and data collection
	Data analysis

	Results
	Discussion
	Strengths and limitations

	Conclusion
	References


