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Failure to secure a patient's airway can cause severe and long-lasting consequences, including death.
Indeed, failed airway management is a leading cause of legal claims in the ﬁeld of anesthesiology.
Anticipating and preparing for difﬁculty in airway management is crucial to avoiding airway catastrophes. Many of the traditional methods for predicting a difﬁcult airway have low sensitivity and speciﬁcity, but prediction models and adjuncts to traditional methods of airway evaluation are being
researched extensively. This article reviews airway assessment approaches, including the use of newer
airway assessment models and imaging, and emphasizes the need for involvement of multiple disciplines to improve airway safety.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction
The deﬁnition of a difﬁcult airway varies greatly in the literature.
The American Society of Anesthesiology's (ASA) Difﬁcult Airway
Guidelines deﬁne a difﬁcult airway as one in which “a conventionally trained anesthesiologist experiences difﬁculty with facemask ventilation of the upper airway, difﬁculty with tracheal
intubation, or both”.1 Failed airway management can lead to rapid
deterioration of oxygenation and ventilation and devastating consequences such as brain injury and death. The ASA Closed Claims
database revealed that airway events account for 34% of all claims
and that difﬁcult intubation has been the most common damaging
event in anesthesia claims since the 1990s.2,3 Adequate preoperative airway planning, including speciﬁc techniques and equipment
tailored to each speciﬁc patient, can play an important role in
decreasing the risks associated with difﬁcult airway management.
A thorough review of the patient's medical history, comorbid
conditions, and prior anesthetics is imperative for creating an
airway-management plan. Speciﬁc airway assessment tools, especially when used in combination, can help in predicting difﬁcult
airway anatomy. In addition, especially in non-emergent situations,
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the use of imaging studies such as endoscopy and bedside ultrasound may improve the efﬁcacy of existing prediction tools.

2. Predictors of difﬁcult airway
2.1. Bedside airway assessment
When possible, anesthesia providers should perform a targeted
history and physical examination of patients preoperatively.
Anesthesia records should be reviewed, prior difﬁcult airway
should be noted as a risk factor,4 and, if available, techniques used
for previous airway management should be reviewed. Close
attention should be paid to medical diagnoses, including laryngeal
and mediastinal pathologies, as well as other diagnoses that have
been associated with the difﬁcult airway (Table 1).5 In addition,
several speciﬁc tests have been recommended to help predict
difﬁcult intubation (Table 2).

2.1.1. Overall appearance
The patient should then be assessed for physical signs of difﬁcult
mask ventilation and intubation. The assessment should begin with
a look at the patient's general appearance. Any abnormal head and
neck appearance, including masses, evidence of trauma such as
lacerations, fractures and bleeding, or presence of a cervical collar
should be noted and may alert the provider to possible difﬁculty.
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Class I: Soft palate, uvula, fauces, and tonsillar pillars are visible.
Class II: Soft palate, uvula, and fauces are visible.
Class III: Soft palate and base of uvula are visible.
Class IV: Hard palate is visible.

Table 1
Disease states associated with difﬁcult airway management.
Congenital

Acquired

PierreeRobin syndrome
TreachereCollins syndrome
Goldenhar's syndrome
Mucopolysaccharidoses
Achondroplasia
Micrognathia
Down's syndrome

Morbid obesity
Acromegaly
Infections involving the airway (Ludwig's Angina)
Rheumatoid arthritis
Ankylosing spondylitis
Tumors involving the airway
Trauma (airway, cervical spine)

Table 2
Predictors of difﬁcult intubation.
Risk factor

References

Mallampati class

Tse,16 Arne,4 Naguib,8 Iohom,17 El-Ganzouri,12
Langeron15
Tse,16 Wilson,7 Arne4
Wilson,7 Karkouti,18 Langeron15
Tse,16 Arne,4 Naguib,8 Iohom,17 Langeron15
Iohom17
Khan19
Wilson,7 Naguib8
Arne4
Arne4

Head and neck movement
Mouth opening
Thyromental distance
Sternomental distance
Upper lip bite test
Prominent ”buck” teeth
Inter-incisor distance
Mandible luxation
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2.1.2. Mouth opening
The extent of mouth opening can be used to estimate ease of
access to the larynx as well as mobility of the temporomandibular
joint. A mouth opening of 4 cm has been identiﬁed as a risk factor
for difﬁcult intubation.6 Examination of the mouth also allows for
assessment of dentition. Dentures or loose teeth may be at risk for
dislodgement during intubation. Prominent teeth may make
placement of laryngoscope blades for direct laryngoscopy more
challenging.7,8

2.1.3. Mallampati class
Subsequently, the size of the tongue relative to the pharyngeal
space should be examined. This exam focuses on both mouth
opening and the visibility of the pharyngeal space.9 In his ﬁrst
description of the exam, Dr. Mallampati designated three classes for
visualization of the uvula, tonsillar pillars, and palate. Samsoon and
Young added a fourth class and linked higher Mallampati scores (III
and IV) to higher (more difﬁcult) CormackeLehane grades of
laryngoscopy and difﬁcult intubation (Fig. 1).9,10 The four classes as
they are now used are as follows:

A meta-analysis of the predictability of the Mallampati tests
shows a good discriminatory power of the modiﬁed Mallampati
score for difﬁcult direct laryngoscopy (ROC 0.89 ± 0.05) and intubation (0.83 ± 0.03) but poor power for predicting difﬁcult
ventilation.11
2.1.4. Thyromental distance
Thyromental distance is the distance between the chin and the
thyroid cartilage (measured in ﬁnger breadths or cm). This exam
can be used to assess mandibular space and compliance and to
predict the ease of tongue displacement during direct laryngoscopy. Patients with micrognathia (abnormally small mandible) or
retrognathia (abnormally posterior mandible relative to other facial
structures) will be expected to have short thyromental distances.
Measurements less than 6 cm, especially coupled with higher
Mallampati classes, have been associated with higher odds of
difﬁcult intubation.12
2.1.5. Neck range of motion
Good neck mobility with normal ﬂexion and extension allows
the anesthesia provider to manipulate the neck and enhance view
on direct laryngoscopy. The extent of neck mobility, evidence of
prior neck surgery, and pain and/or neurologic symptoms upon
movement should be assessed. A retrospective review of >14,000
patients identiﬁed decreased cervical spine motion as an independent risk factor for difﬁcult mask ventilation, direct laryngoscopy, and intubation.13
2.1.6. Combining prediction assessments
These physical exam ﬁndings and a myriad of others have poor
predictive values when used alone. A meta-analysis published by
Shiga et al.14 conﬁrmed that individual ﬁndings lack good
discriminatory power but suggested that prediction is improved
when ﬁndings are used in combination. Efforts have been made to
develop prediction tools that use different combinations of the
airway exam. Wilson et al.7 developed a risk score using ﬁve risk
factors (weight, head and neck movement, jaw movement,
receding mandible, buck teeth) that had reasonable sensitivity but
also high false-positive values. El-Ganzouri et al.12 studied over
10,000 patients and identiﬁed seven risk factors for difﬁcult intubation (mouth opening, thyromental distance, Mallampati class,
neck movement, inability to extend the lower jaw, body weight,

Fig. 1. Mallampati classes.
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3. Preoperative airway imaging

conﬁrmation of endotracheal tube placement. It is a quick and
noninvasive tool. Multiple structures, including the tongue,
oropharynx, hypopharynx, hyoid bone, and epiglottis, are well
visualized on ultrasound, even if they are not identiﬁable by
palpation. The larynx especially, because of its superﬁcial structure,
is better visualized on ultrasound than on computed tomography or
magnetic resonance images, and the hypoechoic vocal cords can be
seen outlined by the vocal ligaments.27 (Fig. 2) Preoperative ultrasound can be used to identify airway pathology, landmarks for the
performance of airway blocks, and the location of the cricothyroid
membrane prior to airway management in patients with suspected
airway difﬁculty.28
In a pilot study of adult patients undergoing elective surgery,
preoperative ultrasonography measurements of anterior neck tissue at the level of the thyrohyoid membrane and hyoid bone were
higher in patients with difﬁcult airway than in those without
difﬁcult airway. Surprisingly, this measurement did not correlate
with clinical predictive tools, suggesting that anterior neck measurements can help clinicians to identify patients with difﬁcult
airway anatomy when traditional clinical assessments are
inadequate.29
Results from another small study of obese patients that
compared ultrasonographic measurements of hyomental distance
with the head in neutral versus hyperextended positions suggested
that hyomental distance ratios of <1.1 were more predictive of a
difﬁcult airway than those >1.1.30 Ezri et al.31 was able to successfully predict difﬁcult laryngoscopy by using pretracheal soft tissue
measurements in obese patients, although other studies have not
been able to replicate these predictive results.32 Ezri found that the
distance from the skin to the trachea, measured at the level of the
vocal cords, was greater in obese patients with difﬁcult laryngoscopy. Although more research is needed, some of the initial studies
show promising results for the use of ultrasonography in the
diagnosis and planning of a difﬁcult airway.

3.1. Perioperative endoscopic airway evaluation

3.3. Other imaging modalities

Preoperative endoscopic airway evaluation (PEAE) has been
described recently for assessing the airway of patients with suspected or known airway pathology. The aim is to determine the
extent to which airway lesions, which are not easily identiﬁed on
routine airway examination, will inﬂuence the strategy for airway
management. In a cohort of 138 patients presenting for a variety of
airway procedures, the use of PEAE as an adjunctive airway
assessment caused anesthesiologists to change their airway strategy in 26% of cases to one that was different from the strategy
suggested by airway assessment alone.26

Diagnostic imaging, especially of the head, neck, or thorax, may
provide valuable information about a patient's airway anatomy and
potential pathologies. Cervical spine X-ray ﬁlms may reveal cervical
spine fractures, signiﬁcant spondylosis, or inﬂammatory arthropathies that can potentially make routine intubation techniques more
challenging.33,34 A CT scan or MRI of the neck can reveal pathologies
such as thyroid masses, vascular rings, congenital stenosis, or tracheomalacia that may distort the normal tracheal anatomy and
affect intubation strategies (Fig 5).

3.2. Airway ultrasound

4. Special patient populations

The role of ultrasonography has greatly expanded over the years.
Ultrasonography is now being used for airway assessment and for

4.1. The obese patient

and positive history of difﬁcult intubation). A multivariate analysis
model of different risk factors was used to form predictive risk
index scores that had better accuracy than the Mallampati scores
alone for predicting difﬁcult intubation scenarios. Langeron et al.15
developed a comprehensive, computer-based prediction model in
adult patients using variables that included Mallampati class,
mouth opening, thyromental distance, body mass index, and
presence of a receding mandible. With this computer model, they
were able to use combinations of bedside airway assessment
values, taking into account the complex interactions between them,
to reasonably predict patients with low, intermediate, and high risk
for intubation. Their model had a reasonable prediction of airway
risk (ROC 0.86, 95% CI: 0.84e0.91, p < 0.001) and accuracy that was
superior to that of other, more simpliﬁed scoring systems.
2.2. Predictors of difﬁcult mask ventilation
Mask ventilation is arguably the most important skill of an
anesthesia provider, but the ability to ventilate an anesthetized
patient can be very difﬁcult, even for the most experienced anesthesiologist. Difﬁcult facemask ventilation is described as the
inability to provide adequate ventilation because of one or more of
the following problems: inadequate mask seal, excessive gas leak,
or excessive resistance to the ingress or egress of gas.20 A large
prospective study by Langeron et al.21 identiﬁed ﬁve risk factors
that are predictive of difﬁculty with mask ventilation. The presence
of at least two of the following factorsdhistory of snoring, age
(greater than 50, BMI 26), beard, and edentulous statedpredicted
difﬁcult mask ventilation with a 72% sensitivity and 73% speciﬁcity.
Other suggested anatomical risk factors for difﬁcult mask ventilation include Mallampati class III or IV, limited mandibular protrusion, male gender, and the presence of an airway mass (Table 3).22

Table 3
Predictors of difﬁcult mask ventilation.
Risk factor

References

Increased BMI
History of snoring/sleep apnea
Lack of teeth
Age greater than 55 years
Mallampati III or IV
Limited mandibular protrusion test
Male gender
Airway masses/tumors

Langeron,21 Yildiz,23 Kheterpal24
Langeron,21 Kheterpal,24
Langeron21
Langeron,21 Yildiz,23 Kheterpal24
Yildiz,23 Kheterpal24
Kheterpal24
Yildiz23
Moorthy25

BMI ¼ body mass index.

Obesity is a global epidemic that deserves special attention.
Nearly 35% of American adults are considered obese,35 which is
deﬁned by the World Health Organization as a BMI >30 kg/m2.36
Obese patients present with a unique set of challenges for perioperative care. They have low residual volumes and decreased functional residual capacity; therefore they have low respiratory
reserves to meet the demands of their increased minute ventilation. Some evidence suggests that obese patients have an increased
incidence of difﬁcult airway management, although this idea is
highly debated. Langeron et al.21 found high BMI (>26 kg/m2) and
obstructive sleep apnea (OSA), which is common in obese patients,
to be risk factors of difﬁcult mask ventilation. In addition, 30% of
those patients were also difﬁcult to intubate.
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Fig. 2. Vocal cords identiﬁed by ultrasound, courtesy of David Wong, MD, University of Toronto.

On the validated Intubation Difﬁculty Scale (IDS), difﬁculty with
intubation is deﬁned as a score  5. Juvin et al.37 found that the IDS
score was statistically signiﬁcantly higher in obese patients
(BMI  35 kg/m2) than in lean patients (BMI < 30 kg/m2)d15% vs.
2.2%. Similar ﬁndings were reported by Gonzalez et al.,38 who
showed that BMI 30 kg/m2 and large neck circumference were
independently associated with difﬁcult intubation. A meta-analysis
by Shiga et al.14 revealed that the incidence of difﬁcult intubation
was 15.8% in obese patients (BMI  30 kg m2) but only 5.8% in the
non-obese population.
However, other studies suggest that obesity is not a risk factor
for difﬁcult airway management. Neligan et al.39 studied 180
morbidly obese patients (BMI  40 kg/m2) undergoing elective
surgery and did not ﬁnd an association between difﬁcult airway

and BMI, neck circumference, or OSA. Brodsky et al.40 looked at 100
morbidly obese patients (BMI  40 kg/m2) and also found no association between BMI and difﬁculty with intubation.
Although the literature is equivocal, the presence of obesity
along with other ﬁndings, such as higher Mallampati scores and
OSA, should raise concern for potential difﬁcult airway. In particular, patients with central obesity (higher fat distribution around
abdominal and visceral organs) are at higher risk for OSA, cardiovascular disease, and overall mortality than are patients with peripheral obesity.41e43 Patients can be screened for OSA with the
STOP BANG questionnaire (Fig 3), a validated tool that has high
sensitivity and speciﬁcity. Chung et al.44 reported that a score of 3
on the STOP BANG questionnaire can predict OSA with sensitivities
of 93% and 100% for moderate and severe OSA, respectively.

Fig. 3. STOP BANG assessment for obstructive sleep apnea.
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Fig. 4. MACOCHA scores for predicting difﬁcult airway in critically ill patients. Scores of 3 predicted difﬁcult airway with good sensitivity and speciﬁcity.

This patient cohort may beneﬁt from additional preparation
before airway management, such as appropriate positioning and
additional time for pre-oxygenation. Several studies have suggested that a ramped position (head and shoulders are elevated,
bringing the external auditory meatus to the same level as the
sternum) will facilitate intubation (Fig. 6) and improve preoxygenation.45e47
4.2. The pregnant patient
Pregnant women are at eight times higher risk of having a
difﬁcult airway than are patients in the average surgical population.10 Difﬁcult intubation and esophageal intubation have been

reported as leading causes of anesthesia-related obstetric complications.48,49 Pregnant patients present many special challenges
with regard to airway management. They are considered to have
“full stomachs,” and most general anesthetics in obstetrics are
emergent in nature. In addition, pregnant women undergo
anatomical and physiologic changes that make the airway more
challenging. Increased airway edema, larger breasts, increased oxygen consumption, and decreased functional residual capacity all
present challenges to airway management.50e52
Because more than 30% of infants in the United States are
delivered via cesarean section,53 anesthesiologists should be well
aware of the peculiarities associated with the airway of pregnant
women. The Mallampati class has been described to have good
predictability during pregnancy. A study of 242 patients with
photographic recordings of their Mallampati scores at 26 weeks of
pregnancy showed an increase of 34% in the number of class IV
ratings.54 Anesthesia providers should evaluate laboring pregnant
women for regional anesthesia and airway difﬁculty early in the
delivery period to decrease the need for general anesthesia and
risks of airway instrumentation if urgent cesarean section is
needed. Adequate and functional equipment should be ready in the
event of difﬁculty, with multiple back-up airway device options
available as alternatives. Additional providers should be available
whenever possible to provide assistance for rapidly and safely
securing the airway. Careful positioning of the patient into a sniff
position improves alignment of the oral, pharyngeal, and laryngeal
axes and thus visualization of the airway. Some studies suggest that
obese pregnant patients are likely to beneﬁt from a ramped
position.45,55
4.3. The trauma patient

Fig. 5. CT scan external rendering showing tracheal narrowing. Courtesy of David
FellereKopman, MD.

Airway management can be extremely challenging in the
trauma patient. The emergent nature of most surgical procedures,
the presence of a full stomach, and the possibility of active
oropharyngeal bleeding put these patients at high risk for intubation. Depressed level of consciousness, intoxication, or a combative
state may make assessment of airway anatomy via traditional
means quite difﬁcult. In addition, many trauma patients are
assumed to have unstable cervical spines prior to radiologic
assessment and present in a cervical collar. This uncertainty about
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Fig. 6. Ramped position for intubation in which the external auditory meatus is aligned with the sternum (Courtesy of airpal).

spinal mobility limits both airway assessment and optimization of
patient position for laryngoscopy and intubation.
The LEMON pneumonic (Table 4) is recommended as a tool to
assess trauma patients. It is quick and simple to use, thereby
enabling rapid assessment of patients for whom attaining a
deﬁnitive airway is urgent and imperative. A study by Reed et al.56
demonstrated that this tool can be used successfully to stratify
patients at high risk for difﬁcult intubation in the emergency
department. Patients with a LEMON score of 3 or higher were found
to have a higher incidence of difﬁcult intubation. In addition, the
presence of large incisors, a reduced inter-incisor distance, and a
reduced thyroid-to-ﬂoor-of-mouth distance were correlated
(p < 0.005) with difﬁculty.
4.4. The critically ill patient
The incidence of difﬁcult intubation is higher in patients in the
Intensive Care Unit (ICU) than in patients in other settings. Some
studies have reported rates as high as 23% among ICU patients,
compared to about 1e4% in the general surgical patient population.57e59 Because the underlying physiologic reserve is poor,
airway events are poorly tolerated by these patients and are associated with very high complication rates.60,61 The Fourth National
Audit Project (NAP4) published by the Difﬁcult Airway Society
found a signiﬁcantly higher incidence of airway-related complications in ICU patients. The NAP4 study also found that inadequate
equipment, lack of capnography, and delayed recognition of high-

Table 4
LEMON airway assessment.
Assessment
Look

Description

Examine for gross abnormalities or lesions, trauma,
large tongue
Evaluate 3e3e2 rule Inter-incisor distance (<3 ﬁnger breaths)
Hyoid-mental distance (<3 ﬁnger breaths)
Thyroid-ﬂoor-of-the-mouth distance (<2 ﬁnger breaths)
Mouth opening
Assess Mallampati class (>3)
Obstruction
Conditions that can cause obstructions such as
epiglottitis, peritonsillar abscesses
Neck mobility
Presence of hard collar, inability to extend neck

risk patients was associated with airway-related adverse
events.62,63 Unfortunately, many scenarios in the ICU preclude a
good airway assessment. Patients often have depressed mental
status and therefore are not able to follow commands for an airway
examination. In addition, the need to secure the airway is often
urgent. De Jong et al.61 identiﬁed a scoring system known as the
MACOCHA score from a prospective multicenter study of 1000
consecutive intubations in 42 ICUs. MACOCHA scores (Mallampati
Score III or IV, Apnea, Cervical spine limitation, Opening mouth
<3 cm, Hypoxia, Anesthesiology non-trained) are seven simple
variables that discriminate well between difﬁcult and non-difﬁcult
intubations in the ICU (Fig. 4). In results from the initial study
cohort, the area under the curve (AUC) was 0.89, and the 95%
conﬁdence interval was 0.85e0.94. When applied to a validation
cohort, AUC was 0.86, 95% conﬁdence interval was 0.76e0.96,
sensitivity was 73%, and speciﬁcity was 89%. The negative predictive value was 98%, but the positive predictive value was lower at
36%, which the authors attributed to the low incidence of difﬁcult
intubation (8%) in the validation cohort. In addition to the patient
factors, this tool uses factors related to severity of illness, including
degree of hypoxemia, which decreases time to oxygen desaturation,
and the presence of coma, which can result in increased secretions
and poor visualization. Emphasis should be on optimizing the
intubating environment as much as possibledcapnography, alternate airway equipment, and additional provider support should be
immediately available.
5. A systematic approach to airway management
The involvement of multidisciplinary teams can lead to earlier
identiﬁcation of high-risk patients and allow for advance planning
of airway management, potentially reducing complications associated with difﬁcult airways. Surgeons, endoscopists, intensivists,
and other proceduralists who have early contact with patients
should be familiar with the predictors of a difﬁcult airway. Early
identiﬁcation of such patients will aid in planning for appropriate
airway equipment and strategies. Many hospitals have preoperative
evaluation clinics to which such patients can be referred for airway
and other anesthesia-related consultations. In addition, wider use
of national difﬁcult airway registries, such as the MedicAlert
Foundation (www.medicalert.org), can help track patients with
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known history of difﬁcult airway management and alert future
airway providers.64 Routine use of checklists, such as the WHO safe
surgery checklist, can also help to identify patients in the immediate perioperative period and decrease perioperative complications.65 Early identiﬁcation of patients at risk also provides for the
opportunity to discuss and prepare the patient for difﬁcult airway
management.
6. Summary
The ASA recently updated the Practice Guidelines for Management of the Difﬁcult Airway. The new guidelines continue to
emphasize the need for directed history and physical exam.
Adjunctive diagnostic imaging is recommended in speciﬁc patient
populations as guided by initial history and physical examination
ﬁndings.20 Numerous difﬁcult-airway prediction tools exist, but
providers must appreciate their limitations in predicting this rare
outcome.66,67 Given these limitations, adequate preparation with
functional equipment and alternative plans must accompany airway
assessment for individual patients. Additionally, because of the
unusual factors associated with these cases, airway scenarios
outside the operating rooms must be given special attention. Perioperative providers from multiple disciplines should be involved in
early identiﬁcation and referral of patients with difﬁcult airway
history or signs.
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