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Abstract 
Background and Aim: Until now, there has been no established evidence about the best technique to predict failure of extubation. The aim of this study was to assess the occurrence rate of extubation and weaning failure, its risk factors, and predictors in pediatric intensive care unit (PICU) mechanically ventilated children. Methods: This was an observational prospective study that included 60 mechanically ventilated children in the PICU of Benha University Hospital who were subjected to mechanical ventilation (MV) for at least 48 hours. The included children were subjected to a complete clinical and laboratory evaluation. Data regarding MV were collected on admission and 24 hours prior to the trials of spontaneous breathing. Patients were categorized into a group with weaning success and another group with failure of weaning. Results: Most cases (63.3%) were weaned successfully, the most common cause of weaning failure was laryngeal edema and excessive secretion, followed by encephalopathy, hemodynamic unstable, accidental extubation, sedation. Weaning failed group had lower hemoglobin, hematocrit, lymphocytes and statistically higher neutrophils, NLR and C-reactive protein, higher MV settings compared to the weaning success group. Multivariate regression analysis showed that hemoglobin, NLR, PIP, PEEP, FIO2, sedation use, number of spontaneous breathe trial and duration of MV were independent predictors of weaning.  Conclusion: Successful extubation was associated with gradual weaning. Predictors of failed weaning were anemia, low lymphocytic count, high NLR, abnormal ABGs, and high ventilatory settings on MV. 
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Introduction
Children admitted to pediatric intensive care unit (PICU) indicated mechanical ventilation (MV) at a rate ranging from 24% to 60%. Weaning from MV is done through reducing the respiratory support. This liberation of MV should be performed steadily and gradually during a period about half the MV duration to permit independent spontaneous breathing (1). 
During extubation, which is the endotracheal tube removal, it is mandatory to assess the patient dedicatedly to identify the patient’s ability of spontaneous breathing. Adhering to particular precautions for extubation success, such as airway protection and secretion management, is a must (2).
Extubation failure (EF) is defined as the re-need of MV and reintubation that mostly occur during the first 1–3 days after extubation (3). Several risk factors predispose to EF, including persistent reduction of consciousness level due to maintained sedatives’ effects, edema of the upper airway, and muscles’ deconditioning with subsequent failure to achieve complete clearing of secretions (4).
There has been evidence linking EF with prolongation of hospital stay and increased rates of mortality. Therefore, determining EF risk factors can shorten MV duration and improve the overall patients’ outcomes (5). 
The aim of this study was to assess the occurrence rate of extubation and weaning failure, its risk factors, and predictors in pediatric intensive care unit (PICU) mechanically ventilated children.
Patients and methods
This was an observational prospective study that included 60 mechanically ventilated children in the PICU of Benha University Hospital who were subjected to MV for at least 48 hours. 
Inclusion criteria:  
· All admitted patients above 1 month and below 18 years who undergo MV via ETT for more than 48 hours. 
· All with Acute Hypoxic Respiratory failure, Diagnosed with Pneumonia, Bronchial asthma, Encephalopathy with GCS ≥8, Sepsis and Aspiration. 
· Some Neurological diseases included like Acute GBS, Renal, cardiac and Endocrinal diseases. 

Exclusion criteria: 
· Neonates aged <1 month. 
· Patients above 18 y. 
· Patients with GCS below 8. 
· Patients with chronic neuromuscular disorder who needed MV for more than 21 days like SMA.
Ethical consideration 
The study was initiated after obtaining approval from the Research Ethical Committees of Faculty of Medicine, Benha University Hospital. Informed written consents were obtained from the pediatric patients’ parents.
Study groups
The included patients underwent spontaneous breathing trials (SBTs) using low pressure support (5 cm H2O), during which the patient was monitored for weaning eligibility for 48 hours (6) and judged as non-SBT tolerating if the respiratory rate (RR) was higher than 45 per minute, there was RR alteration above 50% of the baseline rate, there was change in the heart rate (HR) more than 20% from the rate at baseline, reduced oxygen saturation to less than 90%, reduced arterial oxygen tension to less than 50 mmHg, or increased arterial carbon dioxide tension to more than 10 mmHg, respiratory distress, agitation, and diaphoresis (7). Patients who were not tolerating SBT were reintubated and continued MV.
According to SBT toleration, patients were categorized into the group with MV weaning success without needing for non-invasive ventilation or reintubation, including 38 patients (63.3%), and another group with MV weaning failure who required re-intubation within 1-3 days of extubation, including 22 patients (36.7%).
All children underwent dedicated history-taking, full clinical examination, and laboratory investigations, including complete blood count (CBC), C-reactive protein (CRP), and arterial blood gases. Data regarding MV were obtained on admission and 24 hours prior to SBTs, such as MV modes, setting, dynamics, and duration, as well as PIP, PEEP, FIO2, number of SBTs, use of sedatives, inotropes, or corticosteroids.
Statistical analysis: 
The patients’ data were processed using version 24 of the SPSS statistical software. The output was expressed as mean, standard deviation, median, range, number, and percentage when needed. Analysis was done through a chi-square test or independent t-test as appropriate. The receiver operating characteristic (ROC) curve was used to assess the predictability of numerical diagnostic measures in the identification of meaning failure cases. The accepted level of significance was 0.05.
Results
This study included 60 children admitted to PICU and underwent mechanical ventilation (MV) for more than 48 hours. The most common cause of admission was pneumonia (36.7%), followed by status epilepticus (13.4%) and sepsis (11.7%). the most common cause of mechanical ventilator was respiratory failure (47.5%), followed by hemodynamic instability (30.5%), uncontrolled fits (13.6%). Most cases (63.3%) were weaned successfully, the most common cause of weaning failure was laryngeal edema and excessive secretion (22.7% for each of them), followed by encephalopathy (18.2%), hemodynamic instability (13.6%), accidental extubation (13.6%), sedation (9.1%), table 1
Weaning failed group had lower hemoglobin, hematocrit, lymphocytes and statistically higher neutrophils and neutrophil/lymphocyte ratio and C-reactive protein than the weaning success group, whereas, no statistically significant differences were noted in WBCs and platelets count. Weaning failed group had statistically lower sodium than the weaning success group, with no statistically significant difference in potassium levels, PH, CO2, HCO3. While 24 hours before weaning; weaning failed group had statistically lower PH and HCO3 and statistically higher CO2 compared to the weaning success group, table 2
Children with failed weaning had statistically higher PIP, PEEP, FIO2, pre-weaning compared to successful weaning group. While there was no statistical difference between group as regards to MV mode or initial parameters, table 3.
Children with failed weaning had statistically higher rates of mortality and longer duration of hospital stay compared to children with weaning success, table 4
ROC analysis showed that, regarding hemoglobin; AUC was 0.746, p=0.006. At a cutoff point <10.1 mg/dl, the sensitivity was 64.3% and specificity was 78.9%. Regarding lymphocytic count; AUC was 0.781, p=0.002. At a cutoff point <0.9 /L, the sensitivity was 71.4% and specificity was 74.9%. While platelets and WBCs showed no significant prediction of weaning failure, Regarding neutrophils; AUC was 0.828, p<0.001. At a cutoff point >12.4 /L, the sensitivity was 86.8% and specificity was 88.2%. Regarding NLR: AUC was 0.891, p<0.001. At a cutoff point >6.6, the sensitivity was 77.5% and specificity was 91.5%. figure 1
Regarding PH; AUC was 0.707, p=0.020. At a cutoff point <7.35, the sensitivity was 64.3% and specificity was 63%. Regarding CO2; AUC was 0.716, p=0.015. Using a cutoff point > 40, the sensitivity was 71.4% and specificity was 76.1%. Regarding HCO3; AUC was 0.856, p<0.001. Using a cutoff point <18.3, the sensitivity was 92.9% and specificity was 73%, figure 2
Regarding PIP; AUC was 0.783, p=0.001. At a cutoff point >16, the sensitivity was 74.3% and specificity was 72.7%. Regarding PEEP; AUC was 0.755, p=0.004. Using a cutoff point >6, the sensitivity was 75.7% and specificity was 83.7%. Regarding FIO2; AUC was 0.844, p<0.001. Using a cutoff point >36, the sensitivity was 85.7% and specificity was 81.9%. Regarding number of SBT; AUC was 0.943, p<0.001. Using a cutoff point >3, the sensitivity was 85.7% and specificity was 90.1%. Regarding duration of MV; AUC was 0.915, p<0.001. Using a cutoff point >6 days, the sensitivity was 92.9% and specificity was 91.7%, figure 3
Multivariate regression analysis showed that hemoglobin, NLR, PIP, PEEP, FIO2, sedation use, number of SBT, and duration of MV were independent predictors of weaning, table 5.
Discussion 
It has been reported that EF prevalence in PICU patients is reaching up to 20%, with growing evidence linking EF to poor patients’ outcomes. Several algorithms were proposed to identify the proper extubation timing with SBTs performed prior to extubation. Until now, there has been no established evidence about the best technique to predict failure of extubation (2).
In our study, most cases (63.3%) were weaned successfully, while (36.7%) failed weaning. The rate of weaning failure differed between studies being lowest in the study by Lee et al., (8), who studied evaluation of diaphragmatic function in mechanically ventilated children, off the included children 22 had successful weaning and only 3 children had failed weaning. Xue et al., (9), included 50 patients, with a weaning success rate of 78%. Yao et al., (10), included a total of 72 children, 56 children passed the weaning process, while 16 children failed (22%). While Abdel Rahman et al.,(11),  included 106 children, 64 patients (60.4%) were successfully weaned from MV, and rate of weaning failure was 39.6%. moreover, Ferrari et al., (12) reported 63% failure rate, 
These differences could be attributed to variation in defining failure of weaning, the studied population, underlying disorders, and MV duration before extubation. All these factors may affect the weaning process outcome.
In the present study, the most common cause of weaning failure was laryngeal edema and excessive secretion (22.7% for each of them), followed by encephalopathy (18.2%), hemodynamic unstable (13.6%), accidental extubation (13.6%), sedation (9.1%).
Our results were in the same line with Ishak et al.,(4), who reported that the most frequent causes of reintubation were laryngeal edema, encephalopathy, increased secretion, and hemodynamic instability (46.3%, 19.4%, 17.9%, and 16.4%, respectively). 
Also in the study by Haruna et al., (13), the most frequent causes of reintubation were excessive secretions (58.8%), hypoxemia (17.6%), airway obstruction (11.8%), tachypnea (7.8%), conscious disturbance (4%).
The most common preventable risk factor of EF was accidental extubation, constituting 13.6% of our failure cases. Several conditions contributed to accidental extubation, such as an improperly positioned or fixed endotracheal tube, poor handling of the patient, or agitation of the patient. All these conditions can be prevented with strict measures to reduce EF as far as possible. Additionally, adequate patients’ assessment and soon reintubation should be considered if the patient was not eligible for extubation. Successfully tolerating accidental extubation has only one benefit, which is the unintentional reduction in the weaning trial duration (4).
In the current study, weaning failed group had lower hemoglobin (p=0.016), hematocrit (p=0.001), lymphocytes (p<0.001) and statistically higher NLR (P<0.001) and C-reactive protein (p=0.021) compared to the weaning success group. 
In the same way, Lai et al. (14) suggested that the outcomes of SBTS were associated with Hb levels. There was a dose-dependent association between the success of MV weaning and the levels of Hb that were categorized as less than 8 g/dL, from 8 to 10 g/dL, and higher than 10 g/dL, with the former two levels constituting a risk factor for EF. In contrast to Beigmohammadi et al., (15), who observed that there was no significant effect of anemia on EF.
Anemia could impact the weaning process on a multifactorial basis. Hemoglobin is crucial for the delivery of oxygen and, thereby, it may influence the endurance of respiratory muscles and respiratory and cardiac functions. Therefore, anemia was particularly considered in the MV weaning practice guidelines to manage failure of weaning.
As for the NLR, its association with the weaning outcome could be explained by the fact that the inflammatory process with its associated stress stimulated the increase in neutrophil count and reduction in lymphocyte count, with subsequent elevation of the of the NLR (16)
In the current study, weaning failed group had statistically lower sodium (p=0.011)  compared to the weaning success group. While there was no statistical difference between groups regarding potassium levels, PH, CO2, HCO3. While 24 hours before weaning; weaning failed group had statistically lower PH and HCO3(p=0.022) and statistically higher CO2(p=0.011) compared to the weaning success group.
Our study were in the  same line with El-Beheidy et al., (17), showed that there was highly statistical significant difference between the weaning success and failure groups as regarding PH, PaO2, PCO2 and PaO2 / FiO2.  And Gadwal et al., (18), revealed statistically significant lower HCO3 with extubation failure compared to extubation success with p-value=0.035.
In the same way, Gupta et al., (19), reported that pre-extubation pH and lower pre-extubation FiO2 predicted weaning success in neonates. 
In contrast to our results, previous studies (9), (10) reported that there was no statistical difference between weaning success and failure groups regarding ABGs. 
In the present study, children with failed weaning had statistically higher PIP, PEEP, FIO2, pre-weaning compared to successful weaning group. While there was no statistical difference between group as regards to MV mode or initial parameters.
This was in agreement with Ishak et al. (4), who observed that higher ventilatory settings were associated with weaning failure since they found that the mean PIP, PEEP, and FiO2 were significantly higher in patients with failure of weaning compared to those with successful extubation.
A plausible explanation is that a high ventilatory setting could result in barotrauma, in which injury of the lung parenchyma occurs due to the high pressure used. This emphasizes the importance of close monitoring of ventilatory settings to reduce the rates of EF (3).
In the current study, children with failed weaning had statistically higher duration of MV, SBT and number of trials compared to successful weaning. Our results were matched with Xue et al.,(9), who reported that ventilatory treatment time in the weaning failure group (median 15, range 7-22 days) was significantly longer than the success group (median 5, range 5-7 days), (P = 0.002). Similarly, Abdel Rahman et al. (11) and Roychowdhoury et al. (20) reported that MV duration significantly differed between patients with weaning failure and those with extubation success. Patients with longer MV duration were more liable to fail weaning. 
In the current study, frequencies of Inotropes and sedation were statistically higher in failed weaning group compard to weaning success group. 
In the same way, Ishak et al.,(4), observed that continuous sedation on MV was associated with extubation failure. Similarly, Silva-Cruz et al., (21), observed that receiving sedative for more than 5 days predispose pediatric patients to weaning failure risk. This is warranting drugs monitoring to preclude disuse. However, further studies are required to determine the minimum duration, dose, and administration modes to reduce unnecessary  use.
In the current study, children with failed weaning had statistically higher rates of mortality and longer duration of hospital stay compared to children with weaning success. Similarly, previous studies (17), (11) reported that extubation failure was associated with prolonged PICU length of stay and higher mortality.
Finally, our study had its limitations, as it was a single-center study with a small sample size, which didn’t allow for a better analysis. Also, the impacts of patients’ nutritional status, feeding pattern, respiratory muscle endurance, and cardiac function effect were not assessed in this study.
Conclusion
Most cases (63.3%) were weaned successfully, while (36.7%) failed weaning. The most common cause of reintubation (weaning failure) was laryngeal edema and excessive secretion (22.7% for each of them), followed by encephalopathy (18.2%), hemodynamic instability(13.6%), accidental extubation (13.6%), sedation (9.1%). Successful extubation was associated with gradual weaning. Predictors of failed weaning were anemia, low lymphocytic count, abnormal ABGs and high ventilatory settings on MV. Children with failed weaning had statistically higher rates of mortality and longer duration of hospital stay compared to children with weaning success.
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Table 1: Sociodemographic data of the studied group
	
	N= 60
	%

	Age (years)
	Mean ±SD
	4.1±2.9

	
	Range 
	3 months – 15 years

	Sex
	Male 
	37
	61.7%

	
	Female 
	23
	38.3%

	Cause of admission
	Aspiration
	4
	6.7%

	
	Pneumonia
	22
	36.7%

	
	Status epilepticus
	8
	13.4%

	
	Sepsis
	7
	11.7%

	
	Fallot
	3
	5.0%

	
	Heart failure
	3
	5.0%

	
	Myocarditis
	2
	3.3%

	
	Celiac disease
	1
	1.7%

	
	Metabolic 
	2
	3.3%

	
	Polytrauma
	4
	6.7%

	
	Post-operative
	2
	3.3%

	
	Stridor
	2
	3.3%

	Cause of MV
	Respiratory Failure
	23
	39.0%

	
	Co2 retention
	6
	8.5%

	
	Hemodynamic instability
	18
	30.5%

	
	Encephalopathy
	3
	5.1%

	
	Uncontrolled fit
	8
	13.6%

	
	Apnea
	2
	3.4%

	Weaning
	Failed
	22
	36.7%

	
	Success 
	38
	63.3%

	Cause of weaning failure
	Excessive secretions
	5
	22.7%

	
	Encephalopathy
	4
	18.2%

	
	Laryngeal edema
	5
	22.7%

	
	Hemodynamic instability
	3
	13.6%

	
	Accidental extubation
	3
	13.6%

	
	Sedation
	2
	9.1%




Table 2: Hematological parameters of the studied groups regarding  weaning
	
	Weaning
	Test
	P value

	
	Failed
	Success 
	
	

	
	N=22
	 %
	N=38
	%
	
	

	Hemoglobin (mg/dl)
	Mean ±SD
	9.6±1.7
	10.9±0.97
	t=3.6
	0.016*

	
	Range 
	8.2-13
	9-12.6
	
	

	Hematocrit (%)
	Mean ±SD
	33.5±5.3
	36.6±3.9
	t=4.1
	0.001*

	
	Range 
	31.2-38.6
	26.7-44.1
	
	

	Platelets (x103)
	Mean ±SD
	202.1±132
	225.9±92.7
	t=0.75
	0.53

	
	Range 
	43-541
	45-455
	
	

	WBCs (x103)
	Mean ±SD
	11.2±7.9
	12.4±8.8
	t=1.4
	0.24

	
	Range 
	5.6-26.6
	2.3-40.1
	
	

	Neutrophils 
	Mean ±SD
	9.8±5.3
	8.8±6.4
	t=3.3
	0.037*

	
	Range 
	1.3-24.5
	1.3-21.5
	
	

	Lymphocytes 

	Mean ±SD
	1.1±0.6
	3.1±1
	t=5.2
	<0.001*

	
	Range 
	0.5-2.5
	0.6-7.1
	
	

	NLR
	Mean ±SD     
	6.4±2.3              
	4.9±3.1                
	t=4.9     
	<0.001*

	
	Range 
	4.3-10.6
	3.2-7.6
	
	

	C-reactive protein (mg/dl)
	Mean ±SD
	85.5±46.5
	42.7±31.4
	t=2.6
	0.021*

	
	Range 
	5-198
	3-192
	
	

	ABGs initial
	PH
	Mean ±SD
	7.32±0.03
	7.32±0.04
	t=0.78
	0.40

	
	
	Range 
	7.25-7.39
	7.26-7.40
	
	

	
	CO2
	Mean ±SD
	46.3±9.8
	41.9±8.8
	t=1.9
	0.07

	
	
	Range 
	34-66
	29-64
	
	

	
	HCO3
	Mean ±SD
	16.9±2.6
	17.8±2.3
	t=0.98
	0.21

	
	
	Range 
	11-24.4
	12.1-26.8
	
	

	ABGs 24 hours before weaning
	PH
	Mean ±SD
	7.35±0.06
	7.37±0.07
	t=2.2
	0.031*

	
	
	Range 
	7.30-7.44
	7.33-7.48
	
	

	
	CO2
	Mean ±SD
	39.4±5.1
	36.1±4.4
	t=2.9
	0.022*

	
	
	Range 
	34-52
	29-40
	
	

	
	HCO3
	Mean ±SD
	18.9±1.6
	20.8±2.3
	t=3.1
	0.011*

	
	
	Range 
	16.5-25.4
	17.1-26.8
	
	


t: Student t-test; *: significant; WBCs: white blood cells



Table 3: Initial and pre-weaning mechanical ventilator parameters in the studied groups 
	
	Weaning
	Test
	P value

	
	Failed
	Success 
	
	

	
	N=22
	 %
	N=38
	%
	
	

	MV mode
	A/C
	11
	50.0%
	16
	42.8%
	X2=1.3
	0.45

	
	SIMV
	11
	50.0%
	22
	57.2%
	
	

	Initial MV parameters 
	PIP
	Mean ±SD
	18.7±2.3
	17.5±1.7
	t=0.94
	0.37

	
	
	Range 
	16-23
	15-23
	
	

	
	PEEP
	Mean ±SD
	6.5±0.8
	6.3±0.9
	t=0.43
	0.66

	
	
	Range 
	5-8
	5-8
	
	

	
	FIO2
	Mean ±SD
	55.6±13.6
	51.5±11.1
	t=0.57
	0.60

	
	
	Range 
	40-85
	25-80
	
	

	
	Rate 
	Mean ±SD
	28.9±5.1
	29.3±4.9
	t=1.3
	0.19

	
	
	Range 
	25-45
	25-45
	
	

	Pre-weaning MV parameters 
	PIP
	Mean ±SD
	15.9±0.6
	15.3±0.4
	t=3.1
	0.004*

	
	
	Range 
	15-18
	15-16
	
	

	
	PEEP
	Mean ±SD
	5.7±0.6
	5.3±0.4
	t=2.5
	0.035*

	
	
	Range 
	5-8
	5-6
	
	

	
	FIO2
	Mean ±SD
	35.4±6.3
	25.3±3.3
	t=3.5
	<0.001*

	
	
	Range 
	25-50
	22-30
	
	

	
	Rate 
	Mean ±SD
	27.5 ±4.3
	27.3±4.2
	t=1.2
	0.21

	
	
	Range 
	25-45
	25-45
	
	


t: Student t-test; X2: Chi square test; *: significant

Table 4: Outcome in the studied group according to weaning
	
	Weaning
	Test
	P value

	
	Failed
	Success 
	
	

	
	N=22
	 %
	N=38
	%
	
	

	Mortality
	Survived
	16
	72.7%
	37
	97.4%
	X2=8.2
	<0.001*

	
	Died
	6
	27.3%
	1
	2.6%
	
	

	Length of hospital stay (days)
	Mean ±SD
	14.1±3.2
	10.7±3.1
	t=4.4
	<0.001*

	
	Range 
	8-23
	7-18
	
	


t: Student t-test; X2: Chi square test; *: significant



Table 5: Univariate and multivariate regression analysis for predictors of weaning failure in the studied group
	
	Univariate 
	Multivariate 

	
	OR
	95% CI
	P value
	OR 
	95% CI
	P value

	Hemoglobin
	0.911
	0.561-1.02
	<0.002*
	0.870
	0.761-1
	0.013*

	NLR

	2.323
	1.432-3.546
	<0.001*
	2.154
	1.766-3.767
	<0.001*

	C-reactive protein
	1.101
	0.718-1.308
	0.213
	
	
	

	PH
	0.892
	0.712-0.988
	0.076
	
	
	

	CO2
	1.211
	0.989-1.523
	0.152
	
	
	

	HCO3
	0.979
	0.734-1.090
	0.257
	
	
	

	PIP
	1.360
	1.103-1.954
	<0.001*
	1.801
	1.333-2.223
	0.003*

	PEEP
	1.432
	1.122-1.876
	<0.001*
	1.868
	1.243-2.104
	0.001*

	FIO2
	1.354
	1.103-1.876
	<0.001*
	1.784
	1.244-2.054
	0.004*

	Sedation
	2.116
	1.324-2.879
	<0.001*
	2.232
	1.543-2.955
	0.002*

	Number of SBT
	2.043
	1.432-2.654
	<0.001*
	1.967
	1.658-2.844
	0.001*

	Duration on MV (days)
	3.123
	2.132-3.643
	<0.001*
	2.421
	1.966-3.530
	<0.001*
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Figure 1: ROC curve of performance of hematological parameters to predict weaning failure
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Figure 2: ROC curve of performance of Arterial blood gases parameters to predict weaning failure
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Figure 3: ROC curve of performance of mechanical ventilator parameters to predict weaning failure
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