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Abstract

Obesity is one of the challenging elements in health care. Studies 
have shown that as the body mass index (BMI) increases, the risk of 
chronic conditions tends to increase due to altered physiologic and 
metabolic demands. In addition to underlying physiological changes, 
anatomical changes can lead to common procedural challenges, such 
as difficult intravenous (IV) cannulation, difficult airway, and difficult 
intubation, which makes their preoperative and postoperative care 
challenging for the anesthesiologists. According to previous studies, 
there is no single best predictor for difficult airway or intubations and 
no designed protocol for choosing an intubation technique in obese 
patients. Some of the preoperative risk factors and techniques such 
as the modified Mallampati class, sternomental distance, thyromen-
tal distance, neck circumference, indirect mirror laryngoscopy, BMI, 
and intraoperative risk factors such as inappropriate positioning of 
the patient, suboptimal medication dosing, inappropriate laryngos-
copy device acted as independent predictors for difficult airway and 
difficult intubation. Analyzing each element’s importance and mak-
ing suitable decisions for the individual will reduce the complications 
and prepare for unplanned emergencies in the operating room. This 
review is convincing with previous studies that obesity itself is not 
an independent predictor. Instead, as a preoperative risk factor, and 
till date, sternomental distance and the number of intubation attempts 
were demonstrated as significant independent predictors for adverse 
events. All the other independent factors and considerations were dis-
cussed, which can help with further research.

Keywords: Obesity; Intubation; Body mass index; Mallampati score; 
Difficult airway; Intubation difficulty scale

Introduction

Nearly more than a third of the world’s population is affected 
by obesity [1]. It is the most common risk factor for chronic 
conditions such as hypertension, diabetes, coronary artery 
disease, and hyperlipidemia. It predisposes to other comor-
bidities such as malignancies, cerebrovascular accidents, and 
increased mortality [2]. Certain sub-specialties such as emer-
gency medicine and anesthesiology face common procedural 
challenges in obese individuals, including intravenous (IV) 
cannulations and endotracheal intubations. In this review, we 
focused on factors affecting endotracheal tube intubations in 
obese individuals. Many studies have shown that consider-
ing certain factors before intubation may ease unplanned sce-
narios and complications. In previous literatures, it is noticed 
that obesity itself is not a sole independent predictor, instead, 
several other factors play a role in difficult intubations [3, 4]. 
This article’s primary goal is to emphasize research gaps, the 
significance of bedside clinical scores, and grades despite their 
limitations, examine their importance before choosing intuba-
tion techniques and summarizing statistically and clinically ef-
fective methods that reduced the number of failed intubations 
attempts and post-intubation complications [5].

Methods

Data were collected from online databases specifically Pub-
Med, PubMed Central, British Journal of Anesthesia, Ameri-
can Society of Anesthesiologists (ASA) website, Google 
Scholar, and Up to date. MeSH/keywords used were ((“Obe-
sity” (MeSH) AND “Intubation, Intratracheal” (MeSH)) AND 
(“Intubation, Intratracheal/Adverse Effects” (MeSH)) OR 
“Intubation, Intratracheal/Complications” (MeSH)). The total 
number of articles yielded was 91. Inclusion criteria: human 
adults > 18 years of age. In our final paper, we were able to 
use 50 papers relevant to the article title, which included ran-
domized control trials, review articles, prospective and retro-
spective observational studies, multicenter prospective obser-
vational studies.
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Classification of Obesity

“Obesity is defined as excessive fat accumulation which acts 
as a risk factor to health”, and body mass index (BMI) is a ma-
jor tool used worldwide for classifying the severity of obesity 
[1]. “BMI is known as an individual’s body weight divided by 
height in square meters” [1]. Although it has its limitations, 
as it cannot determine an individual’s body fat percentage, it 
is easy to use as a diagnostic tool in measuring the severity of 
obesity [1]. According to the studies, cut-off values for BMI 
are given in Table 1 [6].

Definitions of Difficult Airway and Difficult Intu-
bation

Many studies have outcomes that depend upon the defini-
tion of difficult airway and intubation, also depend on anes-
thesiologists’ understanding of difficult intubation. Defining 
a difficult airway is challenging. According to the ASA, it 
is defined as a clinical scenario where a well-trained anes-
thesiologist has complex issues with facemask ventilation or 
direct laryngoscopy, or tracheal intubation [7]. According to 
the ASA, the 2003 updated definition of difficult tracheal in-
tubation reads “when insertion of the endotracheal tracheal 
tube with conventional laryngoscopy requires repeated at-
tempts” [8].

Assessing the Risk Factors for Difficult Airway 
and Intubations

It is a well-known fact that specific clinical scores and pre-
dictors can be used in obese individuals while evaluating and 
classifying the degree of risk of difficult airway and intubation. 
Some of them can be performed besides, whereas others can be 
achieved and correlated in the operating room.

Preoperative bedside evaluation

Traditional preoperative measurements include modified Mal-
lampati classification (MMS), performed in all the individuals 
who are scheduled for elective surgery [9, 10]. MMS is inclu-
sive of four classes, and its significance is described later in 
this review.

MMS

Class I: complete visualization of the palate, including hard and 
soft, uvula, and faucial pillars. Class II: cranial part of faucial 
pillars, hard and soft palate, the entire uvula is visible. Class III: 
visualization of the entire palate (hard and soft) and root of the 
uvula only. Class IV: visualization of hard palate only.

Other independent preoperative factors

According to the studies evaluated, it is noticed that other 
than MMS and extended Mallampati class (EMS), the follow-
ing factors are considered independent predictors that played 
a role in predisposing the individuals for difficult airway and 
intubation [11]: 1) large neck circumference [12]; 2) short thy-
romental distance (TMD) [10, 13]; 3) short sternomental dis-
tance (SMD) [12]; 4) thick tongue/fat accumulation in cheeks, 
and minimal mobility of neck and jaw [12]; 5) view seen in 
indirect mirror laryngoscopy (IML) [14].

Intraoperative correlation and assessment

Although there are no precise scales to re-evaluate the patient in 
the operating room, certain classifications and scales can still be 
used to correlate the significance of risk factors in difficult air-
ways and intubations. The most commonly used classification 
includes Cormack-Lehane classification, which categorizes air-
way view under direct laryngoscopy. Apart from the traditional 
Cormack and Lehane grading system, the intubation difficulty 
scale (IDS), which includes seven characteristics, is being used 
by many providers to correlate the difficult airway.

Cormack-Lehane classification for direct laryngoscopy view

The Cormack-Lehane classification [15] includes grade 1, 
entire glottis is visualized; grade 2, glottis or arytenoids are 
partially visualized (2(a), glottis is partially visualized; 2(b), 
arytenoids are visualized); grade 3, visualization of epiglottis 
only; and grade 4, none of them are visible.

IDS

Difficulty in intubation is considered if it meets at least five 
characteristics [16]: 1) number of intubation attempts; 2) addi-
tional operators; 3) substitutable intubation techniques; 4) posi-
tion and mobility of the vocal cords; 5) Cormack and Lehane’s 
laryngoscopy grade; 6) use of external laryngeal pressure; 7) 
a requirement of lifting force with the laryngoscope. Anything 
below < 5 is considered to be easy to intubate.

Discussion

Unsuccessful intubation can lead to complications like post-in-

Table 1.  Commonly Used Cut-Off Values for BMI

Obesity class BMI reference range  
(kg/m2)

Normal BMI 18.5 - 24.9
Overweight 25.0 - 29.9
Obese class 1/class 2 30.0 - 34.9/35.0 - 39.9
Extreme or morbid obesity (class 3) ≥ 40

BMI: body mass index.
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tubation hematomas, vocal cord injuries, and tracheal ruptures. 
While managing the difficult airway in obese individuals, they 
are more prone to a severe drop in oxygen saturation due to 
low residual capacity or esophageal intubation with delayed 
recognition. These predispose to post-intubation hypoxemia, 
dysrhythmia, and cardiac arrest are the most challenging ad-
verse events leading to perioperative morbidity and mortality. 
Despite an enormous amount of research, no precise predictors 
for difficult airway or a protocol for choosing an intubation 
technique in obese patients have been established. Choosing 
a technique by analyzing perioperative and intraoperative fac-
tors and having an alternative method for unplanned scenarios 
will reduce the intraoperative and postoperative complication 
rates in those specific populations. Over the years, there has 
been several articles published on the risk factors associated 
with difficult intubation (Table 2) [5, 12, 13, 17-23].

In this review, we precisely summarize the criteria that 
should be considered in choosing the intubation technique 
for overweight and obese patients. Primarily we divided the 
considerations into two categories: 1) preoperative risk factors 
and predictors; and 2) intraoperative risk factors and consid-
erations (Fig. 1) [5, 12, 14, 17, 20, 21, 24-28].

Preoperative risk analysis

Mallampati score

Mallampati score is a noninvasive score first introduced in 
1985 by Mallampati, which has three grading classes initially 
[29]. It measures the disproportion of the tongue size to phar-
yngeal size. To date, it has been used as a standard test with 
some modifications in assessing the airway. Most providers 
use a modified version by Samsoon and Young, including four 
grades of MMS. They are assigned according to the degree of 
tongue masking the visibility of pharyngeal structures [29]. It 
is considered that Mallampati grading III and IV are challeng-
ing to intubate, whereas I and II are easy.

A study was done by Juvin et al [30] stated that MMS 
grade III and IV has been shown as the only independent pre-
dictive risk factor for difficult intubation. Still, the specificity 
remains at 62%, and the positive predictive value remains at 
29%. In contrast, a study done by Mashour et al [11] and re-
viewed by Walls et al [31] stated that despite the reduction in 
Mallampati grading while evaluating on craniocervical exten-
sion (P < 0.0001), EMS has improved the prediction for dif-
ficult laryngoscopy with an increase in specificity from 76% 
to 83%, while sensitivity remains the same. Therefore, studies 
have recommended the EMS test in the traditional evaluation 
[11, 31]. Conversely, a study was done by Menon et al [32] 
stated that there is no significant difference between EMS and 
MMS. The potential limitation in this finding does not cor-
relate with the Cormack-Lehane classification [32]. Despite 
the studies done by Hanouz et al [33] and Ouchi et al [34], 
these are not performed solely in obese individuals. Results 
have shown that modified Mallampati test (MMT) evaluated 
in the supine position, has a superior hand in correlating with 
the Cormack-Lehane classification [33, 34]. In addition, the 

study of Ouchi et al [34] has shown MMT with tongue protru-
sion, supine position, and phonation has shown a significant 
correlation (P = 0.004) with the Cormack-Lehane test.

Mallampati score is the vital predictor for difficult airways, 
but it is not always consistent as per the studies reviewed. More 
studies and research are needed to analyze EMS’s predictabil-
ity compared to MMS, specifically obese individuals [11, 29, 
33, 34]. Although there are other scores such as Wilson’s score 
and intubation prediction score used in predicting the difficult 
intubation, their sensitivity and specificity become challeng-
ing, and there is not enough evidence to conclude that apply-
ing other scores would increase the predictability outcomes in 
obese individuals.

SMD and TMD

Besides MMS, SMD and TMD have significant predictive 
value in anticipating difficult airways. SMD is measured from 
the suprasternal notch to the mentum with mouth closed and 
head extended position. In contrast, TMD is the distance be-
tween the mentum and the top of the thyroid cartilage’s notch 
[22]. Despite TMD’s inaccuracy, it is still considered an inde-
pendent risk factor in preoperative risk analysis as it can in-
dicate the mandibular space. It helps determine the laryngeal 
axis (LA) alignment within the pharyngeal axis (PA) when the 
atlanto-occipital joint is extended [35].

As SMD indicates neck mobility, studies have shown that 
shorter distances lead to potential difficulty in intubation and 
laryngoscopies [36]. For instance, in studies done by Ozdilek 
et al [17] and Cierniak et al [5], it has been shown that SMD 
of < 16 cm and < 12 cm has been noted to be independent 
predictors for difficult airways. Also, Cierniak et al [5] have 
demonstrated that TMD < 6 cm has resulted in a difficult air-
way in obese patients. As the precise cut-off values are still 
inconclusive and observed to be individualized for each ob-
served study, both SMD and TMD can lead to a wide range of 
sensitivity and specificity.

Despite the limitations to the sensitivity and specificity, 
studies have shown that combining tests such as MMS with 
SMD and TMD would lead to higher predictive value and va-
lidity than that of SMD and TMD alone [37]. Although this 
helps and alerts physicians for anticipated difficulties, they do 
not play a significant role in choosing the appropriate intuba-
tion technique. In recent times, TMD is receiving significant 
challenges from authors who think that TMD is not the real 
cause for difficult laryngoscopy in obese patients and state that 
TMD can be irrelevant [38]. Although SMD’s shorter distance 
would result in limited neck mobility, the predictive bedside 
tests have always been inconclusive. Further research is re-
quired for the applicability of these tests to improve the predic-
tion of difficult intubation.

Neck circumference

In recent times besides the traditional predictors, neck circum-
ference has been shown as a positive factor for anticipated dif-
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ficult airway. Studies done by Riad et al [12], Gonzalez et al 
[13], and Brodsky et al [22] stated a linear correlation between 
neck circumference and difficult airway. Convincingly, Riad et 
al [12] and Gonzalez et al [13] have stated that neck circum-
ference > 43 cm has a linear correlation (P = 0.044); and the 
results of Brodsky et al [22] have shown neck circumference 
> 40 - 60 cm has shown increased 5-fold risk in difficult intu-
bation. Although the positive correlation is a driving factor to 
measure neck circumference, a study done by Siriussawakul 
et al [39], and Kim et al [10] stated that the ratio of neck cir-
cumference to TMD has significantly improved the prediction 
for difficult laryngoscopy and difficult intubation instead of 
neck circumference alone. Limited evidence has been there to 
emphasize the neck circumference, and the results have been 
inconclusive. There are not enough studies to prove the precise 
measurement as factors such as gender, and the racial differ-
ence can play a role. Further research is required to specify 
the accurate neck circumference measurement and get the pre-
cise measurement to anticipate the difficult airway. Although 
it may not be a single best reliable predictor, this can still be 
measured in addition to the existent predictors to improve the 
prediction of the difficult airway.

IML

In recent advances, a preoperative ultrasound of the neck and 
invasive airway assessment with fiberoptic bronchoscope is 
considered in high-risk individuals before elective intubation, 

as they can precisely visualize the airway’s complexity. On the 
other hand, the cost of the procedure and its invasiveness can 
be challenging. A Study done by Budde et al stated that com-
pared to BMI, Wilson score, neck circumference, Mallampati 
score, and IML, IML has demonstrated statistical significance 
(P = 0.0503) in predicting a difficult airway. In contrast, other 
factors were close to (P = 0.0952) [14].

The study has proven that IML can be an effective, simple 
technique that can significantly correlate to Cormack-Lehane 
classification. Although this study has its limitations, only 60 
patients and eight were excluded due to excessive gag reflex, 
affecting the eventual conclusion. Still, this simple technique 
can be done bedside to predict the difficult airway. Not enough 
studies were available to establish IML as a traditional test 
while assessing the bedside predictors. Still, this test can be 
explored in large populations to determine its significance and 
its correlation in various high-risk populations, reducing the 
invasiveness of other procedures and improving the predict-
ability of difficult airways.

BMI

Contrary to common notion, obesity is not the sole independ-
ent predictor of difficult intubation. Shimonov et al [19] re-
vealed that reducing BMI > 30% reduced Mallampati score 
but did not affect laryngoscopy grade. Brodsky et al [22] stated 
that BMI and obesity are not independent predictors of diffi-
cult intubation. Reviewing the respective studies’ results, our 

Figure 1. Diagram illustrating preoperative and intraoperative risk factors of intubation in overweight/obese individuals.
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results are convincing with the previous studies that the other 
independent predictors play a significant role than BMI itself.

Intraoperative risk analysis

Positioning of the patient

In the operating room, risk analysis starts from the proper 
positioning of the patient. To date, sniffing positioning has 
attained the best view to ease intubation [24]. Sniffing posi-
tion can be achieved when the patient is in the supine posi-
tion with neck flexion of at 35 degrees and atlanto-occipital 
extension, also termed as a head extension (-15 degrees to 
horizontal position). The anatomical explanation behind it 
is convincing, as it is stated that the neck flexion would re-
sult in the alignment of the PA and the LA. In contrast, the 
head extension would achieve the oral axis’s alignment with 
PA and LA axis, improving the glottic visualization and pro-
viding the ease of intubation [24]. Although the anatomical 
axis alignment is less likely to be used in a critical situation, 
instead of alignment of external auditory meatus to sternal 
notch is noted as the reference point to confirm the sniffing 
position. The other factors that can play a role along with 
the position are the size of the blade, lifting force, an anes-
thesiologist’s experience; individuals with varied head and 
neck anatomy may confound the benefits and drawbacks of 
specific positioning of the patient [24, 40, 41].

However, it has potential limitations where specific sub-
groups of patients are not benefitted from the sniffing position 
alone; further head extension is required to improve the glottic 
view [24]. To achieve the reference point in obese individuals 
is challenging. Studies done by Lee et al [42] and Lebowitz 
et al [43] stated that ramped position had shown significant 
improvement in attaining glottic visualization. However, its 
significance in these studies is not exclusively studied in obese 
individuals. Although it is widely accepted in obese individu-
als, it is still controversial in analyzing the outcomes. More 
studies are required to investigate the ramp methods as stack-
ing and removing the blankets in critical time constraints is 
challenging [44]. A recent study performed by Hasanin et al 
[23] stated that compared to the ramped position, the modified 
ramped position by using a unique pillow has shown a signifi-
cant correlation with Cormack and Lehane grade and shown 
the significant improvement in glottic visualization by reduc-
ing the amount of time to achieve it, and reduced the duration 
of intubation which can eventually improve the outcomes in 
the obese individuals.

Preoxygenation and optimal medication dosing

Preoxygenation

As obese patients have existing lung function changes such 
that they have a low functional residual capacity and are more 
prone to desaturation episodes, preoxygenation is a critical ele-

ment to prevent the desaturation episodes in obese individuals 
[45]. When preoxygenation is performed in the semi-upright 
position, it has shown some significant benefits in obese pa-
tients [46]. The occurrence of desaturation depends on the 
length of the preoxygenation and the patient oxygen consump-
tion and residual pool of oxygen in obese patients. Studies 
have shown that passive oxygenation with nasal cannula while 
performing the laryngoscopy can prevent the immediate oc-
currence of desaturation episodes [47].

Optimal medication dosing

The principle behind using induction drugs is to attain a rapid 
onset of action and minimal fat solubility. The entire pharma-
codynamics and kinetics of each drug are beyond the scope of 
this review. As obese patients are more prone to certain drug 
sensitivity and can land up in respiratory depression regard-
less of the technique chosen, certain drugs such as anxiolytics 
(benzodiazepines), opioids are used in caution. As for tailoring, 
the dosages depend on the lean and the total body weight. For 
instance, most benzodiazepines are tailored according to the 
total body weight. In contrast, the propofol is tailored accord-
ing to the lean body weight [25], and neuromuscular blocking 
agent (NMBA) is dosed up on using ideal body weight except 
for succinylcholine. Therefore, following the evidence-based 
dosing regimens when performing the traditional intubation is 
highly recommended for the best possible outcomes.

Altered airway anatomy

Despite all the predictors’ significance, they often underesti-
mate the challenges, and there can be some unknown diffi-
culties while attaining an airway in obese individuals. Obese 
patients have physiologic changes not only in their external 
airway anatomy but also in their oropharynx and larynx. It is 
worth noting that airway problems in obese patients are higher 
in individuals with obstructive sleep apnea (OSA) than those 
with high BMI. OSA individuals have shown higher rates of 
airway collapsibility under sleep and anesthesia [26]. Litera-
ture has shown that the distribution of body fat plays a vital 
role in predicting airway changes. For instance, android base 
fat distribution (central fat distribution) positively correlates 
with changes in the airway, which can lead to a difficult airway 
than that of a specific BMI value itself [27].

Imaging studies such as magnetic resonance imaging 
(MRI) and ultrasound of the neck have shown that increased 
parapharyngeal wall thickness with other structures, includ-
ing tongue, uvula, tonsillar pillars, and tonsils, has a narrow 
pharyngeal inlet and can lead to limited mobility of pharyngeal 
structures while maneuvering for laryngoscopy [28], whereas 
occipital deposition has shown to have restricted ramp posi-
tion of the individual. It is crucial to note that airway anatomy 
can play a role in positioning the patient for intubation. As the 
external factors can give a tinge of predictability for difficult 
airways, it is still worth considering the risk factor and prepar-
ing for an alternative intubation procedure.
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Considering appropriate laryngoscopy device

Choosing an appropriate laryngoscopy device that can give 
optimal glottic visualization is essential in attaining successful 
intubation. Each type of device has its advantages. The princi-
pal in choosing the laryngoscopic device is to ease the intuba-
tion with fewer attempts in a short amount of time with a more 
precise glottic view. According to the study done by Yumul 
et al [20] in 120 obese adults with BMI > 30, they compared 
all three video laryngoscopy devices with standard Macintosh 
devices. The study showed that Video Mac demonstrated sig-
nificant benefits compared to Glidescope and McGrath video 
laryngoscopes.

Video Mac showed the following significant benefits: 1) 
reduction in time to visualize the glottis; 2) successful place-
ment of the endotracheal tube; 3) reduced number of intuba-
tion attempts; 4) reduced use of other ancillary devices; 5) 
reduced time required for confirmation of intubation by meas-
uring end-tidal CO2.

The survey done by Cierniak et al [5] revealed that 80% of 
obese individuals were easy to intubate. Still, the individuals 
with difficult airways have had complications due to more in-
tubation attempts than the actual difficult airway. Conversely, 
the study done by Yakushiji et al revealed that as BMI increas-
es, there was a linear relationship with failed first attempt in-
tubation, so it is worth it that proper positioning of the patient 
and choosing an appropriate laryngoscopy device which can 
reduce the number of attempts will reduce the complications 
[18].

Applied skills

Apart from the patient factors, there are other factors to con-
sider, such as applied skills which infer adequate medical 
knowledge in handling the difficult airways and intubations. 
As it is an invasive procedure and tough to practice in a real 
clinical scenario, some studies stated that having a continuous 
stimulatory workshop on handling the difficult airways might 
enhance the trainee experience. Despite the generalized skills 
such as having a quick decision-making capacity, leadership, 
and team collaboration which are essential to achieve the best 
possible outcomes, further research is required to prove that 
having these skills can enhance patient outcomes.

Limitations

Our study is limited to elective traditional intubation scenarios 
and did not include any information about rapid or delayed se-
quence and awake intubation scenarios. It is focused on preop-
erative considerations and risk factors only in elective surger-
ies but not focused on emergency intubation scenarios, head 
and neck malignancies, facial abnormalities, severe psychiat-
ric disorders, details of medication dosing, pregnant women, 
pediatric populations, gender-based differences, differences in 
trainee’s applied skills. Also, our study did not focus on dif-
ferentiating the advantages and disadvantages of commercially 

available head elevation pillows, different types of endotra-
cheal tubes, different types of laryngoscopy devices available 
instead, patient demographics and their ASA influence on the 
difficult airway or difficult intubation. We focused on general-
ized benefit of achieving the appropriate positioning and usage 
of Video Mac devices.

Conclusions

Most obese patients are easy to intubate. A certain subgroup 
of patients is more prone to the difficult airway. They tend to 
have quick desaturation episodes due to the restrictive pattern 
of the lung with low functional residual capacity. Delayed in-
tubation in such patients may lead to hypoxemic injuries such 
as cerebrovascular accidents and myocardial injuries, leading 
to perioperative morbidity and mortality. Extensive workup 
and high predictability of bedside tests are required to pre-
vent such events and handle the difficult airway. It is noticed 
that current bedside tests have no perfect reliability, and the 
study results are convincing with previous studies stating that 
there is no single best predictor for difficult airways. There 
have been conflicting results with each independent predictor, 
as significant inter-observer variability is noted. Our review 
has concluded that BMI itself is not a sole independent pre-
dictor, as literature has shown that reducing BMI has reduced 
Mallampati class but not in laryngoscopy grade. Even though 
SMD has a more predictable value, a combination of preopera-
tive predictors while assessing the patient’s airway has shown 
significant improvement in predictability and validity of the 
bedside tests in the anticipated difficult airway. Therefore, we 
highly recommend the combination of tests to improve the 
management of the difficult airway.

Although further research is required to demonstrate the 
correlation between intubation attempts and patients’ out-
comes, the most important causative factor for intubation-
related adverse events is shown by the number of intubation 
attempts. Considering the intraoperative settings, every ele-
ment right from the patient’s positioning to intubation has its 
importance. Appropriate positioning of the patient, adequate 
preoxygenation, and choosing the right laryngoscopy device 
can improve the glottic visualization within the required 
time and eventually reduce intubation attempts. Irrespec-
tive of patient-centered factors, trainees’ skills also play a 
significant role in improving patients’ outcomes. Our study 
recommends that frequent simulation training with team col-
laboration might improve the handling of difficult airway 
emergencies. Our study suggests further research into the 
newer predictors for underlying risks such as IML, neck 
ultrasound, the influence of pre-intubation checklists, team 
collaboration, and trainees’ applied skills can help draw op-
timal difficult airway management protocols in the high-risk 
populations.
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