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ABSTRACT
In the modern era of neonatology, mechanical 
ventilation has been restricted to a smaller and more 
immature population of extremely preterm infants. 
Given the adverse outcomes associated with mechanical 
ventilation, every effort is made to extubate these infants 
as early as possible. However, the scientific basis for 
determining extubation readiness remains imprecise and 
primarily guided by clinical judgement, which is highly 
variable and subjective. In the absence of accurate tools 
to assess extubation readiness, many infants fail their 
extubation attempt and require reintubation, which 
also increases complications. Recent advances in the 
field have led to unravelling some of the complexities 
surrounding extubation in this population. This review 
aims to synthesise the available knowledge and provide 
a more evidence- based approach towards the reporting 
of extubation outcomes and assessment of extubation 
readiness in extremely preterm infants.

INTRODUCTION
In the modern era of neonatology, avoidance 
of mechanical ventilation (MV) has become the 
standard approach for most preterm infants.1 As 
a result, MV is generally restricted to the most 
immature infants (born ≤28 weeks gestational age) 
with moderate- to- severe lung disease.2 Given the 
known adverse outcomes associated with MV,3–5 
every effort is made to extubate as early as possible. 
Unfortunately, the scientific basis for determining 
extubation readiness remains imprecise, with clini-
cians relying on clinical acumen, experience and 
personal preferences to determine when to extu-
bate. For some, the decision falls within the realms 
of the ‘art of medicine’. For others, it is based on 
weighing the risks/benefits of extubation. But the 
consequences of an incorrect decision can be costly. 
Failing to recognise an infant’s potential for extu-
bation exposes them to unnecessary time receiving 
MV while premature extubation increases the risk 
of clinical instability and reintubation. Thus, an 
improved ability to determine extubation readiness 
in a timely and accurate manner would minimise 
MV duration while maximising chances of success.

Although many studies have evaluated predic-
tors of extubation readiness in preterm infants, the 
results have been hard to interpret due to varying 
definitions and non- standardised reporting of extu-
bation outcomes.6 Fortunately, recent advances have 
unravelled some of the complexities surrounding 
extubation in this population. This review aims 
to synthesise the available knowledge and provide 

a more evidence- based approach towards the 
reporting of extubation outcomes and assessment of 
extubation readiness in extremely preterm infants.

REPORTING EXTUBATION OUTCOMES
What is an extubation failure?
Extubation failure (EF) is most commonly defined as 
reintubation within a certain window of observation 
following extubation. Using ‘reintubation’ to define 
failure is the simplest outcome to measure and its 
implications are easy to understand. However, the 
decision to reintubate is subjective, since tolerance 
thresholds may vary between clinicians and are typi-
cally not guided by protocols.7 To circumvent those 
concerns, some studies mandate criteria for reintu-
bation or define EF as fulfilment of those criteria.8 
But significant variations also exist in the thresholds 
of clinical instability proposed, especially regarding 
the frequency and severity of apn0eas.9

An observation window of 24–72 hours is most 
commonly used to define EF.7 This stems from 
concerns that later reintubations may be caused by 
new pathologies unrelated to the patient’s condi-
tion at extubation. A systematic review of neonatal 
studies reported that observation windows typi-
cally ranged between 24 and 72 hours and seldom 
exceeded 7 days.8 However, among infants 
≤1000 g, EF rates significantly increased as a func-
tion of the window used, without a plateau by 7 
days postextubation. More recently, a secondary 
study from a multicentre investigation (Automated 
Prediction of Extubation readiness (APEX),  Clin-
icalTrials. gov NCT01909947)10 longitudinally 
evaluated the prevalence, timing and causes of 
reintubations among infants ≤1250 g.11 Reported 
EF rates increased from 10% after 24 hours postex-
tubation to 47% by discharge, but reintubations 
attributable to non- respiratory causes (infection or 
gastrointestinal complications) were infrequent in 
the first 7 days postextubation (figure 1).11 There-
fore, any study using a window <7 days to define 
EF in this population is likely under- reporting true 
reintubation rates. Also, any report limiting its 
window to a single time point will fail to capture 
the dynamic patterns of reintubation. For example, 
a unit reporting low EF rates in the first 72 hours 
postextubation may overlook the possibility that 
reintubations were delayed because clinicians were 
trying everything possible to avoid MV. Indeed, 
clinicians have become increasingly comfortable 
using high settings, novel modalities of non- invasive 
support and higher doses of caffeine to avoid rein-
tubation.12 13
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Why do infants fail extubation?
Nearly two- thirds of reintubations of extremely preterm infants 
are due to frequent and/or profound apnoeas and bradycar-
dias.11 Other common causes include increased oxygen needs, 
increased work of breathing and respiratory acidosis. While 
these symptoms represent direct triggers for reintubation, they 
are non- specific and provide little information about the under-
lying causes of failure, which are complex and often co- ex-
isting (box 1). Nonetheless, recent evidence suggests that the 
contributing causes of reintubation likely vary over time. Infants 

reintubated within 48 hours postextubation largely present 
with signs of respiratory distress, suggesting that the underlying 
causes are related to lung immaturity, loss of functional residual 
capacity and/or some degree of obstruction from upper airway 
oedema.11 In contrast, infants reintubated between 48 hours and 
7 days postextubation mostly fail due to frequent apnoeas and 
bradycardias, suggesting that the underlying causes are related 
to immaturity of respiratory control centres and/or suboptimal 
provision of non- invasive respiratory support.11

Is EF a problem?
A failed extubation attempt can be a source of distress for patients, 
families and healthcare providers. Moreover, reintubation itself 
can be technically challenging and may lead to complications.14 
From a broader perspective, it is not clear what the impacts of 
EF are on short- term and long- term outcomes. To date, four 
studies have evaluated the relationship between reintubation 
and mortality/short- term respiratory morbidities in extremely 
preterm infants (table 1), namely focusing on death and/or bron-
chopulmonary dysplasia (BPD).5 15–17 Given the observational 
nature of the studies, only associations were described and a 
direct cause- effect between reintubation and death/BPD could 
not be inferred. Altogether, reintubations appear to be associ-
ated with increased risk of death/BPD primarily as a result of the 
extended exposure to MV. Indeed, a reintubation increases MV 
duration by 10–12 days517 and each additional MV week signifi-
cantly increases short- term and long- term complications.4 5 18 19 
However, there also appears to be a small subset of reintubations, 
particularly those occurring shortly after extubation, which are 
associated with increased risk of death/BPD independently of 
MV duration. In particular, one study reported three infant 
deaths resulting from serious adverse events (massive pulmonary 
haemorrhage, grade 4 intraventricular haemorrhage and fulmi-
nant necrotising enterocolitis) that occurred within minutes to 
hours after extubation.17 While these findings may be secondary 
to residual confounding or simply suggest that reintubations are 
a marker of illness severity, they raise awareness of rare but cata-
strophic events postextubation.

Among infants reintubated within 7 days after extubation, it 
is conceivable that later reintubations (within 5–7 days) result in 
fewer days of MV and thus may confer advantages over prompt 
reintubations (within 24–72 hours). However, no studies have 
directly compared the outcomes of infants reintubated within 
each time frame. Of note, in some cases it is possible that later 

Figure 1 Probability of reintubation for respiratory- related and non- respiratory- related reasons following extubation. These two figures were 
obtained and adapted, with permission, from Shalish et al.11 Reintubations were classified as non- respiratory- related if they were caused by 
infections, gastrointestinal complications or elective surgeries. All remaining reintubations were classified as respiratory- related. The left graph 
presents the cumulative distribution of respiratory and non- respiratory reintubations over time. The right graph presents the probability of 
reintubation for respiratory- related and non- respiratory- related reasons following extubation. *P<0.001 and **p=0.007 for respiratory- related 
reasons versus non- respiratory- related reintubations.

Box 1 Causes of reintubation in extremely preterm 
infants

Decreased respiratory drive/Central apnoeas
 ► Immature respiratory control centres
 ► Infection/Infection/Necrotising enterocolitis
 ► Decreased O2 delivery (hypoxia, shock, anaemia)
 ► Intraventricular haemorrhage (during the acute process)
 ► Thermal instability
 ► Metabolic derangements (eg, hypoglycaemia)

Upper airway obstruction/Obstructive apnoeas
 ► Airway oedema (especially postextubation)
 ► Airway inflammation (eg, from gastro- oesophageal reflux)
 ► Airway secretions/Mucus plugs
 ► Vocal cord injuries
 ► Subglottic stenosis

Pulmonary causes
 ► Immature lung parenchyma
 ► Atelectasis/Lung collapse
 ► Low functional residual capacity (eg, from abdominal 
distension)

 ► Pulmonary overcirculation/Haemorrhage
 ► Lung inflammation
 ► Surfactant deficiency or dysfunction
 ► New- onset air leak syndrome (eg, pneumothorax)
 ► Diaphragmatic weakness/Fatigue

Suboptimal provision of non- invasive respiratory support
 ► Inadequate nasal prongs or mask size
 ► Excessive interface leak
 ► Inadequate clearance of airway secretions
 ► Suboptimal positioning (eg, excessive neck flexion or 
extension)
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reintubations reflected a delay on the part of clinicians, who may 
have been trying different strategies to manage the infant’s clin-
ical instability. In that context, infants reintubated later may have 
been exposed to a more prolonged period of clinical instability 
on non- invasive respiratory support. Considering that frequent 
and prolonged apnoeas or intermittent hypoxias have been 
associated with increased risk of BPD and neurodevelopmental 
impairment,20–22 future studies should take into account the 
degree and duration of clinical instability postextubation when 
evaluating the optimal timing of reintubation and its impact on 
mortality/morbidities.

Recommendations for reporting EF in the research setting 
and clinical practice
Definition: EF should be defined based on reintubation rather 
than fulfilment of preset clinical criteria. For research, it is advis-
able to provide criteria for reintubation and track compliance 
with these criteria. In clinical practice, units should implement 
reintubation guidelines to help standardise the process.

Observation window: the choice of observation window 
depends on the study design and main goals. However, irrespec-
tive of the window used, reintubation rates should be reported as 
a continuum by presenting a cumulative distribution curve over 
the first 7 days postextubation. The latter time frame provides 
results that are clinically relevant and representative of the 
cohort’s true reintubation rate. In randomised controlled trials 
(RCTs), EF rates of the control and treatment groups should be 
statistically compared using time- to- event methodology.

Causes of failure: investigators should report specifically and 
objectively the reasons for which infants required reintubation. 
Recording of both data derived electronically from the bedside 
monitor and manually from the chart may provide the most 
thorough account of each reintubation.

Adverse events: reporting of serious adverse events postextu-
bation could improve our understanding of their true prevalence 
and would be priority targets for future interventions (Box 2).

ASSESSMENT OF EXTUBATION READINESS
Clinical judgement
When assessing extubation readiness, various factors related to 
the patient’s clinical history and pre- extubation conditions are 
often weighed differentially by clinicians. Below are important 
elements to consider when relying on clinical judgement:
1. Use of ‘minimal ventilatory settings’ to imply suitability 

for extubation. There is currently no consensus as to what 
constitutes ‘minimal’ settings for extubation in extremely 

preterm infants.8 In the pragmatic APEX cohort, infants 
were extubated from wide- ranging ventilatory settings and 
blood gas values, including mean airway pressures (MAP) 
from 5 to 14 cm H2O, oxygen requirements from 21% to 
53% and pCO2 values from 22 to 69 mm Hg.23 Considering 
these widely variable practices, it is easy to see how applying 
minimal parameters for extubation is impractical.

2. Age of extubation. While most clinicians attempt extubation 
within the first days of life, some favour delaying it until 
‘minimal’ settings have been sustained for a longer period or 
until the infant has gained more maturity.7 There is currently 
no good evidence to guide the optimal timing of extubation 
in the extremely preterm population. In the only RCT, 86 

Table 1 Reintubation and respiratory morbidities/mortality in extremely preterm infants

Study N
Observation 
window Adjusted for MV

Findings
(after adjusting for confounders)

Jensen et al5 3343 Anytime No  ► Increased BPD and O2 at discharge.
 ► No increase in death or tracheostomy.

Yes  ► Increased BPD (only when ≥4 reintubations).
 ► No increase in death, supplemental O2 at discharge or tracheostomy.

Manley et al15 174 7 days No  ► Increased death, prolonged respiratory support and prolonged hospitalisation.
 ► No increase in BPD or death/BPD.

Chawla et al16 926 5 days No Increased death, BPD, death/BPD, days on O2, length of MV and length of hospitalisation.

Shalish et al17 216 24 hours to anytime No Increased death/BPD at all time intervals.

Yes Increased death/BPD at all time intervals between 24 hours and 21 days (but highest for 
reintubations within 48 hours postextubation).

BPD, bronchopulmonary dysplasia; MV, mechanical ventilation.

Box 2 Recommendations for standardised reporting 
of extubation outcomes

1. Definition of extubation failure:
a. Define based on reintubation rather than fulfilment of 

clinical criteria.
b. Ideally, provide (or mandate) participating units with 

reintubation guidelines.
c. If possible, track compliance to the proposed guidelines.

2. Reporting of extubation failure rates:
a. Clinical practice and research: at 48–72 hours and at 7 

days postextubation.
b. For randomised controlled trials: present reintubation 

rates of control and intervention groups using cumulative 
distribution curves for the first 7 days postextubation 
and compare extubation outcomes using time- to- event 
methodology.

3. Causes for each reintubation:
a. Specify if a non- respiratory- related cause was identified 

(eg, confirmed infection or necrotising enterocolitis).
b. Specify the most important reasons for reintubation (eg, 

apnoeas and bradycardias, increased work of breathing, 
increased O2 needs).

4. Report serious adverse events that occur in the 24 hours 
following extubation:
a. Serious adverse events should include haemodynamic 

instability (chest compressions, inotropic support), 
severe or prolonged hypoxia, pneumothorax, pulmonary 
haemorrhage, necrotising enterocolitis, severe 
intraventricular haemorrhage and death.
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infants <28 weeks gestation were randomised to immedi-
ate versus delayed extubation once extubation criteria were 
met, revealing no differences in EF or BPD rates between 
groups.24 Since then, several retrospective studies have found 
a significant association between early extubation and im-
proved survival/neonatal outcomes.25–27 However, these 
studies could not account for indications for early extuba-
tion, which precludes any firm recommendations.

3. Pretest probability of successful extubation. The principles 
guiding extubation in an extremely preterm infant may vary 
as a function of their risk profile. For instance, the criteria 
used to extubate an infant born at 27 weeks may not apply 
to an infant born at 23 weeks. Similarly, a unit’s intubation 
practices may influence extubation decisions in the first days 
of life. A unit that gives prophylactic surfactant or has low 
thresholds for intubation may be exposing more infants to 
MV than a unit with a policy of using continuous positive 
airway pressure (CPAP) until signs of respiratory failure 
appear. Ventilated infants in the former unit will have high 
probability of success and may therefore benefit from early 
extubation, whereas infants in the latter unit will likely have 
the greatest degree of immaturity, thus early extubation may 
not be possible.

4. Environmental factors. The decision to extubate also de-
pends on various environmental and human factors that can 
influence the likelihood of success/failure. Local experience 
with non- invasive respiratory support, staffing ratios and 
presence of qualified in- house staff at night can inevitably 
influence judgement about extubation. Such site- specific fac-
tors can explain some of the variations in extubation practic-
es and outcomes across centres.28

5. Clinical markers of extubation readiness. Recent large cohort 
studies have shown that successfully extubated infants are 
heavier, more mature, have lower peak oxygen requirements 
in the first 24 hours, lower pre- extubation oxygen needs, 
MAP and pCO2 and higher pre- extubation pH compared 
with infants who fail (table 2).15 16 23 29 However, results 
are not consistent across studies with considerable overlap 
between groups. A few studies have attempted to develop 

Table 2 Clinical markers of extubation readiness in extremely 
preterm infants

Study Extubation success Extubation failure

Birth demographics

Gestational age, weeks

  Manley et al15 26.5 (1) 25.4 (1.2)*

  Chawla et al16 26.5 (1.04) 25.8 (1.04)*

  Gupta et al29 27 (26–28) 26 (25–27)*

  Shalish et al6 26.4 (25–27.9) 25.4 (24.5–26.4)*

Birth weight, g

  Manley et al15 879 (179) 757 (161)*

  Chawla et al16 882 (180) 764 (177)*

  Gupta et al29 931 (790–1090) 815 (690–914)*

  Shalish et al6 880 (715–1073) 740 (633–872)*

Male sex %

  Manley et al15 51 58

  Chawla et al16 55 61

  Gupta et al29 50 51

  Shalish et al6 53 56

SGA, %

  Chawla et al16 4 10*

Antenatal steroids, %

  Manley et al15 94 90

  Chawla et a16 95 97*

  Gupta et al29 63 65

  Shalish et al6 90 89

Chorioamnionitis, %

  Manley et al15 34 29

  Gupta et al29 47 61*

Apgar score 5 min

  Manley et al15 7 (6–8) 7 (5–8)

  Chawla et al16 7 (6–8) 7 (5–8)*

  Shalish et al6 7 (5–8) 7 (5–8)

Intubation DR, %

  Manley et al15 66 85*

  Shalish et al6 43 65*

Highest FiO2—first 24 hours

  Chawla et al16 0.29 (0.14) 0.36 (0.18)*

Peak RSS—first 6 hours

  Gupta et al29 3.6 (2.5–4.6) 3.8 (2.7–6.3)*

At extubation

PMA, weeks

  Chawla et al16 27.5 (1.8) 27 (2)*

  Gupta et al29 28 (27–29) 27 (26–28)*

  Shalish et al6 28.6 (27.4–29.9) 27.4 (26.6–28.5)*

Postnatal age, days

  Manley et al15 2 (1–5) 5 (2–11)*

  Chawla et al16 2 (2–6) 3 (2–9)*

  Gupta et al29 3 (2–9) 4 (2–9)

  Shalish et al6 7 (3–27) 9 (4–25)

Weight, g

  Gupta et al29 970 (810–1100) 810 (700–980)*

  Shalish et al6 988 (850–1120) 820 (720–950)*

FiO2

  Manley et al15 0.23 0.25*

  Chawla et al16 0.26 (0.11) 0.38 (0.22)*

  Gupta et al29 0.23 (0.21–0.28) 0.25 (0.21–0.3)*

  Shalish et al6 0.21 (0.21–0.26) 0.25 (0.22–0.28)*

Continued

Study Extubation success Extubation failure

MAP, cm H2O

  Gupta et al29 6 (5.6–6.7) 6.1 (5.5–6.6)

  Shalish et al6 6.9 (6.2–7.9) 7.5 (6.6–9)*

RSS

  Gupta et al29 1.4 (1.2–1.8) 1.6 (1.4–1.8)*

pH

  Manley et al15 7.32 (0.1) 7.28 (0.1)*

  Chawla et al16 7.37 (0.07) 7.29 (0.13)*

  Gupta et al29 7.36 (7.31–7.41) 7.33 (7.29–7.38)*

pCO2, mm Hg

  Manley et al15 44 (9) 50 (8)*

  Chawla et al16 40 (9) 50 (17)*

  Gupta et al29 36 (30–42) 38 (31–43)

The table was derived from four large cohort studies evaluating markers of 
extubation success/failure in extremely preterm infants. Data are presented as a 
percentage, mean (SD) or median (IQR).
*Comparisons were reported as statistically significant (p≤0.05).
DR, delivery room; FiO2, fraction of inspired oxygen; MAP, mean airway pressure; 
pCO2, partial pressure of carbon dioxide; PMA, postmenstrual age; RSS, respiratory 
severity score; SGA, small for gestational age.

Table 2 Continued

S
outheastern U

niversity H
P

D
 Library. P

rotected by copyright.
 on S

eptem
ber 9, 2022 at N

ova
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/archdischild-2020-321282 on 24 F
ebruary 2021. D

ow
nloaded from

 

http://fn.bmj.com/


F109Shalish W, et al. Arch Dis Child Fetal Neonatal Ed 2022;107:F105–F112. doi:10.1136/archdischild- 2020- 321282

Review

prediction models using these clinical variables (table 3). 
The models used either multivariate logistic regression or 
machine- learning methodologies and overall showed fair ac-
curacies in predicting extubation outcomes, with areas under 
the curve typically not exceeding 0.8.29–33 Prospective mul-
ticentre validation of such estimators are needed to evaluate 
their safety and clinical value before widespread adoption.

6. Postextubation conditions. A number of interventions during 
the postextubation period have been demonstrated to re-
duce EF rates among extremely preterm infants, including 
extubation to non- invasive respiratory support, caffeine 
and corticosteroids.9 Failure to optimise conditions using 
evidence- based therapies may negatively impact outcomes 
even when the infant may have been otherwise ready for 
extubation.

Extubation readiness tests
Given the limitations of clinical judgement in extremely preterm 
infants, objective assessments of extubation readiness have 
been investigated. Extubation readiness tests (ERTs) are gener-
ally performed for a brief period on endotracheal CPAP (ET- 
CPAP), during which time various physiological and/or clinical 
parameters are measured or monitored to determine capability 
to sustain breathing postextubation. Physiological parameters 
include tidal volume, minute ventilation, respiratory muscle 
strength and breathing patterns while clinical parameters include 
signs of clinical instability observed at the bedside.6 Of all ERTs, 
spontaneous breathing trials (SBTs) have gained the most trac-
tion worldwide because they are easy to perform and require 
no extra equipment or sophisticated measurements.7 To date, 
ERTs have been evaluated to help expedite weaning or reduce 
EF rates, but the evidence to guide their use remains limited.

ERTs and weaning
There is substantial evidence that ERTs facilitate weaning and 
reduce MV duration in adults,34 but little is known about 
their role in expediting weaning in neonates.35 In the only 
published RCT, 40 preterm infants were randomised to extu-
bation based on clinical discretion versus performance of serial 
minute ventilation tests (MVT).36 A passed MVT was defined 
as spontaneous- to- mechanical minute ventilation ≥50% without 
clinical instability during a 10 min ET- CPAP. Infants randomised 
to MVT had significantly shorter weaning durations compared 
with infants receiving standard of care. Despite these encour-
aging results, MVTs were not validated in a larger cohort and did 
not gain widespread adoption. Instead, clinicians have embraced 
the use of serial SBTs, either performed ad hoc or as part of 
weaning protocols. Although one study demonstrated some 
merit to serial SBTs in more mature infants,37 the only study in 
extremely preterm infants showed that the adoption of daily 
SBTs led to extubations from higher ventilatory settings without 
reducing MV durations or EF rates.38 It is plausible that any 
benefits conferred by SBTs in expediting weaning may be offset 
by their inability to reduce EF rates.

ERTs and EF prediction
Most ERTs in preterm infants have been evaluated immediately 
prior to extubation, when the clinician deemed infants ‘ready’ 
for extubation. As such, they were not designed to accelerate 
weaning. Results of those ERTs were not used to guide clinical 
decisions, which allowed computing their diagnostic abilities to 
identify infants with extubation success (sensitivity) and failure 
(specificity). In a recent meta- analysis, 31 ERTs measuring 

Box 3 Recommendations for optimising weaning and 
assessment of extubation readiness in clinical practice

1. Routine and proactive assessment of extubation potential:
a. Discuss as a multidisciplinary team during rounds.
b. Infants should not be kept intubated solely based on their 

age or weight.
2. Strategies to expedite weaning and reduce mechanical 

ventilation duration:
a. Optimise nutrition and fluid management.
b. Optimise caffeine maintenance dose in cases of 

inconsistent respiratory drive.
c. Consider postnatal steroids.
d. Wean or cease sedation.
e. Develop and implement respiratory therapist and/or 

nursing- driven weaning protocols.
3. Parameters to consider extubation (at any time point 

during the day or night) on conventional or high frequency 
oscillatory ventilation:
a. Mean airway pressure: 6–8 cm H2O.
b. Fraction of inspired oxygen: 0.21–0.30.
c. Peak inflation pressure (preset on pressure- controlled 

ventilation or achieved during volume- controlled 
ventilation): 12–15 cm H2O.

d. pH prior to extubation: 7.3–7.4.
4. Spontaneous breathing trials or any other extubation 

readiness trial are not advised.

These recommendations only apply to extremely preterm infants 
undergoing their first planned extubation attempt during the first 4 
weeks of life.

Table 3 Clinical prediction models for successful extubation in 
preterm infants
Study N Inclusion criteria EF rate Model AUC

Mueller et al30 182 BW 900–1500 g 19% ANN* 0.87

MLR† 0.75

Mikhno et al32 179 GA 23–31 weeks 13% MLR‡ 0.87

Mueller et al31 486 All preterm infants 12% ANN§ 0.68

MLR§ 0.78

DT§ 0.51

NBC§ 0.61

SVM§ 0.52

Gourdeau et al33 120 BW ≤1250 g 25% MLR¶ 0.5

DT¶ 0.5

Linear SMV¶ 0.5

Gaussian SVM¶ 0.76

Gupta et al29 312 BW <1250 g 27% MLR** 0.77

*Included variables were: GA, ventilator mode, PIP, PEEP, MAP, inspiratory time, inspiratory:expiratory 
ratio, tidal volume, pH, pCO2, SpO2, heart rate and blood pressure.
†Included variables were: tidal volume, pCO2, ventilator mode and ethnicity.
‡Included variables were: FiO2, monocyte count, rapid shallow breathing index, work of breathing, 
heart rate and PaO2/FiO2.
§Included variables were: BW, Apgar score at 5 min, maternal betamethasone, surfactant, caffeine, 
weight at extubation, minute volume, ratio of spontaneous breath/ventilator rate, FiO2, PIP, inspiratory 
time, tidal volume, lag time between last blood gas result and extubation, pH, PaO2, pCO2, SpO2, heart 
rate and blood pressure.
¶Included variables were: BW, postmenstrual age, weight at extubation, pCO2, HCO3 and BE.
**Included variables were: GA, pH, FiO2, RSS in the first 6 hours, weight at extubation and day of life 
at extubation.
ANN, artificial neural network; AUC, area under the curve; BE, base excess; BW, birth weight; DT, 
decision trees; FiO2, fraction of inspired oxygen; GA, gestational age; MAP, mean airway pressure; MLR, 
multivariate logistic regression; NBC, naïve Bayesian classifier; PaO2, partial pressure of oxygen; pCO2, 
partial pressure of carbon dioxide; PEEP, positive end expiratory pressure; PIP, peak inflation pressure; 
RSS, respiratory severity score; SpO2, oxygen saturation; SVM, support vector machine.
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diverse clinical and physiological parameters were identified 
in preterm infants.6 ERTs had overall high sensitivities but low 
specificities, meaning that they validated the clinicians’ intent to 
extubate but added little value in identifying failures.6 Unfortu-
nately, studies were small and had variable test durations, levels 
of positive end expiratory pressure used, thresholds to define 
test pass/fail and EF definitions. Consequently, interpretation of 
individual studies was difficult. Also, many studies performed 
ERTs on infants with already high likelihood of successful extu-
bation as they were bigger, more mature and on low ventilatory 
settings at extubation; this naturally diminished the test’s perfor-
mance on those infants with moderate- to- high risk of failure. 
Furthermore, although some ERTs had higher specificity than 
others (eg, those integrating complex measures of diaphragmatic 
function or cardiorespiratory behaviour), they required invasive 
instrumentation or were not user- friendly for routine applica-
tion.39 40

In the meta- analysis, only two studies evaluated the accuracy 
of SBTs in preterm infants, showing pooled sensitivity and spec-
ificity of 95% and 62%, respectively.6 Since then, a large study 
evaluated the diagnostic performance of over 40 000 different 
SBT pass/fail definitions in predicting successful extubation 

among extremely preterm infants during a 5 min ET- CPAP.23 
SBTs exposed 56% of infants to clinical instability (in the form 
of bradycardias, desaturations, increased oxygen supplementa-
tion and/or apnoeas requiring stimulation), but no definition 
displayed an acceptable diagnostic tradeoff to justify its use as 
an adjunct to clinical judgement. In another recent study, the 
conduct of SBTs in preterm infants led to increased respira-
tory frequency, decreased tidal volume and increased work of 
breathing during the trial without reducing EF rates.41 Expo-
sure to such cardiorespiratory instability during an SBT may 
have untoward consequences, especially in the most premature 
patients. Many limitations with current SBTs could explain their 
lack of accuracy in reducing EF rates. First, the optimal SBT 
duration remains unclear; a short trial of 3–5 min may be insuf-
ficient to evaluate the infant’s respiratory drive whereas a longer 
trial may lead to lung derecruitment. Second, it is unclear how 
much support should be provided during the trial. SBTs have 
been evaluated using ET- CPAP levels of 5–6 cm H2O, but the 
degree to which the work of breathing increases during such 
challenge and how it compares to postextubation conditions is 
unknown. Moreover, the endotracheal tube size and presence of 
partial tube obstruction or biofilm deposition may further alter 
resistance and imposed work of breathing.42 The addition of 
pressure support during an SBT is an attractive modification and 
deserves further study. Third, even though SBTs are meant to be 
objective, they are still susceptible to bias during their conduct 
since they rely on subjective reactions from clinicians at the 
bedside.23 Finally, it must be recognised that no test performed 
with the endotracheal tube in place can accurately predict the 
occasional EF caused by subglottic oedema.

Recommendations for the assessment of extubation 
readiness
There is unfortunately no perfect way to accurately determine 
when an infant is ready for extubation. However, after thor-
ough review of the evidence, we provide suggestions on how 
to streamline and improve extubation decisions in extremely 
preterm infants (box 3).

First, although a failed extubation appears to independently 
increase the risk of adverse outcomes, there are also known 
complications associated with prolonged MV exposure. There-
fore, until more accurate predictors become available for identi-
fying infants at high risk of failure, it is probably best to attempt 
early extubation. To do so, the treating team should, at least 
once daily, discuss whether each intubated patient is ready for 
extubation. Infants should not be kept intubated based on arbi-
trary decisions (eg, ‘once the weight exceeds 1000 g’ or ‘to allow 
the baby to grow’). If the patient is nowhere near ‘ready’ due to 
high ventilatory parameters, high oxygen requirements or poor 
respiratory drive, clinicians should proactively optimise condi-
tions to promptly achieve extubation potential.9 Moreover, 
considering that intensive care units are busy environments with 
rapid personnel turnover, it is encouraged to implement nurse or 
respiratory therapist- driven weaning protocols to help expedite 
extubation and avoid missed opportunities.43

With regard to extubation criteria, there is clearly no one- 
size- fits- all solution. Instead of suggesting ‘minimal settings’, we 
propose a range of acceptable criteria from which infants can 
be considered ready for extubation. Those criteria were derived 
from extubation practices observed in the pragmatic APEX 
cohort and represent the range of parameters selected by the 
middle 50% of clinicians.23 We acknowledge that such criteria 
are by necessity consensus guidelines, because no high- quality 

Box 4 Ongoing gaps in knowledge and opportunities 
for future research

Pre- extubation
 ► Evaluate the role of weaning protocols in improving 
respiratory outcomes.

 ► Develop and validate a standardised clinical tool that 
computes the infant’s pretest probability of extubation 
success.

 ► Evaluate the role of peri- extubation interventions in reducing 
extubation failures, including high- dose caffeine, diuretics 
and dexamethasone for postextubation airway obstruction.

 ► Evaluate the impact of timing of extubation on neonatal 
outcomes.

Extubation readiness trials (ERTs)
 ► Determine the imposed work of breathing during an ERT 
compared with postextubation.

 ► Determine the role of endotracheal tube size and resistance 
on ERT accuracy.

 ► Incorporate measures of lung function, diaphragmatic muscle 
strength and cardiorespiratory behaviour in the development 
of a future ERT.

 ► Apply machine- learning methodologies to facilitate 
integration of clinical and physiological information into one 
comprehensive predictor.

Spontaneous breathing trials (SBTs)
 ► Evaluate SBTs of different durations and different levels of 
support.

 ► Develop automated tools to determine SBT pass/fail.
Postextubation

 ► Improve monitoring, differentiation and documentation of 
apnoeas.

 ► Improve our understanding of the causes of reintubation at 
an individualised level.

 ► Develop and validate an index of clinical instability on non- 
invasive respiratory support to help standardise the definition 
of extubation failure.

 ► Identify the risk factors and prevalence of serious adverse 
events following extubation.

S
outheastern U

niversity H
P

D
 Library. P

rotected by copyright.
 on S

eptem
ber 9, 2022 at N

ova
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/archdischild-2020-321282 on 24 F
ebruary 2021. D

ow
nloaded from

 

http://fn.bmj.com/


F111Shalish W, et al. Arch Dis Child Fetal Neonatal Ed 2022;107:F105–F112. doi:10.1136/archdischild- 2020- 321282

Review

research has compared the success rate of different extubation 
criteria. Of note, direct extubation from high frequency ventila-
tion, using similar ranges of MAP and oxygen requirements as in 
conventional MV, is also feasible.44

Lastly, there is insufficient evidence to recommend any ERT 
as an adjunct to clinical judgement for extubation; the change 
in ventilatory mode required for the trial may expose infants to 
unnecessary clinical instability without improving the ability to 
identify EF. However, it is prudent that the clinician be present at 
extubation to observe the infant’s work of breathing, promptly 
address any signs of upper airway obstruction and ensure optimal 
provision of non- invasive respiratory support.

CONCLUSIONS
The decision to extubate extremely preterm infants is highly 
complex and can significantly influence outcomes. While the 
extubation readiness enigma remains unsolved, more knowledge 
has been acquired in recent years about the value of different 
assessment tools and the prevalence, causes and consequences 
of reintubation in these patients. This accumulated evidence lays 
the groundwork for future research opportunities and provides 
guidance on which populations to target and how to systemat-
ically report extubation outcomes (box 4). Results from these 
studies should lead to more individualised approaches to extuba-
tion in this fragile population, and ultimately to better outcomes.
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