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Brief points:
What is already known on this topic:
e Extremely preterm infants (<28 weeks) are at high risk for extubation failure

e Extubation Failure is associated with several neonatal morbidities

What this paper adds:
e Causes of extubation failure are multifactorial
e Higher pre-extubation mean airway pressure may be associated with extubation

failure
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Predictors and outcomes of extubation failure in extremely preterm infants.

ABSTRACT

Objective: To determine predictors and outcomes of extubation failure in extremely preterm
(EP) infants born <28 weeks’ gestational age (GA).

Design: Retrospective clinical audit across two tertiary-level neonatal intensive care units in
Melbourne, Australia.

Patients: Two-hundred and four EP infants who survived to their first extubation from
mechanical ventilation.

Main outcome measures: Extubation failure (re-intubation) within 7 days after the first

extubation.

Results: Lower GA (odds ratio [OR] 0.71, 95% confidence interval (CI), 0.61-0.89, P<0.001)
and higher pre-extubation measured mean airway pressure (MAP) on the mechanical
ventilator (OR 1.9 [95% CI 1.41-2.51], P<0.001) predicted extubation failure. The area under
a receiver operating characteristic curve for GA and MAP was 0.77 (95% CI 0.70-0.82).
After adjustment for GA, infants who experienced extubation failure had higher rates of
bronchopulmonary dysplasia (P<0.001), postnatal systemic corticosteroid treatment
(P<0.001), airway trauma (P<0.003), longer durations of treatment with mechanical
ventilation (P<0.001), non-invasive respiratory support (P<0.001), and supplemental oxygen
therapy (P=0.05), and longer hospitalization (P=0.025).

Conclusions: Lower GA and higher pre-extubation measured MAP were predictive of
extubation failure within 7 days in extremely preterm infants. Extubation failure was
associated with increased morbidity and extended periods of respiratory support and

hospitalization.
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INTRODUCTION

Endotracheal intubation and mechanical ventilation remain essential therapies in
neonatal intensive care units (NICUs) worldwide, despite the increasing use of non-invasive
respiratory support.! Prolonged mechanical ventilation of preterm infants is associated with
ventilator-associated injury, nosocomial infection, bronchopulmonary dysplasia (BPD),
neurodevelopmental impairment and mortality!. To reduce these risks, clinicians aim to
minimize exposure to mechanical ventilation by avoiding mechanical ventilation altogether,
or by extubating preterm infants who are mechanically ventilated to non-invasive respiratory
support as soon as possible?.

Some preterm infants develop respiratory failure after extubation and require re-
insertion of an endotracheal tube (re-intubation). Failure rates vary widely between centres
and are highest in the most immature infants.? Extubation failure rates rise from
approximately 20% in infants born 28-31 weeks’ gestational age (GA) to over 60% in
extremely preterm (EP) infants born <28 weeks’ GA.1® Extubation failure in EP infants
remains difficult to predict. The reasons for re-intubation are multifactorial, and include
apnoea and increased supplemental oxygen requirement.*® Previous studies have shown that
extubation failure is associated with significant morbidity, including increased duration of
mechanical ventilation and non-invasive respiratory support, airway trauma, feeding
difficulties, delayed family unit bonding, and even death 2. However, these studies have not
examined specific ventilation parameters.?™

Identifying predictors of extubation failure may help clinicians optimize the timing of
extubation and reduce morbidities associated with extubation failure. Developing simple,
bedside predictive models and optimizing post-extubation support are essential.®’
Retrospective studies of predictors of extubation readiness, and of extubation failure in
preterm infants,'! indicate that lower GA, lower birth weight, poor lung expansion on chest
X-ray and higher fraction of inspired oxygen (FiO) prior to extubation are associated with
extubation failure.>® Historically, timing of extubation has been largely clinician-dependent
and based on predictors such as GA, postnatal age, weight, FiO2, or tests of spontaneous
breathing.® Most studies aiming to find predictors of extubation failure have not included
detailed consideration of pre-extubation mechanical ventilation parameters.

The aim of this study was to examine demographic characteristics and pre-extubation

mechanical ventilation parameters of a contemporaneous cohort of extremely preterm infants



to develop a predictive model for extubation failure within 7 days of extubation. In addition,

we compared the outcomes of EP infants who were reintubated with those who did not.

METHODS

We conducted a cohort study of EP infants admitted to the NICU at Monash
Children’s Hospital and The Royal Women’s Hospital in Melbourne, Victoria, Australia.
These two tertiary perinatal centres each have >7000 births and >1400 admissions to the
neonatal special and intensive care nursery per year. The Human Research and Ethics
Committee at each site approved the study. Eligible infants were those born EP during a two-
year period between 1 January 2016 and 31 December 2017, admitted to NICU, mechanically
ventilated, and who survived to their first extubation from mechanical ventilation. Infants
were excluded if they were never mechanically ventilated or died prior to their first
extubation. Unplanned extubation episodes, after which the infant required immediate re-
intubation without a trial of non-invasive respiratory support, were excluded. All infants
received post-extubation non-invasive respiratory support. Although only the first extubation
episode was evaluated, we recorded the rate of subsequent failed extubations.

Eligible infants were identified from the NICU database at each centre, and their case
notes reviewed. Maternal and infant demographics and clinical variables that might predict
extubation success/failure were determined a priori by the study investigators, based on
consensus opinion and the results of previous published studies. Perinatal data included
plurality, mode of birth, occurrence of preterm, pre-labour rupture of membranes, any
exposure to antenatal corticosteroids and the presence of chorioamnionitis diagnosed by
placental histology.

Birth information included GA, sex, birth weight, inborn/outborn birth status (i.e.
born at the tertiary perinatal centre or born elsewhere), Apgar score at 5 minutes,
administration of exogenous surfactant and highest level of respiratory support provided in
the delivery room. Mechanical ventilator settings for the hour prior to the first extubation
were extracted from nursing and medical notes. These included FiO2, peak inspiratory
pressure (set for infants receiving pressure limited ventilation and measured for those
receiving volume targeted ventilation), mean airway pressure (MAP), positive end expiratory
pressure, and tidal volumes (vT): set by clinicians (set Vt) and measured by the infant
(measured Vt). Blood gas analysis results including pH, partial pressure of carbon dioxide

(pCOy2), partial pressure of oxygen, base excess and lactate and most recent pre-extubation



haemoglobin level were also collected. The non-invasive respiratory support settings
immediately after extubation were recorded. The reasons for re-intubation were collected
from the clinical notes. This included apnoea, increasing FiO2 requirement or respiratory
acidosis. Infants could have more than one reason for re-intubation.

The primary outcome was extubation failure (re-intubation) within 7 days of the first
extubation. Secondary outcomes included death before NICU discharge, and serious neonatal
morbidities including intra-ventricular haemorrhage, retinopathy of prematurity (ROP),
airway trauma (defined as receiving either tracheostomy or cartilage grafting) and BPD
(defined as the requirement for supplemental oxygen and/or respiratory support at 36 weeks’
post-menstrual age), and the duration (in days) of mechanical ventilation, non-invasive
respiratory support, supplemental oxygen therapy, and of the primary NICU hospital
admission.

Data were analysed using IBM SPSS statistics platform (Version 25.0, Armonk, NY:
IBM Corp). Variables were compared using the appropriate parametric (X? or t-test) or
nonparametric (Mann-Whitney U) tests, with further analysis of variance when necessary.
Birth weights were converted to z-scores using British Growth Charts published by the World
Health Organization, Switzerland (2008).° A univariable analysis was performed comparing
infants with extubation failure with infants who were successfully extubated. Odds ratios
(OR) and 95% confidence intervals (CIs) were calculated. Variables that were significantly
different (P<0.05) between groups were then included in a multivariable logistic regression.
A stepwise, backwards elimination technique was then used to remove variables from the
model until only statistically significant variables remained. Of the two significant variables
remaining on multivariate analysis, one-way analysis of variance was performed to determine
where significance occurred in the variable. To avoid co-linearity, GA but not birth weight
was included in the multivariable analysis. Variables that remained statistically significant
predictors of extubation failure in the multivariable analysis were included in a model used to
construct a receiver operating characteristic (ROC) curve, and the area under the curve was
calculated. Outcomes were compared between groups, both unadjusted and adjusted for GA.

RESULTS

During the two-year study period, 327 EP infants were admitted to the participating
NICUs (Figure 1). Of these, 123 infants (38%) were never mechanically ventilated or died
prior to extubation and were excluded, leaving 204 infants (64%) included in the analysis.

Demographics of the included infants are shown in Table 1. Mean (SD) gestation at birth was



26.1 (1.1) weeks and mean (SD) birth weight was 766 (158) g. Fifty-three percent of the
cohort were male, 87% were exposed to at least one dose of antenatal corticosteroids and
91% received exogenous surfactant. All infants received caffeine prior to extubation.

Pre-extubation variables are shown in Table 1. Infants were extubated from the
following modes of mechanical ventilation: synchronized volume targeted ventilation (78%),
synchronized pressure limited ventilation (19%), and high-frequency oscillatory ventilation
(3%). All infants on conventional ventilation had spontaneous respiratory rates above their
set prescribed ventilator inflation rate. The most commonly used initial post-extubation
respiratory support was nasal continuous positive airway pressure (86%), followed by nasal
intermittent positive pressure ventilation (11%), and nasal high-flow therapy (3%). Overall,
40/204 (19.6%) infants received peri-extubation corticosteroids to facilitate extubation.

Overall, 96 infants (47%) experienced extubation failure. Reasons for extubation
failure (infants could have more than one) included increasing FiO2 requirement (90%),
apnoea (83%), and respiratory acidosis (40%). Re-intubation occurred at a median (IQR) of
60 (24-120) hours after extubation. Almost two-thirds (65%) of infants who experienced
extubation failure on their first extubation had subsequent episodes of extubation failure.

On univariable analysis, gestational age, birth weight, multiple birth, pre-extubation
MAP and pre-extubation measured tidal volume (tidal volume required to achieve PIP) were
associated with extubation failure (Table 2). On multivariable analysis, only lower GA (OR
0.71 [95% CI 0.6-0.9], P<0.001) and higher pre-extubation MAP (OR 1.9 [95% CI 1.4-2.5],
P<0.001) remained predictive of extubation failure. Figure 2A illustrates the proportion of
infants who experienced extubation failure by each completed week of GA (Figure 2A) and
according to pre-extubation MAP (Figure 2B). The rate of extubation failure increased with
decreasing gestational age, from 22% at 27 weeks’ gestation to 82% at 23 weeks’ gestation.
As both MAP and GA were highly significant on multivariable analysis, one-way analysis of
variance was performed to ascertain where in the GA and MAP significance was measured.
Comparing each gestation age group, infants born at 27 weeks were more likely to experience
extubation success compared with less mature infants (F [4,199] = 6.3, p <0.001). Within
MAP’s, there was evidence of an effect of MAP on extubation failure. Extubation from MAP
>8 cm H.O was associated with a higher rate of extubation failure (F [5,198] = 5.8, p
<0.001). GA and pre-extubation MAP were combined in a model to construct a ROC curve
(Figure 3). The area under the curve was 0.77 (95% CI 0.70-0.82) i.e. the model was
moderately predictive of extubation failure.



Outcomes of infants who had extubation failure were compared with infants who
were successfully extubated (Table 3). After adjusting for GA, infants who experienced
extubation failure had higher rates of BPD, postnatal systemic corticosteroid treatment,
airway trauma, and longer durations of mechanical ventilation, non-invasive respiratory
support, supplemental oxygen treatment, and NICU hospitalization compared with infants

who were successfully extubated.

DISCUSSION

This retrospective, multicentre study found the combination of lower GA and higher
pre-extubation MAP was moderately predictive of extubation failure in extremely preterm
infants. In this cohort, the median time to extubation failure was 60 hours, highlighting the
importance of optimizing early post-extubation respiratory support.

The relationship between MAP and extubation failure has been reported rarely in
previous studies. Kamlin and colleagues reported a similar relationship between lower MAP
and passing a spontaneous breathing test which was associated with successful extubation. 2
The predictive value of a higher pre-extubation MAP may indicate that infants with more
severe lung disease, who require a higher MAP during mechanical ventilation, are more
likely to experience extubation failure. Loss of lung volume following extubation may result
in higher supplemental oxygen requirements, apnoea and respiratory acidosis, which are
common reasons for extubation failure.! It may be that extubation to continuous positive
airway at a set pressure similar to, or higher than, the pre-extubation MAP may be required to
maintain end-expiratory lung volume after extubation.?

The relationship between lower GA and extubation failure is well documented.**! In
our study, there were no important differences in extubation failure rates between EP infants
23 to 26 weeks’ GA, however infants born at 27 weeks” GA were more likely to be
successfully extubated compared with more immature infants. We hypothesize this difference
was due to changes in lung maturity which occur with increasing gestation.

Previous studies reported that pre-extubation FiO> and blood gas parameters (pCO-
and pH) were predictive of extubation failure, 1 but this was not confirmed in our study.
This may have been because clinicians usually waited for a lower supplemental oxygen
requirement and normalization of acidosis before planning extubation.'*

We defined extubation failure as the need for re-intubation within 7 days, a commonly

used definition.'** This definition has advantages and disadvantages. A shorter period (prior



to 72 hours) may better distinguish between re-intubation for pulmonary insufficiency and re-
intubation for other reasons e.g., sepsis or surgery. Conversely, a longer period (7 days)
accounts for a greater proportion of extubation failures.*®

In this study, more infants with extubation failure developed BPD, received postnatal
systemic corticosteroid treatment, and experienced airway trauma. These infants were more
likely to experience subsequent episodes of extubation failure and to have a longer duration
of respiratory support and supplemental oxygen. These morbidities are similar to those
reported in a prior study exploring predictors and outcomes in extubation failure in 174
extremely preterm infants.!® The mortality rate (to NICU discharge) in our study population
was low (2.5%) and we did not find an increased risk of death after extubation failure.

This study is one of the first to evaluate pre-extubation ventilation parameters and
included a relatively large cohort of 204 extremely preterm infants across two tertiary NICUs.
Variables for analysis were chosen a priori. However, there are limitations to this study. The
two NICUs do not have standardized extubation or re-intubation criteria, limiting the
generalizability of the results. Furthermore, the authors acknowledge the multifactorial nature
of neonatal morbidities in extremely preterm infants. These morbidities although are affected
by extubation failure cannot be solely attributed to this pathology and other contributing
factors must also be considered. The predictive model has not been validated in an
independent sample from the participating centres, or externally in other retrospective cohort
studies.

CONCLUSION

In our study, GA and pre-extubation MAP were predictive of extubation failure
within 7 days in EP infants. Extubation failure was associated with serious morbidities and
extended periods of respiratory support and hospitalization. Further research investigating
predictive models of extubation readiness, extubation failure and new interventions to prevent

extubation failure in this high-risk population are needed.
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FIGURE AND TABLE LEGENDS:

Table 1: Maternal and infant demographics

Table 2: Characteristics of infants who failed extubation, compared with those who were
successfully extubated.

Table 3: Outcomes of infants who had extubation failure, compared with those who were

successfully extubated.

Figure 1: Flow chart of infants in the study
Figure 2A (left) and 2B (right): Rates of extubation failure (%) by gestational age (left) and
mean airway pressure (right). Horizontal line represents mean rate of failure for cohort.

Figure 3: ROC curve for predicting extubation failure.
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