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ABSTRACT 

Background: Mechanical ventilation is a common therapy in the neonatal intensive care unit (NICU), 

especially in low birth weight (LBW) infants. The decision to extubate is usually based on a clinical 

subjective assessment, which takes into account personal experience, analysis of blood gas, and 

ventilator settings. The aim of the present study was to evaluate the efficacy of spontaneous breathing 

trial as an accurate indicator for the success of extubation in mechanically ventilated preterm infants. 

 Patients and methods: Our study was prospective cohort study conducted on62 preterm infants born 

less than 37 weeks of gestation and maintained on mechanical ventilation. divided in two groups: First 

group (32 infants): infants for whom a spontaneous breathing trial will be carried out for 5 

minutes.Second group (30 infants): infants for whom a spontaneous breathing test will be carried out 

for 3 minutes. Then,  rapid Shallow Breathing Index (RSBI) will be calculated for each patient.  

Results: There is statistically non-significant difference between the studied groups regarding RSBI. 

There is statistically non-significant difference between the studied groups regarding pre-extubation 

parameters including respiratory rate, MAP, PO2, PCO2 or PH.There is significant association between 

fate of weaning and all of age at extubation, gestational age, birth weight, APGAR at 5 minutes<6, 

history of maternal PIH, pre-extubation MAP, PO2, and PCO2. Failure of weaning associated with 

younger age, younger gestational age, lower birth weight, history of maternal PIH, higher pre-

extubation MAP, lower PO2, and PCO2. Conclusion: Actual outcome of weaning has strong 

agreement with predicted outcome on RSBI (less or more than 8 breaths ml/kg). Failure of weaning 

associated with younger age, younger gestational age, lower birth weight, history of maternal PIH, 

higher pre-extubation MAP, lower PO2, and PCO2. 
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INTRODUCTION 

Mechanical ventilation is a common therapy in the neonatal intensive care unit (NICU), 

especially in low birth weight (LBW) infants, even in the current era of noninvasive respiratory 

support. Invasive respiratory support is associated with risk and complications including mortality and 

neurological impairments. Consequently, extubation of a ventilated infant should be as early as 

possible (2). 

Hence, extubation of ventilated infants as early as possible is a clinical goal to reduce 

unwarranted pulmonary morbidities. The decision to extubate premature neonates usually is based on 

clinical assessment of infant’s spontaneous respiratory effort, adequacy of ventilation and oxygenation 

as judged by blood gas parameters, oxygen saturations, and ventilator settings. Up to 40% of 

mechanically ventilated infants weighing <1,000 g at birth require re-intubation following extubation. 

Failure of extubation has been associated with higher mortality, increased length of hospital stay and 

more ventilator days in adult and pediatric population (2). 

The adverse effects of reintubation such as trauma, bradycardia, hypercapnia, alteration of 

cerebral blood flow, ventilator associated pneumonia, and sepsis are common(3).A predictor to assess 

extubation readiness  in LBW infants may reduce the morbidity(1). Several strategies to assess 

extubation readiness in preterm infants have been investigated, none of which have demonstrate 

significant improvement over clinical decision making (4). Therefore, this  study aimed to evaluate the 

efficacy of spontaneous breathing trial as an accurate indicator for the success of extubation in 

mechanically ventilated preterm infant. 
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PATIENTS AND METHODS 

The current study was a prospective cohort study performed on 62 preterm mechanically 

ventilated infants (All enrolled preterm infants were less than 37 weeks of gestation and were fit for 

extubation). Approval from Zagazig university institutional review board (IRB) was obtained prior 

starting the study. 

The patients were classified into two groups: 

• First group (32 infants): infants for whom a spontaneous breathing trial were carried out for 5 

minutes. 

• Second group (30 infants): infants for whom a spontaneous breathing test were carried out for 3 

minutes. 

Inclusion criteria: 

Preterm infants less than 37 weeks of gestation, Mechanically ventilated infants Fit for 

extubation. 

Exclusion criteria: 

Preterm infants more than 37 weeks of gestation, Non-mechanically ventilated infants and 

Unfit for extubation. 

Study design: 

Rapid Shallow Breathing Index (RSBI) was calculated for each patient, so the 2 groups were 

further subdivided into 4 groups: 

• The first group comprised the patients who had a SBT for 5 minutes and result of RSBI more than 8 

breaths/ml/kg. 

• The second group comprised patients who had a SBT for 5 minutes and result of RSBI less than 8 

breaths/ml/kg. 

• The third group comprised the patients who had a SBT for 3 minutes and result of RSBI more than 

8 breaths/ml/kg. 

• The forth group comprised the patients who had a SBT for 3 minutes and result of RSBI less than 8 

breaths/ml/kg. 

Extubation was carried out for all patients as recommended by their treating physician.Patients 

were followed up regarding failure of extubation.Failure of extubation is defined as the need for re-

intubation within 72 hours after extubation. 

Spontaneous breathing trial were performed under continued positive airway pressure (CPAP) 

with 5 cmH2O end-expiratory pressure (PEEP), inspiratory flow 10 L/min for 5 minutes for patients of 

the first group, and for 3 minutes for patients of the second group. The mean airways pressure and the 

inspired oxygen fraction were directly collected from the mechanical ventilator monitor before the 

SBT. 

A SBT failure was recorded if the infant had either a bradycardia lasting longer than 15 s, 

defined as a drop in heart rate below 100 beats per minute, and/or a fall in oxygen saturation below 

85% despite a 15% absolute increase in the fraction of inspired oxygen. Physician responsible for the 

care of the infant who were not be present at the time of SBT. The RSBI is defined as the ratio of 

respiratory frequency to tidal volume (f/VT). At the end of the test, the newborns were extubated and 

placed on CPAP or just oxygen, as needed, according to the unit’s routine protocol. 

Statistical analysis: 

IBM’s SPSS statistics (Statistical Package for the Social Sciences) for windows (version 25, 

2017) was used for statistical analysis of the collected data. Shapiro-Wilk test was used to check the 

normality of the data distribution.  All tests were conducted with 95% confidence interval. P 

(probability) value < 0.05 was considered statistically significant. Charts were generated using SPSS’ 

chart builder and Microsoft Excel for windows 2019. Quantitative variables were expressed as mean 

and standard deviation, median, inter-quartile range, minimum and maximum as appropriate while 

categorical variables were expressed as frequency and percentage. Fisher exact and Chi square tests 

were used for inter-group comparison of nominal data using the crosstabs function. 
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RESULTS 

The present study showed a statistically non-significant difference between the studied groups 

regarding RSBI (Table 1).  

There is statistically non-significant difference between the studied groups regarding gestational 

age, birth weight, APGAR score at 1 or 5 minutes, mode of delivery, history of maternal PIH or birth 

weight (Table 2).  

There is statistically non-significant difference between the studied groups regarding pre-

extubation parameters including respiratory rate, MAP, PO2, PCO2 or PH (Table 3). 

  There is statistically non-significant difference between the studied groups regarding fate of 

weaning (Figure 1).  

There is significant association between fate of weaning and all of age at extubation, gestational 

age, birth weight, APGAR at 5 minutes<6, history of maternal PIH, pre-extubation MAP, PO2, and 

PCO2. Failure o weaning associated with younger age, younger gestational age, lower birth weight, 

history of maternal PIH, higher pre-extubation MAP, lower PO2, and PCO2 (Table 4).  

 There is statistically significant strong agreement between actual outcome of weaning and 

predicted outcome on RSBI (Table 5). 

 

Table (1) Comparison between the studied groups regarding RSBI: 

 
 χ2 chi square test 

 

Table (2) Comparison between the studied groups regarding antenatal and natal history: 

 
 F One way ANOVA   χ2 chi square test 
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Table (3) Comparison between the studied groups regarding parameters on extubation: 

 

 
    F One way ANOVA   χ2 chi square test 

 

 

 
Figure (1) Multiple bar chart showing fate of weaning among the studied groups 

 

Table (4) relation between fate of weaning and the studied parameters: 
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t Independent sample t test   χ2 chi square test 

Table (5) validity of outcome predicted by and actual outcome on weaning: 

 
Kappa agreement    **p≤0.001 is statistically highly significant 

DISCUSSION 

 

Mechanical ventilation is common in preterm infants in the treatment of respiratory distress and 

respiratory failure. Although essential and lifesaving, prolonged mechanical ventilation is associated 

with increased morbidities. Nevertheless, untimely extubation may also be harmful, as failure and 

subsequent reintubation is associated with increased morbidity and mortality as well (5).  

It is imperative that a timely and safe extubation be undertaken to shorten the duration of 

mechanical ventilation after the resolution of respiratory distress. However, there are no standardized 

processes to assess for extubation readiness and marked variation among neonatal intensive care units 

(NICUs) persists. Multiple strategies have been investigated, such as use of minute ventilation, 

spontaneous breathing tests (6). 

The objective of this study was to evaluate the efficacy of spontaneous breathing trial as an 

accurate indicator for the success of extubation in mechanically ventilated preterm infant. 
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Before treating the patients, we had to decide which duration of SBT should be decided in our 

study. Both SBT for 3 minutes and for 5 minutes were in our study as in a previous study, Kamlin et al. 

performed a 3-min SBT using endotracheal CPAP of 5–6 cmH2O in preterm infants with birth weights 

(BW) < 1250 g who were deemed ‘ready’ for extubation (Kamlin et al., 2006). The SBT showed a 

sensitivity of 97% and a specificity of 73% at predicting extubation success, thus it was adopted as 

standard of care in that institution. However, a follow-up prospective audit of this practice found that 

routine use of SBTs did not improve weaning times or extubation success rates (7). In the latest 

prospective observational study, the validity of a 5-min SBT was evaluated in 49 infants with GA < 32 

weeks (2). Therefore, we compared 3 and 5 minutes SBT in our study. 

To our best of knowledge, the present study is one of the first study comparing 3 and 5 minutes 

SBT. 

The present study revealed that there is statistically non-significant difference between the 

studied groups regarding age, gender, RSBI ,gestational age, birth weight, APGAR score at 1 or 5 

minutes, mode of delivery, history of maternal PIH or birth weight. Also, non-significant difference 

between the studied groups regarding pre-extubation parameters including respiratory rate, MAP, 

 PO2, PCO2 or PH or fate of weaning. And thus indicating that no clinical need for increased 

time of spontaneous breathing trial. 

In the present study it was found that there is statistically non-significant difference between 

fate of weaning and either gender, mode of delivery, pre-extubation respiratory rate or PH. In 

agreement with our resuts Kaczmarek et al., (4) studied a total of 47 infants; 36 were successfully 

extubated and 11 reintubated. There were no differences in patient demographics, ventilator settings, 

blood gases or post-extubation management between the groups. All components of the HRV analysis 

were significantly decreased in infants who failed, gen erating high areas under the receiver operating 

characteristic curve. The specificity and positive predictive values were 100, but with limited 

sensitivity and negative predictive values. 

In agreement with our results previous studies have noted gestational age to be associated with 

extubation success, however they disagreed with our results in higher postmenstrual age, lower PO2, 

lower PCO2, lower oxygenation index, and higher (8,9). 

Gupta et al found that extubation succeeded in 73% and failed in 27%. Adjusted factors 

associated with successful extubation included greater gestational age, chronologic age and lower 

preextubation PO2, along with lower “peak” respiratory severity score in the first 6 h of age (10). 

Chavez et al conducted Prospective, blinded, clinical study in Pediatric intensive care unit (ICU) 

of a university hospital. Logistic regression analysis revealed no significant association between 

extubation outcome and any of the following: gender, indication for ventilation, cause of acute 

respiratory failure, secretion quantity and quality, and presence or absence of a cuffed endotracheal 

tube. There was a significant association between passing the SBT and extubation success. Duration of 

intubation was significantly associated with extubation failure. Patients failing extubation had almost 

twice the duration of intubation. Increased diastolic blood pressure at 5 mins from baseline also was 

significantly associated with extubation failure (11). 

Also, Mueller et al Studied 486 premature infants on mechanical ventilation was used to 

develop predictive models, birth weight for infants who failed their first extubation attempt was lower 

(929 ± 326 grams) compared to infants who were extubated successfully. depicts distributions of birth 

weight for infants who were extubated successfully versus those who failed. Among ventilator settings, 

tidal volume (VT) immediately prior to extubation was statistically significantly higher in infants who 

succeeded their first extubation attempt than in infants who failed. PaCO2 and SaO2 were statistically 

significantly different between the two groups: SaO2 was higher, while PaCO2 was lower for infants 

succeeding their first extubation compared to those who failed. Infants who failed extubation received 

more dosages of surfactant prior to extubation compared to infants who did not fail. Time between last 

blood gas analysis and extubation was statistically significantly shorter in the group that was extubated 

successfully compared to the group that failed extubationhowevere  (12). 

The present study proved that there is statistically significant strong agreement between actual 

outcome of weaning and predicted outcome on RSBI. 

 In agreement with our results Saikia et al. conducted a prospective cohort study in PICU and 

NICU of a multispecialty tertiary care institute. All consecutive newborns, infants and children, who 

remained on the ventilator for more than 12 h, were included. They observed RSBI as a potentially 

useful index that can predict EF-the higher the value, the higher the chances of EF  (13). 
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Also,  Munshi et al. (14) conducted a retrospective cohort study was conducted at King Faisal 

Cardiac Center on all extubated children, pediatric patients who suffer extubation failure usually have a 

higher RSBI measurement compared to the patients who have a successful extubation. The most 

significant RSBI measurements to predict the extubation outcome were recorded earlier two hours prior 

to extubation. 

 

CONCLUSION 

Actual outcome of weaning has strong agreement with predicted outcome on RSBI (less or 

more than 8 breaths ml/kg). Failure of weaning associated with younger age, younger gestational age, 

lower birth weight, history of maternal PIH, higher pre-extubation MAP, lower PO2, and PCO2. 
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