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WHAT’S NEW IN INTENSIVE CARE

How to optimize extubation?
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Extubation failure, defined as the inability to sustain
spontaneous breathing after removal of the artificial
airway and need for reintubation within 24-72 h or up
to 7 days, is associated with high morbidity and mortal-
ity, as well as long term disability [1]. Many studies have
attempted to identify risk factors for extubation failure in
order to prevent it. Nevertheless, the incidence of extu-
bation failure in intensive care units (ICUs) remains quite
high in the literature, between 10% within 48 h [1] and
15% within 7 days [2].

Two main causes of extubation failure can be identi-
fied [1]: weaning failure, the patient’s unreadiness to
breathe without respiratory assistance, or airway failure,
the patient’s unreadiness to breathe without an artificial
airway.

The aim of this paper is to provide an update on strate-
gies to optimize extubation, before and after extubation
procedure (Fig. 1).

Anticipate the cause of extubation failure

before extubation

The FREE-REA study [1] identified risk factors for air-
way failure vs weaning failure among cases of extubation
failure in a large multicenter, prospective cohort of extu-
bated medical and surgical critically ill patients. Poten-
tially actionable risk factors were identified: absence of
strong cough associated with both airway failure and
weaning failure, copious secretions associated with air-
way failure and Sequential Organ Failure Assessment
(SOFA) score > 8 associated with weaning failure.
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Check for
updates

To anticipate weaning failure, the first established
method is to perform a spontaneous breathing trial
(SBT) [3]. The most common modes of SBT are pres-
sure support ventilation (PSV) and T-piece ventila-
tion. In a recent randomized trial of patients receiving
mechanical ventilation [3], a 30-min PSV-SBT resulted
in a significantly higher rate of successful extubation than
a 2-h T-piece SBT, without significantly increasing rein-
tubation. The higher rate was related to more patients
being extubated after the PSV-SBT, suggesting that a
less demanding SBT better allows critically ill patients
to demonstrate their ability to sustain breathing. It is
worth noting that a 2 h T-piece SBT represents a very
long time, and might overestimate the inspiratory effort
post-extubation. A trial recently published by Thille et al.
[2] selecting patients at high-risk of extubation failure
found no difference regarding the number of ventilator-
free days at day 28 between PSV and T-piece trials of one
hour. In patients with obesity [4], it was shown that either
a T-piece or a PSV 0 and positive end-expiratory pres-
sure (PEEP) 0 cmH,O test are the trials that are the most
representative of the post-extubation inspiratory effort.
Studies are ongoing to identify which SBT best mimics
the post-extubation inspiratory effort for selected groups
of patients.

Using high-flow nasal oxygen (HFNO) during T-piece
SBT may help by providing warm and humidified oxy-
gen. In a single-center, pilot randomized controlled trial
[5], rates of reintubation within 7 days after extubation
were 16% in T-piece with standard oxygen and 3.9% in
SBT with HFNO (P=0.05). It is also important to let the
patient rest after a SBT [6], by reconnecting the patient to
the ventilator during a 1-h rest [2].

A second very important point is to perform a careful
hemodynamic assessment. Extubation on vasopressors
was controversial until a recent study [7] that suggested
that extubation on low-dose vasopressors (<0.1 pg/kg/
min) could be safe and associated with a lower mortal-
ity and a shorter ICU length of stay. On the contrary,
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Reconnect to the ventilator the
patient at the end of SBT, return to
optimal settings of PSV
(rest period after SBT for
30 min to 1 hour)

Consider evaluation of
cardiac function without
positive pressure (i.e., during
SBT) to predict postextubation
pulmonary edema
(cardiac ultrasound, BNP,
biomarkors)

Consider lung ultrasound
for screening atelectasis
occurrence during SBT

Consider heated and
humidified oxygen
during SBT performed
with T-Piece

Perform SBT: low PSV
or T-piece (no difference
in outcome)

Check if fluid balance is
negative. If not negative,
consider fluid depletion

(diuretics and/or dialysis)

Low dose of norepinephrine
(< 0.1 pg/kg/min) is not a
contra-indication for extubation

)

Assess and try to improve

diaphragmatic function

e Ta

(bilateral phrenic nerve
stimulation, physiotherapy,

other) )

Identify, and treat when )
possible, risk factors for
airway and weaning failureJ

Use NIV and/or HFNO
following extubation
in high-risk patients: obesity,
COPD, heart failure, others

Fig. 1 Recent advances to optimize extubation. Twelve points aiming to optimize an extubation attempt are summarized. Blue boxes: interven-
tions for preventing weaning failure. Red boxes: interventions for preventing airway failure. Purple boxes (mix): interventions for preventing both
airway and weaning failure. SBT Spontaneous Breathing Trial, N/V noninvasive ventilation, HFNO high-flow nasal oxygen, PSV pressure support
ventilation, COPD chronic obstructive pulmonary disease, BNP brain natriuretic peptide
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upright position
Evaluate the risk of stridor
following extubation in highrisk
patients (prolonged intubation,
cuff-leak test, others): consider
steroids

Assess cough help to the
removal of airway
secretions (positioning,
physiotherapy, others)
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extubation on high-dose vasopressors (>0.1 pg/kg/min)
[7] was associated with a greater hazard of reintubation
compared with extubation after vasopressor discontinu-
ation. Allowing the use of low-dose vasopressors might
help to obtain a negative fluid balance, and low filling
pressures, to avoid overload after extubation and removal
of the positive pressure ventilation. High-risk patients
who failed SBT due to weaning pulmonary edema exhib-
ited echocardiographic findings consistent with left ven-
tricular overload together with excessive cumulated fluid
balance [8]. Echocardiography-guided therapy helped
attending physicians to successfully extubate patients
who previously failed SBT due to weaning pulmonary
edema [8].

Echocardiography can be combined with diaphragm
and lung ultrasound to further optimize the positive and
negative predictive values of extubation failure tests. A
recent study [9] assessed the effectiveness of bilateral
phrenic nerve stimulation and did not show an increase

of the proportion of successful weaning from mechanical
ventilation compared with the standard of care. However,
it resulted in substantial improvements in inspiratory
pressure generation capacity without major safety issues,
suggesting that diaphragm pacing could mitigate dia-
phragm dysfunction in patients who are difficult to wean
from mechanical ventilation [9].

To anticipate airway failure before extubation, cough
expiratory peak-flow and the evaluation of the amount of
secretions are also important to identify patients at risk
to develop airway failure. Steroids were found to be effec-
tive in preventing stridor and reintubation only in a high-
risk population, as determined by the cuff-leak test, and
when given at least four hours before extubation [10].

After extubation: still anticipate

A recent meta-analysis [11] revealed that preventive
noninvasive ventilation (NIV) and HFNO reduced rein-
tubation in critically ill adults, compared to conventional
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oxygen therapy. Sensitivity analyses showed that the mag-
nitude of the effect was highest in patients with increased
baseline risk of reintubation [11].

An effective clearing of the airways requires a balance
between production and removal of respiratory secre-
tions that can be reduced by respiratory muscle weakness
and upper airway dysfunction. In this setting, physiother-
apy through cough augmentation techniques seems of
great importance following extubation, even if the level
of proof remains low.

Specific populations
Some specific populations are at very high-risk of extuba-
tion failure.

In patients with chronic obstructive pulmonary disease
and heart failure, NIV is a therapeutic of choice in order
to prevent extubation failure and was found to be supe-
rior to HFNO [12].

In patients with obesity, NIV seems especially effective
to prevent reintubation [13] and a current trial focused
on this specific population is ongoing [14].

In patients with brain injury, specific risk factors for
extubation failure have been identified in brain-injured
patients: absence of cough, absence of deglutition (swal-
lowing attempts), absence of gag reflex, and altered neu-
rologic status (low Coma Recovery Scale-Revised visual
subscale, absence of visual pursuit, Glasgow coma score
lower than 10) [15].

Future studies are needed to individualize periextubation
care, combining the use of clinical assessment (cough,
fluid balance, secretions amount, deglutition, neurologic
status), SBTs, ultrasounds and biomarkers, adapted to
specific group of patients, to accurately predict extuba-
tion failure.
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