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Abstract

Purpose of Review This review explores relevant definitions, epidemiology, management, and potential future research direc-
tions in the extubation of the challenging/difficult airway. It provides guidance on identifying patients at risk and how to approach
these clinical scenarios.

Recent Findings Based on recent literature, including large-scale audits and closed claims analysis, it is increasingly recognized
that extubation of the difficult airway is a situation at risk of severe adverse events. Some strategies to manage the extubation of
the challenging/difficult airway have been described.

Summary Extubating the challenging/difficult airway is a high-risk situation. However, it is fundamental to keep in mind that
intended extubation is always an elective procedure. As such, it is imperative to adhere to principles of careful patient and context

assessment, planning, and execution only when optimal conditions have been secured.
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Introduction

Extubation is an essential procedure in anesthesia, when en-
dotracheal intubation is required, as well as in critical care
medicine, when mechanical ventilatory support is needed.
While safely performed in a large proportion of cases, it can
present significant challenges and complications.
Complications associated with extubation can be severe,

Literature search strategy: a search of MEDLINE, CINAHL, Embase,
Web of Science, and CENTRAL for published English-language relevant
papers was conducted. The search was run periodically, last on May 23,
2020. The terms included “‘extubation,” “endotracheal extubation,” “dif-
ficult extubation,” and “challenging extubation.” The references of re-
trieved and selected articles were reviewed to identify additional poten-
tially relevant sources.
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resulting in major morbidity and mortality [1]. In this review,
we explore relevant definitions, epidemiology, and manage-
ment of extubation as well as future research opportunities.
We will not focus on the management of low-risk extubations;
however, many of the principles outlined here may apply to
those circumstances as well.

Of note, extubation is considered an aerosol-generating
medical procedure (AGMP) [2], and according to the specific
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circumstances, appropriate personal protective equipment
(PPE) should be adopted to ensure the safety of all personnel
involved. This topic is discussed elsewhere [2].

Definitions

Extubation may be challenging due to the risk of failure.
Extubation failure occurs when the patient cannot maintain
oxygenation, alveolar ventilation, airway patency, pulmonary
toilet and secretion management, airway protection, or any
combination of these issues. Extubation may be challenging
due to the predicted difficulty with reintubation should this be
required. Reintubation may be difficult when pre-existing dif-
ficulty with airway management exists and changes to the
airway have occurred due to trauma, positioning, or prolonged
mechanical ventilation. Additionally, other factors may play
an important role in determining difficulty, such as the loca-
tion where reintubation occurs, the availability of expert help
and essential team members, and patient’s clinical conditions
such as rapid desaturation and hypotension [3+]. Although this
chapter focuses mainly on intended extubation, there are cir-
cumstances in which extubation is unplanned. Unplanned
extubation is defined as unintentional and uncontrolled re-
moval of the endotracheal tube due to either actions of the
patients or during nursing care or movement of the patient
(e.g., during prone positioning) [4]. It occurs more frequently
in critical care, pre-hospital, and emergency medicine and is
associated with significant morbidity and mortality [3¢].
Complications of extubation may be either minor or major.
Minor complications may be transient and not require
reintubation. They are frequently not reported. Minor compli-
cations include transient hypertension, tachycardia, coughing,
bucking, and agitation. However, these physiological de-
rangements may result in potentially serious complications
in certain patient populations. Patients with significant cardiac
or cerebrovascular disease and pre-existing elevated intracra-
nial or intraocular pressure and patients who have undergone
neck surgery, neurosurgery, and some plastic surgical proce-
dures are at risk for the development of serious sequelae.
Major complications usually refer to extubation failure,
which is generally defined as the need for reintubation within
24-72 h after extubation [1], although a clear consensus on a
precise definition or time frame does not exist at present [3¢].
Extubation failure due to airway-related problems (e.g.,
upper airway obstruction) occurs due to the inability to
breathe without a tracheal tube [5]. Other complications at
the time of extubation include pulmonary aspiration (in fact,
it is reported that one-third of cases of pulmonary aspiration
occur after extubation) and hypoxemia due to causes different
than upper airway obstruction (e.g., post-operative pulmonary
complications such as atelectasis, or respiratory depression
due to medication effects). Typically, both in anesthesia and

critical care settings, extubation failure frequently occurs with-
in 2 h of extubation, and largely in the first 24 h following
extubation [1, 6]. Extubation failure and difficult or failed
reintubation may result in life-threatening complications such
as prolonged hypoxia and cardiac arrest, with consequent
brain damage and/or death. Unplanned extubation is associat-
ed with significant complications, including aspiration pneu-
monia, hypoxemia, arrhythmias, vocal cord injury, brain dam-
age, and death.

Epidemiology

The rates of extubation failure among adult patients in the
operating room (OR) and post-anesthesia care unit (PACU)
are between 0.1 and 0.45% [1]. Unplanned extubation inci-
dence may be higher. Data from the literature range widely,
with reported rates between 0.3 and 35.8% in intensive care
units [4]. The incidence in the operating room is unknown and
may be underreported. Reasons for early reintubation include
respiratory insufficiency, airway obstruction, bronchospasm,
inadequate reversal of neuromuscular blockade, and drug-
induced respiratory depression [1]. In the intensive care unit
(ICU), rates of extubation failure are 2—25% and are generally
due to airway obstruction, excess secretions, inability to pro-
tect the airway, and respiratory failure [7]. The 4th National
Audit Project (NAP4) in the UK found that major airway
complications following extubation were responsible for ap-
proximately one-third of the reported cases related to anesthe-
sia, and all reported complications during emergence or recov-
ery were due to airway obstruction [8]. There were 38 reported
cases related to extubation failure; hypoxia due to airway ob-
struction resulted in cardiac arrest in five patients, two of
whom died. Prolonged hypoxia occurred in approximately
one-half of the 38 reported cases, and a surgical airway was
attempted in 10 patients. In the 2000-2012 American Society
of Anesthesiologists closed claims analysis, there were 102
events related to difficult tracheal intubation; a significant
proportion of these events occurred after extubation.
Approximately 20% of attempted reintubations following sur-
gery were notable for a significant risk of brain injury or death

[9°].

Management

The most fundamental principle of intended extubation is that
this procedure is always elective. As such, careful assessment
and planning must occur, and extubation should not be
attempted until optimal conditions have been achieved. In
the vast majority of the cases reported in the 2000-2012
closed claimed analysis, there was no back-up plan for emer-
gent reintubation [9¢].
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Risk Factors

First and foremost, it is crucial to identify patients at risk of
extubation failure and its complications, should reintubation
be required. These include both patient- and procedure-related
factors [1, 3¢, 8, 9¢, 10].

Patient Factors

— Laryngospasm

—  Obesity

—  Obstructive sleep apnea

—  Chronic obstructive pulmonary disease (COPD)

—  Neuromuscular diseases

— Head and neck radiation history

—  Parkinson disease

—  Rheumatoid arthritis

—  Paradoxical vocal fold motion

—  Female sex

— Advanced age (> 70 years)

—  Anatomically difficult airway. It is important to note that
an easy intubation accomplished under controlled elec-
tive conditions does not necessarily equate to optimal
conditions should an emergent reintubation be required
(3]

—  Physiological difficulty. Physiologic abnormalities such
as hypoxemia, hypercapnia, acidosis, and cardiovascular
instability at the time of emergent reintubation may ren-
der patients less tolerant of delays and persistent or
prolonged intubation attempts.

Surgical/Procedural Factors

— Head and neck surgical procedures (Table 1) [1, 3¢]. In
the NAP4 registry, adverse events at the time of
extubation in patients with head and neck pathologies
accounted for 34.2% of all events during emergence or
recovery [8]

—  Neurologic injuries affecting vocal cord motion, dynamic
airway collapse, or airway compression above, below, or
at the level of the larynx

— Restricted airway access, e.g., Halo fixation, cervical col-
lar, jaws wired shut

—  Prolonged duration of mechanical ventilation

— Airway edema due to positioning, airway trauma during
initial airway management or fluid overload

Additionally, we need to evaluate contextual challenges.
The emergent nature of a reintubation may result in insuffi-
cient information, medication, equipment, qualified person-
nel, suitable positioning, or access to the airway. Other human
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Table 1  Examples of head and neck surgical procedures at high risk of
extubation failure and complications should reintubation be required

Upper airway endoscopy

Thyroidectomy

Debulking of large oral cancers

Oral and neck reconstructions requiring surgical flaps

Carotid endarterectomy

Anterior cervical spine repairs especially with a bleeding diathesis
Maxillomandibular fixation

Forced cervical flexion by a “guardian stitch” between the chin and
sternum in tracheal resection surgeries

factors such as operator fatigue, situational awareness, stress,
and urgency may interfere with an organized, appropriate, and
well-executed approach to managing the airway [3°].

Risk factors for unplanned extubation include inadequately
securing the endotracheal tube, prone or lateral positioning,
position changes, patient transport (for example, ambulance
transport or in-hospital transfer to magnetic resonance imag-
ing or computerized tomography scans), delirium, and agita-
tion (in particular with lack of physical restraints where indi-
cated for patient protection) [3e, 4].

Assessment of Optimization Prior to Extubation
Contextual Assessment

Extubation should not be performed until it has been deter-
mined that the patient’s medical condition is stable, the airway
is patent, potential difficulties in the event of reintubation have
been identified, and a plan that includes back-up options has
been developed and shared among the team members in-
volved. The required expertise and additional expert help
should be present at the bedside or their immediate availability
should be confirmed. The availability of the necessary equip-
ment should be checked and confirmed.

Clinical Assessment [11]

— Respiratory: spontaneous tidal volume > 6 ml/kg, vital
capacity > 15 ml/kg, respiratory rate < 30 breaths/min,
maximum inspiratory pressure < — 20 cmH,O, adequate
gas exchange [12]

—  Cardiovascular: hemodynamic stability, without signifi-
cant inotropic support or with stable, moderate support

— Adequate reversal of neuromuscular block reversal,
which should be monitored with a quantitative neuromus-
cular monitor [13]

— Risk of airway edema: Cuff leak test—This test has been
used to assess the adequacy of airflow around the cuftf-
deflated tracheal tube and is used for patients who are at
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risk for airway edema (e.g., patients with significantly
positive fluid balance, prolonged Trendelenburg or prone
positioning, maxillofacial or neck surgery). It can be per-
formed qualitatively or quantitatively. After suctioning
the pharynx, the cuff is slowly deflated. In the qualitative
assessment, the tracheal tube is progressively occluded. A
spontaneously breathing patient should be able to breathe
in and out around the tube. To the extent that this cannot
be accomplished, it may reflect either insufficient respi-
ratory power or airway swelling. In the quantitative as-
sessment, in a volume-cycled ventilation mode, the dif-
ference between the inspired and expired tidal volume is
measured. Cuffleak volumes less than 110 ml or less than
12 to 24% of the delivered tidal volume are thresholds for
determining diminished airway patency and risk for post-
extubation stridor from laryngeal edema. However, pres-
ence of a leak does not rule out the possibility of subse-
quent airway obstruction or extubation failure of a
nonobstructive cause. This test has been reported to have
sensitivity and specificity of 56 and 92 %, respectively
[14].

As highlighted also in the American Thoracic Society rec-
ommendations, a cuff leak test is suggested in mechanically
ventilated adults who meet extubation criteria and are deemed
high risk for post-extubation stridor. Risk factors for post-
extubation stridor include traumatic intubation, intubation
for more than 6 days, large endotracheal tube, female sex,
and reintubation after unplanned extubation [15¢]. In patients
with an absent or reduced cuff leak, administration of a corti-
costeroid at least 4 h before extubation is advised. A repeat
cuff leak test is not required after the administration of sys-
temic steroids [15¢].

If any of the criteria described in the clinical assessment
above are not met, extubation should not be performed, and it
should be postponed until the medical condition has
improved.

Execution of Extubation of the Challenging Airway
Deep Extubation

There is very little evidence but considerable opinion regard-
ing deep vs. awake tracheal extubation. Although deep
extubation is commonly practiced in infants who are more
susceptible to laryngospasm, it is less widely used in adults.
The advantages of deep extubation include the potential for
earlier transport to the recovery room and reduced airway and
hemodynamic stimulation during extubation. Disadvantages
include increased risk of aspiration and airway obstruction.
Expert opinion advises against deep extubation of the patient
with a higher risk airway [16¢].

Medications to Reduce Coughing

Medications may assist in reducing coughing on extubation,
including dexmedetomidine, remifentanil, fentanyl, and lido-
caine via intracuff, tracheal/topical, and i.v. routes.
Dexmedetomidine may be the most effective drug in these
regards [17].

Airway Exchange Catheters Different international guidelines
(American Society of Anesthesiologists Task Force guidelines
[18], the Canadian Airway Focus guidelines [19, 20], and the
Difficult Airway Society/Royal College of Anaesthetists
[16°]) recommend considering the placement of an airway
exchange catheter (AEC) when extubating a patient with a
difficult airway. AECs are long, hollow semirigid catheters
designed and approved for endotracheal tube (ETT) exchange
[3¢]. The principle of using AECs in the setting of difficult
intubation is to insert them through the ETT at a predefined
depth. Distance marks on the AEC allow alignment with those
on the ETT, to avoid the tip of the AEC protruding beyond
that of the ETT, causing trauma or irritation to the trachea,
carina, or bronchi. The AEC is left in place with the tip in the
trachea after extubation [11]. If reintubation is necessary, the
AEC is used as a stylet to guide reinsertion of an ETT. AECs
have a high success rate, particularly when a video-
laryngoscope is used to facilitate reintubation over the AEC
[21]. First attempt and overall success rates have been shown
to be higher and the incidence of complications lower when
reintubation was performed with an AEC in situ.

It is important to ensure that an AEC is properly positioned
and secured (taped in the midline). This will generally result in
tolerance of the device without the need for topical anesthetics
or additional sedation. Patients can generally talk, cough, and
breathe around the device. Intolerance most often indicates
that the catheter has been advanced too deeply or has not been
adequately secured in the midline of the mouth [3]. If the
patient is receiving enteral feeds via an oro- or nasogastric
tube, these should be held while an AEC remains in situ. An
AEC should remain in place until conditions that prompted its
use have resolved. A common error is its premature removal.
If reintubation is required in a patient known to have an ana-
tomically difficult airway, the additional problems resulting
from physiological and/or contextual challenges may signifi-
cantly increase morbidity. We recommend leaving the device
in situ until the airway no longer dictates the need for in-
creased vigilance.

The most commonly used AEC is the Cook AEC (Cook
Medical, Bloomington IN), available in different sizes with
outer diameters (OD) of 8, 11, 14, and 19 Fr. These are
intended for exchange of ETT with inner diameters (ID) of
at least 3, 4, 5, and 7 mm respectively. Although it is widely
advocated for maintaining airway access following
extubation, the most commonly used commercial product
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(Cook AEC) was licensed for immediate tracheal tube ex-
change in the UK, Canada, Australia, Europe, the USA, and
most of Latin America, Asia, and Africa [3e, 22, 23].
Therefore, leaving the AEC in situ for potential reintubation,
though widely practiced, is technically an off-label
application.

More recently, Cook Medical released a Staged
Extubation set specifically designed for extubation of
the difficult airway. The Staged Extubation set is li-
censed in the UK, Canada, Australia, some of Latin
America and Africa, and most of Europe, but not the
USA [23]. This set consists of a 0.035-in (outer diam-
eter) flexible wire (145 cm long) that is alleged to cause
minimal irritation while in situ, and a 14-Fr AEC with a
blunt soft tip. The wire is advanced through the ETT
prior to extubation and left in situ once the ETT is
removed. Should reintubation be required, the 14-Fr
catheter is advanced over the wire, and subsequently
the ETT is advanced over the catheter [3°].

AECs are hollow and allow the delivery of oxygen either
via a 15-mm connector (for a resuscitation bag or ventilator
circuit) or a luer-lock connection for jet ventilation. A signif-
icant risk of barotrauma accompanies such applications [24¢]
and should be limited only to emergency temporizing mea-
sures in situations where oxygen supplementation via face
mask has failed, and preparation for reintubation is underway.
If insufflating oxygen via the AECs, flow should be limited to
a maximum of 2 I/min. Jet ventilation via an AEC should
generally be avoided and considered only by very expert
providers.

Extubation with a Supraglottic Airway

Supraglottic airways (SGAs) have been utilized in facil-
itating extubation under general anesthesia in at-risk pa-
tients but are not advised for use in patients with ana-
tomically difficult airways. Rather, it should be regarded
as a bridge to successful and uneventful emergence
from anesthesia. This is considered an advanced maneu-
ver [18]. This approach has been shown to reduce he-
modynamic stress and coughing, which may be desir-
able to minimize the risk of bleeding and hematoma
formation after head and neck surgery, for example. It
is also useful in settings where the evaluation of vocal
cord function prior to awakening is desirable, as a flex-
ible scope can be inserted via the supraglottic airway to
perform such assessment. A commonly adopted tech-
nique for extubation with a supraglottic airway involves
the insertion of the SGA behind the ETT, prior to the
removal of the latter. This approach was described by
Dr. PM Bailey and has become known as the “Bailey
maneuver” [25].
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Elective Surgical Tracheostomy

In some circumstances, it may be unsafe to remove a tracheal
tube even if this is postponed for hours or days. Examples of
such situations include extensive intraoral flaps, an obstructed
airway, significant swelling (either currently present or pre-
dictable in the next few hours as a result of surgical interven-
tions), or bleeding in or around the airway [3e].

Consideration of the performance of an elective surgical
tracheostomy is warranted following evaluation by a multidis-
ciplinary team including anesthesiologists, intensivists, and
surgeons. Evaluation must include consideration of patient
factors as well as an assessment of the resources and skills
required to secure a compromised airway on an emergent
basis.

Detailed and helpful algorithms to guide the management
of extubation have been developed and are available in the
Difficult Airway Society/Royal College of Anaesthetists
guidelines [16¢].

Post-Extubation

Strategies to prevent failure after extubation include head-up
positioning (unless contraindicated) and administration of
supplemental oxygen. Noninvasive ventilation and high-
flow nasal therapies have been suggested as potential strate-
gies in “at-risk” populations [26, 27]. These include, for ex-
ample, patients who have received mechanical ventilation for
longer than 24 h and have hypercapnia, chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF),
or other serious comorbidities. In such situations, NIV may be
applied immediately after extubation to realize the outcome
benefits. Similarly, high-flow nasal cannula may reduce the
risk of reintubation after extubation in patients receiving me-
chanical ventilation for more than 24 h [28]. If stridor occurs,
nebulized racemic epinephrine, diuretics, and administration
of inhaled Oy/helium mixture may have a role, depending on
the underlying etiology [3]. In such circumstances, close
monitoring is mandatory and planning for failure and potential
difficult reintubation should be undertaken.

Research

Extubation accounts for a significant proportion of complica-
tions of airway management as highlighted in the NAP4 study
and in the ASA closed claims analysis. The literature and
existing guidelines have largely focused on intubation and less
so on extubation. In recent years, the Difficult Airway Society,
the French Society of Anaesthesia and Intensive Care, and the
American Association of Respiratory Care have developed
specific documents with recommendations for extubation,
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although there is still limited scientific evidence to guide safe
practices. While important data have emerged from projects
such as the NAP4 study and ASA closed claims analysis,
these reports have some limitations and may underestimate
the incidence of the problem.

Many questions remain unanswered at present. We think
research priorities in the field should include large-scale epi-
demiological studies to accurately identify the scale of
extubation-related complications, the accurate identification
of incidence and risk factors for complications at extubation,
and studies evaluating optimal techniques for managing spe-
cific challenging extubation scenarios and how to implement
effective training in relevant techniques for the specialists
involved.

Summary and Conclusions

Extubation is an essential procedure in anesthesia and critical
care medicine. Extubation of the challenging or difficult air-
way is a clinical scenario at risk of severe, life-threatening
complications. Adverse events at the time of extubation ac-
count for a significant proportion of airway management—
related serious adverse events. It is fundamental for specialists
in these fields to identify the situations at increased risk and to
implement appropriate planning to take into account contex-
tual as well as patient-specific factors. While a potentially
challenging procedure, intended extubation is always elective
and as such, it allows for careful preparation.

Future research will further inform how to precisely iden-
tify patients at risk of extubation-related complications, opti-
mal techniques, and learning approaches.
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