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Introduction

While airway management is a fundamental skill set for 
many healthcare professionals, difficult airway manage-
ment has long been recognized as one of the most challeng-
ing tasks that the healthcare providers must often face. In 
clinical practice, failure to properly manage airway con-
ditions remains a significant source of patients’ morbidity 
and mortality [1]. To avoid or reduce medical errors and 
improve patients’ outcomes and safety, training airway 
management for medical professionals is essential.

In modern medicine, simulation-based medical educa-
tion has actually been implemented in skill training of many 
clinical sub-specialties, such as anesthesia, nursing, surgery, as 
well as with medical students. Driven by concerns over patient 
safety and improving the quality of medical services, simula-
tion has been rapidly developed during the last decades [2, 3]. 
Since the first article describing the use of a simulator to teach 
anesthesiology residents for endotracheal intubation in 1969 
[4], simulation in the airway management field has become 
more popular and has made tremendous advances in many 
countries, affirming the validity and superiority of simulation-
based skill training [1–5]. The main aims of this article are to 
present an overview of current simulation techniques used for 
airway management training and a look forward.

Common airway skills

The traditional “see one, do one, and teach one” model 
is no longer accepted in current medical education. Both 
increased attention to patient safety and decreased proce-
dural exposure have led to the search for alternate teaching 
modalities for training and maintenance of clinical skills 
[6].
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Airway management skills are operational and practi-
cal techniques. With the development of simulation-based 
medical education and the increase in medical education 
investment, simulation has been playing an important role 
in airway management training. Through the use of airway 
trainers, high-fidelity simulators and computer-based vir-
tual airways, simulation-based airway management training 
can provide abundant opportunities for trainees to practice 
the technical and crisis management skills in a patient-safe 
environment. According to the meta-analysis by Kennedy 
et  al. [1], simulation-based airway management training 
has been shown to be effective in increased learners’ sat-
isfaction, crisis management skill, behaviors, and patient 
effects compared with no intervention and non-simulation 
education, e.g., video, lectures, self-study, and/or training.

Furthermore, simulation can compensate for inadequate 
clinical practice and experience by providing the opportu-
nity for senior anesthetists to perform multiple repetitions 
of an airway procedure within a short time. It has been 
shown that a simulation-based warm-up can facilitate more 
rapid and efficient endotracheal intubation in the operating 
room, and the benefits include improved patient safety and 
decreased operating room times [5]. In addition, Boet et al. 
[7] find that complex procedural skills can be retained for 
a minimum of 1 year after a single high-fidelity simulation 
training session.

Use of airway equipments

A number of studies have shown that trainees can mas-
ter the techniques and skills required for common airway 
equipments after trained with the task trainers and high-
fidelity simulators [1, 8–10]. In a review of the literature 
including 11 published articles using randomized con-
trolled trials to examine the effectiveness of simulation-
based training to develop airway management skills, Van-
derbilt et  al. [9] conclude that it is one effective way to 
teach video laryngoscopy intubation skills. Hirabayashi 
[11] shows that a short demonstration of the Pentax-Air-
wayscope and a brief practice with a mannequin is the only 
requirements for trainees to perfect an endotracheal intuba-
tion with this device.

With the significant advances in medical technology, the 
number of new airway tools and equipments available to 
health professionals has significantly increased. Undoubt-
edly, these new tools and equipment have greatly improved 
the routine practice of airway management and simplified 
the approach to managing difficult airways [12]. However, 
many tool choices may lead to confusion among healthcare 
professionals as they attempt to use the most appropriate 
tools for management of a particular situation. In the simu-
lation training, thus, it is important to introduce the airway 

management tools that are easily used and have been shown 
to produce the most reliable clinical results, such as laryn-
geal mask airway and video laryngoscope. Moreover, the 
techniques and equipment included in the simulation train-
ing course should comply with difficult airway guidelines 
and be reflected in the practices and equipments held in 
local hospitals.

Considering that simulation resources are limited, train-
ees must carefully review the didactic materials before 
taking a simulation course. These materials include vide-
otaped examples of airway management techniques, indi-
cations, contraindications and notices regarding the use 
of airway devices, and the reference books and guidelines 
about airway management [12, 13]. During the simulation 
course, trainees can master the essential skills through sys-
tematic “skill station” practice and repetition on the simu-
lator with various individual airway management devices 
and techniques under the supervision of experienced 
instructors [8]. Once trainees have achieved competence 
with airway management by simulation training, they 
should progress to clinical airway management training 
under supervision.

Fiberoptic bronchoscope‑guided intubation

As a gold standard tool for difficult airway management, 
fiberoptic bronchoscope (FOB) has become a ubiquitous 
tool for airway management professionals. However, FOB-
guided intubation is a more technically challenging proce-
dure as it needs hand–eye coordination that must be learned 
and maintained.

The available literature indicates that FOB-guided intu-
bation instruction incorporating low- and high-fidelity 
simulation is superior to the traditional didactic training 
methods and can greatly reduce the time and pressures that 
accompany when teaching this skill in the operating room 
[14–20]. Although the best simulation training method 
for FOB-guided intubation has still to be determined, but 
in general, hands-on teaching of manual skills is neces-
sary in addition to conventional didactic instructions [16]. 
Even self-directed practice using virtual fiberoptic intuba-
tion software may improve the acquisition of FOB-guided 
intubation skills [17, 18]. It has been shown that simula-
tion can train the novices in the fiberoptic airway skills to 
become an expert level in a relatively short period of time 
[20]. Furthermore, Graeser et al. [15] find that simulation-
based fiberoscopy training is useful for improving perfor-
mance regardless of the fidelity of the simulators ranging 
from non-anatomical trainers to high-fidelity virtual reality 
simulators. Thus, local practical issues, such as cost and 
portability of simulators, should dictate available simula-
tion modalities in each teaching hospital.
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Davoudi and Colt [21] stressed the importance of suc-
cessfully transferring the skills from the simulation to the 
bedside. The prerequisite for the successful transfer of a 
skill is consensus-based competency-oriented curricula 
design; that is, curricula combines the positive attributes 
of simulation, model-based practice, and the traditional 
apprenticeship mode of learning [15].

Cricoid pressure

Cricoid pressure is a technique used worldwide to reduce 
the risk of aspiration during endotracheal intubation. How-
ever, the effectiveness of cricoid pressure by untrained 
healthcare professionals has been questioned [22, 23]. By 
a systematic review and meta-analysis, Johnson et al. [22] 
conclude that simulation training with feedback can signifi-
cantly improve the efficacy of cricoid pressure and some 
inexpensive homemade low-fidelity trainers are equally 
effective as the high-fidelity simulators. Thus, they tenta-
tively propose that all healthcare providers should receive 
a training before performing cricoid pressure in clinical 
practice. Flucker et al. [24] use a 50-ml syringe as a simple 
device to help train anesthetic assistants to apply cricoid 
pressure correctly. They suggest  that  practitioners must 
develop the appropriate muscle memory to be able to con-
sistently perform the maneuver, which appears to require 
frequent evaluation and repetition.

Invasive airway access

Invasive airway access includes surgical or percutaneous 
airway, transtracheal jet ventilation, and retrograde intuba-
tion. The invasive airway procedures are seldom used in 
patients, but they are important for life-saving in difficult 
airway management, especially when endotracheal intuba-
tion and facemask ventilation are not possible, namely, a 
“can’t intubate and can’t ventilate (CICV)” situation [25].

It is generally believed that thorough knowledge of 
anatomy, a clear understanding of insertion and ventila-
tion techniques, and good practical skills are essential for 
performing an invasive airway procedures rapidly and suc-
cessfully [26]. The best way to master the required skills 
is simulation training on animal, human cadavers, a local 
airway-trainer, or high-fidelity simulator. For example, a 
simple airway-trainer enables learning of basic invasive air-
way techniques, while an isolated pig trachea is a relatively 
inexpensive model for more realistic training of invasive 
airways. The available literature provides compelling evi-
dence that systematic teaching in simulation training can 

improve both confidence and practical skills of healthcare 
professionals to perform the invasive airways [27–29]. To 
maintain an adequate skill level of invasive airway access, 
simulation training is also required to repeat at intervals of 
6 months or less [30].

Difficult airway management strategy

Although rare, airway disasters occur irregularly and unex-
pectedly, causing the majority of anesthetic-related mor-
tality. In addition, inadequate skill and poor judgment in 
airway management continue to lead to avoidable death 
in occasional patients [26]. As a result, the societies of 
anesthesiologists in many countries have developed the 
evidence-based practice guidelines for difficult airway 
management [13, 31]. It is generally believed that strict 
adherence to these practice guidelines can resolve most air-
way problems.

The strategies for difficult airway management accord-
ing to the “algorithm”, which needs to be mastered by 
healthcare professionals, can be strengthened through 
repeated practices in managing patients with various dif-
ficult airways, but this exercise can increase the risk of 
patient harm and may be considered unethical. Further-
more, the unpredictable number of difficult airway cases 
may affect the time it takes for trainees to achieve an 
acceptable level of safe, unsupervised practice. In con-
trast, because there are no ethical issues or patient harm, 
simulation training has been shown as the best way to 
master the skills required by the difficult airway manage-
ment guidelines [32]. For experienced airway practition-
ers, the instructor-based real-time multimedia simulation 
has been shown as a fast, useful, and systematic renewal 
educational method to update their knowledge about dif-
ficult airway management, and acquire improved deci-
sion-making and communication capabilities, and skills 
of specific airway management [33]. Kuduvalli et  al. 
[30] show that simulation training significantly improves 
anesthetists’ ability of managing difficult airways and a 
CICV situation according to the difficult airway guide-
lines and adherence to the difficult airway guideline pro-
cess can be sustained for 6–8  months after simulation 
training.

For teaching each step of the difficult airway guidelines 
effectively, however, more than one type of airway simula-
tors is required. An advantage of using multifarious airway 
simulators is the finding that trainees tend to adapt their 
skill to a particular task trainers or high-fidelity simulators, 
and therefore providing them with a variety of airway sim-
ulators can result in a broader range of skills [34].
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Airway crisis management

Simulation training is not only a valuable tool for technical 
skills (medical knowledge and procedural ability), but also 
for non-technical (i.e., crisis management) skills, which are 
behavior-based and include leadership, teamwork, com-
munication, situation awareness, decision-making, and 
awareness of stress and fatigue [2]. It is generally believed 
that both technical and non-technical skills are required to 
improve clinical outcomes and safety of patients. Further-
more, non-technical skills have been identified as particu-
larly important for managing emergency and crisis situa-
tions, for example in a CICV situation, which is dynamic, 
evolving, and requires constant re-assessment. However, 
non-technical skills are not inherent despite being based on 
behavior. They must be formally taught as many of these 
skills are commonly required in managing emergency or 
crisis situations, even though they are increasingly rare in 
modern-day medicine.

In fact, more time is required to develop a curriculum 
for non-technical skills because they are more difficult to 
teach and assess than their technical skill counterparts [5]. 
One advantage of simulation training over traditional medi-
cal training methods is provision of a safe environment for 
crisis management training, it is a powerful enabler in the 
development of lifelong learning strategies to manage these 
crises as it is to manage knowledge translation and reten-
tion more effectively [5].

It must be emphasized that the most important factors 
for simulation-based crisis management training are envi-
ronmental fidelity [2, 5] and deliberate practice [5, 33]. 
Improving environmental fidelity means incorporation of 
all the structural and mechanized elements that would be 
present when managing similar scenarios in the clinical 
realm [2, 5]. Deliberate practice refers to a process that 
allows learners to focus on the intensive practice of specific 
tasks in a controlled setting while receiving coaching and 
formative assessment through timely and thoughtful feed-
back from an expert supervisor [5]. Simulation is ideal for 
deliberate practice because it offers standardized conditions 
and the ability to repeat the same tasks frequently without 
the risk of compromising patient safety.

Limitations of simulation training

Fidelity

The matter of simulation “fidelity” has been becoming a 
controversial issue. Schebesta et al. [35] show that there are 
major differences in the pharyngeal airspace and other air-
way measurements in adult patient high-fidelity simulators 
and low-fidelity airway trainers compared with an actual 

patient’s anatomy, Also, anatomy abnormalities or patho-
physiology (cough, secretion, bleeding, aspiration) can-
not be adequately represented in a simulator. Thus, some 
question the results of simulation airway research and the 
appropriateness of simulation-based research translating 
the care of real patients [36].

Cost

High-fidelity simulation-based airway management train-
ing is cost intensive. Not only are the mannequins or sim-
ulators expensive, they also need experienced faculty and 
the courses are usually held in small groups. Cost issues 
are subjected to question whether there are financial con-
straints in present-day healthcare economy, especially since 
it is difficult to prove the effectiveness of highly resource-
intensive simulator training with the terms of evidence-
based medicine [37].

Translation

A significant challenge for simulation-based airway man-
agement training is how to translate that which is learned 
and perceived to be beneficial into behavioral change and 
improved patient outcomes. The ideal study would there-
fore try to address behavioral changes of simulation-trained 
participants in their daily practice, along with their rate of 
critical events, which admittedly would be a difficult thing 
to do [37].

Looking forward

Despite some limitations, the benefits of simulation-based 
teaching are still significant, as these tools offer outstand-
ing training options for teaching technical skills. In view of 
the high cost of fidelity simulators and the requirements for 
a large number of experienced instructors and other staff, 
more studies validating the educational and cost-effective-
ness benefits of simulation-based training are still needed 
to support the funding of medical education in the future 
[38, 39]. Moreover, future studies should strive to deter-
mine to what extent simulation-based airway management 
training can reduce medical errors and improve clinical 
outcomes and safety of patients.

To improve the effectiveness of simulation-based airway 
management training and obtain the ideal knowledge trans-
lation, several issues must also be noted. First, the training 
of simulation instructors and facilitators should be high-
lighted. Instructors should change the traditional appren-
ticeship model; that is, to learn and master the method and 
technique of simulation training, to provide more help-
ful guidance, and debriefing for trainees [2, 40]. Second, 
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optimal curriculum design should conform with the clinical 
practice and have the characteristics of typicality, standard-
ization, and universal guidance following the actual airway 
management guidelines. Third, simulation training must be 
ongoing. The refresher courses appear to be beneficial, but 
further clarity on how many and for how long is needed. 
Fourth, the simulation training center should be good at 
using various resources, such as endotracheal tubes and 
other airway equipment no longer used in operating rooms 
to maximize cost-effectiveness. Fifth, communication and 
cooperation between national and international simulation 
centers should be further strengthened in order to expand, 
enrich, and perfect the fields and modalities of simulation-
based airway management training.

Finally, it is worth mentioning that more educational 
investment can constantly improve and increase the effect 
and influence of simulation-based airway management 
training on clinical practice, and let more and more health-
care professionals and patients benefit from simulation 
training.

Conclusions

Simulation training serves to bridge the gap between class-
room instruction and the practical application in airway 
management education. It can effectively improve the tech-
nical and non-technical skills of trainees through the train-
ings of common airway skills, difficult airway management 
strategies, and crisis management skills. With the wide 
application and rapid development of simulation-based air-
way management training, it is becoming an effective and 
novel way of teaching. However, instructors experienced 
in simulation-based airway management training and the 
best curriculum design are indispensable in optimizing 
the benefits of simulation training. We believe that, in the 
near future, there will be more studies to offer evidence for 
identifying the effectiveness and superiority of simulation-
based airway management training.
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