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INTRODUCTION

Airway management is a core skill essential for 
anaesthesiologists and health care providers involved 
in resuscitation and acute care of patients. Not 
surprisingly, it is the subject of much research and 
innovation to facilitate efficiency in the procedure 
and enhance patient safety. There has been an 
exponential rise in publications on management of 
difficult airways, especially in the last few years, in  
anaesthesia literature.[1] The coronavirus disease 2019 
(COVID-19) pandemic has led to a paradigm shift in 
airway management, with the recognition of unique 
challenges and the use of additional measures to avoid 
transmission of infection to health care workers while 
ensuring patient safety.[2] There has been a recent 
focus on the management of physiologically difficult 
airways, in addition to anatomical difficulty.[3] This 
narrative review highlights the recent advancements 
with respect to innovations, tools, techniques, 
guidelines, and research in both technical and 

non-technical aspects of airway management. Lower 
airway management and ventilation strategies have 
not been covered.

METHODS

A literature search was conducted on PubMed and 
Cochrane Database of Systematic Reviews using the 
following keywords: airway, airway management, 
intubation, supraglottic devices, recent advances, 
technology, oxygenation, airway guidelines. The search 
included guidelines, review articles, clinical trials, 
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observational studies, and meta-analyses published 
from 2017 to 2022. Based on articles selected initially, 
a manual search was conducted using cross-references 
to identify articles not captured in the initial search, 
including those of historic value.

AIRWAY ASSESSMENT

Assessment for anatomical difficulty
A combination of careful history-taking, general 
examination, and focused airway examination using 
specific tests and imaging is commonly used to predict 
a difficult airway. The history of a previous difficult 
airway is most important to consider. The use of 
nasal endoscopy, virtual endoscopy, ultrasound, and 
artificial intelligence (AI) has emerged in recent times 
for difficult airway assessment and management.

Tests for airway assessment
The most commonly used tests are the Mallampati 
test, mouth opening test, thyromental distance, 
sternomental distance, upper lip bite test (ULBT), and 
the Wilson risk score. Screening tests should have 
high sensitivities. A Cochrane review comparing the 
diagnostic accuracy of various commonly used tests 
for predicting a difficult airway found all investigated 
tests to have relatively low sensitivities with high 
variability. Among the tests examined, the ULBT 
showed the most favourable diagnostic accuracy.[4] The 
ULBT, a short hyomental distance, retrognathia, or a 
combination of findings based on the Wilson score were 
found to be the best predictors of a difficult tracheal 
intubation in a recent systematic review. No risk factor 
or physical finding was found that consistently ruled 
out a difficult intubation.[5] Taken together, one can 
conclude that although a variety of tests are helpful in 
identifying a potentially difficult airway, they should 
be interpreted with caution as they have not proved 
to be good screening tests. Among the screening tests, 
the ULBT seems to be the best predictor of difficulty.

Nasal endoscopy
Nasendoscopy is used to assess the upper airway 
and trachea and is useful for planning both tracheal 
intubation and extubation.[6] Assessment of airway 
narrowing, distortion, presence of infectious pathology, 
laryngeal tumours, or upper airway oedema can be 
easily performed in awake patients prior to airway 
management, usually in the sitting position. An 
example is the nasal endoscopic view of carcinoma of 
the glottis with subglottic extension [Figure 1]. Nasal 
endoscopy also facilitates examination of devices in 

place including supraglottic airways, tracheal tubes, 
and tracheostomy tubes, thus making it useful for 
extubation or device manipulation.

Virtual endoscopy
This is a radiological simulation of the airway anatomy 
from the oropharynx up to the carina. A 3D ‘fly-through’ 
video is created using computed tomography (CT) 
images reconstructed to create the airway anatomy. 
This improves our interpretation of 2D CT scan images 
and helps us to better identify a difficult airway to 
make an appropriate airway plan.[7] Virtual endoscopy 
improves the diagnostic accuracy of airway pathology 
when compared with CT scan alone and leads to more 
conservative and potentially safer airway management 
strategies in patients with head and neck pathology.[8]

Role of ultrasound
The use of point-of-care ultrasound (POCUS) imaging 
is rising in airway management. POCUS facilitates 
quick and real-time assessment of the airway, which 
can be learned with minimal training.[9]

A tongue thickness greater than 6.1 cm has been 
shown to be an independent predictor of difficult 
tracheal intubation.[10] The distance from skin to 
epiglottis (DSE) is the most measured and studied test 
to	predict	a	difficult	laryngoscopy.	A	DSE	>2–2.5	cm	
is a predictor of difficult laryngoscopy.[11] A recent 
systematic review showed that airway ultrasound 
metrics were associated with difficult laryngoscopy in 
three domains: anterior tissue thickness, anatomical 
position, and oral space.[12]

Other ultrasonographic assessments include dynamic 
assessment of the vocal cords, which is useful in the 

Figure 1: Nasal endoscopic view of carcinoma of the glottis with 
subglottic extension
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assessment of stridor and vocal cord palsy. Assessment 
of the subglottic diameter has been shown to be superior 
to the formula used in estimating tracheal tube size 
in children. Gastric POCUS can be used to reliably 
estimate the volume of gastric contents. Ultrasound 
has a high diagnostic capability in confirming tube 
position. In an oesophageal intubation, there is a 
‘double tract sign’ with two air-filled structures. This 
evaluation can be further supported by thoracic 
ultrasonography to check the absence of bilateral lung 
sliding.[9]

Preoperative surface marking of the cricothyroid 
membrane prior to an anticipated difficult 
intubation or as a real-time procedural guidance 
is the most commonly recommended application 
of airway ultrasound and has a higher success rate 
than palpation.[13] While performing tracheostomy, 
ultrasound is a useful tool to assess the diameter of 
the trachea and any overlying vessels at the proposed 
insertion site.

Though ultrasound examination is performed 
quickly, the results are dependent on the operator. 
Further training and studies are needed for better 
standardisation. Combining clinical and ultrasound 
assessments may form an accurate screening tool for 
difficult laryngoscopy in the future.[12]

Artificial intelligence to predict a difficult airway
An AI model was created based on deep learning, 
using 16 facial images of patients classified according 
to expected difficulty in tracheal intubation. The AI 
model was able to recognise expected difficulty in 
tracheal intubation with 80.5% accuracy and an area 
under the curve of 0.864 (confidence interval 95%, 
0.731–0.969).[14] Other studies have used machine 
learning to perform a facial analysis to detect 
morphological features related to difficult airways.[15]

THE PHYSIOLOGICALLY DIFFICULT AIRWAY

A physiologically difficult airway is one in which 
physiological alterations in the patient increase the 
risk of cardiorespiratory and other complications 
during tracheal intubation.[3,16] These physiological 
derangements may be due to acute illness, pre-existing 
disease, the effects of anaesthetic agents, and positive 
pressure ventilation. This risk is especially recognised 
in critically ill patients but can also occur in healthy 
patients who have physiological alterations such as 
pregnant, obese, and paediatric patients.

In the International Observational Study to Understand 
the Impact and Best Practices of Airway Management in 
Critically Ill Patients (INTUBE), which included 2964 
critically ill patients undergoing tracheal intubation, 
at least one major adverse peri-intubation event was 
observed in 45.2% of patients. The predominant 
complication was cardiovascular instability (42.6% of 
patients), followed by severe hypoxaemia (9.3%) and 
cardiac arrest (3.1%).[17] A subanalysis of the study 
identified propofol use for induction as a modifiable 
intervention significantly associated with cardiovascular 
instability.[18] Common practices such as administration 
of a fluid bolus prior to tracheal intubation to prevent 
hypotension have not shown benefit. The role of pre-
emptive use of low-dose vasopressors is currently 
under investigation.[19] Common contributing factors for 
cardiovascular collapse along with potential solutions 
are being currently investigated [Figure 2].

The focus of airway evaluation and management has 
traditionally been on anatomical factors that make 
airway management difficult. Recognition of the high 
incidence of complications in this vulnerable group 
of patients has emphasised the need for physiological 
optimisation and adoption of strategies to avoid 
complications during tracheal intubation.

PREOXYGENATION AND APNOEIC OXYGENATION

Preoxygenation is used to increase oxygen reserves 
prior to anaesthetic induction and tracheal intubation to 
prevent the onset of critical hypoxaemia during periods 
of apnoea. There has been a recent focus on optimising 
preoxygenation using non-invasive ventilation 
(NIV) or high-flow nasal oxygen (HFNO), continuing 
nasal oxygen during attempts at tracheal intubation, 
considering gentle mask ventilation during rapid 
sequence intubation (RSI), and the use of NIV/HFNO 
post extubation, especially in high-risk patients.[20] 

These include patients for RSI, with limited oxygen 
reserves (critically ill, paediatric, pregnant, and obese 
patients) and when a difficult airway is anticipated.

The pressure support and positive end-expiratory 
pressure applied during NIV keep the lungs open during 
the entire respiratory cycle, decrease intrapulmonary 
shunting and thereby increase safe apnoea time (time 
to desaturation following neuromuscular blockade). 
Apnoeic oxygenation can further extend the duration 
of safe apnoea. By increasing the flow rate to 15 L/min 
through a nasal cannula (NO DESAT: nasal oxygen 
during efforts at securing a tube), near 100% inspired 
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Figure 2: Cardiovascular collapse during tracheal intubation in the critically ill: contributing factors and potential solutions. (The author Dr Sheila 
Myatra has taken prior permission for reproduction of this figure created by her from Elsevier and the Editor in Chief of ACCPM)

oxygen concentration (FiO2) can be obtained due to 
the decreased oxygen demands of the apnoeic state. 
However, this method will not have a significant 
effect on carbon dioxide (CO2) levels.[21] Transnasal 
humidified rapid insufflation ventilatory exchange 
(THRIVE), which provides 100% oxygen at flow rates 
up to 70 L/min, is a method of apnoeic oxygenation 
and ventilation that can prolong the safe apnoea time 
longer than NO DESAT, without much rise in CO2 

levels and thereby reduce the time pressure during 
airway management.[22] This is especially useful during 
the management of difficult airways, rapid sequence 
inductions, and management of morbidly obese 
patients. THRIVE can be used for pre-oxygenation and 
continued during tracheal intubation. HFNO has also 
been recommended to optimise oxygenation during 
shared airway procedures, awake tracheal intubation, 
and in spontaneously breathing patients receiving 
intravenous anaesthesia.[23,24]

In the landmark Preventing Hypoxaemia with Manual 
Ventilation during Endotracheal Intubation (PREVENT) 
trial, critically ill patients were randomised to receive 
bag-mask ventilation from induction to laryngoscopy or 
no ventilation during RSI. Bag-mask ventilation reduced 
the incidence of severe hypoxaemia by more than half 
without any increase in the incidence of pulmonary 
aspiration.[25] Therefore, the risk/benefit of gentle mask 
ventilation during RSI must be carefully assessed in 
patients at high risk of desaturation. Post-extubation 
support with NIV and HFNO in patients at high risk of 
reintubation has shown reduced reintubation rates.[26]

NEWER TOOLS AND TECHNIQUES FOR AIRWAY 
MANAGEMENT

Supraglottic airway devices (SADs)
SADs with enhanced protection against aspiration
To further protect against gastric aspiration, the 
self-sealing Baska mask was introduced. During 
positive pressure ventilation, the cuff seal apposes 
to the glottis incrementally to augment the seal 
pressure with increasing airway pressure. Along 
with this, it has been equipped with a gastric reflux 
high-flow suction clearance system.[27] Another 
inclusion is the LMA protector. Distinct from other 
SADs, it contains two gastric drainage channels and 
a pharyngeal chamber to drain the gastric contents. 
Additionally, it is equipped with a colour-coded cuff 
pressure indicator for continuous intracuff pressure 
monitoring.[28]

SADs enabling tracheal intubation using a flexible 
bronchoscope
Tracheal intubation using a flexible bronchoscope 
through SADs can be achieved through a majority 
of newer SADs, which allow an adequate diameter 
tracheal tube to be inserted through the device. The 
most recent addition is the LMA Blockbuster. Along 
with the dual safety and superior seal, it comes with 
a customised Parker tipped, wire reinforced tube.[29] 
While managing a difficult airway, the importance 
of tracheal intubation through SADs using a flexible 
bronchoscope has been emphasised by recent airway 
guidelines.
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Adjuncts for tracheal intubation
MADgic atomisers
The newer range of atomising devices includes 
MADgic LMA and LMA MAD Nasal that not only 
topicalise the oral, nasal, pharyngeal, and laryngeal 
tissues but also help keep the airway open.

Optical viewing stylets
Newer variants of optical stylets use complementary 
metal oxide semiconductor video chips at the distal 
opening of the stylet with an inbuilt screen monitor or 
an attachment for smartphones for viewing the airway 
structures during intubation. These include Trachway 
intubating stylet, Stylet Viu, AinCa Video Stylet, 
C-MAC Video Stylet, and the VivaSight SL.[30]

Robotic endoscope-automated laryngeal imaging for 
tracheal intubation
This is a video-endoscopic stylet used to guide 
tracheal intubation. The bending motion of the tip 
of the endoscope can be controlled manually or 
automatically towards the glottis. The prototype, 
operating in automated mode, uses a recorded glottic 
image that resembles anatomic airway images in the 
electronic databases to steer the endoscope tip into the 
trachea to facilitate tracheal intubation.[31]

Videolaryngoscopes 
The improvement and decrease in cost of miniature 
video camera chips and light-emitting diode sources 
have triggered an explosion of videolaryngoscopes. 
The Vie Scope™ has a closed circular tube with 
a bevelled end, similar to the Miller-shaped 
laryngoscope blade, that is transparent and 
illuminated. It allows direct visualisation of the 
glottis and aids endotracheal intubation using a 
bougie.[32] The infrared red intubation system (IRRIS) 
consists of a small infrared light source placed on the 
anterior cervical surface and over the cricothyroid 
membrane. The device emits infrared red light 
through the skin of the patient to the subglottic space. 
Then, a videolaryngoscope that does not filter that 
wavelength is placed in the airway. The videoscope 
displays a bright light emerging from the glottis 
which guides the passage.[33]

Video endoscopes
The COVID-19 pandemic has fuelled the shift from 
reusable to single-use bronchoscopes enabled with 
a battery light source and an in-built monitor. New 
variants have been added to the already established 
scopes.

Hybrid devices
These include devices with features of two or more 
traditional airway equipment. The total track VLM 
combines the features of a videolaryngoscope and 
intubating laryngeal mask airway. An interesting 
option of picture-in-picture imaging to combine 
videolaryngoscope and video-bronchoscope capability 
into a single unit is currently available in GlideScope 
Core and CMAC.

Transnasal humidified rapid insufflation ventilatory 
exchange 
This has been discussed in the beginning of this article.

Vision-guided supraglottic airway device insertions
There has been a recent focus on real-time, vision-
guided insertion of SADs to ensure optimal placement. 
The Video Laryngeal Mask™ and SafeLM™ video 
laryngeal mask are available for use. The main 
advantages of these devices are that they can be easily 
inserted under direct vision, reduce airway damage, 
facilitate tracheal intubation through the SAD, have 
recording capability, and have the ability to detach the 
SAD from the scope once placed, thereby facilitating 
reuse of the videoscope.[34]

Video-assisted intubation with a flexible 
bronchoscope
The use of a flexible bronchoscope has traditionally 
been considered as the gold standard device for 
anticipated difficult airway with limited use in 
unanticipated difficult airway algorithms. The 
combined video-assisted flexible bronchoscopic 
intubation offers a scope for extending its use in both 
elective and rescue scenarios.

Telemedicine technology for tracheal intubation
Use of teleguidance in medicine in not new. It was 
explored during the COVID-19 pandemic as a means 
to reduce exposure to the airway provider. A scoping 
review that assessed teleguided technology for 
tracheal intubation found that it facilitated intubation 
as effectively as supervision by an individual without 
further complications. It also facilitates progressive 
autonomy for airway trainees.[35] However, clinical 
studies are necessary to fully understand the benefits 
and limitations of this technology.

CONFIRMATION OF TRACHEAL INTUBATION

Quick and correct placement of a tracheal tube is 
indispensable during airway management to avoid 
complications. There are several ways through which 
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tracheal tube placement can be confirmed, but each 
has its own limitations. Clinical examination has 
been the traditional form of teaching. However, 
auscultation and observation of chest wall movement 
are unreliable.[36]

The 2022 American Society of Anesthesiologists 
(ASA) guidelines for difficult airway management 
recommend confirmation of tracheal intubation using 
waveform capnography.[36–39] Undetected oesophageal 
intubation continues to occur, leading to increased 
morbidity and mortality. None of these guidelines 
focus specifically on preventing unrecognised 
oesophageal intubation. Therefore, a consensus 
guideline from the Project for Universal Management 
of Airways (PUMA)—a global multidisciplinary 
group of airway experts and major international 
airway societies—was developed for providing 
comprehensive recommendations for preventing 
unrecognised oesophageal intubation.[40]

The PUMA guidelines recommend the routine use 
of a videolaryngoscope, if feasible, and encourages 
verbalisation of the view obtained by the airway 
operator during laryngoscopy. The guidelines 
recommend confirmation of tracheal intubation 
placement using sustained end-tidal carbon dioxide 
as the gold standard while meeting the following 
criteria: (1) rise in amplitude during exhalation and 
fall during inspiration; (2) increasing or consistent 
amplitude over at least seven breaths; (3) peak 
amplitude more than 1 kPa (7.5 mmHg) above 
baseline; and (4) clinically appropriate reading.[40] 
The guideline recommends default tube removal 
when sustained exhaled CO2 cannot be detected. If 
tube removal is considered dangerous, then urgent 
exclusion of oesophageal intubation using alternative 
techniques is recommended. These include repeat 
laryngoscopy (preferably videolaryngoscopy) and one 
of the following: flexible bronchoscopy, ultrasound or 
the use of oesophageal detector devices, along with 
evaluation of other causes of inability to detect CO2. 
The guideline recommends against using clinical 
examination to exclude oesophageal intubation. 
The tube should be removed if sustained exhaled 
CO2 cannot be achieved, oesophageal placement 
cannot be excluded, or the oxygen saturation drops 
at any point before restoring sustained exhaled CO2. 
The guidelines also emphasise the use of various 
strategies to address cognitive bias and deterioration 
in the performance of an individual or team under 
stressful situations.[40]

HUMAN FACTOR CONSIDERATIONS

Though clinical abilities and technical proficiencies 
are essential for successful airway management, 
non-technical skills are equally important.[41] Human 
factors involve considering the impact of aspects of 
the individual, environment, processes, and culture 
on human performance.[42] Poor human factors have 
contributed to 40% of reported cases, as per the 4th 
National Audit Project (NAP4) of the Royal College of 
Anaesthetists.[43]

The ASA guidelines outline human factors relevant 
to difficult airway management as practitioner factors 
(knowledge, training, complacency, stressors, team 
dynamics, team decision-making, debriefing, etc.) and 
external factors such as those related to the patient 
(including difficult airway, infection risk, aspiration 
risk), environment (including equipment, monitoring, 
personal protective equipment), and institution 
(including culture, staffing, protocols, supervision, 
support).[37] A study that looked at the prevalence and 
commonality of human factors in airway guidelines 
found that they were well represented, with work 
systems and processes featured more than user and 
patient outcome measurements.[42] Human factors 
are an evolving area in airway management. Further 
considerations are necessary for future guideline 
development.

The lesser incidence of airway complications limits 
our continued learning process. Therefore, regular 
practice of these skills by means of focussed airway 
workshops and simulation-based training programmes 
are important.[44] Cognitive aids such as the Vortex 
approach may be useful in these settings.[45] Equipment 
layout has been identified as a key element that 
may aid airway management, particularly in critical 
situations. Chrimes et al.[46] outlined key principles for 
incorporating human factors into airway trolley design 
and implementation to enhance team performance.

GUIDELINES FOR DIFFICULT AIRWAY MANAGEMENT

Three guidelines for difficult airway management have 
been published in recent times.[23,37,39] The 2022 ASA 
difficult airway guidelines emphasise awareness of the 
passage of time and limiting the number of attempts with 
different airway devices. The novel content includes a 
pre-airway management decision-making tool and an 
awake airway management algorithm.[37] Novel content 
in the Canadian guidelines include recommendations 
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for the use of videolaryngoscope to facilitate all 
tracheal intubations and that all institutions designate 
an airway lead to help with airway-related protocols, 
training, and quality reviews.[39] The Difficult Airway 
Society guidelines for awake tracheal intubation 
(ATI) in adults are comprehensive and evidence-
based that can help in the preparation and practical 
performance of ATI.[23] The PUMA group is working 
on the development of a single set of evidence-based 
airway management guidelines that can be applied 
universally.[47]

LARGE DATABASES AND MULTICENTRE 
OBSERVATIONAL STUDIES

The aim of large airway data collection is to examine 
airway incidents, aetiology, and complications in order 
to inform and expand our knowledge on the subject and 
give us insights into changes in practice. An example 
is the NAP4 from the United Kingdom which has 
provided important insights into airway management 
complications for practice change.[43] The INTUBE 
study highlights the high incidence of complications 
during tracheal intubation in the critically ill, with 
identification of haemodynamic collapse being the 
most frequent, along with insights into practice change 
and future research.[17] The Airway App demonstrates 
the feasibility of using smartphone technology to 
capture emergency front-of-neck airway experiences 
internationally.[48] Although information generated 
from such large databases have the potential of aiding 
safer future care, there are several practical hurdles 
for execution that need to be addressed. These include 
creating a robust registry, patient confidentiality, 
standardisation of the clinical data collected, access 
across health care systems, maintenance, and cost 
implications.

SUMMARY

Advancements in airway management are continuously 
evolving. They include a range of newer tools and 
strategies aimed at improving success in airway 
management and enhancing patient safety. Nasal 
endoscopy, virtual endoscopy, airway ultrasound, 
video endoscopy, supraglottic airways with enhanced 
protection against aspiration, hybrid devices, and the 
use of AI and telemedicine have increased utility in 
airway assessment and management. There has been 
increasing emphasis on peri-intubation oxygenation 
and non-technical skills and strategies to reduce 
complications in patients with a physiologically 

difficult airway. Large multicentre airway data analysis 
gives us insights into practice change. Recent guidelines 
for difficult airway management and preventing 
unrecognised oesophageal intubation are available. The 
penetration and impact of these guidelines on patient 
outcomes will need to be evaluated in the future.
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