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Extremely premature infants (<28 weeks gestation at birth) have a significant risk of needing 

invasive mechanical ventilation and developing bronchopulmonary dysplasia (BPD) as a 

complication. While they account for 0.5–1% of live births, they represent a disproportionate 

share of infants in the Neonatal intensive care units (NICU) due to their prolonged NICU 

stay [1, 2]. The increasing survival of these infants in recent times was facilitated by rapid 

advances in neonatal intensive care [3]. However, these infants remain at the highest risk for 

long-term pulmonary and neuro-developmental impairments (NDI) among all births.

Invasive mechanical ventilation facilitates survival of these infants; yet prolonged 

mechanical ventilation is associated with adverse consequences, including BPD and NDI 

[4]. Early extubation to less invasive modalities, such as CPAP or nasal intermittent 

mandatory ventilation are logical strategies to decrease barotrauma/volutrauma, airway 

injury and risk of nosocomial infections. Indeed, some studies have found that the total 

duration of invasive mechanical ventilation is a strong predictor of both BPD and NDI [4]. 

However, extubation too early before the infant is ready, can lead to a period of respiratory 

instability with recurrent hypoxemia and acidosis and reintubation procedure with the 

attendant risks. Extubation failure is related to immaturity of the respiratory control center, 

structural immaturity of lung parenchyma and airways, surfactant deficiency, patent ductus 

arteriosus with left to right shunt, excessive compliance of the chest wall, acquired airway 

abnormalities and intraventricular hemorrhage (Fig. 1).

Estimating the readiness of a premature infant for extubation is a complex decision process 

that requires incorporating several clinical factors. Failure of extubation can lead to 

reintubation with the procedural risks and often higher ventilator support than prior to 
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extubation. The additional risk imposed on these infants by failed extubation has been 

studied previously and is the subject of ongoing investigations [5–7]. A previous study by 

Shalish et al. demonstrated that failed extubation is associated with an increased risk of 

death/moderate-severe BPD, even after adjusting for the cumulative duration of ventilation 

[5]. Reintubation within 48 h was associated with a particularly increased risk of death/BPD 

[5]. Infants with extubation failure were younger and smaller at the time of birth and at 

extubation in this study [5]. An increased risk of death/BPD and longer duration of 

ventilator support was also reported after failed extubation by Manley et al. from the New 

Zealand clinical trials network in a group of 174 extremely preterm infants [6]. Extubation 

failure was defined as reintubation within 7 days; higher gestational age and lower pre-

extubation PaCO2 were associated with extubation success [6]. In contrast, other studies 

suggest that a decrease in total duration of mechanical ventilation lowers the risk of BPD, 

despite episodes of reintubations [4]. Weighing the risks of early extubation vs. the potential 

benefits of shortening the duration of invasive ventilation remains a challenging dilemma for 

the clinician at the bedside. Developing objective criteria that predict the success/failure 

rates of extubation can be a valuable bedside clinical tool. Bedside readiness tests, including 

assessment of spontaneous breathing effort have not been validated systematically to be 

recommended at this point [7].

In a study published in this issue of Journal of Perinatology, Gupta et al. report on an online 

calculator to help assess the chances of extubation success for a group of extremely preterm 

infants [8]. The study is based on a retrospective analysis of data from a single center with 

evaluation of extubation outcomes for preterm infants with birth weight <1250 g, during the 

first 60 days of life. The primary outcome was extubation success, defined as surviving for 

at least 5 days after extubation, without a need for reintubation. They report that 73% of 

infants had successful extubation; these infants were larger, born at older gestation and had 

higher preextubation pH and lower respiratory severity score in the first 6 h of age than those 

who failed, factors that they incorporated into the online tool. Strengths of this study include 

the relatively large number of subjects, bootstrapping techniques to obtain confidence 

intervals, and the similarity of their cohort’s extubation success and definitions to other 

previous studies on this topic. The time window selected for inclusion of reintubation 

attempts is consistent with other reports that majority of respiratory related reintubations 

occur within 7 days of extubation [9]. The addition of an online calculator offers the 

potential for bedside applicability of these findings. The online tool link is included only for 

the reader’s convenience and not specifically endorsed by this Journal or its editorial staff.

The main limitations of the study relate to this being a single center, retrospective study with 

limited detail on the circumstances surrounding care for these intubated infants. Details of 

the institution’s extubation/reintubation criteria, adverse events associated with extubation 

failure, and blood gas or other data preceding reintubation are needed to interpret the results. 

It is unclear whether some extubation failures were potentially “worse” than others. Single-

center data may not be generalizable to centers with different practices for early mechanical 

ventilation versus non-invasive positive pressure support. The success of extubation is highly 

dependent on whether infants were intubated in the delivery room, using Intubation 

Surfactant Extubation or Less Invasive Surfactant Instillation technique. The criteria for 

extubation and reintubation were not standardized in the present study and left to the 
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discretion of clinicians. A few eligible infants were excluded since they were enrolled in an 

ongoing multi-center prospective evaluation of extubation readiness [5, 8]; the upcoming 

results of such study may potentially address some limitations pointed out for the present 

study. The variables in the model are treated as though they are associated with the outcome 

in a linear fashion; specific cut-points may be more useful for bedside decision making. This 

online tool also raises some questions, such as whether infants with a lower predicted 

probability of success “fail” differently, more quickly, or with more consequences? Does a 

lower calculated probability of success create a self-fulfilling prophecy where there are 

fewer attempts for infants who could potentially be extubated successfully?

Despite these limitations, calculator-style online tools are widely utilized and likely to be of 

much clinical interest. Perhaps the most valuable aspect of the bedside clinical tool is the 

recognition of various clinical factors that can influence the bedside decision rather than the 

absolute number presented by the calculator. For example, using the tool to predict the 

extubation success for a 24-week gestation premature infant who weighs 750 g on day of life 

five with pre-extubation pH of 7.25, requiring 25% O2 and the highest respiratory severity 

score in first 6 h of 4 has a predicted success score of 34%. Rather than relying on this single 

number, recognizing the various clinical variables presented in the calculator would aid the 

clinicians better in making a more informed decision. In future, a prospective study that 

defines the criteria a priori for extubation/reintubation and documents associated adverse 

events would provide additional clarity for this clinical decision. While the results of such 

study are awaited, the components of the calculator can provide an important checklist for 

the clinician at the bedside making this decision. The results of the present report also serve 

as an important aid during the discussion with parents about the likelihood of success and 

need for further intervention at the time of this clinical decision. In future, strategies to 

decrease extubation failure, such as the use of synchronized nasal intermittent mandatory 

ventilation, need to be tested in randomized controlled trials.
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Fig. 1. 
Factors associated with extubation failure in extremely preterm infants. Immature respiratory 

drive, airway abnormalities, immature lungs stiff from surfactant deficiency, inflammation or 

fibrosis, pliable rib cage and chest wall, and pulmonary over-circulation with edema from a 

left to right shunt such as patent ductus arteriosus (PDA) contribute to extubation failure. 

(Copyright Girija G. Konduri and Satyan Lakshminrusimha)
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