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Why extubation failure?

• Observation: 

– High % of extremely preterm infants are mechanically ventilated

– Extubation failure rates are quite high and generate clinical 
frustration  ELBW infants: 40-58% compared to Children: 6% 
and Adults: 10%

– Some previously stable infants worsened after re-intubation

• Lack of robust science to help on decisions related to 
extubation readiness

Walsh et al, J Peds 2005
Carlo W et al, NEJM 2010

Stoll B et al, JAMA 2015



Case
• Male baby born at 22:00pm with 244 weeks with BW = 680 g. Complete antenatal 

steroids 

• Tried on bubble CPAP in the DR but intubated at 2h of life for high O2 needs (60%). 
Surfactant was administered and MV started

• Next day at rounds (~12h of life) – on VG ventilation: 
– PIP = 12 cmH2O 
– PEEP = 5 cmH2O 
– VT = 5 ml/kg 
– Rate = 40 bpm 
– FiO2 = 28%
– MAP = 6-7 cmH2O 

Arterial blood gas:
pH = 7.33

PaCO2 = 45
PaO2 = 55

HCO3- = 20
BE = - 3.2



Questions

1. Should we extubate this baby? Based on what?

2. When? Is there any specific age that’s better? 

3. What are the chances of a successful extubation?

4. What is a successful extubation?

5. If the baby fail, is EXTUBATION FAILURE a problem?

6. If so, is there any way to decrease and/or predict FAILURE?



Al-Mandari H et al, ADC Fetal & Neonatal, 2015

In your unit, EPT infants are extubated based on what criteria?

Received 
caffeine 

≤24h

Ventilator 
settings

Blood 
gases

Clinical and 
Hemodynamic 

stability

Passed a 
SBT



When do you 
usually  extubate 

EPT infants in 
your unit?

76%

Al-Mandari H et al, ADC Fetal & Neonatal, 2015



Age at first extubation

• Highly variable across the literature
– Not always reported

COIN trial (2008) = > 50% extubated by day 3 of life
NIPPV trial (2011) = median 3.5 (2-7) days of life
SUPPORT trial (2017) = median 2.5 (2-9) days of life 

Median values  ranges from 2.5 to 36 days



J Pediatrics, 2022

< 7 days = 52%
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Gestational Age

Manley et al J Pediatrics, 2016



J Pediatrics, 2022

72% success 63% success
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Definition of Successful Extubation

1. Criteria used to define failure

2. Observation window (between extubation  re-
intubation) selected



Criteria for extubation failure ?

Al-Mandari H et al, ADC Fetal & Neonatal, 2015



Definition of CPAP or NIV failure

• O2 needs
• Number of apneas & bradycardia events
• Respiratory acidosis

Wright CJ et al, J Peds, 2016

FiO2 Apnea PCO2 Other Initial 
CPAP

Max
CPAP

30% to >75% 1 to > 4/h

1 to 2 episodes 
of bag & mask 
ventilation

60 to > 70 
mmHg

pH=7.20 
to 7.22

Only 1 study 
included 
hemodynamic 
stability

≥ 4 to 8 
cmH2O

5 trials = not 
stated 

7cmH2O



Definition of Successful Extubation

1. Criteria used to define failure

2. Observation window (between extubation  re-
intubation) selected



Al-Mandari H et al, ADC Fetal & Neonatal, 2015



ADC F&N, 2014



• Too short – may miss reintubations attributable to respiratory 
causes

• Too long – may capture reintubations caused by non-respiratory 
reasons
– Infection
– Necrotizing enterocolitis
– Elective procedures 

Choice of Observation Window



Respiratory Causes of Reintubation

Respiratory causes: 68%

Non-Respiratory causes: 32%
(infection, GI complication, surgery)  

Shalish et al Pediatr Res 2018



Time frame - extubation failure

Shalish W et al, Ped Res 2018



Time frame - extubation failure

Shalish W et al, Ped Res 2018

• Observation window of 7 days captures:
– ~ 85% of respiratory and < 15% of non-respiratory 

reintubations

• Any study testing the effects of different 
respiratory therapies should only include 
failures related to respiratory reasons
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Neonates and Extubation Failure

• The procedural aspect of intubation is associated with adverse 
outcomes, especially in the emergency setting 

– Changes in brain activity
– Airway trauma
– Hemodynamic instability
– Death

Shangle et al. J Pediatrics. 2012
Hatch et al. J Pediatrics. 2015



Neonates and Extubation Failure
Secondary analyses from 2 large RCTs suggest that extubation failure is 
independently associated with:

• Death prior to discharge
• BPD among survivors
• Death or BPD
• Intraventricular hemorrhage grade 3 or 4
• Prolonged respiratory support 
• Length of hospitalization

Manley et al, J Peds 2016
Chawla et al, J Peds 2017



Reintubation – Morbidities/Mortality

1. What exactly increases the risk of morbidity?
– The reintubation itself?
– The resumption of mechanical ventilation?

2. Do all reintubations have the same clinical implications?



• 3343 infants with BW <1000g intubated and receiving MV

• Increased risk of BPD was associated with duration of MV

JAMA Pediatr. 2015



• 66% (n=2206) needed re-intubation and 60% (n=1323) of these 
required a total of ≥ 3 re-intubations

• Thus, 40% of total were re-intubated ≥ 3 times  independently 
associated with BPD

JAMA Pediatr. 2015



Reintubation and BPD

2 LIMITATIONS – did not account for:

Jensen et al. JAMA Pediatr 2015

Age at First 
Extubation

Day of life at extubation

0 5d 7d Anytime24h

Extubation

0 5d 7d Anytime24h

Reintubation
Time to 

Reintubation



Time to Reintubation and Death/BPD

Adjusted for BW, postnatal infection, postnatal steroids, NEC and site

Shalish et al J Pediatr 2018



Reintubation and Morbidities
SUMMARY

• Exposure to MV remains one of the most important risk 
factors for increased death/BPD

• But also need to be mindful:
–Multiple (≥ 3) reintubations 
–Age at extubation
–Reintubations within 48h after extubation
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Extubation:

BW ≤ 1000g: MAP < 7 cmH2O and FiO2 ≤ 0.30
BW > 1000g: MAP < 8 cmH2O and FiO2 ≤ 0.30

Re-intubation:
 FiO2 > 0.6 to maintain SaO2 > 88% or PaO2 > 45 mmHg
 PaCO2 (arterial) > 55 to 60 with a pH < 7.25
 Apnea requiring bag and mask ventilation
 Evidence of increased WOB (retractions, grunting and chest

wall distortion) + abnormal chest x-ray



Extubation failure rate



• Preterm infants should be extubated to noninvasive respiratory support 

• Caffeine should be used routinely

• Postnatal corticosteroids should be used judiciously, weighing up the 
competing risks of BPD and neurodevelopmental harm

Ferguson et al, JAMA 2017



“Two important issues remain for researchers and clinicians”:

1. Accurate tests of extubation readiness are required to enable 
clinicians to minimize the duration of MV while avoiding the risks 

of re-intubation

Manley B and Davis P, J Peds 2017



Predictors of Extubation Readiness

• Systematic Review and Meta-analysis of Diagnostic Test 
Accuracy

• Objectives:
– To identify predictors of extubation success
– To determine their accuracy compared to clinical judgment alone

Shalish et al. ADC Fetal & Neonatal Ed, 2019



Predictors of Extubation Readiness

• Tests performed in many ways:
– Duration: few seconds to 24 hours
– PEEP: 0 to 6 cm H2O
– Variable clinical and physiological measurements 

• 31 predictors included for meta-analysis

Shalish et al. ADC Fetal & Neonatal Ed, 2019



Predictors of Extubation Readiness

Shalish et al. ADC Fetal & Neonatal Ed, 2019

Different definitions of PASS or 
FAIL the SBT



Shalish et al, Dec 2019

Objective
Describe Clinical 

Event Occurrence 
during 5-min ET-CPAP

Extubation 

Mechanical Ventilation

5-min Endotracheal CPAP
(5-6 cm H2O)

Infant deemed ‘ready’ 
for extubation per 
clinical judgment 



4 CLINICAL EVENTS DOCUMENTED DURING ET-CPAP

A Apnea requiring stimulation; 

B Presence and cumulative duration of Bradycardia
(HR < 100 bpm)

D Presence and cumulative duration of Desaturation
(SpO2 < 85%)

O2 Need for supplemental Oxygen and maximum 
amount provided. 

Shalish et al, Dec 2019



Shalish et al, Dec 2019

Significant variations in 
how assessors reacted to 

clinical events



• 5-min ET-CPAP exposed 
> 50% of infants to 
clinical instability 

• SBTs still leave room for 
subjective 
interpretation

Total = 41,602 SBT pass/fail definitions were evaluated, 
showing overall high sensitivity but very low specificity

Shalish et al, Dec 2019



Predictors of Extubation Readiness

• Lack of strong evidence to support their use
– Low accuracy 
– No added benefits in the identification of extubation failures when 

compared to clinical judgment alone 

• Larger and more standardized studies are needed 

Shalish et al. ADC Fetal & Neonatal Ed, 2019



Predictors of Extubation Readiness

• No single test can capture the complex nature of why infants 
fail extubation

• Every infant is different

• We need more complex, individualized tools that can capture 
more intrinsic biological variables …
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Study Aim

To develop an individualized, automated and objective 
predictor of extubation readiness using a combination of 

clinical variables and quantitative measures of 
cardiorespiratory behavior



Methods – Data Acquisition

Cardiorespiratory Data Clinical Data 

Demographic Data
• Gestational age, birth weight
• Delivery information
• Morbidities prior to extubation 

(PDA, NEC, infection, IVH…)

Immediately Pre-Extubation
• Postmenstrual age, weight 
• Ventilator settings
• Blood gases



Pediatric Research, 2022

APEX Study



Pediatric Research, 2022



Extubated Early (<7 days)

Pediatric Research, 2022



Conclusions

• Many steps are necessary before adoption of this approach 

• At an individualized level, we need to weigh the costs of failure 
against the costs of keeping the infant mechanically ventilated for a 
little longer

Pediatric Research, 2022



Age at extubation and Outcomes
Costs of failure vs Costs of keeping the infant 

mechanically ventilated

J Pediatrics, 2022



Age at extubation and Outcomes
Costs of failure vs Costs of keeping the infant 

mechanically ventilated

J Pediatrics, 2022



J Pediatrics, 2022



“Actually, it is to take data generated in groups of patients and determine how to best apply 
the information in the single patient being managed at a given moment in time”

AJRCCM, 2012
Anesthesia, 2017

“The challenge of medicine is not about taking 
care of most patients who do well irrespective 
of the methods employed. Instead, the goal is 

to take feasible steps that have a high likelihood 
of avoiding undesirable outcomes in a small 

number of instances”



Precision Medicine  Neonatal Respiratory Care 

• The challenge is to find the right indication and 
timing for invasive and noninvasive support during 
the respiratory course of each infant

Bancalari E, NEJM, 2017



The Evolution of Patient Diagnosis
From Art to Science

• Patients are diagnosed based on history, clinical exam 
and laboratory reports that are interpreted considering 
clinical experience and the medical literature

Mandl K and Bourgeois F, JAMA Oct 2017
PrecisionLink initiative at Boston Children’s Hospital 

ARTIFICAL INTELIGENCE now bring insight from 
population-level data to individual care 



• Instrumentation for data acquisition more user-friendly - wireless

Future Directions

Wearable wireless multimodal patch sensors, to 
measure the respiratory frequency



• Instrumentation for data acquisition more user-friendly - wireless

Future Directions
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measure the respiratory frequency



Future Directions

• Develop prediction models to prevent failures with the 
highest risk

• At an individualized level, we need to weigh the costs of 
failure against the costs of keeping the infant mechanically 
ventilated for a little longer



Extubation Failure - Recommendation

• In the meantime, neonatal clinicians still must decide what 
clinical actions should be taken at different levels of risk, 
understanding the possible outcomes of any decision 

• In the end, any decision or predictor will require that we 
accept and manage the certainty of uncertainty



Take Home Messages

• Currently, neonatologists are invasively ventilating smaller and more 
immature infants

• The decision concerning best time for extubation is difficult since both 
prolonged MV and multiple reintubations are undesirable outcomes

• Accurate bedside predictors of extubation readiness in extremely 
preterm infants are needed



• The extubation equation is quite complex!

• Infants are reintubated at highly variable time frames and for 
diverse etiologies

• BOTH Early AND Successful extubations are associated with 
the most favorable outcomes 

Take Home Messages



• Shalish W, et al. Arch Dis Child Fetal Neonatal 
Ed 2021;0:F1–F8.
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