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Epidemiology of extubation failure

Jaber Critical care 2018

failure was a frequent event, occurring in 10.4% of cases,
with half due to airway failure and half due to non-airway
failure. Using multivariate multinomial logistic regression
analysis, we identified specific risk factors for airway
failure and non-airway failure, respectively.

Anticipating extubation failure is a challenging issue.
As observed in the current study for both airway failure
and non-airway failure, extubation failure is known to be
associated with increased morbidity and mortality [3, 4].
Many studies [26] attempted to identify risk factors for

Fig. 2 Risk factors in the final model for predicting airway failure, non-airway failure and extubation-failure. BMI, body mass index; SOFA, sequential organ
failure assessment. In the final multivariate model constructed with the 1365 extubation procedures and all available data, the main predictors of airway
failure were related to patient characteristics and conditions prior to extubation: female gender (OR 2.024 (1.187–3.450), P= 0.010), baseline pathology with
coma as a reason for intubation (OR 4.979 (2.797–8.864), P<£0.0001), acute respiratory failure as a reason for intubation (OR 3.395 (1.877–6.138), P< 0.0001),
length of ventilation > 8 days (OR 1.956 (1.087–3.518), P= 0.025), copious secretions at the time of extubation (OR 4.066 (2.268–7.292), P< 0.0001) and
absence of strong cough before extubation (OR 1.876 (1.047–3.362), P= 0.035). The main predictors of non-airway failure were also related to patient
characteristics and conditions prior to extubation: non-obese status (OR 2.153 (1.052–4.408), P= 0.036), baseline pathology with coma as a reason for
intubation (OR 2.177 (1.301–3.642), P= 0.003), acute respiratory failure as a reason for intubation (OR 2.067 (1.217–3.510), P= 0.0072), absence of strong
cough before extubation (OR 3.240 (1.786–5.879), P= 0.0001) and a SOFA score≥ 8 (OR 1.848 (1.100–3.105), P= 0.02)

Table 3 Causes and time to reintubation according to airway failure and non-airway failure with corresponding crude odds ratios
determined using multinomial logistic regression
Characteristic Airway failure (n = 70) Non-airway failure (n = 78) P value

Reintubation at 48 h 70 (100) 78 (100) –

Reintubation delay (hours) 10.0 (4.0–24.0) 24.0 (8.0–36.0) 0.004

Cause of reintubation –

Hypoxia (SpO2 < 90%) 36 (51) 47 (60) 0.28

Tachypnoea > 25/min 30 (43) 48 (62) 0.02

Low arterial pressure (SAP < 80 mmHg) 2 (3) 7 (9) 0.17

Tachycardia > 100/min 17 (24) 30 (38) 0.06

Cardiac arrest 0 (0) 5 (6) 0.06

Agitation 10 (14) 6 (8) 0.20

Coma 23 (33) 12 (15) 0.01

Difficult reintubation 5 (7) 2 (3) 0.26

Stridor 17 (24) 4 (5) 0.0009

Data are summarized as number of extubation procedures/total number of extubation procedures (%) or median (interquartile range)
SpO2 peripheral oxygen saturation, SAP systolic arterial pressure
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Table 1 and Additional file 1: Table S1 summarizes
information on patient and intubation characteristics, the
parameters before extubation and the SBTs performed,
and Table S2 (Additional file 1) provides information on
the usual functional parameters predicting extubation
failure, according to airway failure and non-airway failure,
compared to extubation success. The main parameters
evaluated during and after the extubation procedure are
presented in Table 2.
In the final, multivariate model, the main predictors of

airway failure were related to patient characteristics and
conditions prior to extubation: female gender (OR 2.024
(1.187–3.450), P = 0.010), baseline pathology with coma as a
reason for intubation (OR 4.979 (2.797–8.864), P < 0.0001),
acute respiratory failure as a reason for intubation (OR

3.395 (1.877–6.138), P < 0.0001), length of ventilation
> 8 days (OR 1.956 (1.087–3.518), P = 0.025), copious
secretions at the time of extubation (OR 4.066 (2.268–
7.292), P < 0.0001) and absence of strong cough before
extubation (OR 1.876 (1.047–3.362), P = 0.035) (Fig. 2).
The main predictors of non-airway failure were also
related to patient characteristics and conditions prior to
extubation: non obese status (OR 2.153 (1.052–4.408),
P = 0.036), baseline pathology with coma as a reason for
intubation (OR 2.177 (1.301–3.642), P = 0.003), acute
respiratory failure as a reason for intubation (OR 2.067
(1.217–3.510), P = 0.0072), absence of strong cough before
extubation (OR 3.240 (1.786–5.879), P = 0.0001) and
sequential organ failure assessment (SOFA) score ≥ 8
(OR 1.848 (1.100–3.105), P = 0.02) (Fig. 2).

Fig. 1 Flow chart for the study. From December 2013 to May 2015, 1514 extubation procedures were studied in 1453 patients from 26 centers. All
extubation procedures were included: 61 patients (4.0%) were intubated twice. The median (interquartile range, IQR) number of intubation procedures
included per center was 27 (11–72). The incidence of extubation failure (H48 means during the 48 hours following extubation) was 10.4% (157 of 1514
intubation procedures), with “airway”-failure, non-airway failure and mixed airway and non-airway failure incidences, respectively, of 4.6% (70 of 1514), 5.2%
(78 of 1514) and 0.6% (9 of 1514)
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Epidemiology in NeuroICU

• Failure rate : 20-30%

• Time frame ?

• Tracheostomy and extubation failure ?

McCredie AATS 2017
Godet Anesthesiology 2017
Asehnoune Anesthesiology 2017



BACKGROUND

• Longer duration of mechanical ventilation in BI patients

• Patients excluded from guidelines for weaning from MV

• Extubation management? blurry

• Timing for tracheostomy? blurry



•Delaying extubation 

•Extubation Failure

•Level of consciousness

•Airway impairment

2 Fears

2 specific issues



Extubation success : airway

• Gag reflex

• Deglutition

• Cough

• Subjective

• Quantification ? 

• Daily practice ?

Coplin AJRCCM 2000
McCredie AATS 2017
Godet Anesthesiology 2017
Asehnoune Anesthesiology 2017



Extubation success : general ICU features

• Fluid balance ++
Diuretics / Fluid balance control

• PES
Corticosteroids

• Bundle of care

McCredie AATS 2017
Francois Lancet 2007
Roquilly AJRCCM 2014



Depressed mental status

Adequate mentation

Boles JM et al. Eur Resp Journal 2007

Agitation and anxiety



Impact of delayed extubation on brain-injured 
patients outcomes

Coplin et al. AJRCCM 2000
Observational study
136 BI patients 

Complications No delay Extubation 
delay

p 
value

Number of patients 99 37

Pneumonia, N (%) 21 (21.2%) 14 (37.8%) 0.048

ICU length of stay 3 (1-15) 8 (3-22) <0.001

Death, N (%) 12 (12.1%) 10 (27%) 0.04



Complications associated with 
extubation failure

Epstein et al. AJRCCM 1998
Observational study

Both cause for extubation failure and time to reintubation
were independently associated with hospital mortality



Extubation failure increases the 
morbi-mortality rate

Epstein et al. AJRCCM 2000
Observationnal study
75 unplanned extubation / 220 control



Predicting factors of extubation failure in BI patients

Salam et al. Intensive care med 2004
Observational study
14 Extubation failures / 84 patients 

Namen et al. AJRCCM 2001
Observational study
100 TBI patients

Glasgow



Impact of a bundle comprising of extubation criteria 

Navalesi et al. CCM 2008
Before/after study
Extubation weaning criteria are achieved
+ Glasgow ≥ 8
+ cough when endotracheal aspiration (ETA)
+ <  2 ETA / 4 hrs

Strict compliance to predifined criteria (even subjective) improves outcome



evidence-based extubation readiness bundle in 499 
brain-injured patients

Roquilly et al. AJRCCM 2013
322 patients before vs 214 patients after
1.Tidal Volume < 8 ml/kg, PEEP > 3
2. Probabilistic ATB for VAP
3.Extubation Glasgow 10 
+ cough

HR: 1.331 (95%CI, 1.025-1.728)

3days of MV



• low tidal volume (≤ 7 ml/kg), 
• moderate PEEP (PEEP, 6–8 cm H2O) 
• Early extubation protocol

Strategy
• weaning from ventilation support 
• effective cough
• GCS score of ≥ 10 

Extubation readiness

A total of 744 patients from 20 ICUs were included
(391 pre-intervention; 353 intervention)



Number of iVFD was higher in the 60 (8%) 
patients with full compliance than in the 684 (92%) 
patients with deviation

Asehnoune et al. Intensive Care Med 2017

Non compliance
N=519

Compliance
N=40

P 
value

Ventilator-free days D 90, mean (SD) 54 (±34) 68 (±25) 0.03

Mortality at day 90, N (%) 25 (26.1) 4 (10) 0.023



Clinical factors associated 
with extubation success

Clinical features OR [CI95%] p

Age (<40 years old vs ≥ 40 years old) 2.27 [1.21-4.26] 0.0109

Visual pursuit 2.79 [1.61-4.82] 0.0002

Swallowing attempts 2.9 [1.67-5.03] 0.0001

Glasgow Coma Score (10 vs ≤10) 2.4 [1.38-4.18] 0.0019
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A VISAGE score ≥ 3 was associated 
with 90% extubation success

Asehnoune et al. Anesthesiology 2017

• Multicenter study
• 437 consecutive BI patients were included. 
• 338 (77.3%) extubations were successful. 



Godet et al. Anesthesiology 2017

Upper airway functions

Neurologic status

Low consciousness level patients 
+

At least two operating airway functions
= 

85% probability of extubation success



Conclusion



Methodological issues

• Monocentric studies

• Various definitions of failure/success
96 hours? / 7 days?

• Incomplete exploration of features (ex: gag reflex)

• No validation cohort



ENIO study

Extubation strategies in Neuro-Intensive care unit patients and 
associations with Outcomes – ENIO study.

Newsletter 34. 30th March 2020
Dear all,

In spite of the Covid pandemic dramatic situation, we have 
included in the network 1417 patients. 

Inclusions remain possible until we have reached our
objective, but of course we fully understand that some 
centres might stop their research activity for the 
following months.

We will continue to let you know how things evolve 
regarding ENIO. Please also feel free to exchange data, 
knowledge and local experience about COVID within the 
network.

Stay safe, 

Raphaël Cinotti & Karim Asehnoune
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Objective : 1500 Inclusions
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Contacts:
Dr Raphaël Cinotti: raphael.cinotti@chu-nantes.fr
Pr Karim Asehnoune: karim.asehnoune@chu-nantes.fr



General population Brain injury

Vt / PEEP
Vt 6-8 ml/kg

PEEP > 3 mmHg
Vt > 10 ml/kg

ZEEP

Extubation 
readiness 
criteria

Weaning
+ Cough (Occlusion 

pressure)
+ Swallowing

Non specific

What we believed in…
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General population Brain injury

Tidal Volume / 
PEEP

Tidal volume  6-8 ml/kg
PEEP > 3 mmHg

Tidal volume 6-8 ml/kg
PEEP > 3 mmHg

Extubation 
readiness 
criteria

Weaning
+ Cough (Occlusion 

pressure)
+ Swallowing

Airway functions + Sub-
optimal consciousness

Level

Current knowledge




