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Abstract 

Objective: To describe the timing of first extubation in extremely preterm infants and 

explore the relationship between age at first extubation, extubation outcome, and 

death/respiratory morbidities. 

Methods: In this sub-analysis of a multicenter observational study, infants with birth 

weights ≤ 1250g and intubated within 24h of birth were included. After describing the 

timing of first extubation, age at extubation was divided into “early” (within 7 days from 

birth) vs. “late” (days of life 8-35), and extubation outcome was divided into “success” 

vs. “failure” (reintubation within 7 days post-extubation), to create four extubation 

groups: Early Success (ES), Early Failure (EF), Late Success (LS), and Late Failure (LF). 

Logistic regression analyses were performed to evaluate associations between the four 

groups and death/BPD (bronchopulmonary dysplasia), BPD among survivors, and 

durations of respiratory support and oxygen therapy. 

Results: Of the 250 infants included, 129 (52%) were extubated within 7 days, 93 (37%) 

between 8-35 days, and 28 (11%) beyond 35 days of life. There were 93, 36, 59, and 34 

infants with ES, EF, LS, and LF, respectively. Though ES was associated with the lowest 

rates of respiratory morbidities, EF was not associated with significantly different 

respiratory outcomes compared with LS or LF in unadjusted and adjusted analyses.  

Conclusion: In a contemporary cohort of extremely preterm infants, early extubation 

occurred in 52% of infants, and only early and successful extubation was associated with 

reduced respiratory morbidities. Predictors capable of promptly identifying infants with 

high likelihood of early extubation success or failure are needed.      
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Introduction 

Over the last years, respiratory practices in extremely preterm infants have moved 

towards avoidance of mechanical ventilation (MV) after birth and minimization of MV 

duration through promotion of early extubation to non-invasive respiratory support.1, 2 

This shift has been prompted by the well-established link between MV and increased 

mortality and morbidities.3-7 Indeed, infants requiring more than 7 cumulative MV days 

are at increased risk of bronchopulmonary dysplasia (BPD) and need for supplemental 

oxygen (O2) at discharge from the neonatal intensive care unit (NICU).3-5 Moreover, each 

additional week of MV is associated with increasing risk of death or neurodevelopmental 

disability.6, 7 After a first extubation attempt, a large percentage of infants require 

reintubation and reinstatement of MV.8 The need for reintubation prolongs MV by 10-12 

extra days, which in itself increases risk of death/BPD, and may additionally be 

associated with this undesired outcome independent of MV duration.5, 9, 10  

In the absence of accurate predictors of extubation readiness, clinicians generally 

agree that a trial of extubation is warranted as soon as infants reach certain ventilator 

settings, even if there is a risk of reintubation.11 For most, this translates into extubation 

within the first 48h to 7 days of age to minimize the risk of ventilator-induced lung 

injury.11 However, despite this common practice, there is very limited evidence to guide 

clinicians regarding the effects of age at first extubation on death/respiratory morbidities 

and the possible untoward consequences of extubation failure in extremely preterm 

infants. Thus, the aim of this study was to describe the timing of first extubation attempt 

in a contemporary cohort of extremely preterm infants, and to investigate the relationship 

between age at first extubation, extubation outcome, and death/respiratory morbidities. 
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Methods 

Setting: This was a secondary analysis of a multicenter observational cohort study 

called APEX (clinicaltrials.gov NCT01909947). APEX aimed to develop an automated 

predictor of extubation readiness in extremely preterm infants using clinical and 

cardiorespiratory features acquired prior to extubation. Patients were enrolled from 5 

tertiary care NICUs in Canada and the United States between 2013 and 2018. Infants 

with birth weights (BW) ≤ 1250g and without congenital anomalies, needing MV any 

time after birth, and undergoing their first planned extubation were eligible. A large 

database of clinical variables pertaining to patient demographics, characteristics at 

extubation and reintubation, and important outcomes were prospectively collected. 

Details about the APEX study are published elsewhere.12  

APEX was a pragmatic study, in which all decisions related to the timing of 

intubation, extubation, and reintubation were determined by the clinical team. Moreover, 

there were no specific criteria mandated for either extubation or reintubation. As such, 

variability in respiratory care practices was expected but all participating centers 

endorsed the use of non-invasive respiratory support to avoid MV after birth. During the 

study period, participating centers did not practice intubation-surfactant-extubation 

(INSURE) or less-invasive surfactant administration (LISA).  

Study characteristics and definitions: Only infants enrolled in APEX who 

required MV within 24 hours of age were included in this study. Definitions of the 

evaluated exposures, respiratory outcomes, and confounders are detailed below:  

Exposures: (1) The age at first extubation was computed in hours as the date and time of 

extubation minus the date and time of birth. (2) The need for reintubation at any time 
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point after the first extubation was recorded. The time to reintubation was computed in 

hours as the date and time of reintubation minus the date and time of first extubation.  

The primary outcome was the composite of death or moderate-to-severe BPD, 

defined as the need for any non-invasive respiratory support and/or supplemental O2 at 36 

weeks postmenstrual age. Secondary outcomes were BPD in survivors and cumulative 

days on MV, on any respiratory support (including MV, continuous positive airway 

pressure, nasal intermittent positive pressure ventilation, and high flow nasal cannula), 

and on supplemental O2. A day on any respiratory support or on supplemental O2 

corresponded to a calendar day in which the therapy was used for > 12h. Variables 

related to birth demographics, pre-extubation morbidities, parameters at extubation, and 

outcomes at NICU discharge were collected (Table I; available at www.jpeds.com).  

Statistical Analysis: First, the frequency distribution of age at first extubation 

attempt was plotted to describe the number of infants extubated per 24h bin. The daily 

proportion of infants with successful or failed extubation was also presented. Using these 

data, the probability of extubation failure was computed for the following postnatal age 

bins: ≤ 3, 4-7, 8-21, 22-35 and > 35 days of life. Next, to examine the relationship 

between age at first extubation, extubation outcome, and death/respiratory morbidities, 

infants extubated beyond day of life 35 were excluded because prolonged MV beyond 5 

weeks is known to increase respiratory morbidities.3, 4 Age at first extubation was divided 

into “early” (within 7 days from birth) vs. “late” (between days of life 8-35), and 

extubation outcome was divided into reintubation within 7 days post-extubation 

(“failure”) vs. no reintubation during that period (“success”), to create four extubation 

groups: ES- Early and Successful; EF- Early and Failed; LS- Late and Successful; LF- 

Jo
urn

al 
Pre-

pro
of



 

6 
 

Late and Failed. A priori, only comparisons between ES and EF, EF and LS, and LS and 

LF were planned and computed using Wilcoxon Rank sum or Chi square tests for 

continuous and categorical variables, respectively. A p value < 0.05 was considered 

statistically significant. Multivariable linear and logistic regression models were then 

built to evaluate associations between the extubation groups and death/respiratory 

morbidities. Clinically relevant variables with p < 0.2 in group comparisons were 

assessed using stepwise regression and those with p < 0.05 were kept in the final models. 

Adjusted odds ratios (OR) or mean differences and 95% confidence intervals (CI) were 

computed.  

Post hoc analysis: Following the above analyses, we explored whether the timing 

and outcome of extubation altered the infant’s expected probability of death/BPD. A 

web-based BPD outcome estimator, developed and validated by the Eunice Kennedy 

Shriver National Institute of Child Health and Development (NICHD),13 was used 

retrospectively to calculate each infant’s expected risk of death/BPD at the time of 

extubation. The following infant characteristics at extubation were entered into the 

estimator: gestational age, BW, sex, race/ethnicity, age (day of life 1, 3, 7, 14, 21, or 28, 

whichever was nearest to the actual extubation age), ventilator type, and O2 needs. Given 

that race/ethnicity data were not collected for this study, calculations were done three 

times with the arbitrary assumption that all infants were either “White”, “Black”, or 

“Hispanic”, respectively. For each extubation group and race/ethnicity, individual risk 

estimates for the combined outcome of death or moderate-to-severe BPD were summed 

to derive the expected number and proportion of infants with death/BPD. Standardized 
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incidence ratios were then computed for each extubation group as the observed-to-

expected number of infants with death/BPD along with the 95% CI.  

Results 

 A total of 1013 infants fulfilled the APEX protocol entry criteria of < 1250 grams 

birth weight, of which 267 (26%) were never intubated. After accounting for all 

exclusions, 266 infants were enrolled in the APEX study, of which 250 received MV 

within the first 24h of life (Figure 1; available at www.jpeds.com). The first extubation 

occurred in the first 7 days of life in 129 infants (52%), between days of life 8-35 in 93 

infants (37%), and beyond day of life 35 in 28 infants (11%). The frequency distribution 

of age at first extubation and the probability of extubation failure at different time periods 

are presented in Figure 2. The highest peak of extubations was in the first 72h of life, 

followed by a smaller peak in the fourth and fifth postnatal weeks. The probability of 

extubation failure was 26%, 31%, 40%, 34%, and 21% for infants extubated on days of 

life 1-3, 4-7, 8-21, 22-35, and > 35, respectively. The proportion of infants in each 

gestational age group with successful extubation, failed extubation, or never extubated in 

the first week of life is presented in Figure 3 (available at www.jpeds.com).  

 After dividing the cohort into the four extubation groups, 93 infants had early and 

successful extubation (ES), 36 had early and failed extubation (EF), 59 had late and 

successful extubation (LS), and 34 had late and failed extubation (LF). Characteristics of 

infants in each extubation group are presented in Table II. When compared with infants 

experiencing EF, infants with ES had greater gestational age and weight (at birth and at 

extubation), and lower mean airway pressure and O2 needs at extubation. When 

compared with infants with LS, infants with EF had greater gestational age and weight (at 
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birth and at extubation), greater 5-min Apgar score, fewer pre-extubation morbidities, and 

lower partial pressure of carbon dioxide and base excess at extubation. When compared 

with infants with LF, infants with LS had greater gestational age and weight (at birth and 

at extubation), as well as greater rates of Caesarean delivery. Characteristics of the 28 

infants extubated beyond 35 days of life are presented in Table III (available at 

www.jpeds.com).  

 Mortality and respiratory morbidities for each extubation group are presented in 

Table IV. The proportion of infants with death/BPD was 31%, 83%, 66%, and 91% in the 

ES, EF, LS, and LF groups, respectively. Infants with EF had significantly greater risk of 

death/BPD, BPD, duration of MV, duration of any respiratory support, and duration of 

oxygen supplementation compared with infants with ES. Similarly, infants with LF had 

significantly greater risk of the above-mentioned respiratory morbidities compared with 

infants with LS. However, there were no significant differences in rates of respiratory 

morbidities when comparing infants with EF and LS, except for a greater crude number 

of deaths in the EF group (4 deaths compared with none, p<0.02). The 4 deaths in the EF 

group were for the following reasons: (1) pulmonary hemorrhage immediately post-

extubation; (2) grade 4 intraventricular hemorrhage detected on a head ultrasound after 

reintubation, followed by withdrawal of life-sustaining therapy; (3) pulmonary 

hemorrhage and respiratory deterioration 12 days after reintubation; (4) fulminant 

necrotizing enterocolitis 87 hours after extubation. Differences between extubation 

groups for all other outcomes at discharge are highlighted in Table IV. Infants with ES 

had significantly lower rates of steroid use, retinopathy of prematurity, and length of 

hospitalization compared with infants with EF.  
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 Adjusted associations between age at first extubation attempt, extubation 

outcomes, and respiratory morbidities are shown in Table V. Adjustments were made for 

study site, birth weight, postnatal infection, and postnatal steroids. ES was independently 

associated with lower death/BPD rates compared with EF (OR 0.13; 95% CI 0.04, 0.4) 

and LF (OR 0.19; 95% CI 0.04, 1.00). ES was also independently associated with lower 

BPD among survivors compared with EF (OR 0.18; 95% CI 0.05, 0.6), LS (OR 0.26; 

95% CI 0.07, 0.97), and LF (OR 0.12; 95% CI 0.02, 0.72). Furthermore, ES was 

independently associated with shorter cumulative duration of MV (mean difference -25.4 

days; 95% CI -27 to -3.8) and shorter cumulative duration of O2 supplementation (mean 

difference -20 days; 95% CI -36.4 to -3.6) compared with LF. There were no significant 

differences in respiratory morbidities when comparing infants in the EF group with 

infants in either the LS or LF groups. Furthermore, there were no significant differences 

in respiratory morbidities when comparing infants in the LS and LF groups, except for 

significantly shorter cumulative duration of MV in infants with LS (mean difference -

12.3 days; 95% CI -22.4 to -2.2) compared with infants with LF. 

 Finally, in the post hoc analysis, we used the NICHD BPD outcome estimator to 

compute the expected probability of death/BPD for infants in each extubation group and 

race/ethnicity, and compared it with the observed probability of death/BPD (Figure 4; 

available at www.jpeds.com). There were no significant differences in observed-to-

expected probabilities of death/BPD for infants with ES, LS, or LF. In contrast, infants 

with EF had higher (but not statistically different) observed-to-expected probabilities of 

death/BPD when computing the expected probabilities for White race (83% observed vs. 

58% expected; standardized ratio 1.44, 95% CI 0.93, 1.96), and statistically higher 
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observed-to-expected probabilities of death/BPD when computing the expected 

probabilities for either Black race (83% observed vs. 52% expected; standardized ratio 

1.61, 95% CI 1.04, 2.19) or Hispanic ethnicity (83% observed vs. 49% expected; 

standardized ratio 1.69, 95% CI 1.09, 2.3). 

Discussion 

This secondary analysis from a large prospective multicenter study 

comprehensively described the relationship between age at first extubation, extubation 

outcomes, and respiratory morbidities in a cohort of extremely preterm infants exposed to 

modern-day respiratory practices. Out of 250 included infants, 52% had their first 

extubation attempt in the first week of life. Extubation failure rates increased from 26% 

for extubations in the first 72h of life, to 40% for extubations in the second and third 

postnatal weeks. Although early and successful extubation was associated with the lowest 

rates of death/BPD and respiratory morbidities, early but failed extubation was not 

associated with improved or worsened respiratory outcomes compared with late 

extubation. This finding demonstrates the potential importance of extubation outcome, 

and not just timing of extubation, in modulating the risk of death/BPD. Importantly, it 

characterizes a target population that would benefit from more accurate predictors of 

extubation failure.        

 Despite the general agreement that extremely preterm infants should be extubated 

as early as possible, we observed that only half of the infants in our cohort were 

extubated in the first week of life. On one hand, this finding raises the possibility that 

some infants were kept on MV longer than necessary due to missed opportunities to 

recognize their potential for weaning and extubation. On the other hand, it may highlight 
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the modern reality that an early trial of extubation is not feasible in many of the infants 

exposed to MV today, perhaps because of greater severity of their respiratory 

insufficiency or some other unmeasured factors, such as presence of chorioamnionitis. 

With the recent surge in primary non-invasive respiratory support in the delivery room 

and NICU, many preterm infants who once would have required MV are now 

successfully managed without it.1 As a result, MV has become increasingly reserved for 

infants with the greatest illness severity who are unable to sustain adequate ventilation 

and oxygenation despite a trial on non-invasive respiratory support. In line with this 

trend, we observed that 24% of potentially eligible infants in our cohort never required 

intubation and MV. Moreover, we noted that the median gestational age of infants who 

remained mechanically ventilated during the first week of life was lower than 25 weeks, 

which represents the subset of infants most prone to clinical instability and comorbidities 

after birth.2 In this regard, the greater degree of infant immaturity with increasing age at 

extubation may explain why extubation failure rates were higher in the second and third 

postnatal weeks compared with the first week of life. In other words, the increased 

extubation failure rates over time may be a result of shifting population characteristics 

rather than a result of delayed extubation.    

 The rationale for early extubation is grounded in strong and consistent evidence: 

prolonged MV is associated with increased risk of BPD, long-term neurodevelopmental 

impairment, and death.3-7 In contrast, the reasoning that early extubation is associated 

with improved outcomes, even when the attempt is unsuccessful, is less certain based on 

the available evidence. In a large cohort study, Jensen et al found that the cumulative 

duration of MV largely accounted for the increased risk of BPD in extremely low birth 
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weight infants, and that only exposure to 3 or more reintubations further increased that 

risk.3 However, the study did not specifically account for the effects of age at extubation 

on BPD. In another retrospective study, Berger et al used survival analysis methodology 

to show that extubation in the first 3 or 7 days of life significantly reduced the time to 

developing death/BPD compared with extubation after the week of life, even after 

adjusting for reintubation.14 However, this was a less contemporary cohort (2006-2012), 

where presumably most infants were intubated shortly after birth and where most infants 

(72%) required reintubation. Lastly, Al-Faleh and Robbins et al found a significant 

association between early extubation and reduced neonatal morbidities at discharge, but 

did not adjust for known confounders, including reintubation.15, 16 In view of these 

uncertainties, the current analysis was designed to ascertain the differential impacts of 

both the timing and outcome of extubation on respiratory morbidities in a more 

contemporary cohort of extremely preterm infants.  

Based on our study results, we noted that only early and successful extubation, 

but not early and failed extubation, was significantly associated with reduced respiratory 

morbidities compared with late extubation. Moreover, despite noting that infants with 

early and failed extubation were significantly bigger and more mature than infants with 

late and successful extubation, their respective rates of death/BPD and respiratory 

morbidities were statistically similar. However, our results suggest that, at best, EF was 

associated with a 17% decrease in the adjusted odds of death/BPD and, at worst, a 13-

fold increase in the adjusted odds of death/BPD compared with LS (adjusted odds ratio 

3.3, 95% CI 0.83, 13.4). Moreover, the EF group had an 11% mortality rate, which was 

significantly higher than the LS group and similar to the 12% mortality rate described by 
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Berger et al for infants with failed extubation in the first week of life. This relatively high 

mortality rate in the EF group is likely ascribable to the study design itself, because 

mortality in this extremely preterm population is highest in the first week of life,17 and 

infants who died before extubation were not captured in this study. Nonetheless, when 

inspecting the four deaths in the EF group (pulmonary hemorrhage in two instances, 

high-grade intraventricular hemorrhage, and fulminant necrotizing enterocolitis), it is 

plausible that the process of extubation uncovered some degree of clinical instability, 

which ultimately led to these rare but catastrophic complications.  

Interestingly, the early and failed extubation group had a higher death/BPD rate 

than projected when applying the NICHD’s BPD outcome estimator at the time of 

extubation. Although these results likely suggest that the failed extubation was a marker 

of the patient’s illness severity, it is also plausible that the failed extubation altered the 

infants’ respiratory trajectory by causing additional airway manipulation and ventilator-

induced lung injury, thus emphasizing the need for better predictors of extubation 

failure.18 That being said, due to the exploratory nature of this secondary analysis and the 

small sample size in each extubation group, these results remain hypothesis-generating 

and should not justify a change in extubation practices. In fact, given that infants with 

early and successful extubation have the most favorable respiratory outcomes, and in the 

absence of accurate predictors of extubation readiness in this population,19 it still 

behooves us to attempt extubation as early as deemed possible. Furthermore, there is 

currently no evidence to suggest that delaying extubation improves outcomes. In the only 

randomized trial on this topic, Danan et al found that delaying extubation by 36 hours 

after meeting extubation criteria conferred no benefits in death/BPD rates compared with 
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immediate extubation in extremely preterm infants.20 Similarly, in a retrospective cohort 

study of infants less than 26 weeks’ gestation at birth, Mukerji et al found no differences 

in death/BPD rates or severe intraventricular hemorrhage rates between infants extubated 

within or beyond 24h from meeting extubation criteria.21 Thus, a routine approach of 

delaying extubation amongst infants potentially ready for an extubation trial appears 

unjustified at present.   

Our study had some limitations. First, the division of the cohort into different 

extubation groups led to relatively small numbers of infants per group and to multiple 

comparisons, which resulted in increasing the risk of type I error. This indicates the need 

for larger studies to confirm our findings. Second, although we methodically adjusted for 

important variables known to increase death/BPD, other confounders may have been 

unaccounted. Third, the cutoff of 7 days was a priori chosen to categorize infants with 

“early” vs. “late” extubation, but a shorter time frame (eg, 72 hours) may have uncovered 

more subtle differences between infants extubated at different stages within the first week 

of life. Fourth, the pragmatic nature of the study naturally led to variable intubation, 

extubation, and reintubation practices between and within participating sites. Although 

this “real-world” study design may improve external validity to the results, it comes at 

the expense of being unable to ascertain in more depth the differential role of these 

different extubation practices on respiratory outcomes.       

 In conclusion, in a large cohort of extremely preterm infants exposed to current 

respiratory care practices, extubation in the first week of life was achieved in 52% of 

infants but only conferred improved respiratory outcomes when the attempt was 

successful. Although early extubation remains the priority, future research is needed to 
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develop and validate predictors capable of promptly identifying infants ready for 

extubation and those at highest risk of failing extubation in the first week of life. Future 

studies are also needed to evaluate the incremental benefits of successful extubation 

against the costs of failure while accounting for the infants’ postnatal age and risk profile. 
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Figure legends 

 

Figure 1 – Flow of included participants  

 

Figure 2 – Frequency distribution of age at first extubation attempt and the probability of 

extubation failure 

Legend: An additional 17 infants were extubated beyond 42 days of life. The probability 

of extubation failure (red line, Y2 axis) was computed for the postnatal age bins 

corresponding to days of life 1-3 (n=80), 4-7 (n=49), 8-21 (n=40), 22-35 (n=53) and > 35 

days (n=28). 

 

Figure 3 – Rates of successful extubation, failed extubation, and no extubation in the first 

week of life as a function of gestational age 
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Figure 4 – Expected and observed probabilities of death or bronchopulmonary dysplasia 

per extubation group and race/ethnicity 

Legend: The bar chart presents for each extubation group the observed probability of 

death/BPD and the expected probabilities of death/BPD if all infants were either “White”, 

“Black”, or “Hispanic”. In the embedded table, standardized ratios and 95% confidence 

intervals are presented for each extubation group and compare the observed probability of 

death/BPD with the expected probabilities of death/BPD if all infants in the group were 

either “White”, “Black”, or “Hispanic”, respectively. 
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Table 1 Prospectively collected covariates used for this sub-study 

 

 Collected variables  

 

At birth Gestational age, birth weight, sex, small for gestational age 

(birth weight < 10th percentile using a Canadian reference 

growth curve), antenatal steroids, caesarean delivery, 5-min 

Apgar score, and intubation in the first hour of life. 

 

Pre-extubation  Postnatal steroids use, necrotizing enterocolitis (defined based 

on modified Bell’s stage ≥ IIA), intraventricular haemorrhage 

of any grade, and culture-proven postnatal infection (blood, 

urine, or cerebrospinal fluid). 

 

At extubation Postmenstrual age and weight, blood gas values (if measured 

within 24h from extubation), mean airway pressure, and 

fraction of inspired oxygen. 

 

At discharge Postnatal steroid use, necrotizing enterocolitis, intraventricular 

hemorrhage of any grade, postnatal infection, retinopathy of 

prematurity, and length of stay in the neonatal intensive care 

unit. 
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Table 2. Characteristics of the extubation groups   

 

  Early Success 

(n=93) 

Early Failure 

(n=36) 

Late Success 

(n=59) 

Late Failure 

(n=34) 

Demographics         

GA, weeks  27.4 [26.3-28.8]* 26.3 [25.9-27.1]‡ 25.4 [24.8-26.6]¥ 24.6 [24.1-25.3] 

BW, grams  1030 [870-1156]* 855 [760-975] ‡ 740 [658-875] ¥ 674 [590-730] 

Male, % 47 (51) 22 (61) 31 (53) 17 (50) 

SGA, % 10 (11) 5 (14) 5 (8) 3 (9) 

ANS, % 83 (89) 30 (83) 53 (90) 32 (94) 

C-section, % 59 (63) 24 (67) 45 (76) ¥ 18 (53) 

Chorio, % 38/74 (51) 14/30 (47) 26/51 (51) 17/28 (61) 

Apgar 5 mina  7 [5-8] 8 [6-8] ‡ 6 [5-8] 6 [4-7] 

Intubation 1st hour, % 

 

59 (63) 29 (81) 51 (86) 29 (85) 

Pre-Extubation 
    

Caffeine use, % 90 (97) 35 (97) 59 (100) 34 (100) 

Steroids use, %  1 (1) 0 (0)‡ 32 (54) 19 (56) 

Pneumothorax, % 1 (1) 2 (6) 2 (3) 3 (9) 

NEC, %  0 (0) 0 (0)‡ 4 (7) 2 (6) 

Infection, %  1 (1) 0 (0) ‡ 10 (17) 11 (32) 

IVH, % 

 

9 (10) 3 (8)‡ 21 (36) 18 (53) 

At Extubation     

PMA, weeks  27.9 [26.7-29.1]* 26.8 [26.1-27.4]‡ 28.7 [27.5-29.4]¥ 27.5 [26.6-28.4] 

Weight, grams  990 [850-1100]* 815 [695-945] ‡ 910 [810-1030] ¥ 780 [700-930] 

DOL  3 [2-5] 4 [2-5]‡ 25 [13-29] 23 [14-27] 

pHb  7.33 [7.29-7.38] 7.36 [7.28-7.38] 7.34 [7.3-7.39] 7.31 [7.29-7.36] 

PCO2, mmHgb  41 [36-46] 40 [34-45]‡ 51 [46-55] 53 [45-58] 

BE, mmHgb -4.3 [-5.8 – -2.7] -4.1 [-5.6 – -2.3]‡ 0.6 [-1.8 – 3.1] 0.4 [-3.1 – 2.9] 

MAP, cmH2Oc 6.5 [6-7.5] * 7.2 [6.1-8.8] 7 [6.4-7.9] 7.5 [6.5-8.8] 

FiO2  0.21 [0.21-0.21]* 0.23 [0.21-0.26] 0.25 [0.21-0.3] 0.26 [0.24-0.35]  
 

Abbreviations: GA – gestational age, BW – birth weight, SGA – small for gestational age, ANS 

– antenatal steroids, Chorio – histological chorioamnionitis, PMA – postmenstrual age, DOL – 

day of life, BE – base excess, MAP – mean airway pressure, FiO2 – fraction of inspired oxygen, 

NEC – necrotizing enterocolitis, IVH – intraventricular hemorrhage. 

 

Values are expressed as median [IQR] or n (%). 
a Early Failure (n=35). 
b Early Success (n=92), Late Success (n=36); Late Failure (n=29). 
c Late Success (n=58). 
* P value < 0.05 for the comparison between early success and early failure groups.  
‡ P value < 0.05 for the comparison between early failure and late success groups. 
¥ P value < 0.05 for the comparison between late success and late failure groups. 
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Table 3. Characteristics of infants extubated beyond 35 days of life 

 

  N=28 

Demographics   

GA, weeks  24.1 [23.8-24.9] 

BW, grams  613 [510-710] 

Male, % 16 (57) 

SGA, % 9 (32) 

ANS, % 26 (93) 

C-section, % 18 (64) 

Chorio, %  13/27 (48) 

Apgar 5 mina  6 [4-7] 

Intubation 1st hour, % 

 

27 (96) 

Pre-Extubation 
 

Steroids use, % 25 (89) 

NEC, %  3 (11) 

Infection, %  19 (68) 

IVH, %  16 (57) 

  

At Extubation  

PMA, weeks  31.3 [29.8-32.1] 

Weight, grams  1103 [963-1208] 

DOL  49 [40-57] 

pHb  7.37 [7.33-7.4] 

PCO2, mmHgb  49 [44-54] 

BE, mmHgb 3.5 [-0.9 – 5.7] 

MAP, cmH2O 7.9 [7.1-10.5] 

FiO2  0.28 [0.25-0.35] 

  

At Discharge 
 

Steroids use, % 26 (93)  

NEC, % 4 (14) 

Infection, % 20 (71) 

IVH, %  16 (57) 

ROP, %  19 (68) 

LOH, days 132 [113-146] 

  

Death/BPD, %  25 (89) 

BPD, %  24/27 (89) 

Death, % 1 (4) 

MV, days  54 [47-61] 

Any RS, days  100 [86-120] 

O2, days  101 [82-137] 

 

Values are expressed as median [IQR] or n (%). 
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a Data was available for 27 infants. 
b Data was available for 19 infants. 

 

Abbreviations: GA – gestational age, BW – birth weight, SGA – small for gestational age, ANS 

– antenatal steroids, Chorio – histological chorioamnionitis, DR – delivery room, PMA – 

postmenstrual age, DOL – day of life, BE – base excess, MAP – mean airway pressure, FiO2 – 

fraction of inspired oxygen, NEC – necrotizing enterocolitis, IVH – intraventricular hemorrhage, 

ROP – retinopathy of prematurity, LOH – length of hospitalization, BPD – bronchopulmonary 

dysplasia, MV – mechanical ventilation, RS – respiratory support. 
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Table 4. Respiratory morbidities and outcomes at discharge per extubation group   

 

  Early Success 

(n=93) 

Early Failure 

(n=36) 

Late Success 

(n=59) 

Late Failure 

(n=34)  
Respiratory morbidities        

Death/BPD, %  29 (31)* 30 (83) 39 (66)¥ 31 (91) 

BPD, %  26/90 (29)* 26/32 (81) 39 (66)¥ 30/33 (91) 

Death, % 3 (3) 4 (11) ‡ 0 (0) 1 (3) 

MV, days 3 [1-5]* 22 [10-32] 26 [18-31]¥ 38 [33-42] 

Any RS, days  45 [31-58]* 64 [41-82] 71 [60-82]¥ 85 [76-102] 

O2, days 15 [2-43]* 76 [25-98] 47 [23-82]¥ 93 [70-106] 

     

Other Outcomes     

Steroids use, % 12 (13)* 17 (47) 39 (66) 28 (82) 

NEC, % 7 (8) 4 (11) 11 (19) 4 (12) 

Infection, % 24 (26) 10 (28) 22 (37) 19 (56) 

IVH, %  22 (24) 8 (22) 24 (41) 20 (59) 

ROP, %  12 (13)* 17 (47) 20 (34)¥ 27 (79) 

LOH, days 74 [52-94]* 95 [83-119] 108 [92-123] ¥ 121 [104-136] 

 

 

Abbreviations: BPD – bronchopulmonary dysplasia, MV – mechanical ventilation, RS – 

respiratory support, NEC – necrotizing enterocolitis, IVH – intraventricular hemorrhage, ROP – 

retinopathy of prematurity, LOH – length of hospitalization. 

Values are expressed as median [IQR] or n (%). 
* P value < 0.05 for the comparison between early success and early failure groups.  
‡ P value < 0.05 for the comparison between early failure and late success groups. 
¥ P value < 0.05 for the comparison between late success and late failure groups. 
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Table 5. Adjusted risks of respiratory morbidities per extubation group 

 

 

  Reference: Early Success Reference: Early Failure 

  

Reference: Late Success Reference: Late Failure 

Multivariate logistic regression  
Death/BPD EF 7.8 (2.3, 26.5) ES 0.13 (0.04, 0.4) ES 0.43 (0.13, 1.4) ES 0.19 (0.04, 1.00) 

LS 2.3 (0.7, 7.7) LS 0.3 (0.07, 1.2) EF 3.3 (0.83, 13.4) EF 1.5 (0.25, 9.0) 

LF 5.2 (1.00, 26.7) LF 0.7 (0.11, 4) LF 2.2 (0.52, 9.4) LS 0.45 (0.11, 1.9) 

        

BPD among 

survivors 

EF 5.7 (1.6, 20.4) ES 0.18 (0.05, 0.6) ES 0.26 (0.07, 0.97) ES 0.12 (0.02, 0.72) 

LS 3.9 (1.03, 14.7) LS 0.7 (0.2, 2.9) EF 1.5 (0.35, 6.2) EF 0.71 (0.11, 4.4) 

LF 8 (1.4, 46.9)  LF 1.4 (0.2, 8.8) LF 2.1 (0.47, 9.2) LS 0.48 (0.11, 2.1) 

        

Multivariate linear regression  
Duration of 

mechanical 

ventilation (days) 

  

EF 5.8 (-3.7 to 15.2) ES -5.8 (-15.2 to 3.7) ES -3.1 (-12.7 to 6.6) ES -25.4 (-27 to -3.8) 

LS 3.1 (-6.6 to 12.7) LS -2.7 (-12.9 to 7.5) EF 2.7 (-7.5 to 12.9) EF -9.6 (-21 to 1.8) 

LF 15.4 (3.8 to 26.9)  LF 9.6 (-1.8 to 21) LF 12.3 (2.2 to 22.4) LS -12.3 (-22.4 to -2.2) 

            

Duration of any 

respiratory support 

(days) 

  

EF 4.1 (-8 to 16.2) ES -4.1 (-16.2 to 8) ES -5 (-17.3 to 7.3) ES -8.5 (-23.3 to 6.3) 

LS 5 (-7.3 to 17.3) LS 1 (-12.1 to 14) EF -1 (-14 to 12.1) EF -4.5 (-19 to 10.1) 

LF 8.5 (-6.3 to 23.3) LF 4.5 (-10.1 to 19) LF 3.5 (-9.4 to 16.4) LS -3.5 (-16.4 to 9.4) 

            

Duration of oxygen 

therapy (days) 

  

EF 12.4 (-1.0 to 25.8) ES -12.4 (-25.8 to 1)  ES -6.3 (-19.9 to 7.4) ES -20 (-36.4 to -3.6) 

LS 6.3 (-7.4 to 19.9) LS -6.1 (-20.6 to 8.4) EF 6.1 (-8.4 to 20.6) EF -7.6 (-23.7 to 8.6) 

LF 20 (3.6 to 36.4) LF 7.6 (-8.5 to 23.7) LF 13.7 (-0.59 to 28) LS -13.7 (-28 to 0.59) 

            

 

Legend: Results are expressed as odds ratio (95% CI) or coefficient estimate (95% CI) for logistic and linear regression, respectively. 

Models were adjusted for site, birth weight, infection and postnatal steroids use. 
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N=250 infants  

Enrolled in APEX Study and received  

MV within ≤ 24h of life 

N=129 (52%) 

Early Extubation  

Day of life 1-7 

N=93  

Extubation 

Success 

N=36  

Extubation 

Failure 

N=93 (37%)  

Late Extubation  

Day of life 8-35  

N=59  

Extubation 

Success 

N=34 

Extubation 

Failure  

N=28 (11%)  

Extubation beyond 

Day of life 35  
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