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Abstract
Extubation in the intensive care unit continues to be a problematic decision, with a
fairly large number of extubations requiring reintubation, resulting in higher patient
morbidity and mortality. In order to maximise success rates of tracheal extubation,
it is vital to have an airway management plan in place prior to attempting extubation.
As compared to the rate of reintubation after planned post-operative extubations in the
Operating room (OR), reintubation following unsuccessful extubation in the Intensive
care unit (ICU) is a fairly common event, occurring in up to 25% of cases. The
recent literature, including retrospective studies, meta-analyses and national society
guidelines, prove that extubation in the ICU remains a risk for critically ill patients.
Established procedures are intended to enhance and refine respiratory mechanics and
airway protection, while also preparing for an extubation strategy. Extubation in the
ICU remains a non-compulsory act, depending on the clinician’s evaluation. When
addressing prior difficult intubation, extubation should follow thoughtful steps, guided
by an airway expert. If reintubation is needed, an easily reproducible approach should
be followed, supervised by the aforementioned airway expert.
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1. Introduction

Difficulties and problems surrounding tracheal extubation are
not a novel topic. Yet, unlike the focus placed on safety
protocols surrounding intubation procedures in the ICU, pa-
tients are often extubated without a proper strategy to avoid
potentially devastating consequences. Despite the increasing
awareness of difficult or failed extubation and the accom-
panying life-threatening complications, one in five patients
will need reintubation within 72 hours of their extubation,
resulting in an increase in morbidity and mortality of 23–
50% [1–3]. The 2011 Report of the Fourth National Audit
Project of the Royal College of Anaesthetists and the Difficult
Airway Society (NAP4) notes serious airway complications in
operating rooms, emergency rooms, or ICUs in the UK over a
1-year period; it found the main contributors to adverse events
and reintubations were poor airway management strategies,
inadequate assessment of risk factors, and a lack of a planned
exit strategy [4, 5].
The Difficult Airway Society in the United Kingdom pub-

lished a set of guidelines for the management of tracheal
extubation in 2012, predominantly based on expert opinions.
The aim was to provide clinicians with a practical, easy-to-
implement guideline [6]. Further studies should evaluate the
current knowledge, support recent recommendations concern-
ing airway management [7], and evaluate existing guidelines.

As defined in the latest 2022 American Society of Anaesthe-
siologists Practice Guidelines for Management of the Difficult
Airway, a difficult airway is “the clinical situation in which
anticipated or unanticipated difficulty or failure is experienced
by a physician trained in anaesthesia care, including but not
limited to one or more of the following: facemask ventilation,
laryngoscopy, ventilation using a supraglottic airway, tracheal
intubation, extubation or invasive airway” [8].

In order to better understand and avoid confusion and am-
bivalence, it is necessary to pinpoint a few important frequently
used terms. Extubation failure is “the inability to tolerate the
removal of the translaryngeal tube” [9] or the “need for rein-
tubation within hours or days after planned extubation” [9]. In
terms of ICU settings [2], reasons for extubation failure include
various causes of airway obstruction such as; upper airway
oedema; bleeding with hematoma compressing the airway or
blood clots obstructing the airway; laryngospasm; accumula-
tion of secretionwithin the airway; and tracheomalacia and soft
tissue collapse caused by anaesthetics. These adverse events
at extubation are generally treated with tracheal reintubation
and referred to as “extubation related airway complications”
[4, 10]. In contrast to extubation failure, weaning failure is the
“inability to tolerate spontaneous breathing without ventilator
support” [9], which results in either tracheal reintubation or
(in a select population) ventilation support using non-invasive
ventilation [11, 12].
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Commonly used weaning trials in the ICU do not safely
assess “airway patency” or “airway competence”, and weaning
variables do not predict extubation failure [13]. In any discus-
sion of difficult airway, two terms that should also be men-
tioned are “at risk extubation”, meaning the patient’s ability to
maintain airway patency is uncertain [6], and “difficult extuba-
tion”, referring to a mechanical obstacle such as subepiglottic
stenosis, severe mucosal oedema, or even a tight surgical stich
preventing extubation [14]. Failed extubation can be further
grouped into those requiring immediate intubation (within
the first 2 h following extubation) and delayed intubation
(requiring reintubation 6–72 h after extubation) [15].
During the extubation period, patients are at increased

risk of numerous complications, including hypoxemia,
airway trauma, circulatory collapse and even death [16–18].
Moreover, a lack of planning or hesitation to reintubate
contribute to significant morbidity [19]. To be able to evaluate
the patient’s ability to breathe sufficiently, one should
identify conditions and mechanisms that might compromise
the patient, returning him to mechanical support. These
conditions and mechanisms could be “airway-related adverse
events at extubation” [4, 5, 20] or weaning failure as the
“inability to tolerate spontaneous breathing without ventilator
support” [21].

2. Problems relating to difficult or failed
extubation in ICU

Many patient-specific risk factors increase the likelihood of
difficult or failed extubation in the ICU. These include obe-
sity, pregnancy, sleep apnoea, head and neck pathology or
surgery, and iatrogenic pathology. According to the Centers
for Disease Control and Prevention, individuals with a body
mass index>30 kg/m2 are considered obese [22]. This patient
population is difficult to ventilate, and have a higher incidence
of pulmonary aspiration, airway obstruction, and oxygen de-
saturation following anaesthesia induction as compared to the
general population [23, 24].
Furthermore, this group has an increased susceptibility to

respiratory depression caused by opioids and anaesthetics,
as well as a poor tolerance of the supine position owing to
increased abdominal pressure on the diaphragm [23, 25, 26],
all resulting in greater risk of hypoxia. These postoperative
concerns are quite similar in patients with obstructive sleep
apnoea. Patients with head and neck pathology or undergoing
maxillofacial ormajor neck surgery are also at an increased risk
of difficult or failed extubation and reintubation [27, 28]. Post-
radiation airway oedema is a contributory factor for laryngeal
obstruction after extubation [29]. Airway obstruction after
cervical spine injury or anterior cervical spine surgery is known
to be a cause of extubation failure. Since airway complications
after cervical spine surgery are sometime subtle, they occur
even in patients who have been kept intubated after surgery
to avoid complications from slow-growing retropharyngeal
haematomas [15]. In rheumatoid arthritis (RA), difficult in-
tubation conditions due to decreased neck mobility can lead
to post-extubation airway obstruction. Patients with RA may
have deviation of the larynx, arthritis of the cricoarytenoid
joints, and laryngeal rheumatoid nodules, all of which can

contribute to airway obstruction following extubation [30–33].
Among the obstetric population, those in labour, and those
undergoing non-obstetric surgery, obesity and airway oedema
are contributory factors to extubation problems [34, 35].
In the ICU, extended mechanical ventilation can result in

difficult weaning as a result of prolonged dependence on res-
piratory support. Patients dependent on mechanical ventilation
develop respiratory muscle weakness and atrophy [36, 37].
Inadequate cough resulting from muscle weakness as well
as possible residual effects of sedative drugs combined with
excessive airway secretion may lead to loss of airway patency
and thus to extubation failure [38–40]. It is necessary to
improve underlying comorbidities such as chronic pulmonary
obstructive disease, pneumonia, cardiac failure, neurological
disorders or blunt thoracic injury to optimise the patient for
extubation [2, 41–44]. Also, physicians should take care to
avoid patient malnutrition and low pre-albumin serum levels,
which correlate with shorter extubation time [45].

3. Evaluation and decision to extubate
in the ICU

Patients who satisfy all the weaning criteria and pass a weaning
readiness test still have an extubation failure rate ranging from
10 to 20% [46, 47]. Of the ICU population only 50–60%
undergo planned extubation, a proportion of which require tra-
cheostomy prior to an extubation attempt. Approximately 30%
die while still intubated, others undergo terminal extubation
[48, 49].
The role of extubation failure in patient mortality is still un-

certain and requires further investigation to determine if it is a
sign of poor prognosis. Thille et al. [49] conducted a prospec-
tive observational study, demonstrating that extubation failure
and subsequent reintubation can decrease patients’ chances
of survival [49]. Reintubation is often tied to ventilator-
associated pneumonia, which can lead to a significant decline
in the health of ICU patients. Epstein et al. [50] found that
late reintubation can also increase mortality rates in critically
ill patients [50, 51]. Esteban and Ciubotaru conducted a
study on non-invasive positive-pressure ventilation (NIV) for
respiratory failure following extubation.
The study revealed that patients in the NIV group who expe-

rienced a 12-hour delay in reintubation had a higher mortality
rate compared to those who were reintubated within 2 hours
of signs of respiratory distress [51]. Conversely, other studies
show that reintubation for transient upper airway obstruction
is not associated with an increased risk of mortality. This
suggests that it is extubation failure, rather than reintubation
itself, that is responsible for higher mortality rate observed in
some critically patients [50]. Ensuring appropriate respiratory
mechanics and optimising clinical conditions by improving
contributory comorbidities are essential to successful extuba-
tion, although they do not guarantee success [43].
Daily spontaneous breathing trials (SBT) are the gold stan-

dard for extubation estimation. For an SBT to be considered
successful, patients shouldmeet the following criteria: Oxygen
saturation (SpO2) ≥88%; The fraction of inspired oxygen
(FiO2) of ≤0.5; positive end expiratory pressure (PEEP) ≤8;
no cardiopulmonary discomfort [52]. Patients must also be
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haemodynamically stable, have good neuromuscular function,
and have resolved or at least stable lung disease to be eligible
for SBT. However, even a successful SBT does not guarantee
that the patient will avoid reintubation, as it cannot account for
numerous factors such as: supraglottic oedema; poor cough;
excessive secretion; onset of new pathology. Thus, a combina-
tion of parameters such as respiratory rate, oxygen saturation,
heart rate, blood pressure and patient discomfort should be
used to judge the success of an SBT. Another useful weaning
parameter is the rapid shallow breathing index (RSBI). As it
predicts both failed SBT or difficult/failed extubation, it serves
as another easily approachable assessment tool [53]. Patients
with an index score above 105 (breaths/min/L) are likely to
fail a weaning attempt. The index is calculated by dividing the
patient’s respiratory rate by tidal volume in litres (f/VT). RSBI
remains the most consistent and powerful predictor of failed
ventilator disconnection.

Underlying comorbidities, as mentioned before, are often
an insufficiently recognised obstacle to successful extubation.
Laryngeal oedema, ulceration, granulation and abnormal vo-
cal cord motility are often seen in patients who have been
mechanically ventilated in the ICU for extended periods [54].
Physicians take laryngeal pathology of this kind into consider-
ation during head and neck surgery, but these are quite often
overlooked in the ICU. The most frequent method by which to
evaluate potential laryngeal obstruction after extubation is the
presence or absence of a cuff leak [1, 15, 16, 55]. In patients
without any cuff leak, but who have additional risk factors
for difficult extubation, a short course of systemic steroids
more than 12 h prior to extubation results in decreased airway
obstruction and less frequent reintubation [55, 56].

Finally, it should be emphasized that planned extubation is
an elective plan of action and not an urgent one. If potential
problems are expected, it would be wise to further optimise
the patient [56–59]. ICU patients are at increased risk of
difficult airway management due to reduced physiological
reserve and, consequently, a higher rate of morbidity and
mortality [4]. Risk factors such as airway oedema following
volume resuscitation, an unstable or immobilised spine, and
morbid obesity are conditions that make both intubation and
extubation difficult. The Difficult Airway Society (DAS)
Guidelines Group published a consensus paper on tracheal
extubation [6] consisting of three clear algorithms; basic, low-
risk and at-risk, each of which has four steps: 1. Plan; 2.
Prepare; 3. Perform, and; 4. Post-extubation care (Fig. 1).
The algorithms are coherent and uncomplicated, and serve as
a well-structured set of rules for handling the difficult airway.

During a planned difficult extubation, one should consider
non-invasive ventilation (NIV) and high-flow nasal therapies,
which have been recommended as potential plans in “at-risk”
patients [60]. High-flow nasal cannula (HFNC) have not been
proven inferior to NIV in terms of the rate of reintubation,
mortality or improvement in respiratory function in patients at
high risk of extubation failure [61].

Finally, elective tracheotomy should also be considered as
an exit strategy [8, 16]. Prior to elective tracheotomy as an
ultimate exit strategy, it is recommended to place the patient in
a head-up position (if not contraindicated); the administration
of supplemental oxygen should also be considered.

FIGURE 1. DAS extubation Guidelines: “at risk” algorithm. DAS: Difficult Airway Society; HDU: High dependency unit;
ICU: Intensive care unit.
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4. Conclusion

After decades of searching for a better solution, and despite
technological and scientific advancement, we still struggle
with the problem of difficult or failed extubation in the ICU.
Although new methods and improvements exist, extubation
failure rates reach 20% of all extubated patients in the ICU.
Patients identified as potentially risky to extubate should be
carefully assessed with a view to guiding extubation and rein-
tubation if needed. For patients at risk, NIV or high flow
nasal cannula (HFNC) with close monitoring for respiratory
failure could be a bridge to safety. It should be noted that
each extubation is indeed a “trial” that can easily turn into re-
intubation.
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