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Review article

Procedural guidelines for endotracheal extubation:
insights from a narrative review

Abstract
Background and purpose: Operating rooms (ORs) and intensive care

units (ICUs) are two most common medical environments where endotra-
cheal extubation is conducted. The goal of this publication is to investigate
the prevalence, causes, and risk factors of endotracheal extubation and to
present current guidelines and protocols for performing safe endotracheal
extubation of patients.

Materials and methods: A narrative review of guidelines related to
endotracheal extubation of patients.

Results: Coughing and temporary hypertension are minor side effects of
endotracheal extubation. With a mortality rate of about 5%, significant
complications, such as extubation failure requiring reintubation, pose seri-
ous dangers. Inadequate communication between medical personnel, a lack
of backup plans, and certain surgical procedures, especially those involving
head and neck surgery, are factors that contribute to extubation failure.
Reintubation occurs in 0.1% to 25.7% of cases. Patient features that may
impact the outcome of extubation and additional extubation issues include
obesity, obstructive sleep apnea, and other comorbidities. The endotracheal
extubation method can be improved, and the incidence of post-extubation
complications can be minimised to the greatest extent possible by implement-
ing thorough standards and protocols to ensure safe extubation practices,
especially for patients undergoing complex surgical operations.

Conclusion: the approach ro each endotracheal extubation should be
carefully planned and personalised. Many measures can help avoid compli-
cations from endotracheal extubation. As advances in airway management
continue to evolve, future research and guideline development should pri-
oritise the integration of new technologies in medicine.

INTRODUCTION

Endotracheal extubation is a procedure that involves removing an
endotracheal tube from the trachea. It can be performed in the
operating room (OR), intensive care unit (ICU), as well as outside op-
eration theatre settings where general anaesthesia is administered and
the airway is secured with an endotracheal tube (7,2,3). It is an elective
procedure that demands meticulous preparation. Just as endotracheal
intubation in elective situations requires careful consideration, endotra-
cheal extubation also necessitates careful consideration. But above all,
it demands safe management. Ensuring the safe management of endo-
tracheal extubation is a significant responsibility, as unsafely prepared
and performed procedures can lead to numerous complications. Postex-



mailto:vladimir.dolinaj@mf.uns.ac.rs

V. Dolinaj ez al.

Endotracheal extubation guidelines

tubation endotracheal complications may be minor or
significant. Minor postextubation complications, which
are not frequently reported, are: transient hypertension,
tachycardia, coughing, bucking, and agitation (4). A clear
consensus on a precise definition or time frame for major
postextubation complications does not exist; they are re-
ferred to as extubation failure, which is defined as the
need for reintubation of the patient within 24 to 72 hours
after extubation was performed. Extubation failure may
be due to pulmonary aspiration, upper airway obstruc-
tion, hypoxemia caused by atelectasis or medication-af-
fected respiratory depression (4). The most serious com-
plication is undoubtedly difficult or unsuccessful
reintubation, which, as a final consequence, can cause
permanent brain damage and brain death (5). The inci-
dence of closed claims regarding the management of the
difficult airway during the perioperative period attributed
to extubation in the OR from 1985 to 1992 was 8%, with
all patients ultimately succumbing to brain death. How-
ever, from 1993 to 1999, the incidence of closed claims
increased to 14%, alongside a decrease in the rate of brain
death to 83% (6). According to the outcomes of the 4%
National Audit Project (NAP4), complications such as
death, brain damage, and unplanned admission to the
ICU due to complications arising from airway manage-
ment or unplanned surgical airway management are just
some of the complications that occurred during patient
extubation. These complications were somewhat less fre-
quent than complications related to aspiration of gastric
contents or inability to secure an airway with endotra-
cheal intubation. The NAP4 audit revealed that after ex-
tubation in the OR or in the patient's recovery room,
about one-third of major airway complications occurred,
with a 5% mortality rate (7).

This manuscript investigates the frequency, causes, and
risk factors associated with endotracheal extubation. The
paper also identifies high-risk extubation scenarios and
assesses various surgical interventions and related condi-
tions that may increase the risk of reintubation. Addition-
ally, we are committed to presenting comprehensive
guidelines and protocols for endotracheal extubation,
applicable to both patients recovering from surgical pro-
cedures with straightforward intubation and those facing
a difficult airway, where the challenges of intubation and
extubation are significantly heightened.

INCIDENCE, CAUSES, AND RISK
FACTORS ASSOCIATED WITH
ENDOTRACHEAL EXTUBATION

'The incidence of postoperative reintubation in surgical
patients in the operating room (OR) or post-anesthesia
care unit (PACU) following elective surgery ranges from
0.1% to 0.45% (8). In the ICU, the incidence of unsuc-
cessful extubation in patients is even higher, at up to
25.7% (9). Some of the factors that can contribute to the
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need for reintubation of patients and the occurrence of
severe complications are the lack of a backup plan in case
of the need for difficult endotracheal reintubation of the
patient, inadequate communication of the medical staff
in the OR and the ICU, the type of surgical intervention
(5). In the above-mentioned NAP4 audit, 20 adverse
events related to respiratory complications at the end of
general anaesthesia occurred in the OR, 16 in the PACU,
and two during patient transport from the OR to the
PACU. Of this number, five patients developed severe
hypoxia requiring cardiopulmonary resuscitation mea-
sures. Poor anticipation and planning of procedures after
endotracheal extubation of the patient, especially those
involving airway surgical intervention, were the cause of
complications following extubation. Two patients out of
38 who developed post-extubation complications died.
The most common cause of adverse events associated with
patient extubation was hypoxia caused by airway obstruc-

tion (7).

RISK FACTORS FOR FAILED
EXTUBATION

The risks associated with failed endotracheal extuba-
tion are multifactorial and can be categorised into those
resulting from medical intervention and those arising
from the patient’s clinical condition. When discussing
risk factors attributable to medical intervention, the most
prevalent causes of unsuccessful extubation include surgi-
cal procedures related to head and neck surgery, which
encompass interventions in the fields of ear, nose and
throat (ENT) and maxillofacial surgery. An increased risk
of reintubation was observed following ENT interven-
tions in patients who underwent laryngomicroscopy and
panendoscopy. The primary cause of unsuccessful extuba-
tion in these patients is airway obstruction. A contribut-
ing factor to failed extubation is the presence of comor-
bidities, particularly chronic obstructive pulmonary
disease. Furthermore, pharyngolaryngeal swelling and
mucosal haemorrhage after endoscopic laryngeal inter-
vention are responsible for postoperative respiratory com-
plications. Additionally, radiotherapy in the head and
neck region has heightened the risk of post-extubation
respiratory complications (10,11). Post-surgical swelling
in maxillofacial procedures (affecting the face, tongue,
and glottis) may result in potential complications con-
cerning the respiratory tract after patient extubation,
some of which can lead to fatal outcomes. Airway ob-
struction caused by blood or blood clots, along with pa-
tient comorbidities, necessitates careful consideration of
the patient's needs for reintubation (72,13). Complica-
tions following surgical intervention on the thyroid gland
are not uncommon, occurring in 21-24% of cases. Such
complications can compromise the airway and may neces-
sitate the patient's reintubation. These complications in-
clude bleeding and the formation of a hematoma, lesions
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of the recurrent laryngeal nerve, tracheomalacia, and
pneumothorax pneumomediastinum (74,15). A haema-
toma in the neck region that compresses the larynx and
the upper parts of the trachea may lead to paralysis of the
cranial nerves (vagus nerve, hypoglossal nerve, glossopha-
ryngeal nerve, and a branch of the facial nerve), which
can result in upper airway obstruction. Of particular im-
portance is the paralysis of the recurrent laryngeal nerve,
a branch of the vagus nerve (76). Cervical spine surgery
can also affect the postoperative patency of the airway and
the incidence of respiratory insufficiency following patient
extubation. Consequently, the most common complica-
tions associated with surgical intervention at the anterior
cervical spine include adjacent segment disease, dyspha-
gia, C5 palsy, graft or hardware failure, pseudarthrosis,
recurrent laryngeal nerve palsy, infection, haematoma,
cerebrospinal fluid leak, Horner syndrome, vertebral ar-
tery injury, oesophageal perforation, and new or worsen-
ing neurological deficits. Regarding surgical interventions
in the posterior cranial fossa, patients may experience
significant swelling of the retropharynx and hypophar-
ynx, as well as the tongue. The fixation of the cervical
spine can exacerbate the swelling of these structures. All
of these factors further jeopardise airway patency both
preoperatively and postoperatively (77,18). Postoperative
complications arising from the posterior cranial fossa sur-
gical interventions are: postoperative hematoma, cranial
nerve palsies, pneumocephalus, vocal cord paralysis, hy-
drocephalus, ischaemia, respiratory control centre injury,
and macroglossia. All these complications can lead to the
development of respiratory insufficiency and may neces-
sitate the reintubation of the patient following surgical
intervention (19). Stenoses of the upper airway can occur
at the level of the larynx, subglottis, or trachea. Further-
more, stenoses of the upper respiratory tract can be clas-
sified as rigid or dynamic, and extra- or intrathoracic. The
most common complications of tracheal and cricotra-
cheal resection are recurrent laryngeal nerve paralysis,
granuloma at the site of anastomosis, anastomotic leak-
age, pneumonia, infection, bleeding, recurrent stenosis,
crusting, subcutaneous emphysema, dyspnoea, dyspha-
gia, and dysphonia (20). Each of these complications can
lead to respiratory insufliciency after surgical interven-
tion, necessitating reintubation. Therefore, it is essential
to closely monitor the patient and determine the appropri-
ate time for endotracheal extubation.

Patient-dependent risk factors that can lead to unsuc-
cessful endotracheal extubation include obesity, obstruc-
tive sleep apnoea, Parkinson's disease, and rheumatoid
arthritis. A patient's obesity is defined as a body mass
index of 30 kg/m? or greater. Obesity is related to various
comorbidities that can result in multiple perioperative
complications among surgical patients. Respiratory com-
plications are among the most common perioperative is-
sues, manifesting as hypoventilation, airway obstruction,
and subsequent desaturation (21). Therefore, meticulous
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monitoring and planning prior to endotracheal extuba-
tion is mandatory (7). A comorbidity that occurs in indi-
viduals with obesity is sleep-disordered breathing. Sleep-
disordered breathing encompasses a full spectrum of
respiratory disorders, ranging from snoring to obesity
hypoventilation syndrome. Obstructive sleep apnoea, one
of the most prevalent sleep-related breathing disorders, is
caused by a temporary collapse of the upper airways,
clinically manifesting as alternating periods of reduced or
absent airflow through the airways (22). To prevent respi-
ratory complications and the necessity for endotracheal
reintubation following surgical intervention, according to
the Guidelines of the American Society of Anesthesiolo-
gists (ASA), endotracheal extubation should be conduct-
ed in a semi-upright or lateral position, ensuring complete
cessation of the effects of neuromuscular blockade and
hypnotics. The ASA advocates for the routine use of nasal
continuous positive airway pressure (CPAP) after extuba-
tion or via an endotracheal exchange catheter (23). Par-
kinson's disease is a neurodegenerative disorder affecting
the central nervous system. It results from the degenera-
tion of dopaminergic neurons in the substantia nigra.
Besides motor symptoms, the disease manifests as cogni-
tive decline and autonomic dysfunction. Due to bulbar
dysfunction, individuals with Parkinson's disease are
susceptible to pulmonary aspiration, secretion retention,
laryngospasm, and upper airway obstruction (24). Mul-
tiple system atrophy is a neurodegenerative disease that is
clinically manifested by obstruction of the upper airway
at the level of the soft palate, base of the tongue, epiglot-
tis, and arytenoids (25,26). Rheumatoid arthritis is a
chronic inflammatory autoimmune disease that primar-
ily affects the joints but also results in changes to other
organs and organ systems. Regarding the respiratory
tract, special attention should be given to the potential for
atlanto-axial subluxation, alterations in the temporoman-
dibular joint, and involvement of the cricoarytenoid and
cricothyroid joints. Patients with rheumatoid arthritis are
at a higher risk of complications following endotracheal
extubation due to the aforementioned changes in the
joints and cartilages of the upper airway, as well as the risk
of post-extubation airway obstruction. Therefore, awake
extubation of the patient is recommended (27). Other
factors associated with the unsuccessful extubation of the
patient include laryngospasm, chronic obstructive pulmo-
nary disease, a history of radiation therapy to the head
and neck region, female sex, and age (over 70 years) (28).

To minimise the incidence of endotracheal extubation
complications and reduce significant morbidity and mor-
tality, individual national associations of anaesthetists or
specialised societies dedicated to furthering the manage-
ment of the airway have developed guidelines for endo-
tracheal extubation. The aims of the guidelines include
the prevention of complications associated with endotra-
cheal extubation, standardising physiological criteria for
patient extubation, devising strategies for difficult extuba-
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tion cases, adopting a unique approach to endotracheal
extubation, providing staff education and reducing mor-
tality and morbidity. Some guidelines are focused solely
on endotracheal extubation, while others incorporate
recommendations for it within broader guidelines for dif-
ficult airway management.

The Difficult Airway Society (DAS) Guidelines for the
management of tracheal extubation are published in 2012
(29). The DAS guideline was developed to offer a strategy
for safe endotracheal extubation in adult patients. It high-
lights the necessity of planning and preparing for the
patient’s endotracheal extubation. The guide also includes
practical techniques and recommendations for post-extu-
bation care measures. The DAS guideline was developed
through an analysis of existing international guidelines
and published research, identifying relevant evidence and
expert opinion on endotracheal extubation and airway
management. According to DAS recommendations, ex-
tubation can be hazardous for several reasons. Firstly, is-
sues related to airway reflexes, such as exaggerated or di-
minished laryngeal reflexes, as well as the presence of
laryngeal reflex dysfunction, can render extubation dan-
gerous. Additionally, numerous factors can lead to the
depletion of oxygen reserves and reduced haemoglobin
saturation with oxygen. Injury to the airway resulting
from endotracheal intubation or surgical intervention on
the airway constitutes another hazardous factor during
endotracheal extubation. Furthermore, there are physio-
logical effects on other systems, including the cardiovas-
cular system, central nervous system, and vision. Finally,
the human factor can significantly contribute to the risks
associated with extubating a patient (29). According to
the DAS, there are four basic steps for extubation outlined
in the guideline, which are summarised in Table 1.

Table 1: 7he DAS extubation basic steps (29)

Step 1 plan extubation

Step 2 prepare for extubation

Step 3 perform extubation

Step 4 post-extubation care: recovery and follow-up

'The 2016 guideline published by the All India Difficult
Airway Association addresses the extubation of patients
for whom difficult extubation is anticipated. According
to this guideline, if the patient has a normal airway and
no additional comorbidities (cardiovascular or respirato-
ry), the process of endotracheal extubation consists of the
following steps: 1. assessment of difficult airway manage-
ment, presence of the residual neuromuscular block and
cardiorespiratory insufficiency; 2. evaluation of criteria
for patient extubation; 3. performing endotracheal extu-
bation; 4. an individualised approach to applying oxygen
therapy to each patient after extubation (including oxygen
content and delivery device) (30).
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The All India Difficult Airway Association guidelines
categorise patients into three groups. The first category
includes patients with a normal airway who require sup-
pression of the haemodynamic response to extubation.
This group consists of individuals undergoing eye, neu-
rosurgery, vascular, or thoracic surgery. According to
these guidelines, suppression of the haemodynamic re-
sponse can be achieved through the topical administra-
tion of 10% lidocaine, intravenous administration of
B-blockers, intravenous administration of lidocaine at a
dose of 1 mgekg™” a few minutes before extubation, intra-
venous administration of fentanyl at a dose of 0.5-1
pgekg!, or timely administration of dexmedetomidine at
adose of 0.75 pgekg-1. An alternative to pharmacological
methods for suppressing the haemodynamic response
during endotracheal extubation is the replacement of the
endotracheal tube with a supraglottic device under deep
anaesthesia. Before replacing the endotracheal tube with
a supraglottic device, it is necessary to pre-oxygenate the
patient with 100% oxygen and clear the oral cavity of any
secretions. The replacement of the endotracheal tube with
a supraglottic device can be carried out in three ways: 1.
By removing the endotracheal tube and inserting the su-
praglottic device using the "blind" technique, 2. By plac-
ing the supraglottic device while the endotracheal tube
remains in the trachea, after which the endotracheal tube
is removed (Bailey's manoeuvre), 3. Removing the endo-
tracheal tube via the exchange catheter through which the
supraglottic device is subsequently placed. This technique
carries inherent risks of respiratory complications and is
typically performed by experienced anaesthetists (30).

The second category of patients consists of those with
breathing difficulties. The four D classifications include
difficult mask ventilation, difficult intubation or reintuba-
tion, delayed recovery, and difficult airway resulting from
the previously mentioned conditions. As noted earlier in
this text, comorbidities such as obesity, obstructive sleep
apnoea, rheumatoid arthritis, and others can further con-
tribute to the risk of difficult extubation (21,22,27,30).
Extubation in these patients should occur in a controlled
environment, equipped with the appropriate instruments
and staffed by trained personnel. It is carried out in an
awake state with complete reversal of the neuromuscular
block and adequate preoxygenation using 100% oxygen.
For these patients, it is advisable to extubate using an
airway exchange catheter (AEC). The AEC should be
positioned at a depth of 20-22 cm for orotracheal or 26-30
cm for nasotracheal intubation. Before inserting the
AEC, a lubricant must be applied, and then it should be
threaded through the endotracheal tube to the proper
depth. The subsequent step involves withdrawing the en-
dotracheal tube. After the endotracheal extubation pro-
cedure, the patient can be oxygenated via the AEC or
through other methods, depending on the anaesthetist's
capabilities and expertise. The AEC may remain in situ
for up to two days (30).
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Finally, the All India Difficult Airway Association
guidelines address the extubation of patients with com-
promised airways due to surgical intervention, airway
oedema, or airway collapse, which are referred to in the
literature as the “3 Ss.” As noted in the previous section
of recommendations, patients who have undergone air-
way interventions, experience oedema, or suffer from
airway collapse are at an increased risk during extubation
if they have comorbidities, such as obesity or obstructive
sleep apnoea. The most common causes of surgical airway
obstruction, and consequently post-extubation complica-
tions, include surgical procedures that affect the nerves
innervating the upper airway, as well as those that result
in glottic and periglottic swelling. The surgical interven-
tions most frequently leading to these complications oc-
cur in the realms of otorhinolaryngology, head and neck
surgery, and maxillofacial surgery. Supraglottic oedema
may arise from the presence of haematomas, significant
fluid replacement, or reduced venous drainage. It is im-
portant to note that iatrogenic lesions of the supraglottis
can result from multiple endotracheal intubation at-
tempts. According to the guidelines from the All India
Difficult Airway Association, an assessment of the feasi-
bility of extubation in these patients is conducted using
the cuff leak test, with priority given to quantitative values
over qualitative measures. If the cuff leak test is positive,
endotracheal extubation should be performed under con-
trolled conditions in the operating theatre or intensive
care unit (ICU) using an airway exchange catheter (AEC)
or fibreoptic bronchoscope, following a recruitment ma-
noeuvre and continuous oxygen therapy at 100% oxygen.
Should the cuff leak test yield a negative result, endotra-
cheal extubation should be deferred, and the utilisation
of corticosteroid therapy should be contemplated. In
cases of laryngeal oedema, treatment with nebulised
adrenaline, corticosteroids, and a head-up position is ad-
vised. Re-evaluation of the patient's extubation capability,
as per these guidelines, should occur after 24 hours. Ex-
tubation under deep inhalational anaesthesia using an
AEC or fibreoptic bronchoscope in the operating theatre
is recommended for patients who present with a collapsed
airway. If respiratory failure occurs after extubation, en-
dotracheal reintubation is necessary. The consideration of
early tracheostomy is warranted in all patients where there
is reasonable suspicion of airway obstruction due to exist-
ing airway pathology or the nature of the surgical inter-
vention (30).

Canadian consensus-based recommendations for
managing difficult airways were published in 2021. These
recommendations apply to patients with a predicted dif-
ficult airway. In the section on the recommendations re-
lated to extubation, the authors state that extubation as
an elective procedure must be meticulously planned. As
a strategy in planning, they suggest using the acronym
“REVERSE”, which stands for reversal of neuromuscular
block (“R”), extubation plan (“E”), verification (“V”) of
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equipment and personnel optimisation, extubation (“E”),
recovery (“R”) indicating a pre-planned location and re-
sources needed for monitoring and observing the patient
post-extubation, safe patient (“S”) which involves ensur-
ing the successful transport and a safety handover plan.
The authors of the recommendations advocate for antici-
pating the criteria for unsuccessful extubation and prepar-
ing personnel, along with the appropriate equipment, for
the potential need for repeated reintubation (31). Among
the potential causes of extubation risks, the authors of
these recommendations noted functional obstruction of
the airway and inadequate secretion removal from the
airways, obstruction due to anatomical changes, numer-
ous cardiopulmonary causes that are particularly relevant
when considering endotracheal extubation of patients in
intensive care units (ICU), as well as other perioperative
conditions, the most common of which include: impaired
acid-base status, hypothermia, and postoperative pain
(31). Re-intubation of the patient, should the need arise
after extubation, can be challenging if: the initial endo-
tracheal intubation was difficul; anatomical changes in
the airway resulted from the surgical intervention; a suf-
ficient amount of time has passed for airway swelling; or
there are mechanical obstructions such as intermaxillary
fixation (31). Recommendations for the extubation of pa-
tients with low risk of morbidity, according to Canadian
guidelines, are as follows: minimise distraction of the
anaesthetist during the patient's extubation period; use of
pulse oximetry and oxygen support not only during the
extubation period but also during the patient's transport
to the recovery room; detailed handover between staff
regarding the course of airway management. When con-
sidering low-risk extubation of patients in the ICU, it is
necessary to discuss the rationale of extubating the patient
and the timing of extubation. It is also essential to gather
all necessary medical documentation regarding any dif-
ficulties encountered during the patient's endotracheal
intubation. This documentation can assist in creating an
endotracheal extubation plan in the ICU (31). In patients
at potential risk of tracheal extubation, recommendations
support multimodal analgesia while avoiding opioids,
complete antagonism of neuromuscular blockade with
quantification, extubation of the patient while awake,
patient monitoring, and early use of noninvasive mechan-
ical ventilation or high-flow oxygen administration
through a high-flow nasal oxygen cannula (HENO). In
cases of airway oedema, it is advisable to assess it objec-
tively through a cuff leak test or by indirect visualisation
of the pharynx and larynx (video laryngoscopy, flexible
endoscopy), ensuring adequate patient positioning and
the application of corticosteroid therapy. Before extubat-
ing a high-risk patient, optimisation of cardiorespiratory,
neurological, acid-base, and thermoregulatory status is
essential. If the assessment indicates that reintubation will
be necessary following the extubation of a patient at risk,
it is crucial to ensure the patient's optimisation, provide
appropriate equipment, and ensure that trained personnel
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are available. Additionally, it is recommended to consider
the option of extubating the patient via an exchange cath-
eter, as well as the feasibility of securing the airway
through an elective surgical technique (31).

In 2022, the American Society of Anesthesiologists
published Practice Guidelines for the Management of the
Difficult Airway, which includes recommendations for
the extubation of patients with a difficult airway. Accord-
ing to these Guidelines, before endotracheal extubation
of a patient with a difficult airway, it is essential to de-
velop an extubation strategy. The strategy will depend on
the type of procedure and surgical intervention the pa-
tient underwent, the patient's perioperative condition,
and the skill of the anaesthetist. It is crucial to plan the
steps that will follow after extubation. Following a well-
planned extubation strategy, the patient's readiness for
extubation is assessed (32). The clinical assessment of the
patient's readiness for extubation is contained in Table 2
(33). The ASA Guidelines also advocate for the necessity
of ensuring the presence of another experienced anaesthe-
tist, as well as for carefully determining the time and place
of extubation. Advanced airway management measures
after extubation include the use of exchange catheters
and/or supraglottic devices that may be beneficial in the
event of expected re-intubation of the patient. The latest
ASA Guidelines recommend consideration of the poten-
tial risks and benefits of performing elective surgical tra-
cheostomy. Additionally, it is essential to determine
whether extubation should be performed under awake or
deep anaesthesia. During the extubation process, supple-
mental oxygen should be used whenever possible. Finally,
it is essential to assess the predictors of difficult ventilation
in patients (32).

Table 2: 7he clinical assessment of the patient's readiness for extuba-
tion (33)
Respiratory — Tidal volume during spontaneous breathing

> 6 ml - kg!

— Vital capacity > 15 ml - kg™

— Respiratory rate < 30 breaths - min~

— Maximum inspiratory pressure
<—20cmH,0

— Adequate gas exchange

1

Cardiovascular — Hemodynamic stable patient including
hemodynamic stability is ensured with
moderate inotropic support

Reversal of
neuromuscular

block

— Quantitative neuromuscular monitoring

Risk of airway — Qualitative cuff leak test
oedema — Quantitative cuff leak test

To reduce the rate of complications associated with
extubation and the need for reintubation, the Brazilian
Society of Anesthesiology (SBA) recommendations for
managing difficult airways in adults include a specific
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section dedicated to safe tracheal extubation (34). The
SBA recommendations are largely consistent with the
previously mentioned ASA recommendations. Namely,
according to the SBA guidelines, successful extubation of
a difficult airway requires careful preparation. This in-
cludes antagonising the neuromuscular blockade, pre-
oxygenation, adequate patient positioning, effective com-
munication within the team, and planning for potential
complications following extubation. The extubation strat-
egy depends on the type of surgical intervention, the pa-
tient's clinical condition, and the anaesthesiologist's skill.
For extubating a patient with a difficult airway, it is cru-
cial to have an experienced anaesthesiologist present and
to assess the feasibility of alternative short-term use of
exchange catheters or supraglottic devices. Furthermore,
in certain situations, the risks and benefits of elective sur-
gical tracheostomy, as well as the advantages of awake
extubation compared to deep extubation, should be con-
sidered. The SBA guidelines highlight the benefit of using
supplemental oxygen during the extubation process (34).

CONCLUSION

The approach to each endotracheal extubation should
be carefully planned and personalised, taking into account
the patient's condition, the type of surgical intervention,
and the available technical and human resources. With a
pre-planned endotracheal extubation strategy, many life-
threatening circumstances can be anticipated and preemp-
tively addressed. Some measures that can help avoid com-
plications from endotracheal extubation include extubating
the patient under deep anaesthesia, replacing the endotra-
cheal tube with a supraglottic device before waking the
patient, examining the tracheobronchial tree through the
supraglottic device using a bronchoscope, and extubating
the patient utilising an airway exchange catheter.

As advances in airway management continue to evolve,
the development of standardised, evidence-based proce-
dural guidelines for endotracheal extubation remains a
priority. To enhance decision-making and patient safety
during extubation, future research should prioritise the
integration of new technologies, including artificial intel-
ligence and real-time endotracheal intubation. Addition-
ally, patient-specific factors such as airway anatomy and
comorbidities may contribute to the development of tai-
lored and practical extubation guidelines. A multidisci-
plinary approach and ongoing education will be necessary
to adapt guidelines to new evidence and clinical innova-
tions, ultimately improving outcomes and reducing the
need for extubation procedures.

REFERENCES

1. RONNBERG L, NILSSON U, HELLZEN O, MELIN-JO-
HANSSON C 2022 Beyond the monitors: Anaesthesiologists'
experiences of the process of extubation. Scand J Caring Sci 36(4):
988-996. https://doi.org/10.1111/scs.12996

Period biol, Vol 127, No 1-2, 2025.


https://doi.org/10.1111/scs.12996

Endotracheal extubation guidelines

V. Dolinaj ez al.

2.

10.

1.

12.

13.

14.

15.

16.

17.

ANDREU M F, BEZZI M G, DOTTA, M E 2020 Incidence of
immediate postextubation complications in critically Ill adult
patients. Heart Lung 49(6): 774-778.
https://doi.org/10.1016/j.hrtlng.2020.09.016

. MILLER AG, MALLORY PM, ROTTA AT 2024 Endotracheal

Intubation Outside the Operating Room: Year in Review 2023.
Respir Care 69(9): 1165-1181.
heeps://doi.org/10.4187/respcare.12014

. PAROTTO M, COOPER R M, BEHRINGER E C 2020 Extuba-

tion of the Challenging or Difficult Airway. Curr Anesthesiol Rep
10(4): 334-340. https://doi.org/10.1007/s40140-020-00416-3

. JOFFE AM, AZIZ MF, POSNER KL, DUGGAN LV, MINCER

SL, DOMINO KB 2019 Management of Difficult Tracheal
Intubation: A Closed Claims Analysis. Anesthesiology 131(4):
818-829. https://doi.org/10.1097/ALN.0000000000002815

. PETERSON GN, DOMINO KB, CAPLAN RA, POSNER KL,

LEELA, CHENEY FW 2005 Management of the difficult airway:
a closed claims analysis. Anesthesiology 103(1): 33-39.
hteps://doi.org/10.1097/00000542-200507000-00009

. COOKTM, WOODALLN, FRERK C, FOURTH NATIONAL

AUDIT PROJECT 2011 Major complications of airway manage-
ment in the UK: results of the Fourth National Audit Project of
the Royal College of Anaesthetists and the Difficule Airway
Society. Part 1: anaesthesia. Br ] Anaesth 06(5): 617-631.
hteps://doi.org/10.1093/bja/aer058

. CAVALLONE L F, VANNUCCI A 2013 Review article: Extuba-

tion of the difficult airway and extubation failure. Anesth Analg
116(2): 368-383. https://doi.org/10.1213/ANE.0b013¢31827ab572

. WANG L, ZHANG Q, GUO D, PU Z, LI L, FANG Z, LIU X,

JIA P 2025 Construction of an extubation protocol for adult
tracheal intubation patients in the intensive care unit: A Delphi
study. Aust Crit Care 38(2): 101111.
https://doi.org/10.1016/j.aucc.2024.08.007

HILLRS, KOLTAIP J, PARNES S M 1987 Airway complications
from laryngoscopy and panendoscopy. Ann Otol Rhinol Laryngol
96(6): 691-694. https://doi.org/10.1177/000348948709600616

Robinson PM 1991 Prospective study of the complications of en-
doscopic laryngeal surgery. ] Laryngol Otol 105(5): 356-358.
https://doi.org/10.1017/s0022215100115981

MEISAMI T, MUSA M, KELLER MA, COOPER R, CLOKIE
CM, SANDOR GK 2007 Magnetic resonance imaging assessment
of airway status after orthognathic surgery. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 103(4):458-463.

heeps://doi: 10.1016/j.tripleo.2006.07.006

HOGAN PW, ARGALIOUS M 2006 Total Airway Obstruction
After Maxillomandibular Advancement Surgery for Obstructive
Sleep Apnea. Anesth Analg 103(5):1267-1269.
https://doi.org/10.1213/01.ane.0000240889.31191.a¢

PANDEY AK, MAITHANI T, AGRAHARI A, VARMA A,
BANSAL C, BHARDW AS, SINGH VP, RATHI S 2015 Post-
operative Complications of Thyroid Surgery: A Corroborative
Study with an Overview of Evolution of Thyroid Surgery. Int J
Head Neck Surg 6(4):149-154.
hteps://doi.org/10.5005/jp-journals-10001-1245

JANJEVIC D, DOLINAJ V, PIAZZA C, JOVIC R, MARINKO-
VICJ, KALEZIC N 2012 Subglottic high frequency jet ventilation
in surgical management of bilateral vocal fold paralysis after
thyroidectomy. Acta Clin Croat 51(3): 451-456.

LADAKN, THOMPSON J 2012 General or local anaesthesia for
carotid endarterectomy? Contin Educ Anaesth Crit Care Pain
12(2):92-96. https://10.1093/bjaceaccp/mkr061

YEE TJ, SWONG K, PARK P 2020 Complications of anterior

cervical spine surgery: a systematic review of the literature. J Spine
Surg 6(1): 302-322. https://doi.org/10.21037/jss.2020.01.14

Period biol, Vol 127, No 1-2, 2025.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

LEE YH, HSIEH PF, HUANG HH, CHAN KC 2008 Upper
airway obstruction after cervical spine fusion surgery: role of
cervical fixation angle. Acta Anaesthesiol Taiwan 46(3): 134-137.
https://doi.org/10.1016/S1875-4597(08)60008-9

RADU OM, BALACI G, LEUCUTA DC, MOISESCU VI,
MUNTEANU C, FLORIAN I$ 2024 Outcomes and Complica-
tions of Posterior Fossa Surgery in Sitting Versus Park-Bench
Positions. Medicina (Kaunas) 60(11): 1855.
https://doi.org/10.3390/medicina60111855

MARCHANT F, MAKITIE A, SALO ], RASANEN ]J 2022.
Tracheal and laryngotracheal resections and reconstructions-a
single-centre experience. ] Thorac Dis 14(6): 2053-2060.
https://doi.org/10.21037/jtd-21-1963

SEYNI-BOUREIMA R, ZHANG Z, ANTOINE MMLK,
ANTOINE-FRANK CD 2022. A review on the anesthetic
management of obese patients undergoing surgery. BMC Anesthe-
siol 22(1): 98. https://doi.org/10.1186/s12871-022-01579-8

TAI JE, PHILLIPS CL, YEE BJ, GRUNSTEIN RR 2024
Obstructive sleep apnoea in obesity: A review. Clin Obes 14(3):
€12651. hteps://doi.org/10.1111/cob.12651

AMERICAN SOCIETY OF ANESTHESIOLOGISTS TASK
FORCE ON PERIOPERATIVE MANAGEMENT OF PATI-
ENTS WITH OBSTRUCTIVE SLEEP APNEA 2014 Practice
guidelines for the perioperative management of patients with
obstructive sleep apnea: an updated report by the American Society
of Anesthesiologists Task Force on Perioperative Management of
patients with obstructive sleep apnea. Anesthesiology 120(2):
268-286. hteps://doi.org/10.1097/ALN.0000000000000053

YIM RLH, LEUNG KMM, POON CCM, IRWIN MG 2022
Peri-operative management of patients with Parkinson's disease.
Anaesthesia 77(Suppl 1): 123-133.
https://doi.org/10.1111/anae.15617

GANDOR F, VOGEL A, CLAUS I, AHRING S, GRUBER D,
HEINZE H J, DZIEWAS R, EBERSBACH G, WARNECKE T
2020 Laryngeal Movement Disorders in Multiple System Atrophy:
A Diagnostic Biomarker? Mov Disord 35(12): 2174-2183.
https://doi.org/10.1002/mds.28220

SHIMOHATA T, TOMITA M, NAKAYAMA H, AIZAWA N,
OZAWA T, NISHIZAWA M 2011 Floppy epiglottis as a contra-
indication of CPAP in patients with multiple system atrophy.
Neurology 76(21): 1841-1842.
https://doi.org/10.1212/WNL.0b013e31821ccd07

KIM HR, KIM SH 2022 Perioperative and anesthetic manage-
ment of patients with rheumatoid arthritis Korean J Intern Med

37(4): 732-739. hteps://doi.org/10.3904/kjim.2021.555

CHAVERRA KORNERUP S, PAROTTO M 2024 Extubation-
Related Complications. Int Anesthesiol Clin 62(4):82-90.
https://doi.org/10.1097/AIA.0000000000000454.

DIFFICULT AIRWAY SOCIETY EXTUBATION GUIDE-
LINES GROUP, POPAT M, MITCHELL V, DRAVID R,
PATEL A, SWAMPILLAI C, HIGGS A 2012 Difficult Airway
Society Guidelines for the management of tracheal extubation.
Anaesthesia 67(3): 318-340.
https://doi.org/10.1111/j.1365-2044.2012.07075.x

KUNDRA P, GARG R, PATWA A, AHMED SM, RAMKU-
MARYV, SHAH A, DIVATIA JV, SHETTY SR, RAVEENDRA
US, DOCTOR JR, PAWAR DK, SINGARAVELU R, DAS S,
MYATRA SN 2016 All India Difficult Airway Association 2016
guidelines for the management of anticipated difficult extubation.
Indian J Anaesth 60(12): 915-921.
hteps://doi.org/10.4103/0019-5049.195484

LAW JA, DUGGAN LV, ASSELIN M, BAKER P, CROSBY E,
DOWNEY A, HUNG OR, KOVACS G, LEMAY F, NOPPENS
R, PAROTTO M, PRESTON R, SOWERS N, SPARROW K,
TURKSTRA TP, WONG DT, JONES PM, CANADIAN

29


https://doi.org/10.1016/j.hrtlng.2020.09.016 
https://doi.org/10.4187/respcare.12014 
https://doi.org/10.1007/s40140-020-00416-3
https://doi.org/10.1097/00000542-200507000-00009
https://doi.org/10.1093/bja/aer058
https://doi.org/10.1213/ANE.0b013e31827ab572
 https:/doi.org/10.1016/j.aucc.2024.08.007
 https:/doi.org/10.1016/j.aucc.2024.08.007
https://doi.org/10.1177/000348948709600616 
https://doi.org/10.1017/s0022215100115981 
https://doi: 10.1016/j.tripleo.2006.07.006.
https://doi.org/10.1213/01.ane.0000240889.31191.ae
 https:/doi.org/10.5005/jp-journals-10001-1245 
 https:/doi.org/10.5005/jp-journals-10001-1245 
https://10.1093/bjaceaccp/mkr061 
https://doi.org/10.21037/jss.2020.01.14
https://doi.org/10.1016/S1875-4597(08)60008-9
https://doi.org/10.3390/medicina60111855
https://doi.org/10.21037/jtd-21-1963
https://doi.org/10.1186/s12871-022-01579-8
https://doi.org/10.1111/cob.12651
https://doi.org/10.1097/ALN.0000000000000053
https://doi.org/10.1111/anae.15617
https://doi.org/10.1002/mds.28220
https://doi.org/10.1212/WNL.0b013e31821ccd07
https://doi.org/10.3904/kjim.2021.555
https://doi.org/10.1097/AIA.0000000000000454.
https://doi.org/10.1111/j.1365-2044.2012.07075.x 
https://doi.org/10.4103/0019-5049.195484

V. Dolinaj ez al.

Endotracheal extubation guidelines

32.

AIRWAY FOCUS GROUP 2021 Canadian Airway Focus Group
updated consensus-based recommendations for management of
the difficult airway: part 2. Planning and implementing safe
management of the patient with an anticipated difficult airway.
Mise 4 jour des Lignes directrices consensuelles pour la prise en
charge des voies aériennes difficiles du Canadian Airway Focus
Group : 2°™ partie. Planification et mise en ceuvre d’une prise en
charge sécuritaire du patient présentant des voies respiratoires dif-
ficiles anticipées. Can J Anaesth 68(9): 1405-1436.
hteps://doi.org/10.1007/s12630-021-02008-z

APFELBAUM JL, HAGBERG C, CONNIS RT, ABDELMALAK
BB, AGARKAR M, DUTTON RP, FIADJOE JE, GREIF R,

100

33.

34,

KLOCK PA, MERCIER D, MYATRA SN, O'SULLIVAN EP,
ROSENBLATT WH, SORBELLO M, TUNG A 2022 2022
American Society of Anesthesiologists Practice Guidelines for
Management of the Difficult Airway. Anesthesiology 136(1): 31-81.
https://doi.org/10.1097/ALN.0000000000004002

ARTIME CA, HAGBERG CA 2014 Tracheal extubation. Respir
Care 59(6): 991-1005. https://doi.org/10.4187/respcare.02926
MARTINS MP, ORTENZI AV, PERIN D, QUINTASGCS,
MALITO ML, CARVALHO VH 2024 Recommendations from
the Brazilian Society of Anesthesiology (SBA) for difficult airway
management in adults. Braz ] Anesthesiol 74(1): 744477.
https://doi.org/10.1016/j.bjane.2023.12.001

Period biol, Vol 127, No 1-2, 2025.


https://doi.org/10.1007/s12630-021-02008-z
https://doi.org/10.1097/ALN.0000000000004002
https://doi.org/10.4187/respcare.02926
https://doi.org/10.1016/j.bjane.2023.12.001

