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Management of the airway is paramount to safe perioperative care. A
series of evaluation procedures favorably affects outcomes.
The anatomically complex airway undergoes growth and development,
including significant changes in its size, shape, and relation to the
cervical spine, from infancy into childhood.
The advent of the laryngeal mask airway, as well as other supraglottic
airways, has revolutionized both routine and emergency airway
management.
Airway management always begins with a thorough airway-relevant
1901

5
6
7

8
9
10
11
12
13

history and physical examination.
Preoxygenation (also commonly termed denitrogenation) should be
practiced in all cases when time allows.
The goal of direct laryngoscopy is to produce a direct line of sight from
the operator’s eye to the larynx.
Videolaryngoscopy mimics the actions of direct laryngoscopy, but places
an imaging device toward the distal end of the laryngoscope blade. This
moves the provider’s point of view past the tongue, avoiding the need
for a direct line of sight to the glottis.
The technique of rapid-sequence induction is performed to gain control of
the airway in the shortest period of time after the ablation of protective
airway reflexes with the induction of anesthesia.
The period of extubation may be far more treacherous than that of
induction of anesthesia and tracheal intubation.
In most instances, awake intubation can be accomplished successfully if
approached with care and patience.
Awake airway management remains a mainstay of the American Society
of Anesthesiologists’ difficult airway algorithm.
An ever-increasing number of airway management devices are
commercially available.
When intubation and mask and SGA ventilation fail, airway access via the
extrathoracic trachea may be warranted.

Perspectives on Airway Management
In the nearly three decades since the publication of the first edition of this
text, the field of airway management has undergone a vigorous revolution.
Although many of the tools available in 1988 remain in use, the array of
devices, algorithms, and pharmaceuticals in the modern airway
armamentarium can be daunting. Fortunately, careful planning and expertise
in a limited, albeit complementary, set of tools typically suffices. The final
decade of the last century saw a resolute swing toward the application of
supraglottic ventilation. More recently, the introduction of videolaryngoscopy
(VL) has offered us yet another quantum leap that promises to address many
of the failings of direct laryngoscopy, a technique that has been in use for
more than 200 years.
Along with offering the provider better tools, technology has also aided in
the creation of large databases of airway-related records from which a wealth
of information can be collected retrospectively. With databases as large as 2.9
million anesthetics,1 we can begin to better understand the incidence of, and
contributing factors to, even rare airway events.
Techniques and practices in airway management have long been an
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important concern of anesthesia societies, as illustrated by the publication and
revision of various difficult airway guidelines.2,3 Analysis of the American
Society of Anesthesiologists’ (ASA) Closed Claims Database in the periods
before and after the 1993 publication of the ASA difficult airway guidelines
reveals both encouraging and disturbing trends. A significant decrease in
claims related to death/brain death at the induction of anesthesia is not
matched with similar progress during emergence and in the postoperative
period.4 Although the closed claims data is useful, it has significant
limitations, including its retrospective nature and the lack of a denominator.
Management of the airway is paramount to safe perioperative
care. Difficult and failed airway management account for 2.3% to 16.6%
of anesthetic deaths 5,6 and the following steps become necessary to favorably
affect outcome: (1) thorough airway history and physical examination; (2)
consideration of the ease of rapid tracheal intubation by direct or indirect
laryngoscopy; (3) preinduction formation of a management plan, which
includes the use of supraglottic ventilation (e.g., facemask supraglottic
airway [SGA]); (4) aspiration risk assessment; and (5) estimation of the
relative risk of failed airway maneuvers.7 This chapter will reflect the need to
consider these five factors when approaching any patient who requires or may
require airway control. This text will focus on routine and rescue airway
management techniques that are the fundamentals upon which all airway
management is based. Specialty-specific techniques (e.g., elective suspension
laryngoscopy) will not be addressed.

Review of Airway Anatomy
The term airway refers to the upper airway—consisting of the nasal and oral
cavities, pharynx, larynx, trachea, and principal bronchi. The airway in
humans is primarily a conducting pathway. Because the oroesophageal and
nasotracheal passages cross each other, anatomic and functional complexities
have evolved for protection of the sublaryngeal airway against aspiration of
food passing through the pharynx. As are other bodily systems, the airway is
not immune from the influence of genetic, nutritional, and hormonal factors.
The anatomically complex airway undergoes significant changes in
its size, shape, and relationship to the cervical spine from infancy
into childhood.8 Table 28-1 illustrates the anatomic differences in the larynx
of infants and adults.
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Table 28-1 Anatomic Differences between Infant and Adult Larynxes

Figure 28-1 The major landmarks of the airway mechanism. Note that the cricoid
cartilage is <1 cm in height in its anterior aspect, but may be 2 cm in height posteriorly.

The laryngeal skeleton consists of nine cartilages (three paired and three
unpaired); together, these house the vocal folds, which extend in an anterior–
posterior plane from the thyroid cartilage to the arytenoid cartilages. The
shield-shaped thyroid cartilage acts as the anterior “protective housing” of the
vocal mechanism (Fig. 28-1). Movements of the laryngeal structures are
controlled by two groups of muscles: the extrinsic muscles, which move the
larynx as a whole; and the intrinsic muscles, which move the various
cartilages in relation to one another. The larynx is innervated by the superior
and recurrent laryngeal nerves, which are branches of the vagus nerve.
Because the recurrent laryngeal nerves supply all of the intrinsic muscles of
the larynx (with the exception of cricothyroid muscle), trauma to these nerves
can result in vocal cord dysfunction. With unilateral recurrent laryngeal nerve
injury, hoarseness is the primary symptom, though the protective role of the
larynx in preventing aspiration may be compromised. Bilateral injury can
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result in complete airway obstruction due to fixed cord adduction and may be
a surgical emergency.
An important externally identifiable structure is the cricothyroid
membrane (CTM), which joins the superior aspect of the cricoid cartilage and
the inferior edge of the thyroid cartilage. In an adult, the membrane is
typically 8 to 12 mm in width and 10.4 to 13.7 mm in height and is composed
of a yellow elastic tissue that lies directly beneath the skin and a fascial layer.
It can be identified 1 to 1.5 fingerbreadths below the laryngeal prominence
(thyroid notch).9 The membrane has a central portion known as the conus
elasticus and two lateral thinner portions. Directly beneath the membrane is
the laryngeal mucosa. Because of anatomic variability in the course of veins
and arteries and the membrane’s proximity to the vocal folds (which may be
0.9 cm above the ligaments’ upper border), it is suggested that any incisions
or needle punctures to the CTM be made in its inferior third and be directed
posteriorly (a posterior probing needle will strike the back side of the ringshaped cricoid cartilage). Identification of an appropriate incision or puncture
site may be difficult. Campbell et al.10 found that, though 80% of
anesthesiologists were able to correctly identify the skin over the CTM in
males, this number fell to 30% in females. The ASA difficult airway guidelines
suggest that every patient be evaluated for difficult surgical airway.2 This
should lead to routine examination of laryngeal structures, including the
marking of surface anatomy, and the use of ultrasound identification,
especially in at-risk patients (Fig. 28-2).11

Figure 28-2 Ultrasound image of the cricothyroid membrane (CTM, midline sagittal).

At the base of the larynx, suspended by the underside of the CTM, is the
signet ring–shaped cricoid cartilage. This cartilage is approximately 1 cm in
height anteriorly, but almost 2 cm in height in its posterior aspect as it
extends in a cephalad direction (Fig. 28-1). The tracheal cartilages are
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interconnected by fibroelastic tissue, which allows for expansion of the
trachea in both length and diameter with inspiration/expiration and
flexion/extension of the thoracocervical spine. Inferiorly, the trachea is
suspended from the cricoid cartilage by the cricotracheal ligament.
The trachea measures approximately 15 cm in adults and is
circumferentially supported by 17 to 18 C-shaped cartilages, with a
membranous posterior aspect overlying the esophagus. In adults, the first
tracheal ring is anterior to the sixth cervical vertebra.
The trachea ends at the carina (opposite the fifth thoracic vertebra), where
it bifurcates into the principal bronchi. The right principal bronchus is larger
in diameter than the left and deviates from the sagittal plane of the trachea at
a less acute angle. For these reasons, aspirated materials, as well as a deeply
inserted endotracheal tube (ETT), tend to gain entry into the right principal
bronchus, although left-sided positioning cannot be excluded. Cartilaginous
ring support continues through the first seven generations of the bronchi.

History of Airway Management
Prior to 1874, mechanisms of airway obstruction were poorly understood.
Opening the mouth with a wooden screw and drawing the tongue forward
with a forceps or a steel-gloved finger was the height of nonsurgical airway
management.12 Not until 1880 was it recognized that most airway obstruction
resulted from the tongue falling against the posterior pharyngeal wall.
Though it is possible that similar devices were used toward the end of the
first millennium, the first use of a SGA is credited to Joseph Thomas Clover
(1825–1882), who used a nasopharyngeal tube for the delivery of chloroform
anesthesia.13 Over the next 50 years, several modifications of the basic
oropharyngeal airway were described. In the 1930s, Ralph Waters introduced
the now-familiar flattened tube oral airway. Arthur Guedel modified Waters’
concept by fitting his airway within a stiff rubber envelope in an attempt to
reduce mucosal trauma.
Tracheal intubation was first described in 1788 as a means of resuscitation
of the “apparently dead,”14 but was not used for the delivery of anesthesia
until almost 100 years later. The forerunner of the modern oral ETT was
designed by Joseph O’Dwyer in the 1880s. O’Dwyer cared for pediatric
patients
suffering
airway
obstruction
secondary
to
diphtherial
pseudomembrane formations. He was aware of the work of Emile Trousseau,
a French physician who reported having performed over 200 tracheostomies
in patients with diphtheria. O’Dwyer, hoping to provide his patients
nonsurgical relief from airway obstruction, designed brass tracheal tubes that
were placed in the larynx using blind digital intubation technique. Some 20
years later, German otolaryngologist Dr. Franz Kuhn (1866–1929) developed
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a flexometallic tube that resisted kinking and could be shaped to the patient’s
upper airway anatomy. Like O’Dwyer’s tubes, it was inserted using blind
digital technique. The patients were intubated awake and the hypopharynx
was sealed with oiled gauze packing.
Sir Ivan Magill and Stanley Rowbotham are credited with the initial
development of modern tracheal intubation. Performing anesthesia for
reconstructive facial surgery during World War I, they developed a two-tube
nasal system. One narrow tube (gum elastic design) was passed through the
nares and guided into the larynx using a surgical laryngoscope. The other tube
was blindly passed into the pharynx to provide for the escape of gases. During
use of this “Magill” tube, the exhaust lumen would occasionally pass blindly
into the larynx, leading Sir Ivan to describe “blind nasal intubation.”15
Cuffed SGAs were initially described in the early part of the 20th century.
Three factors led to the development of these devices: (1) the introduction of
cyclopropane (which was explosive and required an airtight circuit for
appropriate gas containment), (2) appreciation that blind and laryngoscopeguided tracheal intubation remained a difficult task, and (3) a need for
protection of the lower airway from blood and surgical debris in the upper
airway.13 The Primrose cuffed oropharyngeal tube, the Shipway airway (a
Guedel oropharyngeal airway fitted with a cuff and a circuit connector
designed by Sir Ivan Magill), and the Lessinger airway were predecessors of
the modern supraglottic devices. In 1937, Leech introduced a “pharyngeal
bulb gasway” with a noninflatable cuff that fit snugly into the hypopharynx.
The use of SGAs remained dominant until the introduction of curare in
1942, and the mass training of anesthesiologists in tracheal intubation in
anticipation of casualties during World War II. The description by
Mendelson16 of gastric-content aspiration in parturients managed with a mask
airway (66 of 44,016 patients, with 2 deaths) furthered the shift toward
tracheal intubation in most surgical procedures. Within a few years,
proficiency in direct laryngoscopy and tracheal intubation became a mark of
professionalism. The advent of succinylcholine in 1951 furthered the
dominance of tracheal intubation by providing rapid and profound muscle
relaxation.
By 1981, two types of airway management prevailed—tracheal intubation
and facemask ventilation with or without a Guedel airway. Although timetested, both had failings. Tracheal intubation was associated with dental and
soft tissue injury as well as cardiovascular stimulation, and mask ventilation
often required a prolonged hands-on-the-airway technique. These difficulties
led to the reconsideration of SGAs.
The advent of the laryngeal mask airway (LMA) and other SGAs
revolutionized both routine and emergency airway management. In 1981,
Dr. Archie Brain conceived the idea of fitting a mask-like structure over
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the larynx. The motivation behind his early concepts and the evolution of his
designs was the belief that airway control could be achieved less
traumatically than with tracheal intubation and more reliably than with
facemask ventilation. The first prototypes of the LMA were built from the
Goldman dental mask, fitted with a tracheal tube. The LMA Classic (Teleflex,
Research Triangle Park, NC) was introduced into practice in the United
Kingdom in 1989 and approved by the U.S. Food and Drug Administration in
1991. The variety of advanced models that followed (e.g., with intubation
and gastric drainage capabilities) will be discussed later in this chapter. With
the expiration of the early patents and the introduction of other design
concepts (e.g., non-inflatable masks), several additional devices applying the
supraglottic concept were introduced.
Parallel to the development of SGAs, the concept of indirect laryngoscopy
was increasingly being considered. Although fiberoptic devices were applied
to the problem of difficult tracheal intubation in the late 1960s, this
technology was expensive and required a unique skill set. It was not until the
late 1980s, when the technology became readily available, that skill in
flexible fiberoptic airway management was considered critical to safe
practice.17 Bullard introduced the use of a fiberoptic bundle to the rigid
laryngoscope. The Bullard laryngoscope (ACMI/Circon, Southborough, MA)
incorporated optical and light-transmitting fiberoptic bundles into an
anatomically shaped blade. A detachable stylet held the tracheal tube near the
optic objective, which could be placed proximal to the larynx with minimal
movement of the head and neck. Though less commonly used today, the
Bullard laryngoscope can be considered the vanguard of the modern
videolaryngoscopes and optical and video stylets.18 Fiberoptic elements were
also incorporated into standard laryngoscope blades, such as the Storz VideoMacintosh blade (Karl Storz, Tuttlingen, Germany), which was developed by
Dr. George Berci, an endoscopic surgery pioneer.
In the first years of the 21st century, the era of VL was born with the
advent of inexpensive and miniaturized light-sensitive computer chip devices
(e.g., complementary metal-oxide-semiconductors or CMOS). The Glidescope
(Verathon, Bothell, WA) was the first of a generation of devices to use CMOS
technology to visualize the larynx indirectly. The Glidescope’s acutely angled
blade placed the clinician’s point of vision around the base of the tongue,
obviating the need to establish a direct line of sight from the operator’s eye to
the larynx. Difficulty in placement of the ETT quickly led to the introduction
of both specialized stylets and channeled-type laryngoscopes. Each of these
advents will be discussed within this chapter.

Limitations of Patient History and Physical Examination
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Airway management always begins with a thorough airway-relevant
history and physical examination, including a search for documentation
of previous airway-related anesthetic events. When a patient requires more
than routine care (anticipated or unanticipated), the patient should be made
aware of diagnostic evaluations and therapeutic interventions that were
employed. It is becoming common practice for a dedicated “difficult airway
note” to be incorporated into electronic medical records and for a “difficult
airway letter” to be given to, and reviewed with, patients and their families,
describing critical and nonanticipated airway events. The patient may also be
referred to difficult airway registries, such as the MedicAlert
(http://www.medicalert.org/everybody/difficult-airwayintubation-registry).
In the absence of such documentation, the clinician should seek the anesthetic
records of past surgical visits, which in some cases may involve contacting
other institutions. When this information is not available, adopting a low
threshold for using a more conservative approach to airway management
(e.g., awake intubation) will mitigate risk. This, though, assumes that the
clinician is skilled in these techniques. It is not unusual for a patient to be
referred to a different facility or practitioner due to airway management
concerns. Signs and symptoms related to potentially difficult airway
management, including aspiration risk, should be sought (Tables 28-2 and 283). Many congenital and acquired syndromes are associated with difficult
airway management (Table 28-4).
Several physical evaluation measures have become popular (Table 28-5),
although their reproducibility and predictability have been disputed. The
difficulty in developing the perfect airway evaluation tool lies in two
interrelated areas: simplicity and interdependency. Simple bedside evaluation
tools are useful, but adequate evaluation may require endoscopic, radiologic,
or other currently uncommon examinations.19–21 Interdependency refers to
the predictive value of one airway examination measure based on the findings
of another. Details of the various examinations and their interdependency are
discussed later in “Direct Laryngoscopy,” under the topic of Functional
Airway Assessment.
Historically, airway assessment has been synonymous with evaluation for
the ease of direct laryngoscopy (DL), the end point being the anticipated
degree of visualization of the larynx. The changing landscape of laryngoscopy
(i.e., the rapid proliferation of indirect techniques, including VL) may make
many evaluation indices irrelevant. Efforts to define attributes that identify
patients who may be difficult to intubate by DL have been only modestly
successful. In their meta-analysis of the physical predictors of difficult DL,
Shiga et al.22 concluded that, when interpreted as individual tests, currently
used techniques of evaluation have only modest discriminative power (Table
28-6).
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Table 28-2 Physical Exam Features with Airway Management Implications

Table 28-3 Conditions with Airway Management Implications
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Table 28-4 Syndromes Associated with Difficult Airway Management

Table 28-5 Techniques of Common Airway Indexes Measurement

Despite the disappointing usefulness of these individual indexes, other
authors have recognized that combinations of tests can provide improved
predictability. El-Ganzouri et al.23 designed a statistical model for stratifying
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risk of difficult DL in a large population. This multivariate index assigned
relative weights to each physical examination or historical finding based on
the odds of a high-grade laryngeal view being achieved with DL. The authors
noted that with increasing multivariate index scores, positive predictive value
increased, but sensitivity decreased (i.e., higher multivariate index scores
occur when there are more positive physical findings, but not all difficult
laryngoscopy patients will manifest multiple findings). Compared with the
Mallampati classification alone, the multivariate composite index had
improved positive predictive and specificity values at equal sensitivity. Of
course, some pathology will only present with the induction of anesthesia
and/or attempts at laryngoscopy.24,25 Other groups have used similar
regimens to increase the predictability of multivariate indexes by
incorporating imaging technologies. In a small population of patients, Naguib
et al.26 were able to achieve high predictive accuracy (90% or higher) when
physical examination and imaging scores (x-ray and three-dimensional
computed tomography) were weighted. A simplified scoring system, studied
on a multi-institution population of 3,763 patients, recognized both the
difficulty of constructing a complex analysis in the preoperative holding area
and the failure of any model to be completely predictive.27 Accepting a
discriminating power of 70%, this model found five attributes that could be
used to predict difficult laryngoscopy (Table 28-7).
Table 28-6 Summary of Pooled Sensitivity and Specificity of Commonly Used Methods
of Airway Evaluation22

Table 28-7 Simplified Risk Score for Difficult Intubation27

Until recently, there was limited data on external airway findings that may
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indicate failure of indirect laryngoscopy. Studies comparing DL with a
Macintosh laryngoscope and VL with the Glidescope indicate that, though no
single examination finding may predict the success or failure with each
device, the failure to visualize the larynx with the Glidescope was
characterized by higher multivariate risk scores of the same clinical finding.28
Others have found that the following preoperative findings contribute to
failure of VL: scarring, radiation, masses or thickness of the neck, thyromental
distance of less than 6 cm, limited cervical motion, and operator experience.29
In 2016, based on a secondary analysis of 1,100 VL intubations, Aziz et al.30
identified four distinct predictors of difficult acute-angle VL. Of note, the
“supine sniffing” position was associated with more difficult VL than the
“supine neutral” position (Odds Ratio: 1.646), suggesting that this common
position may be best avoided when initial plans include VL.
In general, tracheal intubation should be considered nonroutine under the
following conditions: (1) the presence of equally important priorities to the
management of the airway (such as a “full stomach” or emergency surgery);
(2) abnormal airway anatomy; or (3) direct injury to the upper airway,
larynx, spine, and/or trachea. Although the finding of abnormal anatomy is
not synonymous with difficult airway management, it should kindle
heightened suspicion.
Few studies have objectively determined findings that identify patients
who will be difficult to mask ventilate as defined in Table 28-8(A). In a study
of 1,502 patients, Langeron et al.20 found 5% of patients to be difficult to
mask ventilate, with only one patient in the series being impossible to mask
ventilate. Table 28-8(B) describes the five independent clinical predictors
found by Langeron, with the presence of two or more indicating a high
likelihood of difficult mask ventilation. Kheterpal et al.,31 using different
criteria, found 0.15% of patients to be impossible to mask ventilate. The same
study showed that high Mallampati score, male sex, the presence of a beard,
and a history of sleep apnea or neck radiation were independent predictors of
impossible mask ventilation.
Ultrasound (US) technology is widely used, portable, and provides rapid,
real-time, dynamic images. Bedside US can confirm endotracheal intubation
with both a sensitivity and specificity of 0.9832 and can be used to identify the
CTM, rule out esophageal intubation and verify ventilation in the absence of
CO2 detection (assuring bilateral lung excursion).33 Subglottic hemangiomas,
papillomas, and laryngeal cysts and stenosis have also been identified by US.
Another use for US imaging is the estimation of ETT (including double lumen)
size. Although it may be possible to examine the upper airway for changes
such as hypertrophic lingual tonsils, the clinical relevancy (e.g., impact on
laryngoscopy and ventilation) of ultrasonography has not been studied33 and
the applications of US in preoperative airway evaluation are still limited.
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When using ultrasound for airway evaluation, the linear high-frequency
transducer is the most useful probe.
Table 28-8 Assessment and Predictability of Difficult Mask Ventilation20

Predicting difficult DL remains, in large part, an enigma. As previously
illustrated, the commonly used indexes may not only be less predictive than
originally thought, but may also be misleading. The advent of VL may make
these deficits irrelevant and new criteria would need to be explored.

Clinical Management of the Airway
Preoxygenation
Preoxygenation should be practiced in all cases when time allows.34
This procedure entails the replacement of the nitrogen volume of the lung
(as much as 95% of the functional residual capacity) with oxygen in order
to provide an apneic oxygen reservoir. Under ideal conditions, a healthy
patient breathing room air (FIO2 = 0.21) will experience oxyhemoglobin
desaturation to a level of less than 90% after approximately 1 to 2 minutes of
apnea. In the same patient, several minutes of preoxygenation with 100% O2
via a tight-fitting facemask may support at least 8 minutes of apnea before
desaturation occurs. Patients with pulmonary disease, obesity, or conditions
affecting metabolism frequently evidence desaturation sooner, owing to
decreased functional residual capacity, increased O2 extraction, and/or rightto-left transpulmonary shunting. In one study, healthy nonobese patients
breathing 100% O2 preoperatively sustained an oxygen saturation of greater
than 90% for 6 ± 0.5 minutes, as opposed to 2.7 ± 0.25 minutes for obese
patients under the same conditions.35
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Time-sparing methods of preoxygenation have also been described. Using
a series of four vital capacity breaths of 100% O2 over a 30-second period, a
high arterial PaO2 (339 mmHg) can be achieved, but the time to desaturation
remains shorter than with traditional techniques.34 A modified vital capacity
technique, wherein the patient is asked to take eight deep breaths in a 60second period, shows promise in terms of prolonging the time to
desaturation.34 The authors of the current chapter prefer the technique of
applying a tight-fitting mask for 5 minutes or more of tidal volume breathing
100% oxygen at flows of 10 to 12 L/min. The mask is placed immediately
after the patient has been made comfortable on the operating room (OR)
table and remains in place during OR check-in and the application of
monitors.
In the obese patient, bilevel positive airway pressure and reverseTrendelenburg position have been advocated to reach maximal preinduction
arterial oxygenation and to delay oxyhemoglobin desaturation.34,36
Pharyngeal insufflation of oxygen can also delay the onset of oxyhemoglobin
desaturation during apnea. In this technique, oxygen is insufflated at a rate of
3 to 15 L/min via a nasal cannula or nasal-only facemask upon induction of
anesthesia.34,37,38 This technique relies on the phenomenon of apneic
oxygenation, a process by which gases are entrained into the alveolar space
during apnea.
Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE)
has recently been introduced not only as a method of preoxygenation but also
for use during periods of unplanned or intentional apnea (e.g., failed tracheal
intubation or suspension laryngoscopy, respectively).39 Oxygen flows of 30 to
70 L/min of oxygen are delivered via specialized nasal cannulae (OptiFlow™,
Fisher and Paykel Healthcare Limited, Panmure, Aukland, New Zealand)
throughout the preinduction and intubation phases or during other apneic
periods. Apneic durations of 55 minutes have been reported with this
technique. Hypercapnia occurs to a limited degree as compared to traditional
apnea, which is attributed to turbulent flow at the glottic opening.
Certain circumstances can limit the effectiveness of preoxygenation, as
exemplified by the patient who experiences claustrophobia with the
anesthesia facemask (which can almost always be overcome by having
the patient hold the mask or by removing the mask and allowing the patient
to breathe directly from the anesthesia machine circuit) or the use of selfinflating breathing bags (which do not deliver an FIO2 of 100% during
spontaneous breathing) or nasal-only masks. Likewise, leaks around the
facemask can allow entrainment of air, thereby reducing the FIO2. Leaks as
small as 4 mm (cross-sectional) can cause significant reductions in the inspired
oxygen content.40
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Support of the Airway with the Induction of Anesthesia
With the induction of anesthesia and the onset of apnea, ventilation and
oxygenation must be supported. Traditional methods include the anesthesia
facemask, SGA, and ETT. High-flow nasal oxygen, as noted earlier, has also
been used.
The Anesthesia Facemask
With the induction of anesthesia, the patient’s level of consciousness changes
from the awake state, with a competent and protected airway, to the
unconscious state, with an unprotected and potentially obstructed airway.
This drug-induced central ventilatory depression, along with relaxation of the
upper airway musculature, can lead rapidly to hypercapnia and hypoxia. The
anesthesia facemask is the device most commonly used to deliver anesthetic
gases and ventilate an apneic patient. Facemask ventilation is highly effective,
minimally invasive, and requires the least sophisticated equipment, making it
critical to initial management of the airway and a mainstay in the delivery of
anesthesia.

Figure 28-3 Holding the anesthesia mask on the face. The thumb and the first finger
grip the mask in such a fashion that the anesthesia circuit (or self-inflating resuscitation
bag) connection abuts the web between these digits. This allows the palm of the hand
to apply pressure to the left side of the mask, while the tips of these two digits apply
pressure over the right. The third finger helps to secure under the mentum, and the
fourth finger is under the angle of the mandible or along the lower mandibular ridge.
Mask straps (on pillow) may be used to complement the hand grip by securing the right
side of the mask.

A facemask is gently held on the patient’s face with the thumb and first
finger of the operator’s left hand, leaving the right hand free for other tasks
(Fig. 28-3). Most modern masks can be distorted by the operator’s fingers to
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form a seal around facial contours. Air leaks around the mask’s edges can be
prevented by gentle downward pressure with the awake patient or, if the
patient is asleep, by pulling the mandible upward into the mask. A twohanded jaw-thrust technique has been shown to be superior to the classic onehanded grip for this maneuver.41 Elastic “mask straps” may also be used and
can be particularly helpful for the clinician with short fingers or for “handsoff” preoxygenation while other tasks are being performed. Gas leaks should
be avoided, as the most common reason for suboptimal preoxygenation is a
loose-fitting mask, which allows the entrainment of room air.34
Appropriate positioning of the patient is paramount for delivery of
positive pressure ventilation via facemask. With the patient supine, “ramped,”
or in reverse Trendelenburg position, the head and neck are placed in the
sniffing position, described later (see discussion of tracheal intubation). This
position improves mask ventilation by anteriorizing the base of the tongue
and the epiglottis.42
After induction of anesthesia, a tight fit of the facemask is achieved by
upward displacement of the mandible into the mask, which is held in position
by the thumb and first finger. This maneuver, commonly known as a jaw
thrust, raises the soft tissues of the anterior airway off the pharyngeal wall
and allows for improved ventilation. In patients who are obese, edentulous,
or bearded, two hands or a mask strap may be required to ensure an adequate
mask seal. When two hands are required for holding the facemask, a second
operator may be required to squeeze the reservoir bag. If necessary, the
second operator can improve the mask’s fit by providing additional jaw-thrust
and chin lift. If no help is available, the ventilator can be used to deliver the
breaths.
One useful, albeit poorly characterized, maneuver that aids in facemask
ventilation is the expiratory chin drop. When positive-pressure inspiration is
successful, but is not followed by passive gas escape during expiration,
allowing phasic head flexion and reducing chin/jaw lifting will often improve
gas egress.
Well-secured dentures may improve the mask seal for an edentulous
patient.43 The advantage of this must be weighed against the risk of denture
displacement or damage. Dentures may be removed when laryngoscopy is
initiated.
A patient with normal lung compliance should require no more than 20 to
25 cm H2O pressure for lung inflation, as measured on the anesthesia circle
manometer. If more pressure is required, the adequacy of the mask technique
should be re-evaluated. This includes adjusting the mask fit, seeking aid with
the mask hold, administering muscle relaxants, or considering adjuncts such
as oral and nasal airways. Both oral and nasal airways can bypass upper
airway obstruction by creating an artificial passage to the hypopharynx. Nasal
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airways are less likely to stimulate coughing, gagging, or vomiting in the
lightly anesthetized patient but may cause epistaxis. For this reason, nasal
airways are typically avoided in patients at high risk for bleeding (e.g.,
iatrogenic or pathologic coagulopathy, pregnancy, hereditary hemorrhagic
telangiectasia, uncontrolled hypertension).
The nasal airway should be long enough to reach from the nare to
the thyroid notch when placed alongside the patient’s face. It is inserted
along the floor of the nose, in an anterior–posterior direction, and
should always be prepared with water-soluble lubricant to reduce trauma to
the highly vascular nasal mucosa. A vasoconstrictor agent (e.g.,
oxymetazoline or phenylephrine) may be applied before insertion of the nasal
airway to decrease this risk. Resistance to insertion should prompt
repositioning of the airway bevel, reassessment of the direction of insertion,
or change to a smaller airway or the contralateral nare.
The typical rounded oral airway is placed with its longitudinal concavity
rotated in a rostrad direction. Once the distal end of the airway has been
inserted to the level of the oropharynx, the device is rotated 180 degrees and
insertion is continued to its ultimate position. This maneuver avoids
displacement of the tongue into the hypopharynx and can be aided by caudad
displacement of the tongue with a tongue depressor. A small oral aperture,
intrapharyngeal mass or foreign body, intact gag reflex or otherwise light
anesthesia may prevent oral airway placement. As will be discussed later,
some intubating oral airways are large and have a rectangular cross-section.
These devices tend to be too large for intraoral rotation and are inserted with
the concavity facing caudally while the tongue is stabilized by a tongue
depressor or held by the operator. Similar to nasal airway sizing, oral airways
should reach from the teeth (or alveolar ridge) to the mandibular angle.
Obstruction to mask ventilation may be caused by laryngospasm, a local
reflex closure of the vocal folds. Laryngospasm may be triggered by a foreign
body (e.g., oral or nasal airway), saliva, blood, or vomitus touching the
glottis. It may also result from pain or visceral stimulation. Hypoxia as well
as noncardiogenic (negative pressure) pulmonary edema can result from
continued spontaneous ventilation against closed vocal cords (or other
obstruction). Management of laryngospasm consists of removing the
offending stimulus (if identified), administering oxygen with continuous
positive airway pressure (CPAP), deepening the plane of the anesthesia, and,
if other maneuvers are unsuccessful, administering a rapid-acting muscle
relaxant.44
The practice of withholding muscle relaxants prior to the establishment of
facemask ventilation, which has been a fixture of anesthetic teaching, has
recently come into question.45 Objective evidence supports administration of
depolarizing or nondepolarizing muscle relaxants simultaneously with
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anesthetic induction agents45 to facilitate mask ventilation, SGA ventilation,
and tracheal intubation. This is discussed in detail in the clinical cases later
(case 4).
If there are no contraindications (e.g., increased aspiration risk), mask
ventilation can be the primary ventilatory technique for anesthetic
maintenance. Otherwise, it is commonly used to administer anesthetic gases
and oxygen and to facilitate ventilation until the anesthetic state is adequate
for use of another means of airway support, such as an SGA or ETT. This
decision should be made after careful consideration of the patient’s coexisting
diseases and surgical requirements.
Supraglottic Airways
Devices that isolate the airway above the vocal cords are referred to as SGAs.
Although initially approved as a substitute for facemask ventilation and when
tracheal intubation was not achievable, SGAs soon became widely used in
surgical cases traditionally managed with tracheal intubation.46,47 SGAs are
associated with lower incidence of sore throat, coughing, and laryngospasm
on emergence, as well with decreased reversible bronchospasm than seen
with tracheal intubation.48,49 With the expiration of the US patents on the
original LMA in 2002, there was a proliferation of similar devices. Although
older data suggest that 35% or more of general anesthetics in the United
States are performed with SGAs, more recent data from the United Kingdom
imply a 56% incidence.46,50,51
As the first device of its kind, a wealth of information exists on the LMA
Classic and its subsequent iterations (Fig. 28-4). Much of this knowledge may
be applied to newer SGAs as well. That this chapter devotes considerable text
to the LMA family of devices is not meant to infer preference, but rather the
availability of information.
The advent of the LMA as well as other SGAs has led some to question the
relative safety of tracheal intubation.52 This, along with the ASA Closed
Claims Database information, lends support to the search for safe alternatives
to tracheal intubation whenever possible.53 Similarly, pharyngeal mucosa
appears to be more resilient to trauma from SGAs than tracheal mucosa to
damage from ETTs. In one animal study, mucosal injury from the LMA
ProSeal (Teleflex, Research Triangle Park, NC) did not occur until more than
9 hours of continuous use.54 The hemodynamic effects associated with airway
management are also reduced with SGAs. Increases in heart rate, blood
pressure, and intraocular pressure are all less during airway management with
an SGA than with an ETT.55,56
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Figure 28-4 The family of laryngeal mask airways (from top): (A) Unique, (B) Flexible,
(C) Supreme, (D) Fastrach.

The LMA Classic. The original SGA, the LMA Classic, is composed of a
perilaryngeal mask and an airway barrel. The device is designed to sit in the
hypopharynx with an anterior surface aperture overlying the laryngeal inlet.
The mask has an inflatable cuff that fills the hypopharyngeal space, creating a
seal that allows positive-pressure ventilation with up to 20 cm H2O pressure.
The adequacy of the seal depends on correct placement, appropriate size, and
patient anatomy, and is less dependent on the cuff-filling pressure or volume.
Attached to the posterior surface of the mask is a barrel (airway tube) which
extends proximally from the mask’s central aperture and can be connected to
a self-inflating resuscitation bag or anesthesia circuit. While the LMA Classic
is constructed of reusable silicone, several models constructed with silicone or
polyvinyl chloride (PVC) are currently available from various manufacturers.
LMAs come in varying sizes, from neonatal to large adult, and selection is
critical to both successful use and complication avoidance. The manufacturer
recommends that the clinician choose the largest size that will fit comfortably
within the oral cavity. LMA insertion technique mimics the processes of
swallowing. Just as food intended for the esophageal opening is pressed
cephalad and posteriorly against the palate, so is the tip of the LMA, as it
shares the same destination. As with swallowing, head extension and neck
flexion enlarge the space behind the tongue to allow passage into the
hypopharynx. These functions allow the food bolus, or the LMA, to reach its
mark while avoiding contact with the anterior pharyngeal structures or
stimulation of protective airway reflexes.
The insertion of the LMA as described by its inventor, Dr. Archie Brain,
has been modified by a number of writers. Discussion of these various
alternatives is beyond the scope of this text. The principles of LMA insertion
can be applied to many other SGAs, though the individual manufacturer’s
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recommendations should be consulted. The currently recommended insertion
technique, illustrated in Figure 28-5, has a 94% success rate.57 In this
technique, the mask is completely deflated and the palatal surface lubricated
with a non-local anesthetic containing lubricant. The operator’s nondominant
hand is placed under the occiput to flex the neck on the thorax and extend the
head at the atlanto-occipital joint (creating a space behind the larynx; this
action also tends to open the mouth).58 The index finger of the dominant hand
is placed in the cleft between the mask and barrel. The hard palate is
visualized and the superior (nonaperture) surface of the mask is placed
against it. Force is applied by the index finger in an upward direction toward
the top of the patient’s head. This causes the mask to flatten and follow the
contour of the palate into the pharynx and hypopharynx. The index finger
continues along this arc, continually applying an outward pressure until
resistance from the upper esophageal sphincter is met. The most common
error made by clinicians is the application of pressure with a posterior vector,
causing the LMA’s tip to impact the posterior pharyngeal wall, often
resulting in tip folding, device misplacement, and tissue trauma.
Prior to attachment of the anesthesia circuit, the LMA is inflated with the
minimum amount of pressure that allows ventilation to 20 cm H2O without an
air leak. The manufacturer recommends keeping the intracuff pressure under
60 cm H2O and evidence exists for keeping it under 44 mmHg.59 When
an adequate seal cannot be obtained with 60 cm H2O cuff pressure, the
LMA’s positioning, sizing, or type should be re-evaluated. Light anesthesia
and laryngospasm also may contribute to poor seal. With inflation, one should
be able to observe a rising of the cricoid and thyroid cartilages and a lifting of
the barrel out of the mouth by approximately 1 cm as the mask expands. If a
midline position is not possible due to the patient’s position or the surgical
procedure, a flexible LMA (discussed later) should be considered. A bite block
is recommended to prevent biting and occlusion of the LMA barrel. Cuff
pressure should be measured after insertion and periodically monitored if
nitrous oxide is being used.
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Figure 28-5 Insertion of the laryngeal mask airway (LMA). The LMA is inserted with the
index finger of the dominant hand pressing with a force vector against the hard palate
(A and B). The outward force vector is continued from the hard palate to the pharynx
and hypopharynx (C) until the index finger meets resistance against the upper
esophageal sphincter and is removed (D).

Although the distal tip of the LMA mask sits in the esophageal inlet, it
does not reliably seal it. The LMA was not designed to protect against the
aspiration of gastric contents nor does it reliably do so. Despite this, when
used in patients at low risk for regurgitation, the rate of aspiration during
LMA use is similar to that in all non-LMA general anesthetics (approximately
2 in 10,000 cases).60,61 The incidence of gastroesophageal reflux may be
increased when compared with use of the facemask,60 but when populations
of patients considered to have a full stomach are studied (in controlled trials,
prospective series, or anecdotally), there is still a low incidence of aspiration
noted with elective or emergency LMA use. Reports have included safe use in
patients who are morbidly obese or have experienced frequent
gastroesophageal reflux, those undergoing elective cesarean section or airway
rescue during labor, and those presenting to emergency departments or
paramedic crews.62,63 During cardiopulmonary resuscitation, the incidence of
gastroesophageal regurgitation is four times greater with a bag-valve mask
than with the LMA.64
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If at any time gastric contents are noted in an SGA barrel, maneuvers
similar to those applied when using an ETT should be instituted. The SGA
should be left in place, the barrel suctioned, the patient placed in
Trendelenburg position, and 100% oxygen administered.
Although first introduced for use with spontaneous ventilation, the LMA
has proved useful and safe for cases in which positive-pressure ventilation is
either desired or preferred.56,65 There is no difference in gastric inflation with
positive-pressure ventilation (<17 cm H2O) when comparing an LMA to an
ETT.66 With the LMA Classic, tidal volumes are limited to 8 mL/kg and
airway pressure to 20 cm H2O. These devices have been used successfully
with supine, prone, lateral, oblique, Trendelenburg, and lithotomy positions.
Although the manufacturer recommends use for a maximum of 2 to 3 hours,
reports of use for more than 24 hours exist.67 In a porcine model, Goldmann
et al.54 saw no evidence of mucosal changes with up to 9 hours of LMA
ProSeal use, though damage was consistently evident after 12 hours.
The LMA Flexible. The introduction of flexible barrel SGAs (e.g., the
LMA Flexible, Teleflex, Research Triangle Park, NC; Fig. 28-4) has permitted
extension of SGA use to a variety of cases in which the airway is within the
surgical field or shared with the surgical team (e.g., ophthalmologic or
otolaryngologic procedures). These devices differ in design from traditional
SGAs by virtue of a thin-walled, small-diameter, wire-reinforced (kinkresistant) barrel, which can be positioned out of the midline without affecting
the hypopharyngeal position of the mask. This device was designed to be
paired with a tonsillar mouth gag commonly used in oral and pharyngeal
surgery.68 Additionally, the LMA Flexible has proved useful when heavy
drapes are placed over the airway (e.g., ophthalmic procedures), when there
is movement of the head during surgery (e.g., tympanostomy tubes), or when
the LMA barrel cannot be secured in the midline (e.g., mid or lateral facial
surgery). The use of this mask in surgery above the level of the hypopharynx,
including tonsillectomy, affords a number of clinically important advantages
over tracheal intubation (Table 28-9). When correctly placed, LMAs protects
the airway from blood, secretions, and surgical debris from above the level of
the mask better than tracheal tubes, which do not protect the trachea from
liquids instilled into the pharynx.69,70
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Table 28-9 Advantages of the Laryngeal Mask Airway in Supraglottic Surgery

The SGA and Bronchospasm. SGAs produce significantly less reversible
bronchospasm than ETTs. For this reason, they appear to be well suited to the
patient with a history of bronchospasm (e.g., chronic obstructive pulmonary
disease) who is not at risk for reflux or aspiration.49 Because the halogenated
inhaled anesthetics are potent bronchodilators, bronchospasm is more likely
to occur at the times of induction and emergence. SGAs present a unique
opportunity for the clinician to conveniently and effectively control the
airway without introducing a foreign body into the trachea and stimulating
the sensitive bronchial tree. If uncontrollable bronchospasm does occur (e.g.,
from vagal stimuli), intubation can be performed through many SGAs or after
SGA removal. When tracheal intubation is mandatory for the surgical
procedure and bronchospasm concerns exist, the Bailey maneuver can be
employed. In this maneuver, the deflated LMA is placed behind the in situ
ETT. The ETT is removed, the LMA is inflated, and the patient is emerged on
the LMA.71 If an SGA was utilized as a conduit for tracheal intubation, the
option exists to deflate the SGA cuff and leave the device in situ. When the
ETT is no longer needed, it can be removed, leaving the SGA as the primary
airway. This latter technique can be of great benefit in cases where an ETT is
needed intraoperatively, but coughing or hypertension during emergence
would be deleterious.
SGA Removal. The timing of SGA removal is critical.72 An SGA should be
removed either when the patient is deeply anesthetized or after protective
airway reflexes have returned and the patient is able to open the mouth on
command. Removal during excitation stages of emergence can be
accompanied by coughing and/or laryngospasm. Many clinicians remove the
LMA fully inflated so that it acts as a “scoop” for secretions above the mask,
bringing them out of the airway.73
Contraindications to SGA Use. SGAs do not reliably prevent the
aspiration of regurgitated gastric contents. Thus, SGAs are contraindicated in
clinical scenarios with an increased risk of regurgitation (e.g., full stomach,
hiatus hernia with significant gastroesophageal reflux, intestinal obstruction,
delayed gastric emptying, unclear history), though their use as an airway
salvage technique in these populations is acceptable. Other contraindications
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include high airway resistance, glottic or subglottic obstruction, and limited
mouth opening (<1.5 cm).74
Complications of SGA Use. Apart from aspiration, reported
complications include laryngospasm, coughing, gagging, and other events
characteristic of airway manipulation. The incidence of SGA-induced
postoperative sore throat varies from 4% to 50% and is highly dependent on
the study methods. No single device shows a consistently lower rate of
dysphagia. All appear to be better than tracheal intubation in this regard, with
expected rates of 30% to 70%.75 Rare reports exist of nerve injury associated
with SGA use, including damage to the hypoglossal, lingual, and recurrent
laryngeal nerves. These injuries typically manifest within 48 hours
postoperatively and resolve spontaneously in 1 hour to 18 months.
Predisposing factors include the use of small masks, lidocaine lubrication, and
nitrous oxide, cuff overinflation, difficult or alternate insertion techniques,
nonsupine positioning, and cervical bone or joint disease.76 Pressure
neuropraxia from the tube or cuff is the most common cause.
The King Laryngeal Tube (King LT, Ambu, Ballerup, Denmark) consists
of a single-lumen tube with distal and proximal low-pressure cuffs that are
inflated via a common pilot valve (Fig. 28-6). When positioned correctly, the
distal cuff sits within and obstructs the upper esophageal sphincter and the
proximal cuff seals the oral and nasal pharynx. In this position, apertures
between the cuffs approximate the larynx and serve as orifices for
spontaneous or positive-pressure ventilation. The King LT requires a mouth
opening of at least 2.3 cm and is inserted either blindly or with the aid of a
laryngoscope. The Laryngeal Tube Suction (King LTS-D, Ambu, Ballerup,
Denmark) is a single-use device which adds a lumen terminating distal to the
esophageal cuff, facilitating gastric drainage. One case report describes the
successful use of the LTS-D as an emergency airway for a pregnant woman
who underwent cesarean section but could not be intubated. The device
improved oxygenation and facilitated drainage of gastric contents during the
patient’s emergence from a failed rapid-sequence intubation.77
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Figure 28-6 (A) The King LT, (B) I-Gel, (C) air-Q, and (D) Aura-I.

The Laryngeal Tube is available in six sizes (0 to 5) suitable for children to
large adults. In children under 10 years old, the Laryngeal Tube is less
effective than the LMA during spontaneous or assisted ventilation and for
fiberoptic evaluation of the airway.78 The Laryngeal Tube is not
recommended for children weighing less than 10 kg, as it is associated with
technical difficulties and inadequate ventilation.79
A cadaveric study demonstrated that mucosal pressures in the lateral
pharynx, base of tongue, and posterior pharynx were similar between the
Laryngeal Tube and LMA ProSeal. The pressure with the Laryngeal Tube was
higher on the posterior hypopharynx, though, and the investigators expressed
concern that this increased pressure might impede pharyngeal perfusion.80 A
case of acute tongue and uvula ulceration after using the Laryngeal Tube for
hysteroscopy has been reported.81
Cookgas air-Q. Developed by Dr. Daniel Cook, the air-Q perilaryngeal
airway (Cookgas LLC, St. Louis, MO; Fig. 28-6) can function both as an
elective SGA and a conduit for blind or flexible scope-aided intubation
(described later in this chapter). A cuff, grossly the shape of the LMA Classic
cuff, seals the perilaryngeal space and has airway seal pressures of 25 to 30
cm H2O, similar to that of the LMA ProSeal.82 The device comes in sizes 0.5
to 4.5 and is inserted using a technique similar to that recommended for the
LMA (see previous discussion). The inventor recommends filling the cuff with
less than 10 mL of air, as a poor seal is often secondary to cuff overinflation.
If, after insertion, the airway is obstructed, an up–down motion of the barrel
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often realigns the epiglottis. A recent innovation, the self-pressurizing air-Q
sp, does not require cuff insufflation but rather varies intracuff pressure based
on airway pressure.
Second-Generation Supraglottic Airways. The LMA ProSeal was the
first SGA with a gastric port and thus the first “second-generation” SGA (Table
28-10). The original intent of the ProSeal’s gastric drain was to aid the
clinician in the diagnosis of SGA malposition. If the device’s distal tip were
not appropriately within the esophageal opening, then gas escape would be
detected via the esophageal port with positive-pressure ventilation. Additional
tests have subsequently been developed to verify device positioning.83–86 The
gastric port also allows passive (regurgitation) and active (gastric tube
insertion) emptying of the stomach.84,86–88 The design of the ProSeal cuff
improves airway seal during positive-pressure ventilation as compared with
other LMA devices (≥40 cm H2O). These advanced capabilities allow its use
in the care of obese patients, patients undergoing intra-abdominal procedures,
and in airway resuscitation.89–91 A single-use version of the ProSeal, the LMA
Supreme (Teleflex, Research Triangle Park, NC), incorporates a fixed
curvature, replicating the insertion ease of the LMA Fastrach92 (Fig. 28-4).
The Supreme also supports inspiratory pressures of greater than 35 cm H2O,
and has been used for intra-abdominal procedures.93
Table 28-10 Features of the LMA ProSeal

The i-gel. This uniquely designed SGA has a solid elastomer gel body
mounted on a plastic barrel without an inflatable cuff (Intersurgical Inc., East
Syracuse, NY, Fig. 28-6). A drain tube runs from the distal tip, which sits over
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the esophageal inlet, to an outlet lateral to the airway circuit connector. A
gastric tube may be placed via this drain (the largest size accommodating a
14-French tube), which also serves as a passage for passively regurgitated
gastric contents. Airway leak pressures have been reported as ranging from
24 to 30 cm of water in adults. The incidence of sore throat appears to be less
than with the LMA94 and some reports note a lower rate of visible blood on
the device at time of removal. Success rates (first-time insertion, adequate
seal pressure, etc.) are comparable to the LMA Classic and ProSeal.95
Contrary to a widely held belief, the solid mask of the i-gel does not change
shape as it is warmed by the pharyngeal mucosa (personal communication,
Muhammed Nasir, MD).
Tracheal Intubation
Direct Laryngoscopy. The goal of direct laryngoscopy is to produce
a direct line of sight from the operator’s eye to the larynx. This
requires the creation of a new nonanatomic visual axis, achieved via maximal
alignment of the axes of the oral and pharyngeal cavities, and displacement of
the tongue. Unanticipated failure of DL is primarily a problem of tongue
displacement, as inability to align the axes typically can be predicted by
physical examination. As pointed out in the ASA Difficult Airway Practice
Guidelines, no one measure may be adequate to determine difficulty of DL
and multiple measures must be integrated in order to make sensible airway
management decisions.2 Shiga et al.22 published a meta-analysis of studies
regarding airway physical examination scores and cautioned on the poor
sensitivity and modest specificity of all routine tests.
In 1944, Bannister and MacBeth proposed a three-axis model to explain the
anatomic relationships involved in airway axis alignment.96 Based on this
model, alignment of the laryngeal, pharyngeal, and oral axes would result in
adequate glottic view. This model explains the rationale of the intubation
sniffing position (SP) in which the neck is flexed by 35 degrees and the head
extended by 15 degrees. This positioning is achieved by placing a support
(around 7 cm in the adult) under the patient’s occiput. The three-axis
explanation has been challenged by Adnet et al.97 who noted that, although
extension at the atlanto-occipital joint maximally facilitated an oral
cavity/pharyngeal alignment, no significant improvement was achieved with
flexion of the cervical spine on the thorax.
Chou and Wu98 proposed a two-axes/tongue-displacement model. This
model does not depend on the alignment of all axes to create an in-line view
of the larynx but rather maximizes the spaces between the alveolar ridge and
laryngeal aperture through oropharyngeal alignment and tongue
displacement. This concept may explain difficulties with DL as well as why
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common methods of airway assessment lack predictive power. This concept
has been described as Functional Airway Assessment (FAA).99

Figure 28-7 A: With the patient supine, the oral and pharyngeal axes do not overlap.
B: Extension at the atlanto-occipital joint maximally overlaps the oral and pharyngeal
axes.

FAA is a method of examining the functional nature of each of the
anatomic correlates of the commonly used airway assessment indices. FAA
places an emphasis on the interdependence of these anatomic characteristics
rather than on their individual size or functional integrity. As explained by
Chou and Wu,98 when the head and neck are in the neutral position, the oral
and pharyngeal axes are perpendicular to each other. With maximal extension
of a normal atlanto-occipital joint, 35 degrees or more of motion is attained
(Fig. 28-7). This brings the angle between the oral and pharyngeal axes to
125 degrees. Although an improvement, it is certainly not the 180 degrees
required for creating a line of sight to the glottis. Additional space must be
created, which is accomplished by displacement of the tongue with the
laryngoscope. Although atlanto-occipital extension cannot by itself allow
direct laryngeal vision, it does provide anterior displacement of the mass of
the tongue and bring the alveolar ridge into an improved position relative to
the tongue and larynx. The extension of the atlanto-occipital joint also
provides an advantage in mouth opening; Calder et al.58 showed that maximal
mouth opening is 26% greater in full atlanto-occipital extension as compared
with the neutral head position. Mandibular mobility also facilitates
displacement of the tongue away from the required visual axis—rotation and
translation of the temporomandibular joint result in relaxation of the tongue
insertion as well as creation of the aperture width needed for instrumentation.
Using the FAA approach to airway evaluation also helps to explain the
value of the popular, yet highly criticized, Mallampati and thyromental
distance indices.100 These two measures have historically been considered
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important because they approximate the relative mass of the tongue
(Mallampati) and the anterior–posterior borders of space into which it will be
displaced by the laryngoscope (Fig. 28-8). As noted elsewhere, these indices
have shown to have poor and/or variable predictive power. Two groups have
studied the interrelated nature of these measures in a way that reveals why
they perform poorly when considered individually. Ayoub et al.101 found a
high Mallampati score to be predictive of difficult DL when the thyromental
distance was less than 4 cm. When the thyromental distance was more than 4
cm, relative tongue size, as determined by the Mallampati classification, was
not predictive. Iohom et al.9 found similar results using a thyromental
distance cutoff of 6 cm. The finding that the predictive power of the
Mallampati improves when the mandible is short is consistent with the
concept of FAA: when the mandibular space is restricted, tongue size is
important. When the space is large, a tongue of any nonpathologic size should
be accommodated easily. An exception to this may be a hypopharyngeal
tongue, as described by Chou and Wu,102 although, according to those
authors, measurement of the mandibular hyoid distance should help in
diagnosing this.
As noted earlier, a common cause of difficulty in DL is a pathologic
increase in tongue size. Ovassapian et al.104 identified lingual tonsil
hyperplasia as the most common cause of unanticipated difficult DL. In a
review of all cases of unanticipated difficult DL in their institution from 1999
to 2000, 33 patients were identified. All patients were found, on fiberoptic
examinations, to have lingual tonsil hyperplasia (Fig. 28-9).
Devices that aid in obtaining a sniffing position are commercially
available. These include the Sniff Position Pillow (Popitz Pillow, Alimed,
Dedham, MA) and Pi’s Pillow (American Eagle Medical, Holbrook, NY),
which can be configured for the awake (neutral position) then asleep
(functional position) patient. Some have suggested positioning the patient
with the external auditory meatus level with the patient’s sternal notch (EAMSN position). This is especially helpful in obese patients105 to move the mass
of the chest away from the airway and allow space for manipulation of the
laryngoscope handle. This may require placing a wedge-shaped lift (e.g., the
Troop Elevation Pillow, Mercury Medical, Clearwater, FL) under the scapula,
shoulders, and nape of neck. This raises the head and neck above the thorax,
producing the EAM-SN position and allowing gravity to pull the pannus away
from the airway.
After the head and neck have been positioned, the mouth is opened by one
of two techniques. The first method encourages extension of the atlantooccipital joint by the use of the right hand under the occiput. This maneuver
is reserved for patients with stable cervical spines and leads to passive
opening of the mouth, which can be accentuated by using the fourth finger of
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the left hand (holding the laryngoscope) to apply pressure over the chin in a
caudad direction. In the second technique, which tends to be more effective
but requires contact of the (gloved) hand with the teeth and/or gums, the
right thumb applies caudad pressure to the mandibular canine/bicuspids on
the patient’s same side while the first or second finger, crossed below the
thumb, applies cephalad pressure to the ipsilateral maxillary canine/bicuspid.
The ultimate goal of both techniques is rotation and translation of the
temporomandibular joint to maximize the interincisor gap.

Figure 28-8 Mallampati/Samsoon–Young classification of the oropharyngeal view.103 A:
Class I: Uvula, faucial pillars, soft palate visible. B: Class II: Faucial pillars, soft palate
visible. C: Class III: Soft and hard palate visible. D: Class IV: Only hard palate visible
(added by Samsoon and Young).
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Figure 28-9 Lingual tonsil hyperplasia. The vallecula is filled with hyperplastic lymphoid
tissue in a patient who had an unanticipated difficult direct laryngoscopy.

Direct Laryngoscope Blades. Two blades, each with a unique manner of
application, are in common use. Many other blades are described in the
literature but will not be discussed here. There are some excellent reviews
detailing these.106
The Macintosh (curved) blade is used to displace the epiglottis out
of the line of sight by placement of the distal tip in the vallecula and tensing
of the glossoepiglottic ligament. The Miller (straight) blade reveals the glottis
by compressing the epiglottis against the base of the tongue (Fig. 28-10).
Both blades include a flange along the left side of their length which is used
to sweep the tongue to the left. Blades with a right-sided flange are available
for the left-handed practitioner, but are not found in common practice.
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Figure 28-10 A: When a curved laryngoscope blade is used, the tip of the blade is
placed in the vallecula, the space between the base of the tongue and the pharyngeal
surface of the epiglottis. B: The tip of a straight blade is advanced beneath the
epiglottis.

Blade size needs to be chosen appropriately and, on occasion, exchanged
after a failed attempt at laryngoscopy. As a generalization, the Macintosh
blade is regarded as advantageous whenever there is little room to pass an
ETT (e.g., small mouth), whereas the Miller blade is considered better in the
patient who has a small mandibular space, large incisors, or a large
epiglottis.44 Ultimately, the optimal blade tends to be the one with which the
provider has the most experience.
For laryngoscopy, the laryngoscope handle is held in the left hand and the
mouth opened, as described earlier. The blade is inserted into the right side of
the mouth, with care taken to avoid unnecessary contact with the lips or
teeth. As the blade is advanced toward the epiglottis, the tongue is swept
leftward and compressed into the mandibular space. Once reaching the base
of the tongue (with the Macintosh blade in the vallecula or the Miller blade
compressing the epiglottis against the base of the tongue), the operator’s arm
and shoulder lift in an anterior–caudad direction.
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With either blade, the laryngoscopist must avoid rotating the laryngoscope
in a cephalad direction, bringing the blade into contact with the upper
incisors. Inserting either blade style too deeply can result in the tip of the
blade resting under the larynx itself such that forward pressure lifts the
airway from view.
Special considerations apply to the technique of laryngoscopy and
intubation in the infant and child. Because of the relatively larger size of the
occiput in children, elevation of the head is not required to achieve a sniffing
position.44 In fact, on occasion, the practitioner may need to elevate the
thorax instead. Hyperextension at the atlanto-occipital joint, as done in adults,
may cause airway obstruction from the relative pliability of the trachea and
should be avoided. The comparatively short neck of a child gives the
impression of an anterior position of the larynx and external laryngeal
manipulation is often required to move the laryngeal inlet into view. A
straight blade often is chosen, as it is helpful in displacing the stiff, omegashaped epiglottis. Because the cricoid cartilage is the most rigid portion of the
airway until 6 to 8 years of age, the intubator must be sensitive to resistance
to advancement of an ETT that has easily passed the vocal folds. Due to the
short length of the trachea, there is a higher risk of endobronchial intubation
or accidental extubation with head movement. Continuous close attention
should always be paid to the depth of the tube in pediatric patients.
A laryngeal view scoring system that has won general acceptance was
developed by Cormack and Lehane,107 who described four grades of laryngeal
view. Grade 1 includes visualization of the entire glottic aperture, grade 2
includes visualization of only the posterior aspects of the glottic aperture,
grade 3 is visualization of the tip of the epiglottis, and grade 4 is visualization
of no more than the soft palate (Fig. 28-11). A Cormack–Lehane grade 3 or 4
is expected in 1.5% to 8.5% of adult laryngoscopies.108 A modification of the
Cormack and Lehane score was proposed by Yentis and Lee,48 who noted that
when a partial vocal cord view (2A) is achieved, tracheal intubation was
significantly easier than when only the arytenoids and epiglottis were
visualized (2B). A finer classification of a Cormack and Lehane grade 3 view
has also been described. When the epiglottis can be manipulated with
repositioning or an intubating bougie, it is referred to as a “3a” view and a
nonmovable epiglottis constitutes a “3b” view.109 The Cormack and Lehane
grades are used to describe the view at laryngoscopy and have never been
validated as a correlate of successful tracheal intubation.
Another view scoring system is based on the clinician’s estimate of the
percent of glottic opening (POGO) seen during laryngoscopy, for example,
0% to 100% of the span from anterior commissure to the interarytenoid
notch. The POGO score has improved interexaminer reliability when
compared to the Cormack and Lehane system and has been adopted by many
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researchers in the comparative evaluation of video laryngoscopy.110
If a satisfactory laryngeal view is not achieved, the backward–upward–
rightward pressure (BURP) maneuver may be applied. In this maneuver, the
larynx is displaced backward (B) against the cervical vertebrae, upward (U,
superiorly) and to the patient’s right (R), using pressure (P) over the thyroid
cartilage. The BURP maneuver has been shown to improve the laryngeal
view, decreasing the rate of difficult intubation in a study of 1,993 patients
from 4.7% to 1.8%.111 Similarly, Benumof and Cooper describe “optimal
external laryngeal manipulation,” which consists of pressing posteriorly and
cephalad over the thyroid, hyoid, and cricoid cartilages.112
Once the larynx is visualized, the tracheal tube is inserted from the righthand side, care being taken not to obstruct the view of the vocal cords.
Whenever possible, the action of the ETT passing through the vocal cords
should be witnessed by the laryngoscopist. This decreases the possibility of
accidental esophageal placement or trauma to paraglottic structures. The
tracheal tube cuff should be advanced at least 2 cm past the glottic opening to
approximate a midtracheal placement. This should correlate to depths of 21
and 23 cm at the teeth for the typical adult female and male, respectively.
Though allowances should be made for individual circumstances, a size 7 to
7.5 ID tracheal tube is typically used in the adult female and size 7.5 to 8 ID
in the adult male. Larger tracheal tubes may be desirable if pulmonary toilet
or diagnostic or therapeutic bronchoscopy is to be part of the clinical course.
Pediatric tracheal tube sizes are presented in detail in Table 28-11 (see also
Chapter 42).
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Figure 28-11 The Cormack–Lehane laryngeal view scoring system: grade 1 (A), grade
2 (B), grade 3 (C), and grade 4 (D).
Table 28-11 Size and Length of Pediatric Tracheal Tubes Relative to Airway Anatomy

An alternative approach to DL has been described by Henderson.113 In this
“paraglossal” approach, a straight-bladed laryngoscope is introduced into the
right side of the mouth and advanced between the tongue and palatine tonsil.
The blade passes below the epiglottis, which is then elevated. This approach
subjects the tongue to less compressive forces and may improve the view of
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the larynx in the presence of lingual tonsil hyperplasia.
The gold standard for verification of tracheal intubation is sustained
detection of exhaled carbon dioxide. Additional verification techniques
include visualization of tube placement through the vocal folds,
auscultation over the chest and abdomen, visualization of chest excursion,
observation of humidity in the ETT, full return of tidal volume during
expiration, use of a self-inflating bulb (TubeChek-B, Ambu, Ballerup,
Denmark), flexible scope identification of tracheal anatomy, and
ultrasound or chest x-ray.33
Although DL remains the most common method for tracheal intubation, it
is far from successful in all cases and not always benign when successful. DL
may be difficult (Cormack and Lehane grade 3 or 4 view) or impossible in 4.4
and 0.3% to 0.43% of attempts, respectively.114–116 Analysis of the ASA
Closed Claims Database reveals that claims for laryngeal injury during DL
arise more often in “easy” as opposed to difficult laryngoscopies.53 Among the
4,460 cases in the database, 87 instances of laryngeal trauma were recorded.
Of these, 80% occurred during routine (nondifficult) tracheal intubation in
which no injury was suspected. This has led some to question whether routine
tracheal intubation is as safe as assumed.52
Image-guided laryngoscopy promises to dominate modern airway
management. The first decade of the 21st century saw a proliferation of
optical and video-transmitting devices primarily as the result of the
availability of inexpensive CMOS technology. The unifying characteristics of
these laryngoscopes is that a direct line of sight is no longer needed from the
provider’s eye to the glottis. A large variety of these devices exist, some of
which are detailed later.
Optical Stylets. Optical stylets incorporate both optical and light source
elements into a single stylet-like shaft. Some examples of these are the
Shikani Seeing Stylet (Clarus Medical, LLC, Minneapolis, MN) and the Bonfils
Intubation Fiberscope (BIF, Karl Storz, Tuttlingen, Germany; Fig. 28-12). Both
require less cervical spine motion than direct laryngoscopy.117,118
The BIF is a long rigid tubular device with conventional optical and lighttransmitting fiberoptic elements.119 The distal end has a 40-degree angulation
and the objective lens allows a 100-degree field of view. A proximal-end
eyepiece can be used with the naked eye or fitted with a standard endoscopy
camera. A cable (or battery-powered attachment) brings illumination from an
external light source and suction may be applied through a working channel.
Laryngoscopy technique replicates the paraglossal approach discussed
previously in this chapter and sizes with external diameters of 2, 3.5, and 5
mm are available.
The Shikani Seeing Optical Stylet (SOS) has a similar configuration to the
BIF, with the exception that the distal half of the stylet is malleable (Fig. 281937

13). The light source may be cabled or self-contained with a proprietary
handle or a green line laryngoscope handle (Rusch Medical, Duluth, GA).
Unlike the BIF, the SOS uses a midline approach. Although the SOS can be
used as an independent intubating device, it can also be employed as an
adjunct to direct laryngoscopy when a high Cormack and Lehane score is
achieved. While the SOS is primarily an oral intubation device, it has been
used also for nasal intubation. The pediatric and adult SOSs can accommodate
tracheal tubes as small as 2.5 and 5.5-mm ID, respectively.
The Levitan First Pass Success Scope (FPS, Clarus Medical, LLC,
Minneapolis, MN) is a shorter (30-cm) version of the SOS designed to be used
as an adjunct to DL when a poor laryngeal view is encountered (Fig. 28-13).
The shorter length allows easier positioning by the laryngoscopist,120 but
standard tracheal tubes (6-mm ID or larger can be used) should be trimmed in
length so that the objective lens is within the bevel.121,122 The hypothetical
benefits of using the device in this manner are the reduction of unanticipated
difficult intubations and the maintenance of alternative technique skills by
incorporating this or similar devices into daily practice.122

Figure 28-12 The Bonfils (Karl Storz, Tuttlingen, Germany). Inset: Objective end within
tracheal tube.

Figure 28-13 A: The Shikani Seeing Optical Stylet (Clarus Medical, LLC, Minneapolis,
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MN). B: The Levitan FPS.

The Clarus Video System (Clarus Medical, LLC, Minneapolis, MN; Fig. 2814) marries the malleable stylet concept of the SOS with CMOS technology. A
4-inch adjustable-angle LED screen is mounted on the handle and has a
proprietary video-out port. The device also supports intubation via
transillumination technique by incorporating a distal, anteriorly positioned
red diode that may be visible through the skin when the tip of the device is in
the larynx.
Videolaryngoscopy
VL mimics the operator actions of direct laryngoscopy but places
an imaging device toward the distal end of the laryngoscope blade.
This moves the provider’s point of view past the tongue, avoiding the
need for a direct line of sight to the glottis. The ASA Difficult Airway
Taskforce recommends that a videolaryngoscope be available as a first
attempt or rescue device for all patients being intubated.2 VL improves the
ability to visualize the larynx, and intubation success approaches 97% to 98%.
An added benefit is decreased cervical motion when compared with DL, which
appears to be more pronounced with the channeled devices.

Figure 28-14 The Clarus Video System (Clarus Medical, LLC, Minneapolis, MN).
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Figure 28-15 (A) McGrath Mac and (B) Mcgrath Series 5 (Medtronic, Dublin, Ireland),
(C) Glidescope Multiuse blade and (D) Glidescope Cobalt single-use blade (Verathon,
Bothell, WA), and (E) Gliderite rigid stylet (Verathon, Bothell, WA).

The first widely available videolaryngoscope was the Glidescope
(Verathon, Bothell, WA; Fig. 28-15). The Glidescope blade has both a
light-emitting diode and a CMOS chip and is cabled to an LCD monitor.123 The
distal portion of the blade has a 60-degree angulation, making it an “acuteangle” videolaryngoscope. The Glidescope design has several advantages: (1)
It may be handled with a skill set similar to that used with conventional DL.
(2) As the video apparatus is positioned close to the distal end of the blade,
the operator “sees” from a position beyond the base of the tongue and tongue
displacement is not as critical as it is with DL. Similarly, with the optics
positioned distal to the lingual tonsils, tonsillar hyperplasia should not affect
the visual axis as it does with conventional DL. (3) The video apparatus
eliminates fragile fiberoptic elements. (4) The airway image is displayed on a
portable screen, allowing for observation by more than one individual (e.g.,
aid, mentor, and student). (5) The 60-degree distal angulation reduces
cervical spine motion by 50% at the C2–5 segments compared with Macintosh
DL.124
When used by inexperienced operators, the Glidescope provides a better
glottic view than DL (Cormack–Lehane grade 1 view in 85.7% vs. 48.9% of
patients) and can obtain a Cormack–Lehane grade 1 or 2 view in 77% of
patients in whom no glottic exposure was achieved by DL.123 A large
1940

prospective, nonrandomized study of 1,755 patients showed a 98% intubation
success rate with the Glidescope, including 96% success in patients predicted
to be difficult by DL, and 94% success in airway rescue after failed DL.29
Although achieving an adequate laryngeal view with the Glidescope appears
relatively easy, ETT manipulation into the larynx appears to be more difficult.
In one study, placement of the ETT required an additional 16 seconds (on
average) when compared to DL.123,125 This is likely due to difficulty in
maneuvering the ETT around the acute angle of the blade. For this reason, the
use of a stylet is advised.126,127 A dedicated, nonmalleable stylet, the Gliderite
Rigid Stylet (Verathon, Bothell, WA), has a 90-degree distal bend and may be
used with various videolaryngoscopes. A study by Jones et al.128 suggests that
the angle of the ETT has greater impact on time to intubation than the
Cormack and Lehane grade of the image. Because the stylet is rigid and its
distal tip faces anteriorly, it may get caught on the anterior tracheal rings. A 1
to 2 cm withdrawal of the stylet as the glottis is entered may facilitate
advancement into the larynx as well as counterclockwise rotation of the
tracheal tube as it is advanced off the stylet. Insertion of the stylet into the
larynx should be minimal, if any.
Theoretically, the airway axes do not need to be aligned to achieve
adequate glottic visualization with VL. Manipulation of the Glidescope to the
position needed for adequate image can cause cervical segment extension,
though.129 Care must be taken in that regard, especially if the cervical spine is
unstable. The Glidescope has been successfully used to achieve tracheal
intubation in patients with limited cervical spine movement because of
ankylosing spondylitis and cervical spine trauma, but it may be difficult to use
in patients with limited mouth opening.130,131
The classic Glidescope insertion technique follows the midline approach.
After the uvula is visualized, the blade is advanced in the midline into the
vallecula or is passed posterior to the epiglottis.123 For patients with a limited
mouth aperture, the blade can be inserted like a Guedel airway, with the
Glidescope blade concavity facing rostrad and rotated 180 degrees
counterclockwise once the distal tip is in the oropharynx. This maneuver
displaces the tongue to the left and minimizes neck movements.
Practitioners must visualize, to completion, insertion of both the blade and
the ETT into the oropharynx. Traumatic complications associated with the use
of the Glidescope videolaryngoscope have been related to blind manipulation
of the ETT as it enters the airway but is not yet visualized on the video
screen. Traumatic events, which appear to be more likely with the use of a
rigid stylet, have been reported relating primarily to the soft palate,
palatoglossal arch, right palatopharyngeal arch, and right anterior tonsillar
pillar (Fig. 28-16).132,133 Steps to avoid soft tissue trauma include (1) assuring
that the stylet is within the bevel of the ETT; (2) maintaining the ETT in a
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midline position and as close to the blade as possible; (3) focusing the
operator’s attention on the patient’s oral cavity (as is done during DL) as the
blade and then ETT are advanced into the mouth, occasionally glancing at the
VL monitor—full attention is turned to the video image only when the distal
ETT can be seen on the image monitor; (4) avoiding levering of the blade
inward, as this increases the “blind spot” inferiorly; (5) using the least force
necessary to advance the ETT; and (6) practicing “reverse loading” of the ETT
(as described later).134 The potential for trauma to the oropharyngeal soft
tissues, due to the above-described “blind spot,” is similar for all
videolaryngoscopes listed later, unless true direct laryngoscopic technique is
used.
Control studies have shown no significant advantage of the Glidescope in
preventing hemodynamic responses to orotracheal intubation as compared
with the Macintosh direct laryngoscope, although others have shown
cardiovascular responses similar to intubation with a flexible intubation
scope.135 The Glidescope has also been used to facilitate nasotracheal
intubation with a reduced time to intubation when compared with DL and a
high first-time success rate. Reverse loading technique and use of a gum
elastic bougie have also been described. Reverse loading entails bending the
distal tip of the stylet in the opposite direction of the natural ETT curvature.
This promotes a more posteriorly directed delivery of the ETT and decreases
the chance of impingement on the anterior commissure or tracheal rings.136

Figure 28-16 Passage of a tracheal tube through the right palatoglossal arch due to a
blind spot created with videolaryngoscopy.

A newer version of the Glidescope, the Glidescope Titanium (Verathon,
Bothell, WA), is available. Functioning like the original, the new design is
made of titanium and has two standard curved blades (MAC T3 and T4) as
well as two low-profile acute-angle blades (LoPro T3 and T4). Plastic, singleuse versions are also available (LoPro/Mac P3 and P4). The mouth openings
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needed for commonly used indirect laryngoscopes are listed in Table 28-12.
Table 28-12 Mouth Opening Needed for Commonly Used Indirect Laryngoscopes

Figure 28-17 The Storz C-MAC (Reprinted with permission from Karl Storz, Tuttlingen,
Germany).

The C-MAC system (Karl Storz, Tuttlingen, Germany; Fig. 28-17) consists
of an electronic laryngoscope handle with exchangeable metal blades. One of
these, the D-Blade, is an acute-angle blade similar in angulation to the
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Glidescope, designed for when difficult DL is anticipated. A large multicenter
prospective randomized trial of 1,100 patients showed no difference in
intubation success rate (with two attempts) between the Glidescope and CMAC D-Blade in patients with anticipated difficult laryngoscopy.137
The C-MAC platform also works with blades that are identical to standard
Macintosh and Miller blades but with integrated illumination and CMOS
optics. This allows the device to be used as either a videolaryngoscope or a
standard direct laryngoscope. Although the image projected from the C-MAC
closely resembles that seen with the naked eye, ETT placement is facilitated
because the video image obviates the need to maintain an unobstructed line
of sight to the glottis. Use of the C-MAC is identical to standard DL, making
the video facility uniquely valuable during supervised instruction. A
comparison study of direct and video-assisted views of the larynx revealed
significant improvement of the glottic view with C-MAC video assistance.138
The McGrath Series 5 videolaryngoscope (Medtronic, Dublin, Ireland, Fig.
28-15) incorporates a blade, handle, power source, and LCD screen into a selfcontained device. Unique design features include an acute-angle blade of
adjustable length and disposable blade covers. As with the Glidescope, the
acute-angle blade improves laryngeal view but has the drawback of more
awkward tracheal tube placement, and use of a rigid or semimalleable ETT
stylet is advised. In one uncontrolled series, tracheal intubation with the
McGrath was successful in 98% of 150 elective surgery patients.139
The McGrath Mac (Medtronic, Dublin, Ireland) is the newer-generation
McGrath videolaryngoscope with a reduced blade curvature and a slimmer
blade design (11.9 mm). Compared to the acute-angle blade of the Series 5,
the reduced curvature allows easier use as a direct laryngoscope and an
improved screen allows shared viewing. The “blind spot” noted with the
Glidescope and McGrath Series 5 is reduced if a DL approach is used. Though
there may be less concern for soft tissue trauma, the cautions mentioned
earlier still apply. Another McGrath product, the McGrath X blade, has an
acute angle tip for anticipated difficult airways, a slimmer design, and a
portrait display to decrease blind-spot.
A new generation of videolaryngoscopes, termed “channeled scopes,”
employ a J-shaped channel that follows the course of the optical elements
from the viewing element (optical or video imaging) to the distal objective
lens or CMOS chip. Whereas DL accommodates for the right-angle nature of
the airway by displacing the anterior structures and VL accommodates by
placing the operator’s point of view beyond the tongue, the “channeled”
devices replicate the near 90-degree relationship of the oral and pharyngeal
axes, limiting the need for tissue displacement and cervical manipulation. A
lubricated ETT is preloaded into the channel and therefore guided in the same
trajectory as the objective. When adequate visualization of the glottis is
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achieved, the ETT is advanced in the channel until observed approaching the
larynx. In theory, as the tracheal tube is never in a blind-spot, this technique
should reduce the incidence of soft tissue trauma seen with the classic
videolaryngoscope approach. The blades of channeled devices typically have
an anatomic shape; therefore, a neutral head and neck position tends to result
in improved glottic alignment. Minor manipulations of the videolaryngoscope
(anterior, posterior, caudad, rostrad, and rotational) may be needed to align
the ETT and facilitate passage through the glottis.
The Airtraq optical laryngoscope (Prodol Meditec S.A., Vizcaya, Spain; Fig.
28-18) is a single-use, anatomically shaped, channeled laryngoscope with
periscopic optics. The device has a built-in antifog system and a lowtemperature light that facilitates the laryngeal view. The Airtraq has been
used successfully as a rescue device in patients after failed intubation with
DL.140 Anterior forces (e.g., those applied to the tongue) are reduced
compared to that found with DL, but some cervical spine movement still
occurs.129 Reports of its use in awake patients, patients with cervical spine
disease, and after failed DL have been published as well.141 One study showed
the need for fewer maneuvers to improve glottic exposure and fewer
alterations in blood pressure and heart rate when compared with DL.142
Reduced cervical spine movement in patients with midline axial stabilization
also has been demonstrated. The Airtraq AVANT (Prodol Meditec S.A.,
Vizcaya, Spain), functions similarly, but with reusable prismatic optics
sheathed in a disposable blade. A study of 100 patients showed better glottic
visualization with the AVANT than with DL utilizing a Macintosh blade.143

Figure 28-18 (A) The Pentax Airway Scope (Hoya-Pentax, Tokyo, Japan). (B) The
Airtraq laryngoscope (Prodol Meditec S.A., Vizcaya, Spain).

The Airway Scope (Pentax AWS, AWS-S100; Hoya-Pentax, Tokyo, Japan)
is a reusable, channeled device with a CMOS camera cord fitted into a singleuse blade (Fig. 28-18). The handle incorporates a 2.4-inch LCD monitor, the
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angle of which can be adjusted for easier viewing. The channel on the
disposable blades accepts ETTs with internal diameters between 6.5 and 8.0
mm and incorporates a working channel that can be used for placement of a
small suction catheter, injection of lidocaine, or insufflation of oxygen. Unlike
the Airtraq, the manufacturer of the AWS recommends using the blade to lift
the epiglottis (similar to using a Miller blade) prior to ETT insertion. The
difference in technique appears to be related to the ETT being closer to the
device tip during tube extrusion with the AWS than with the Airtraq.144 In one
small, nonblinded, noncrossover study, the AWS produced less of a
hemodynamic response and had a higher intubation success rate than the
Glidescope (100% vs. 96%) in patients predicted to be difficult by DL.145 As
with other channeled devices, the AWS has a higher success rate than the
Glidescope in normal volunteers with restricted neck mobility.29
The KingVision Video Laryngoscope (Ambu, Ballerup, Denmark) includes a
reusable, battery-operated OLED display and disposable channeled and
nonchanneled blades. The device can therefore be used as a classic VL or as a
channeled scope. The on-handle display gives a higher-quality image than
most other VLs and includes a composite video-out port.
NPO Status and Rapid-Sequence Induction
Aspiration of gastric contents trails only failed intubation in frequency
amongst reported adverse events.1 Induction of anesthesia profoundly
depresses intrinsic reflexes that protect the airway from the entrance of
foreign bodies, including regurgitated material. In addition,
manipulation of the upper esophageal inlet reduces the closing pressure
of the lower esophageal sphincter. Many patients will present in
situations in which aspiration is a significant risk (Table 28-13A) and rapidsequence induction (RSI), as described, is practiced. If, in addition, difficult
airway management is anticipated, awake intubation is often chosen (see
Airway Approach Algorithm below). When aspiration is of concern,
pharmacologic therapy can help mitigate risk, with the goal of reducing both
the volume and acidity of gastric contents. Obesity has long been
considered a risk factor for gastric-content aspiration and preoperative
treatment with gastric emptying and acid-reducing agents has been
recommended,146 though this remains controversial. Although initial
studies touted the increased volume and decreased pH of gastric
secretions in the obese fasting patient, others have refuted this claim.147,148
Control of Gastric Contents
Preventing pulmonary aspiration of gastric contents is a primary concern
during airway management. Control of gastric contents involves (1)
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minimizing intake, (2) increasing gastric emptying, and (3) reducing gastric
volume and acidity (Table 28-13B). Altered physiologic states (e.g.,
pregnancy and diabetes mellitus) and gastrointestinal pathology (e.g., bowel
obstruction and peritonitis) adversely affect the rate of gastric emptying,
thereby increasing aspiration risk. The extent of delayed gastric emptying
with diabetes mellitus correlates well with the presence of autonomic
neuropathy but not with age, duration of disease, HbA1C, or peripheral
neuropathy. The difference in the gastric emptying times between healthy
patients and those with type I diabetes ranges from 30 minutes to 2 hours.150
Human breast milk is cleared more rapidly than other milk products151 and
the ASA recommends a fasting period of 4 hours for breast milk and 6 hours
for nonhuman milk, infant formula, and a light solid meal. Clear liquids can
be administered to children up to 2 hours, and adults up to 3 hours, prior to
anesthesia without increased risk for regurgitation and aspiration (Table 2813C).149
Table 28-13 Pulmonary Aspiration: Patients at Risk for Aspiration, Methods to Reduce
Aspiration Risk, and ASA Recommended Fasting Guidelines

Reduction of gastric acidity can be achieved with the aid of H2-receptor
antagonists and proton pump inhibitors (PPIs), which also reduce gastric
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volume. Famotidine given a few hours before surgery effectively reduces
gastric volume and increases gastric pH better than ranitidine.152 The PPIs
rabeprazole, lansoprazole, and omeprazole are most effective when given in
two successive doses: one the evening before and one the morning of
anesthesia.153,154 When given in a single dose, rabeprazole and lansoprazole
should be administered on the morning of anesthesia, as they are not
sufficiently effective when given the night before. This is in contrast to singledose therapy with omeprazole, which is most effective when administered the
night before.153–155 Sodium citrate oral solution increases gastric pH and is
best administered within 1 hour preoperatively in a dose of 15 to 30 mL.
When combined with metoclopramide (10 mg IV), sodium citrate (15 mL PO)
reduces gastric volume by 33% and increases gastric pH by 38% versus
unmedicated controls.156 A nasogastric (NG) tube can also be used to reduce
gastric volume prior to induction of anesthesia in patients at high risk of
regurgitation. An NG in situ provides a passage for passive drainage of gastric
contents and does not diminish the effectiveness of cricoid pressure.157 NGs
are best left in place and open to freely drain during induction of anesthesia.
The presence of an NG tube does not guarantee an empty stomach, though,
and may impair the function of the lower and upper esophageal sphincters.
Rapid-Sequence Induction. RSI is indicated when there is increased risk
of gastric content aspiration. The goal of RSI is to gain control of the
airway in the shortest amount of time after the ablation of protective
airway reflexes with the induction of anesthesia. In the RSI technique, an
intravenous anesthetic induction agent is administered and immediately
followed by a rapidly acting neuromuscular blocking drug. Historically, mask
ventilation is omitted for fear of gastric insufflation. Laryngoscopy and
intubation are performed as soon as muscle relaxation is confirmed.
Classically, cricoid pressure is applied (Sellick maneuver), which entails the
posterior displacement of the cricoid cartilage against the vertebral bodies,
and is held from the beginning of induction until confirmation of ETT
placement. In this manner, it was presumed that the lumen of the esophagus
was ablated while the circumferential structure of the cricoid cartilage
maintained the tracheal lumen.
Early cadaveric studies showed that correctly applied cricoid pressure was
effective in preventing gastric fluids from leaking into the pharynx. Recently,
MRI studies have suggested that the esophagus is laterally displaced in a
majority of normal patients158; thus, the adequacy of esophageal ablation has
been questioned. In addition, cricoid pressure may worsen the laryngoscopic
view159 and is contraindicated during active vomiting (risk of esophageal
rupture), and with cervical spine or laryngeal fracture. There is also little
evidence that omission of mask ventilation provides any clinical benefit,
especially in patients with poor pulmonary reserve. In fact, if oxyhemoglobin
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desaturation occurs, gentle positive-pressure ventilation (<25 cm H2O) is
recommended as is, in the instance of poor laryngeal view, the release of
cricoid pressure.160 For these reasons, and the lack of randomized controlled
trials evaluating outcomes in regard to cricoid pressure,161 some practitioners
have altogether abandoned classic RSIs in favor of gentle mask ventilation,
without cricoid pressure, while waiting for fast-acting paralytics to work.162 If
mask ventilation is omitted, high-flow oxygen via nasal cannula can be used
to increase apnea tolerance via apneic oxygenation, as discussed earlier.
Another, more insidious, mode of aspiration is “microaspiration,” which
occurs when ETT cuff occlusion of the tracheal lumen is imperfect. Leakage of
liquids past the cuff may be related to an underinflated cuff or channeling
secondary to cuff folding and can be worsened by negative intrathoracic
pressure in the spontaneously breathing patient.163 For these reasons, ETTs
with subglottic suction ports are recommended for patients who will likely
stay intubated past the immediate postoperative period.70
The Intubating Supraglottic Airways. Blind, flexible scope-aided, styletguided, and laryngoscopy-directed tracheal intubation via SGAs has been
widely reported, but many limitations have been described. In an effort to
overcome these limitations, Brain et al. introduced a version of the LMA, the
LMA (Teleflex, Research Triangle Park, NC), designed specifically as a
conduit to intubation (Fig. 28-4). Other manufacturers have introduced
similar devices including the Aura-I (Ambu, Ballerup, Denmark) and the air-Q
(Fig. 28-6). Most non-Fastrach devices require guided tracheal intubation
(e.g., with a flexible intubation scope) during the intubation process. Expert
groups, such as the Difficult Airway Society of the United Kingdom,
recommend this visually guided approach.3
The mask of the LMA Fastrach differs from Dr. Brain’s original LMA
design with the incorporation of a vertically oriented, semirigid bar fixed at
the proximal end of the bowl aperture. This “epiglottic elevating bar” sits
beneath the epiglottis in the average-sized adult and guides the ETT toward
the larynx. A handle at the proximal end of the barrel is used for insertion,
repositioning, and removal of the device. Originally made of stainless steel
and silicone, a plastic single-use version is available. The LMA Fastrach barrel
can accommodate up to an 8-mm ID-cuffed ETT, which can be inserted blindly
or over a fiberscope or other flexible stylet device. The Fastrach is designed
to be used with a wire-reinforced tracheal tube, although the use of both
standard and Parker Flex-Tip (Parker Medical, Englewood, CO) PVC tracheal
tubes has been described.164 The LMA Fastrach is available in sizes with cuffs
equivalent to the size 3, 4, and 5 LMA Classics. Experience suggests that most
adults between 40 and 70 kg are best managed with a size 4 Fastrach and
heavier persons require a size 5.
A large study has shown the utility of the LMA Fastrach. Ferson et al.92
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successfully intubated 234 patients with this device, including patients for
whom they anticipated difficult intubation. Successful blind intubation via the
LMA Fastrach occurred in 97% of these patients; the remaining intubations
were facilitated with adjunct use of a fiberoptic intubation scope. A
modification of the LMA Fastrach design, the LMA CTrach (introduced in
2004 but no longer commercially available), incorporated into the device
bowl a CMOS camera connected to a handle-mounted monitor.
Prior to insertion, the mask of the LMA Fastrach cuff is tested, deflated,
and lubricated as described for the LMA Classic. With the patient’s head in
neutral position, the device is inserted into the mouth so that the mask lies
flat against the palate. Gentle pressure on the handle and barrel reproduces
the palatal pressure described earlier for LMA Classic insertion. A smooth
backward rotation of the handle toward the top of the head seats the tip of
the mask in the hypopharynx, posterior to the cricoid cartilage. Once seated,
the mask of the Fastrach is inflated and ventilation is attempted. The position
of the device can be optimized by lateral and anterior–posterior manipulation
of the handle, known as the Chandy maneuver (after Dr. Chandy Verghese,
Redding, UK).165 A seemingly common cause of airway obstruction with the
LMA Fastrach is down-folding of the epiglottis. This can be relieved with a
smooth rotational movement of the inflated LMA Fastrach out of the airway
(6 cm along the axis of the insertion) and immediate replacement (the “up–
down maneuver”).
Blind tracheal intubation is undertaken only if the airway is clear and the
patient is muscle relaxed and/or sufficiently anesthetized. After adequate
ventilation and anesthesia are achieved, the ETT is advanced though the
barrel. As the ETT exits the bowl aperture of the LMA Fastrach, the elevating
bar is pushed anteriorly, carrying the epiglottis out of the way. If positioned
correctly, the ETT can freely enter the glottis.
When blind intubation fails (esophageal insertion or inability to advance
the ETT) and flexible intubation scopes or stylets are not available, several
maneuvers may be performed.165 As early obstruction is typically caused by a
down-folded epiglottis, an up–down maneuver, as described earlier, can be
employed and intubation attempts repeated. If unsuccessful, a second part of
the Chandy maneuver may be attempted in which the handle is used to gently
lift (without rotation) the device anteriorly, sealing the bowl against the
larynx. Early resistance may also signify vallecular entrapment secondary to
an LMA Fastrach size. The operator may remove the LMA Fastrach and place
a smaller one. Later obstruction may signify entrapment or too small a device
and, again, a change may be indicated.
When intubation fails despite these maneuvers and/or a change in the
device size, the clinician should recall that ventilation typically will be
adequate despite failure to intubate. At this juncture, the clinician can (1)
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continue with short surgical procedures using the Fastrach as a simple SGA
(procedures longer than 15 minutes may be ill advised because of the pressure
exerted by the LMA Fastrach on pharyngeal tissues), (2) change to a different
SGA, (3) diagnose the intubation impediment with the aid of another device
(e.g., flexible intubation scope), (4) remove the SGA and employ an alternate
technique of tracheal intubation, or (5) perform a surgical airway while
continuing ventilation via the SGA. This last procedure may be an
underappreciated facility of all the SGAs, as these devices may serve as
bridges while invasive airway procedures are performed.
Once successful intubation is confirmed by capnography and physical
exam, an intubating SGA may be removed. Though this is typically a
requirement of the rigid devices (e.g., LMA Fastrach), some intubating SGAs
(e.g., the Aura-I or air-Q) may be left in situ. For removal, the ETT circuit
adapter is removed and the intubating SGA is withdrawn over the ETT.
During this removal, the ETT is stabilized either coaxially by a stabilizing rod
(supplied by the manufacturer) or by Magill forceps holding the proximal tip
of the ETT (as described by Rosenblatt et al.).166 In the midremoval position,
a finger is placed in the mouth to stabilize the ETT while the SGA is fully
retreated.
The precurved Aura-I intubating SGA lacks the rigid components as well as
the epiglottic lifting bar concept of the LMA Fastrach. Because it does not
apply as much pressure to pharyngeal mucosa, it can be left in situ after
intubation or used for long periods as a simple SGA. When using an Aura-I for
tracheal intubation, a flexible intubation scope should be used.
The air-Q SGA also forgoes the rigid components and epiglottic lifting bar.
Unlike the devices discussed earlier, it lacks the 90-degree precurvature of the
barrel. The air-Q barrel will accept a tracheal tube from 4.5 to 8.0 mm
internal diameter (ID) and the keyhole-shaped airway outlet is designed to
steer the ETT toward the larynx. For blind intubation, the ETT cuff is
deflated, lubricated, and inserted into the device barrel. If the larynx is
entered, advancement past 12 to 15 cm should occur with little resistance. If
resistance is met, the air-Q can be repositioned and ETT advancement
attempted again. Once tracheal intubation is confirmed, the device can be
removed with the help of a specialized stylet provided by the manufacturer.
In a study comparing like devices, the LMA Fastrach had a higher blind
intubation success rate than the air-Q (99% vs. 77%, respectively, with two
attempts), though greater than 95% of patients could be intubated with either
device if flexible optical guidance was utilized.167 Unlike the other intubating
SGAs, a range of pediatric-sized air-Qs are available and intubation success
rates of 95% have been achieved in infants.168
Extubation of the Trachea
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Although a wealth of literature is focused on the field of tracheal intubation,
few reviews have intensely contemplated the area of extubation after
completion of surgery or prolonged ventilatory support.169 Indeed, the
period of extubation may be far more treacherous than that of
intubation.1
Routine Extubation
Extubation of the trachea must not be considered a benign procedure, as it is
fraught with its own set of potential complications (Table 28-14). As
planning, preparation, and a back-up plan are needed for safe intubation, they
are also needed for the procedure of extubation. Appropriately trained
personnel and equipment should be immediately available at the time of
extubation. This may range from a postanesthetic care unit nurse or
respiratory therapist with a set of laryngoscopes to a surgeon prepared
to perform an emergency tracheostomy. An excellent reference exists in the
Difficult Airway Society Extubation Guidelines, which outline a strategic
stepwise approach to decision making before, during, and after both routine
and “at risk” extubations.170
Table 28-14 Complications of Tracheal Extubation

Most adult patients are extubated after the return of spontaneous
respiration, the resolution of neuromuscular block, and the demonstration of
the ability to follow simple commands (Table 28-15). After the patient is
asked to open their mouth, a suction catheter is used to remove supraglottic
secretions or blood. The airway pressure is allowed to rise to 5 to 15 cm of
H2O to facilitate a “passive cough” and the ETT is removed after the cuff (if
present) is deflated.44 If coughing or straining is contraindicated or hazardous
(e.g., increased intracranial pressure), extubation may be performed while the
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patient is in a surgical plane of anesthesia and breathing spontaneously
(“deep” extubation). The three requirements for deep extubation are (a) easy
mask ventilation following induction, (b) non-airway surgery, and (c) empty
stomach. If deep extubation is desired and the patient is at risk of gastric
content aspiration (e.g., full stomach) or upper airway obstruction (e.g.,
obstructive sleep apnea), the clinician needs to assess the relative risk of each
potential morbidity (e.g., coughing vs. aspiration vs. obstruction).
Table 28-15 Criteria for Routine “Awake” Postsurgical Extubation

Laryngospasm upon ETT removal accounts for 23% of all critical
postoperative respiratory events in adults.44 The mechanism of laryngospasm
is the contraction of the lateral cricoarytenoids, the thyroarytenoid, and the
cricothyroid muscles in response to stimulation of the vagus nerve. Potential
stimuli include secretions, vomitus, blood, or foreign body in the airway,
pelvic or abdominal visceral stimulation, and pain. Management of
laryngospasm consists of the immediate removal of the offending stimulus (if
identifiable), administration of oxygen with CPAP and, if other maneuvers are
unsuccessful, the use of a small dose of short-acting induction agent or muscle
relaxant.44
Patients who are not fully recovered from neuromuscular relaxation are
also at risk of airway obstruction and aspiration at the time of extubation.171
This is, in part, due to the fact that pharyngeal function is hindered when the
train-of-four (TOF) ratio remains less than 0.9.172 Fortier et al.173 found that
65% of patients who received nondepolarizing neuromuscular blocker and had
been reversed with neostigmine still had residual neuromuscular blockade
(TOF <0.9) at the time of extubation and 60% had residual neuromuscular
blockade on arrival to the postanesthesia care unit (PACU). This data suggests
that neostigmine alone cannot be relied on for adequate reversal and
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vigilance is needed during intraoperative titration of neuromuscular blockers.
Though cholinesterase antagonists have historically been used to reverse
nondepolarizing neuromuscular blockers, a new class of agents has been
introduced. Cyclodextrins are hollow-structure molecules capable of trapping
other molecules within their core. The lipophilic core of the agent
sugammadex (Merck & Co., Whitehouse Station, NJ) so tightly encapsulates
rocuronium or vecuronium molecules that it can remove blocking agents that
are already bound to the neuromuscular junction. The trapped neuromuscular
blocker is unavailable to bind elsewhere and excreted in the urine. This is
discussed more thoroughly in Chapter 21.
Mechanical airway obstruction may also result in extubation failure and
the risk is higher in patients with obstructive sleep apnea. Obstruction may
result from trauma related to intubation (e.g., multiple failed attempts),
surgical manipulation (e.g., lingual edema caused by mouth gags), and
impaired lymphatic (e.g., after radiation therapy) and venous (e.g., with
extreme neck flexion) drainage. Palatopharyngeal edema associated with
anterior cervical spine procedures or hematomas (e.g., following
endarterectomy) may also result in postextubation airway failure.
Unilateral vocal cord paralysis may result from trauma to the recurrent
laryngeal nerve. If the contralateral nerve has been damaged previously,
airway obstruction can occur due to unopposed vocal cord adduction. This
may occur following neck or intrathoracic surgery or even after internal
jugular line placement or endotracheal intubation. Transient vocal cord and
swallowing dysfunction has been demonstrated in absence of injury, placing
even healthy patients at risk of aspiration after general anesthesia. Many
patients will undergo preoperative nasopharyngoscopy to assess the state of
laryngeal function prior to one of these high-risk procedures.
Pharmacologic agents used during maintenance and emergence of
anesthesia may also affect the success of extubation. Though low
concentrations of potent inhalation anesthetics (e.g., 0.2 Minimal Alveolar
Concentration [MAC]) do not alter the respiratory response to CO2, they may
blunt hypoxic drive. Opiates and, to a lesser extent, benzodiazepines affect
both hypercarbic and hypoxic respiratory drives. Some nondepolarizing
muscle relaxants also reduce the hypoxic ventilatory drive secondary to their
effect on cholinergic receptors in the carotid body.169,171
A randomized control trial revealed that multiple-dose dexamethasone
effectively reduced incidence of postextubation stridor in adult patients at
high risk for postextubation laryngeal edema. In contrast, single-dose
injection of dexamethasone given 1 hour before extubation did not reduce the
number of patients requiring reintubation.174
Identification of Patients at Risk for Complications after Extubation
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All patients should be evaluated for potentially difficult extubation just as
they are evaluated for potentially difficult intubation. A number of wellknown clinical situations may place patients at increased risk for difficulty
with oxygenation or ventilation at the time of extubation (Table 28-16).
A popular test used to predict postextubation airway competency is
the detection of a leak on deflation of the ETT cuff. A meta-analysis
showed that the absence of a cuff leak is associated with a higher risk of
reintubation, but the presence of a detectable leak has low predictive
value.175
Table 28-16 Clinical Situations Presenting Increased Risk for Complications at Time of
Extubation

When mask ventilation and intubation are without difficulty and there is
no substantial reason to believe that an interim insult to the airway has
occurred, extubation may be accomplished in a routine fashion. Even under
these circumstances, one must always be prepared for emergent reintubation.
Approach to the Difficult Extubation
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When there is a suspicion that a patient may have difficulty with oxygenation
or ventilation after tracheal extubation, the clinician may choose from a
number of management strategies. These range from continued ventilation, to
the preparation of standby reintubation equipment, to the active
establishment of a bridge or guide for reintubation or oxygenation.
A number of obturators, which may be left in the airway for extended
periods, are available for use in trial extubation. These devices are generally
referred to as airway exchange catheters (AECs). The success of first-pass
reintubation is significantly higher, and the incidence of hypoxia is lower, in
patients with a retained AEC.176
There are many commercially available AECs. Two examples of
these are the Cook Airway Exchange Catheters (Cook Critical Care,
Bloomington, IN) and the CardioMed Endotracheal Ventilation Catheter
(CardioMed, Gromley, Ontario, Canada). Both of these are available in
multiple sizes and have a central lumen and rounded, atraumatic ends. The
proximal ends are fitted with a Luer-lock adapter that with an oxygen source
can be used to provide insufflated or jet-ventilated oxygen. These adapters are
helpful if the patient fails extubation or reintubation attempts and can be
quickly decoupled for ETT removal or exchange.
Despite their advantages, AECs have been associated with significant
morbidity, and complication rates of up to 60% have been reported.177
Complications have included loss of airway control, mucosal trauma,
esophageal intubation, pneumothorax (even in the absence of gas
insufflation), and death.178 Specific cautions are often exercised to reduce
complications with AECs, though little empiric literature is available.
Prior to placement of an AEC, the patient should meet extubation criteria
and, in most cases, be fully preoxygenated. An AEC with an external diameter
closest to the internal diameter of the ETT that would be used for
reintubation should be chosen to prevent “hang-up” (see later under Use of
the Flexible Intubation Scope).
When the patient is ready for extubation, the ventilator is disconnected
and the distal end of the lubricated AEC is placed to the depth of the tracheal
tube bevel. Most AECs have depth markings that may be matched with the
markings on the ETT (Fig. 28-19). If care was taken with the initial tracheal
tube positioning, this will result in a midtracheal positioning of the AEC and
reduce the chance of endobronchial placement. As the ETT is removed, careful
attention is paid to maintaining the AEC’s position. If tracheal reintubation is
required and the ETT will not pass through the glottis, lifting the tongue with
a laryngoscope may facilitate reintubation. A 2 or 3 cm withdrawal of the
ETT, counterclockwise tracheal tube rotation (90 degrees), and reinsertion
will often overcome “hang-up.”
If jet insufflation of oxygen via the AEC is required, the patient should be
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flaccid or muscle relaxed and an oral airway or other device should be used to
maintain an open upper airway. In addition, inspiratory pressure and duration
must be carefully titrated to observe chest expansion and recoil. These
precautions are designed to limit chest-wall resistance and facilitate gas
egress.
During removal of the ETT, a flexible intubation scope may be used to
view tracheal structures. If extubation is tolerated, the bronchoscope can be
slowly withdrawn into the subglottic region and the vocal folds and other
structures visualized and evaluated.

Figure 28-20 The American Society of Anesthesiologists Difficult Airway Algorithm. A:
Awake intubation. B: Intubation attempts after induction of anesthesia.

The Difficult Airway Algorithm
Difficult and failed airway management accounts for 2.3% of anesthetic
deaths in the United States.5 The ASA defines the difficult airway as the
situation in which the “conventionally trained anesthesiologist experiences
difficulty with intubation, mask ventilation or both.” In 1993, to address such
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a scenario, the ASA Task Force on the Difficult Airway first published an
algorithm that has become a staple of modern airway management. This
algorithm was reissued in 2003 and again in 2013.2 The most significant
change in the ASA difficult airway algorithm (ASA-DAA) has been the
repositioning of the SGA from the emergency to the non-emergency
management pathway and the inclusion of VL as an option for both initial
airway management and after failed tracheal intubation (Fig. 28-20).
Though the ASA-DAA is a staple in the United States and much of the
world, several groups worldwide have written their own airway algorithms
emphasizing techniques and approaches native to their practice; the reader is
encouraged to explore these as well.3,108,179,180
The text of the ASA-DAA succinctly states the challenge of recommending
practices for management of the difficult airway: “The difficult airway
represents a complex interaction between patient factors, the clinical setting,
and the skills of the practitioner.”2 Although the algorithm largely speaks for
itself, its salient features are discussed here.
Entry into the algorithm begins with physical evaluation of the airway.
Although there is some debate as to the value of particular evaluation
methods, the clinician must use all available data and his or her own clinical
experience to reach a general impression as to the likelihood of difficulty in
terms of laryngoscopy (e.g., DL or VL), intubation, and supraglottic
ventilation. The risk of aspiration and the likely degree of apnea tolerance
must also be weighed.
This evaluation should direct the clinician to enter the ASA-DAA at one of
its two root points: awake intubation (Fig. 28-20A) or intubation attempts
after the induction of general anesthesia (Fig. 28-20B). The decision to enter
the algorithm via either approach is made after a thorough preoperative
evaluation. Box A is chosen when difficulty is anticipated with either
ventilation or intubation that will place the patient at jeopardy. Box B is for
the setting in which difficulty may be anticipated but no uncorrectable
situations are expected.

Figure 28-19 Markings of an airway exchange catheter (AEC) are aligned with the
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markings on the in situ tracheal tube. Aligning these marks as the AEC is inserted
prevents bronchial trauma.

The Airway Approach Algorithm
These decisions have been further defined in a preoperative decision tree by
Rosenblatt7 known as the Airway Approach Algorithm (AAA). Figure 28-21
outlines the AAA, a simple one-pathway algorithm for entering into the ASADAA based on five fundamental questions. Movement through the AAA is
dependent on the clinician’s skill and experience. Details of the AAA can be
found elsewhere and are summarized here.7,181
1. Is airway control necessary? Can regional, neuraxial, or infiltrative
anesthesia be applied? Periodic analysis of the closed claims database
illustrates that a plan for airway control is always needed independent
of the choice of anesthetic technique. This concept was highlighted in
the 2013 iteration of the ASA-DAA.2 However routine the practices of
sedation or general anesthesia becomes, whether or not to make a
patient apneic should always be considered and alternatives
contemplated.
2. Could tracheal intubation be (at all) difficult? If there is no
indication that rapid tracheal intubation (e.g., by DL, VL, or other
means familiar to the operator) will be difficult, the clinician may
proceed as clinically appropriate. If there is an indication, based on
history or physical examination, that there may be difficulty with
rapid tracheal intubation, the AAA is followed to the next question. By
choosing to continue down the algorithm, the clinician is not
assuming that tracheal intubation will be difficult; rather, he or she is
anticipating the viability of rescue maneuvers should difficulty occur.
3. Can supraglottic ventilation be used if needed? If the clinician
identifies a reason that SGA ventilation (by facemask or SGA) could
be difficult, he or she is projecting the possibility that a juncture of
“cannot intubate (Question 2)—cannot ventilate (Question 3)” could
be reached. Because this is a preoperative algorithm, Box A (awake
intubation) of the ASA-DAA may be the preferred root entry point.
4. Is there an aspiration risk? The patient at risk for aspiration is not a
candidate for elective SGA use. Because the AAA is a preoperative
algorithm, and therefore allows the luxury of discretionary paths, the
juncture of “cannot intubate/should not ventilate” can be avoided by
entering the ASA-DAA at Box A.
5. a. Will the patient tolerate an apneic period? Should intubation
fail and facemask and SGA ventilation prove inadequate, will the
patient rapidly desaturate? Factors such as age, pregnancy, pulmonary
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status, abnormal oxygen consumption (e.g., fever), and choice of
induction agents will influence this. If time to oxyhemoglobin
desaturation is limited, Box A may be prophylactically chosen.
b. Can hypoxia be rapidly corrected through other means? This
question requires the operator to consider percutaneous
emergency airway access (PEAA),182 including the
availability of equipment and the knowledge and experience
of the operator and support personnel. For example, if an error in
judgment is made and the operator is in a “cannot intubate/cannot
ventilate” scenario, will these conditions allow for the use of PEAA
to temporize the situation? All conditions may be right, but if the
patient is morbidly obese or has had scarring or radiation changes
over the larynx/trachea, this option may not be available. These
factors have been discussed in detail elsewhere.7,181

Figure 28-21 The Airway Approach Algorithm: a decision tree approach to entry into the
American Society of Anesthesiologists Difficult Airway Algorithm. TTJV: transtracheal jet
ventilation.

The exception to the AAA is a patient who is unable to cooperate owing to
mental disability, language barriers, intoxication, anxiety, depressed level of
consciousness, or young age. This patient may still be approached by Box A
(Fig. 28-20A), but awake intubation may need to be forgone in favor of
techniques that maintain spontaneous ventilation (e.g., inhalational induction
or titrated intravenous agents such as dexmedetomidine).
Preparation of the patient for awake intubation is discussed later. In
most instances, awake intubation can be accomplished successfully if
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approached with care and patience. When awake intubation fails, the clinician
has a number of options: (1) canceling the surgical case and arranging
specialized equipment or personnel for a return to the operating room; (2)
changing to a regional anesthetic technique; or (3) if clinically indicated,
calling for a surgical airway (e.g., cricothyrotomy). The decision to proceed
with regional anesthesia due to real or anticipated airway management
difficulties must be considered in terms of risks and benefits (Table 28-17).
The ASA Closed Claims Database project has identified failure of regional
anesthesia as a source of serious complication when no airway strategy was
prophylactically considered.2,4
The ASA-DAA becomes truly useful in the unanticipated difficult airway
scenario (Box B in Fig. 28-20). When induction agents (with or without
muscle relaxants) have been administered and the airway cannot be
controlled, vital management decisions must be made rapidly.
Typically, the clinician has attempted DL or VL and tracheal intubation
after successful or failed anesthesia mask ventilation. Even if the patient’s
oxygen saturation remains adequate, the number of laryngoscopy attempts
should be limited.183,184 The exact number of attempts allowed is unclear and
will depend on the clinical scenario, but the authors recommend limiting the
number of DL or VL attempts to two (or potentially three if the initial
attempts were performed under suboptimal conditions or by an inexperienced
provider). This emphasizes the importance of optimizing the first attempt, as
significant soft tissue trauma can result from laryngoscopy, especially after
multiple attempts, which may diminish the efficacy of a rescue facemask or
SGA.
Table 28-17 Regional Anesthesia (RA) for Patients with Likely Difficult Airways

If two to three attempts at laryngoscopy fail, mask ventilation should be
instituted and, if adequate, the ASA-DAA nonemergency pathway is entered.
The clinician may then turn to the most convenient and/or appropriate
technique for establishing tracheal intubation, if needed. This might include,
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but is not limited to, the use of a flexible intubation scope; an SGA or
intubating SGA; or a bougie, lighted stylet, or retrograde wire. A surgical
airway will sometimes be the most appropriate approach. (The most widely
applied of these procedures, as well as new techniques, will be discussed
within the clinical scenarios presented later.)
When mask ventilation fails, the algorithm suggests supraglottic
ventilation via an SGA. If successful, the nonemergency pathway of the ASADAA has again been entered and alternative techniques of tracheal intubation
may be used, if needed. Should SGA ventilation fail to sustain the patient
adequately, the emergency pathway is entered and the ASA-DAA suggests use
of percutaneous emergency airway access (e.g., via the CTM) or a surgical
airway. At any juncture, the decision to awaken the patient should be
considered based on the adequacy of ventilation, the risk of aspiration, and
the risk of proceeding with intubation attempts or the surgical procedure.
Table 28-18 The Vortex Approach: Maneuvers and Alterations between Noninvasive
Airway Attempts

A nonalgorithmic approach to the failed and critical airway has also been
suggested. The Vortex Approach is a simple cognitive aid to be used during
the critical cannot intubate/cannot oxygenate (CICO) scenario (Fig. 28-22).179
The Vortex Approach is not a substitute for the emergency pathway of the
ASA-DAA or any other published recommendation, but rather is a simple
visual clue to the steps that may be taken during an airway emergency.
The Vortex Approach assumes that there are three categories of
noninvasive techniques available during an airway “code”: mask ventilation,
SGA ventilation, and tracheal intubation. Up to three attempts with devices
from each of these categories may be attempted prior to pursuing invasive
(surgical) airway access. The limitation placed on the number of attempts is
because repeated attempts are unlikely to be successful and are likely to incur
trauma and waste time, as discussed earlier. Attempts with the three
noninvasive techniques can be made in any order that is clinically relevant,
but, if a second or third attempt is needed with devices from any given
category, a change must be instituted between attempts (e.g., different
device, method of insertion, patient positioning, and so on) (Table 28-18).
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Figure 28-22 The Vortex Approach. The Vortex is a cognitive aid for use during failed
airway exercises. (Reproduced with permission from Chrimes N, Fritz P. The Vortex
Approach: Management of the Unanticipated Difficult Airway. Smashwords Edition,
2013. Available at: http://www.vortexapproach.org.)

After exhaustion of the allowed nine noninvasive attempts, a surgical
airway is immediately sought. The choice of invasive airway management
technique is dependent on operator experience and equipment availability. As
a consequence of this approach, an invasive airway will ideally be initiated
prior to oxyhemoglobin desaturation. This is contrary to traditional teaching,
in which an invasive airway is not attempted until oxyhemoglobin
desaturation has begun. Because more than three attempts at noninvasive
techniques are unlikely to be successful,180 an early approach to an invasive
airway should allow for a more controlled technique and lower risk of
hypoxic damage.

Awake Airway Management
Awake airway management remains a mainstay of the American Society of
Anesthesiologists’ difficult airway algorithm. Awake techniques provide
maintenance of spontaneous ventilation in the event that the airway
cannot be secured rapidly. Other benefits include increased size and patency
of the pharynx, relative forward placement of the base of the tongue,
posterior placement of the larynx, and the ability of the patient to cooperate
with procedures.185 Additionally, the awake state confers some maintenance
of upper and lower esophageal sphincter tone, thus reducing the risk of
regurgitation. In the event of regurgitation, the patient can expel aspirated
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foreign bodies by cough to the extent that these reflexes have not been
obtunded by local anesthesia.186 Finally, patients at risk for neurologic
sequelae (e.g., patients with unstable cervical spine pathology) may undergo
active sensory—motor testing after tracheal intubation and positioning. In an
emergent situation, there may be cautions (e.g., cardiovascular stimulation in
the presence of cardiac ischemia or ischemic risk, bronchospasm, increased
intraocular or intracranial pressure) but no absolute contraindications to
awake intubation. Contraindications to elective awake intubation include
patient refusal or inability to cooperate (e.g., child, profound mental
disability, dementia, intoxication) and allergy to local anesthetics.
Once the clinician has decided to proceed with awake airway
management, the patient must be prepared both physically and
psychologically. Most adult patients will appreciate an explanation of the
need for an awake airway examination and will be more cooperative once
they realize the importance of and rationale for, any potentially
uncomfortable procedures.
Along with an appropriate explanation, medication can be used to reduce
anxiety. If sedatives are to be administered, the clinician must keep in mind
that producing obstruction or apnea in the difficult airway patient can be
devastating and an overly sedated patient may not be able to cooperate with
procedures or protect the airway from regurgitated gastric contents. Patients
with sleep apnea may be particularly prone to obstruction, even with minimal
sedation.
Although almost any sedative agent can be used, some rules should apply
to all: dose judiciously, avoid polypharmacy (try to use no more than two
agents), and have reversal agents at hand. Small doses of benzodiazepines
(e.g., diazepam, midazolam, lorazepam) are commonly used to alleviate
anxiety without producing significant respiratory depression (when used as a
monotherapy). These drugs may be given in intravenous or oral forms and
may be reversed with specific antagonists (e.g., flumazenil). Opioid receptor
agonists (e.g., fentanyl, alfentanil, remifentanil) can also be used in small,
titrated doses for their sedative and antitussive effects. Extreme caution must
be exercised with these medications as (1) their respiratory-depressant effects
contradict the goal of maintenance of spontaneous ventilation and (2) when
administered with other sedative (e.g., benzodiazepines), their respiratory
depressant effect is accentuated. A specific antagonist (e.g., naloxone) should
always be immediately available if opiates are administered. If adequately
topicalized, little (or no) systemic analgesic should be needed.
Ketamine, droperidol, and dexmedetomidine have also been popular
among clinicians. Dexmedetomidine is a highly selective centrally acting α2adrenergic agonist. When combined with topical anesthesia, sedation with
dexmedetomidine provides for a smooth intubation without significant
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respiratory depression. Dexmedetomidine has been used as a mono-agent for
awake intubation in patients with local anesthetic allergy. The success of this
technique is likely due to the combined anxiolytic, sedative, and analgesic
properties of the drug.187 A typical loading dose of dexmedetomidine is 1
μg/kg intravenously over 10 minutes followed by a maintenance infusion of
0.2 to 0.7 μg/kg/h.44 Dexmedetomidine, especially with boluses, may cause
bradycardia and both hypo- and hypertension. Bradycardia is reliably treated
with atropine or glycopyrrolate, which is often given as a pretreatment for
bradycardia prophylaxis as well as its antisialagogue effect. Hypotension can
be corrected with phenylephrine or ephedrine and hypertension is treated by
decreasing the rate of or stopping, the dexmedetomidine infusion. Deep
sedation with any agent should not be confused with awake intubation,
during which the patient remains responsive to verbal commands.
Administration of an antisialagogue is important to the success of awake
intubation techniques, as even small amounts of liquid can obscure the
objective lens of indirect optical instruments (e.g., flexible or rigid intubating
scopes and videolaryngoscopes). Antisialagogues have the secondary benefit
of increasing the effectiveness of topical anesthetics by limiting secretions
that may act as a barrier to mucosal contact. Additionally, copious salivary
secretions will act as an intra-airway foreign body and may cause cough or
laryngospasm. The commonly used antisialagogues are atropine (0.5–1 mg
intramuscularly or intravenously) and glycopyrrolate (0.2–0.4 mg
intramuscularly or intravenously). As the drying effects of these medications
may take some time (approximately 15 minutes), they are often administered
in the preoperative waiting area.
Vasoconstriction of the nasal passages is required if there is to be
instrumentation of this part of the airway. Oxymetazoline is a potent
and long-lasting vasoconstrictor commonly used to this effect. As with
the antisialagogues, the effects of this medication are not immediate and it is
often administered in the preoperative waiting area.
If the patient is at increased risk for gastric regurgitation and aspiration,
prophylactic measures should be undertaken as discussed above. Patients
should also receive continuous supplemental oxygen until ETT placement is
confirmed.
Local anesthetics are a cornerstone of awake airway management (see
Chapter 22). The airway, from the base of the tongue to the bronchi, is
exquisitely sensitive as an evolutionary necessity. Topical anesthesia and
injected nerve block techniques have been developed to blunt the protective
reflexes and provide airway analgesia.
Local anesthetics are both effective and potentially dangerous drugs.
Because these agents are used within the tracheal–bronchial tree, there is
potential for significant intravascular absorption with some techniques. The
1965

clinician should have a thorough understanding of the mechanism of action,
metabolism, toxicities, and acceptable cumulative doses of any drug they
choose to employ in the airway. The toxic level of lidocaine, for example, is
considered to be 4 μg/mL. In a human study, 400 or 800 mg of lidocaine gel
was applied topically to the upper airway. Serial blood lidocaine levels were
measured, peaking 60 to 70 minutes later at 0.57 and 1.39 μg/mL,
respectively.188 In another human study, using nebulized lidocaine of the
same dose, serum levels of 2.8 and 6.5 μg/mL were measured within 10
minutes of dose completion, respectively.189 This underscores the need for
vigilance and forethought with local anesthetic dosing, especially when
applied to the subglottic airways, as with nebulization.
Despite the myriad of local anesthetics available, only those most
commonly used in airway preparation will be discussed here. In reality, the
choice of local anesthetic employed has little to do with success of the
technique of awake intubation; ignoring the other aspects of preparation leads
to failure just as readily.181
Lidocaine, an amide local anesthetic, is available in a wide variety of
preparations and doses. Topically applied, peak analgesia occurs within 15
minutes. This relatively rapid onset and breadth of preparations (e.g., liquid,
gel, ointment) make it a common choice for airway topicalization.
Benzocaine, an ester local anesthetic, is popular among some clinicians
because of its very rapid onset (<1 minute) and short duration
(approximately 10 minutes). It is available in 10%, 15%, and 20% solutions
and has been combined with tetracaine in some preparations to prolong the
duration of action. A 0.5-second aerosol administration of benzocaine can
deliver as much as 30 mg of benzocaine. With the toxic dose being 100 mg,
caution must be taken not to spray too liberally. Benzocaine may also
produce methemoglobinemia (especially in children) which is treated
with methylene blue (1–2 mg intravenously over several minutes).190
Tetracaine, another ester local anesthetic, has a longer duration of
action than lidocaine or benzocaine and is available in solutions of 0.5%, 1%,
and 2%. Absorption of this drug from the respiratory and gastrointestinal
tracts is rapid. Toxicity after nebulized application has been reported with
doses as low as 40 mg, although the acceptable safe dose in adults is 100 mg
by other routes of application.191
Among otolaryngologists, cocaine is a popular topical agent. Not only is it
a highly effective local anesthetic, but it is also the only local anesthetic that
is a potent vasoconstrictor. Cocaine is commonly available in a 4% solution
and the total dose applied to the mucosa should not exceed 200 mg in the
adult. Cocaine should not be used in patients with known cocaine
hypersensitivity, hypertension, ischemic heart disease, preeclampsia, or those
taking monoamine oxidase inhibitors. Because cocaine is metabolized by
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pseudocholinesterase, it is also contraindicated in patients who are deficient
in this enzyme.
For awake airway management, local anesthetic therapy is directed to
three anatomic areas: the nasal cavity/nasopharynx, the pharynx/base of the
tongue, and the hypopharynx/larynx/trachea (Fig. 28-23).
In the authors’ experience, the nasal passages should always be included in
the preparation for awake intubation for two reasons. First, if during the
course of the awake intubation the plan is changed from the oral to the nasal
route, preparation is complete. Second, much of the preparation of the nose
with local anesthesia will also affect the pharyngeal airway. The nasal cavity
is innervated by the greater and lesser palatine nerves (innervating the nasal
turbinates and most of the nasal septum) and the anterior ethmoidal nerve
(innervating the nares and anterior third of the nasal septum), which are
distal branches of the trigeminal nerve (CN V). The palatine nerves arise from
the sphenopalatine ganglion located posterior to the middle turbinate. Two
techniques for palatine nerve block have been described. In the noninvasive
nasal approach, cotton-tipped applicators soaked in local anesthetic are passed
along the lower border of the middle turbinate until the posterior wall of the
nasopharynx is reached and left there for 5 to 10 minutes. In the invasive oral
approach, a needle is introduced into the greater palatine foramen, which can
be palpated in the posterior-lateral aspect of the hard palate 1 cm medial to
the second and third maxillary molars. A spinal needle inserted in a
superior/posterior direction to a depth of 2 to 3 cm and anesthetic solution (1
to 2 mL) is injected, taking care to avoid intravascular (sphenopalatine
artery) injection. The anterior ethmoidal nerve can be blocked by cottontipped applicators soaked in local anesthetic and placed along the dorsal
surface of the nose until the anterior cribriform plate is reached. The
applicators are left in place for 5 to 10 minutes.
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Figure 28-23 Airway innervation.

The oropharynx is innervated by branches of the vagus, facial, and
glossopharyngeal nerves. A wide variety of techniques may be used to
anesthetize this part of the airway. The simplest techniques involve
aerosolized local anesthetic solution, or a voluntary local anesthetic “swish
and swallow.”
The glossopharyngeal nerve (CN IX) travels anteriorly along the lateral
surface of the pharynx and supplies sensory innervation to the posterior third
of the tongue, walls of the pharynx (pharyngeal branch), tonsils (tonsillar
branch), vallecula, and anterior surface of the epiglottis (lingual branch). As it
also supplies the afferent limb for the pharyngeal (gag) reflex, anesthesia of
the glossopharyngeal nerve is key to comfortable awake airway management.
Even after local anesthetic topicalization, some patients may still require a
glossopharyngeal nerve block for complete ablation of the gag reflex.
The branches of the glossopharyngeal nerve are most easily accessed as
they transverse the palatoglossal folds. These folds are seen as soft tissue
ridges that extend from the posterior aspect of the soft palate to the base of
the tongue bilaterally (Fig. 28-24). A noninvasive technique employs
anesthetic-soaked cotton-tipped applicators held gently against the inferior
most aspect of the contralateral folds for 5 to 10 minutes. When this
noninvasive technique proves inadequate, local anesthetic can be injected in a
similar manner. Standing on the contralateral side, the operator displaces the
extended tongue and a 25-gauge spinal needle is inserted into the fold near
the floor of the mouth and an aspiration test is performed. If air is aspirated,
the needle has passed through-and-through the membrane and is withdrawn
slightly prior to injection. If blood is aspirated, the needle tip is redirected
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more medially. The lingual branch is most readily blocked in this manner, but
retrograde tracking of the injectate has also been demonstrated.186 Even
though it provides a reliable block, this more invasive technique is reported
to be painful and may result in a bothersome and persistent hematoma.192 A
posterior approach to the glossopharyngeal nerve has also been described in
the otolaryngologic literature. As the site of needle insertion is behind the
palatopharyngeal arch where it is difficult to see, and in close proximity to
the carotid artery, this advanced technique will not be described here and the
reader is referred to a more authoritative text.44

Figure 28-24 The palatoglossal arch (arrow) is a soft tissue fold that is a continuation
of the posterior edge of the soft palate to the base of the tongue. A local anestheticsoaked swab placed in the gutter along the base of the tongue is left in contact with the
fold for 5 to 10 minutes to produce an ipsilateral glossopharyngeal nerve block.

The superior laryngeal nerve is a branch of the vagus nerve (CN X). The
internal branch of the superior laryngeal nerve provides sensory innervation
to the base of the tongue, posterior surface of the epiglottis, aryepiglottic
folds, and arytenoids. This branch originates lateral to the cornu of the hyoid
bone, pierces the thyrohyoid membrane and travels under the mucosa in the
pyriform recess. The external branch of the superior laryngeal nerve supplies
motor innervation to the cricothyroid muscle and has no sensory component.
Several blocks of the internal branch have been described. In many
instances, topical application of anesthetics in the pharyngeal/hypopharyngeal
cavities will provide adequate analgesia. For a targeted noninvasive
technique, the patient is asked to open their mouth widely and the tongue is
grasped with a gauze pad. Right-angled forceps (e.g., Jackson–Krause forceps)
with anesthetic-soaked cotton swabs are slid over the lateral tongue and into
the pyriform sinuses bilaterally. The swabs are held in place for 5 minutes. An
invasive block may be performed with the patient supine with the head
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extended and the clinician standing on the side of the nerve to be blocked.
The clinician identifies the greater cornu of the hyoid bone beneath the angle
of the mandible. Using one hand, medially directed pressure is applied to the
contralateral hyoid cornu, displacing the hyoid toward the clinician. Caution
must be taken to locate the carotid artery and displace it if necessary. The
needle can then be inserted directly over the ipsilateral greater cornu and
“walked” off the bone in an inferomedial direction until it can be passed
through the thyrohyoid ligament to a depth of 1 to 2 cm. Before injecting
local anesthetic, an aspiration test should be performed to ensure that one has
not entered the pyriform sinus or a vascular structure. Local anesthetic (1.5 to
2 mL) is injected in the space between the thyrohyoid membrane and
pharyngeal mucosa.
Sensory innervation of the vocal folds and the trachea is provided by the
recurrent laryngeal nerve, another branch of the vagus nerve. Transtracheal
injection of local anesthetic is a simple technique that can produce adequate
analgesia of these structures. A syringe with a fine needle and filled with a
local anesthetic solution (e.g., 2–4 mL of 2% or 4% lidocaine) is inserted
through the CTM perpendicular to the plane of the cervical spine. In this
orientation, a needle advanced too far will likely impact the posterior aspect
of the cricoid cartilage instead of puncturing the esophagus. In addition, this
angle will help to avoid trauma to the near-lying vocal folds. Constant
retraction on the syringe plunger will result in air aspiration when the trachea
is entered. Upon entry into the trachea, the anesthetic agent is injected.
Coughing is likely to occur; thus, the needle should be stabilized to prevent
mucosal abrasions. Coughing can be advantageous for spread of local
anesthesia; by having the patient exhale fully prior to injection, a breath will
need to be taken prior to coughing, spreading the medication proximally
before being spread distally by the cough.
Another effective technique of tracheal and vocal cord topicalization is to
inject local anesthetic through the working channel of the flexible intubation
scope. A disadvantage of this technique is that the local anesthetic can obscure
the objective lens. This can be overcome by use of an epidural catheter
inserted through the working channel, as described by Ovassapian.193 Not
only does this prevent the obscuring of the view but it also allows “aiming” of
the anesthetic stream. For this procedure, multiorifice catheters should be
trimmed in length so that only a single distal orifice exists.

Clinically Difficult Airway Scenarios
The clinician approaching the patient with a difficult airway has a vast
armamentarium of instruments and techniques available.194 Although this
array can be confusing, textbook authors cannot dictate specific approaches in
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every situation; moreover, the variability of patient presentation makes
specific recommendations difficult. Thus, in order to discuss management, the
following section presents a number of brief clinical scenarios and the
authors’ own approach. Major alternative airway management techniques are
discussed in this manner. All of the clinical cases described herein have been
managed by the authors or a colleague. Other techniques that might be
applied in each situation are also discussed. In these cases, as in actual
practice, the first technique applied may not have been the best one. The
principle of flexibility (and the willingness to change course quickly) will be
emphasized repeatedly—the clinician must be prepared to alter their approach
as the situation demands.
Case 1: Preoperative Endoscopy
A 52-year-old man presents for DL, esophagoscopy, and biopsy of a base of
the tongue tumor. The patient had sought otolaryngologic consultation after 6
months of progressive difficulty in swallowing and the sensation of fullness in
his throat. Aside from sleep apnea requiring CPAP, he had no other medical
issues and denied voice change or gastroesophageal reflux disease. Physical
examination revealed a left neck mass and a 3-cm base of the tongue mass. In
the preoperative holding area, oxymetazoline was applied to both nares,
followed by 50 mg of 2% lidocaine viscous solution. A 3.2-mm diameter
flexible intubation scope was then inserted via the more patent nare. The
scope’s objective was positioned in the nasopharynx and, on flexion, the
epiglottis and glottis could be visualized. The patient was then taken to the
operating room where general anesthesia was induced and the trachea
intubated using a videolaryngoscope.
Modeled on the airway exam employed by otolaryngologists in office
consultations, Preoperative Endoscopic Airway Evaluation (PEAE) can help
guide airway management decisions.21 In the case described, pathology of the
hypopharyngeal airway complicated preoperative decision making—an
airway mass might compromise tracheal intubation or facemask or SGA
ventilation. As discussed earlier in the Airway Approach Algorithm, with only
routine information available, an awake intubation might have been the best
approach but, as was observed in this case, was unnecessary. By using PEAE
to confirm the airway as nonthreatening, the decision could be made to
proceed with routine induction of anesthesia. PEAE was studied in 148
patients presenting for intra-airway surgery. In 24% of patients, PEAE
resulted in a modification of the initial clinically decided airway plan. Though
clinical assessment dictated awake intubation in 44 patients, only 16 were
judged to need awake intubation after PEAE. More importantly, 8 of 94
patients who were to have asleep airway management were switched to an
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awake technique after a concerning preoperative endoscopic exam.21 PEAE
typically requires less than 5 minutes to complete. During the exam, the
clinician asks three key questions: (1) is there an obstruction to rapid
intubation of the trachea, (2) is there a lesion that could interfere with the
placement or function of an SGA, and (3) is there a lesion that routine
laryngoscopy (direct or indirect) might dislodge or otherwise traumatize? An
affirmative answer to any of these questions encourages awake intubation. As
noted earlier, PEAE most often serves to reassure the clinician that lesions,
otherwise invisible on physical examination, will not be a hindrance to
routine airway management. Likewise, PEAE can often reveal unexpectedly
compromising lesions for which the clinician might have been otherwise
unprepared.
Case 2: Flexible Intubation Scope-aided Intubation
A 50-year-old man with symptomatic cervical vertebral disc herniation
presents for disc resection and spinal fixation. His past medical history
includes tobacco use, alcohol consumption, and gastroesophageal reflux. In
the preoperative holding area, 0.4 mg of intravenous glycopyrrolate and
bilateral nasal oxymetazoline are administered. Five percent lidocaine
ointment (50 mg) is applied to the nares via long cotton-tipped applicators.
Fifteen minutes later, in the operating room, when the patient reports a dry
mouth, he receives 2 mg of intravenous midazolam and topical anesthesia is
administered to the remainder of the airway as described earlier. An
intubating oral airway is placed which does not elicit a gag reflex. A flexible
intubation scope, preloaded with a 7.0-ID ETT, is advanced into the
hypopharynx. The vocal ligaments are visualized and 4 mL of 4% lidocaine
solution is injected toward the laryngeal and sublaryngeal structures through
the accessory lumen of the fiberscope (Ovassapian catheter technique).193 The
distal end of the fiberscope is then advanced into the larynx and trachea until
the carina is identified. The ETT is advanced and the fiberscope removed,
leaving behind the ETT, which is observed to remain above the carina. The
anesthesia circuit is attached to the tracheal tube and a steady output of
carbon dioxide is detected by capnography. A brief sensory and motor
neurologic examination is performed by the attending surgeon and general
anesthesia is induced.

The Flexible Intubation Scope in Airway Management
In 1967, the technique of fiberoptic-aided intubation was first performed
using a choledochoscope in a patient with Still disease (idiopathic,
adult-onset arthritis).195 By the late 1980s, it was recognized by experts
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that the use of the flexible fiberoptic bronchoscope represented such a
significant advancement in the management of the patient with a difficult
airway that no anesthesiologist could afford not to be facile with the
technique.17 With advancements in imaging technology, the fragile optical
strands of fiberoptic scopes are now giving way to video imaging via distally
mounted cameras on the same flexible shafts. These flexible (fiberoptic and
video) intubation scopes are the most versatile tool available for situations
when it is difficult or dangerous to create a line of sight to the glottis.194
There is no firm indication for flexible scope-aided intubation. There are,
however, many clinical situations in which the flexible intubation scope can
be of unparalleled aid in securing the airway.193 These include anticipated
difficult intubation by history or physical examination findings, unanticipated
difficult intubation (in which other techniques have failed), lower and upper
airway obstruction, unstable or fixed cervical spine disease, mass effect in the
upper or lower airways, dental risk or damage, and awake intubation.193
Unlike the other devices used to intubate the trachea, the flexible intubation
scope also allows visualization of structures below the level of the vocal folds.
This is useful in verifying single- and double-lumen ETT placement,
identifying subglottic pathology and facilitating pulmonary toilet (Fig. 28-25).
Unfortunately, clinicians rarely employ alternative techniques until a
difficult situation arises. As with any critical competency, mastery of these
techniques involves gaining and maintaining skills through use in routine
airway management.122 As an example, Heidegger et al. introduced a simple
algorithm for incorporating flexible fiberoptic-aided tracheal intubation into
daily practice as a routine alternative to DL. Their incidence of difficult
intubation was 6 in 1,324 cases, or 0.049%, markedly lower than reported
previously.122
Contraindications to flexible scope-aided intubation are relative (Table 2819). Although flexible scope-aided intubation is a versatile and vital
technique, there are several pitfalls, the most common of which are listed in
Table 28-20. Because the optical elements are small (the objective lens is
typically 2 mm in diameter or smaller), minute amounts of airway secretions,
blood, or traumatic debris can hinder visualization. Care must be taken to
remove these obstacles from the airway beforehand. Administration of an
antisialagogue (as discussed earlier) will produce a drying effect, but caution
should be taken in patients who may not be able to tolerate an increase in
heart rate. Vasoconstriction of the nose using topical oxymetazoline,
phenylephrine, or cocaine reduces the chances of nasal bleeding if this route is
chosen. If an awake flexible scope intubation is planned, the patient must be
able to cooperate—a “quiet” airway, with little motion of the head, neck,
tongue, and larynx, is vital to success. Finally, because flexible scope-aided
intubation can require significant time (especially if the clinician is not facile
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with the device), hypoxia or impending airway loss is a contraindication and a
more rapid method of securing an airway (e.g., SGA or surgical airway)
should be considered.
It should also be mentioned that any methods used for tracheal intubation
in the asleep patient can also be employed for awake intubation. The authors
have used the following devices and techniques for awake intubation:
Glidescope, KingVision, McGrath, and C-MAC VLs; Unique and Fastrach
LMAs; retrograde wire and blind and bougie-aided nasal intubation
techniques.

Figure 28-25 The flexible intubation scope may be useful for diagnosis and therapy
below the level of the vocal ligaments, including examination of bronchial segments and
pulmonary toilet. A: Laryngeal web found in an asymptomatic patient who had had one
previous tracheal intubation. B: Tracheal mass in a patient with thyroid cancer.

Elements of the Flexible Intubation Scope
The classic fiberoptic bronchoscope is an innately fragile device with both
optical and nonoptical elements. The fundamental element consists of a 60cm-long glass–fiber bundle (10,000–30,000 fibers per bundle) running the
length of the insertion cord. Each fiber is 8 to 12 microns in diameter and is
coated with a secondary glass layer termed cladding. Broken fibers, which can
easily occur with bending of the insertion cord, entrapping of the cord in
other equipment, or dropping the fiberoptic bronchoscope, are readily
apparent as missing pixels in the image. These are typically just a nuisance
until the number of broken fibers interferes with the visual field. The new
generation of video-based flexible scopes employ a light-sensitive CMOS chip
in the distal insertion cord. This technology offers high-definition images at
reduced production costs. A single-use version of this technology is available
(aScope 3, Ambu, Ballerup, Denmark; Fig. 28-26).
Along with imaging elements, the insertion cord contains an accessory
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lumen or “working channel”: a lumen, up to 2 mm in diameter, which travels
from the distal tip to the handle. This can be used for applying suction,
administering oxygen or medications (e.g., local anesthetics) or placing a wire
for wire-guided airway exchange techniques (e.g., the Arndt Airway Exchange
Catheter Kit, Cook Critical Care, Bloomington, IN). In general, flexible
intubation scopes that are less than 2 mm in external diameter (e.g.,
pediatric) do not have a working channel.
Table 28-19 Contraindications to Flexible Scope Intubation

The distal end of the insertion cord is hinged for movement. Two wires,
traveling from the control lever in the handle down the length of the insertion
cord, control the movement of the distal tip in the sagittal plane. Coronal
plane movement is accomplished by a combined use of the control lever and
rotation of the entire flexible intubation scope (from handle to distal end). It is
key to keep the insertion cord completely straight as this maximizes
rotational control by ensuring that rotation of the hand piece translates to
identical rotation of the distal tip.
The final element of the flexible scope is the light source. In the fiberoptic
devices, illumination of the objective is provided by one or two noncoherent
bundles of glass fibers that transmit light from the handle to the distal tip.
The light is provided either by a cord that emerges from the handle and is
inserted into an endoscopic light source or may be provided by a portable
battery-operated light source on the handle. CMOS-based flexible scopes are
fitted with an LED light source in the distal tip, obviating the need for glass
bundles in the insertion cord.
Table 28-20 Common Reasons for Failure of Flexible Scope Intubation
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Figure 28-26 The Ambu aScope 3 single-use flexible intubation scope. (Ambu,
Ballerup, Denmark). A: Directional control. B: Suction/oxygen activator valve. C:
Suction/oxygen attachment port. D: Working channel access. E: Articulating objective
end.

Flexible bronchoscope-aided intubation is a technology-intense technique.
Apart from the delicate optics, there are cameras, recorders, light sources, and
a variety of disposable adjuncts that are typically required. Dedicated
wheeled carts, designed to carry equipment in a functional arrangement, are
often utilized.

Use of the Flexible Intubation Scope
The flexible intubation scope is held with the thumb over the control lever
and the index finger poised over the working channel valve. The contralateral
hand is used to steady and hold the insertion cord at the level of the patient.
An experienced endoscopist will recognize that the fine control required for
steadying the bronchoscope while making minute directional adjustments and
advancing it through the airway is where the art of endoscopy lies.
The flexible scope insertion cord is lubricated with a medical-grade
lubricant and threaded through the lumen of an ETT with the objective end
emerging from the main ETT orifice. A clinically appropriate ETT should be
chosen, as the greater the difference between the internal diameter of the ETT
and the external diameter of the insertion cord, the greater the risk of “hangup” on airway structures.
“Hang-up” occurs when a cleft exists between the ETT and intubating
1976

guide (e.g., AEC, flexible scope insertion cord, gum-elastic bougie, retrograde
wire, lighted stylet) because of the difference in their sizes (Fig. 28-27). This
is most thoroughly described with flexible scope-aided intubation, for which it
occurs in 20% to 30% of attempts.193 Hang-up most commonly involves the
right vocal cord, but may involve entrapment of the epiglottis,
corniculate/arytenoid cartilages, or aryepiglottic folds. If hang-up occurs,
rotation of the ETT 90 degrees counterclockwise places the bevel cleft
posteriorly and improves passage. During nasotracheal intubation, the
epiglottis may be entrapped and a bevel-up position (rotation of the ETT 90
degrees clockwise) may facilitate passage.196
Tracheal tube design may also affect hang-up. It has been suggested that
the Parker Flex-Tip tracheal tube may pass the airway structures more easily
than a standard ETT bevel.196 The use of soft-tipped ETTs, asking the patient
to inspire deeply during the ETT advancement, and the “double setup,” which
uses a small ETT within a clinically adequate ETT (e.g., a 5.0 ID inside a 7.5
ID) to overcome the size differentials, have been described as well.197
The route of intubation, either oral or nasal, is based on surgical needs,
patient anatomy and clinical condition, operator experience, and other
techniques available should primary attempts fail. The nasal route is
considered anatomically easier by many clinicians, although cautions apply:
the turbinates may obstruct ETT passage, bleed, be avulsed, or be painful
when traumatized.198 Nasal vasoconstrictors should be applied to reduce
bleeding and promote nasal patency. An ETT of the smallest size clinically
acceptable should be chosen. The nasal tube is softened in warm saline or
water199 and well lubricated prior to insertion.
While mandibular advancement and/or tongue extraction typically suffice,
a variety of oral airways designed to facilitate flexible scope orotracheal
intubation are commercially available. These devices function to provide a
clear visual path from the oral aperture to the hypopharynx, keep the
bronchoscope and tracheal tube midline, prevent the patient from biting the
insertion cord, and provide a clear airway for spontaneous or mask
ventilation. The common characteristic of all intubating oral airways is a
channel along the length of the airway that accommodates passage of an ETT.

1977

Figure 28-27 Size discrepancy between an airway exchange catheter or flexible
intubation scope and a tracheal tube can create clefts that can trap tissues and hinder
intubation. A: A 6.5-ID tracheal tube inserted over a 3.2-mm Storz Endovision F.I.V.E.
scope (Karl Storz, Tuttlingen, Germany) with a notable cleft. B: The same tracheal tube
inserted over a 5.5-mm Storz Endovision F.I.V.E. scope with near-complete obliteration
of the cleft.

Figure 28-28 Intubating oral airways: (A) Ovassapian, (B) Berman and (C) Williams
intubating oral airways.

The Ovassapian intubating oral airway (Fig. 28-28) provides two sets of
semicircular, incomplete flexible flanges that stabilize the ETT (up to size 9
ID) in the midline and allow easy disengagement from the ETT after
successful intubation. The flat lingual surface of the airway affords lateral and
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rotational stability. Both the Williams and the Berman airways were designed
for blind orotracheal intubation. Both are molded plastic with circular internal
lumens that guide the ETT toward the larynx. These airways have a smaller
profile than the Ovassapian airway, but tend to have less rotational stability.
Because its internal lumen is a complete circle, the ETT circuit adapter must
be removed prior to withdrawing a Williams airway. This may pose difficulty
if the ETT has a fused circuit adapter. The Berman airway addresses this
problem with a split along the length of one side. If the interincisor gap is
adequate, malleable plastic seams on the contralateral side allow the airway
to be removed laterally from around the ETT.
After successful navigation past the tongue (whether facilitated by tongue
extraction, mandibular advancement, or an intubating oral airway), the
endoscopist visualizes the vocal folds. If glottic closure, gag, or coughing
occurs, the operator can choose to apply local anesthetic through the working
channel, administer more intravenous sedation, withdraw the scope and
reinforce airway analgesia, or advance the scope into the larynx without
further preparation. The action taken must be dictated by the individual
clinical situation. In the elective scenario, there is likely to be time for
additional airway preparation, whereas in the face of impending respiratory
arrest, patient discomfort may need to be tolerated.
Once the larynx is entered, the flexible scope is advanced until the carina
is visualized. The ETT is then advanced off the insertion cord and into the
trachea. Simply having the flexible scope enter the trachea does not guarantee
that the intubation will be successful; hang-up and accidental scope
withdrawal (via coughing or inattention) may still occur. Therefore, a patient
with a critical airway should not be induced with a general anesthetic until
intratracheal tube placement is confirmed. The distance between the ETT and
carina can be readily determined by advancing the scope to the carina and
measuring how far it can be withdrawn before the objective reenters the ETT
bevel.
The primary literature contains a number of variations and adjuncts to
flexible scope-aided intubation. Table 28-21, which is not meant to be
exhaustive, lists several of these techniques.
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Table 28-21 Flexible Scope-aided Intubation Techniques

Case 3: Failed Rapid-sequence Induction and the SGA
A 39-year-old man who is healthy aside from obstructive sleep apnea (apneahypopnea index of 15) and has no surgical history presents for elective
uvulopharyngopalatoplasty. His maximal interincisor gap is 5 cm,
thyromental distance is 7 cm, and his oropharyngeal view is a Samsoon–
Young class 2.103 There is no limitation in neck flexion or extension. The
patient has significant gastroesophageal reflux; thus, an RSI is planned. As
cricoid pressure is held (Sellick maneuver), a hypnotic and succinylcholine are
administered. DL with a Macintosh 3 blade is made difficult by significant
base of tongue hyperplasia and all that can be visualized is a large epiglottis
(Cormack–Lehane grade 3 view). The BURP maneuver does not improve
glottic visualization. Macintosh 4 and Miller 3 blades are utilized without
improvement of the glottic view. Oxygen saturation has fallen from 100% to
92% and facemask ventilation is initiated with maintenance of cricoid
pressure. Complete obstruction to ventilation is encountered. Placement of an
oral airway, chin and jaw lift, two-person ventilation, and reduction in the
degree of cricoid pressure do not result in adequate mask ventilation. The
oxygen saturation falls to 85% and a size 5 LMA Classic (which had been
prepared prior to induction) is inserted with maintenance of cricoid pressure.
A clear airway is immediately noted. A second dose of hypnotic is
administered and the patient is intubated by the blind passage of an Aintree
Intubation Catheter (Cook Critical Care, Bloomington, IN), guided into
position with a flexible intubation scope. The LMA and flexible scope are
removed and the Aintree catheter is used to guide a tracheal tube into
position.
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The SGA in the Failed Airway
Kheterpal et al. found that 0.4% of patients presented difficulty in both mask
ventilation and DL114 and there have been many reports of cases in which the
airway was rescued with an SGA.200,201 A wealth of literature describes the
use of the various SGAs, in both awake and unconscious patients, in
anticipated and unanticipated difficult airway situations, cervical spine injury,
and pediatric dysmorphic syndromes.89,90,176
The characteristics of the SGAs that underlie their superiority as a tool in
the management of the difficult airway are numerous: Their placement
follows an intrinsic pathway (swallowing) which, unlike laryngoscopy,
requires minimal tissue distortion; they can be utilized as part of a blind
technique not hindered by blood, secretions, debris, and edema from previous
attempts at laryngoscopy202; and, as the anatomic issues that result in difficult
laryngoscopy do not necessarily result in difficult SGA placement, they are an
excellent choice for airway rescue when laryngoscopy has failed. Because the
success of SGA placement does not fully depend on anatomy that can be
assessed on routine physical examination, many typical airway assessment
measures do not apply.203
The major disadvantage of SGA use during cardiopulmonary resuscitation
is the lack of mechanical protection from aspiration.204–206 Cricoid pressure is
effective with an LMA in situ, but may prevent proper seating in a minority of
instances207—this may require the brief removal of cricoid pressure until the
LMA has been properly seated. Despite these drawbacks, the rate of
regurgitation during cardiopulmonary resuscitation with an LMA (3.5%) has
been shown to be less than with bag-valve-mask ventilation (12.4%).64 Even
in cases of regurgitation, pulmonary aspiration is a rare event60 and a
secondary concern to life-threatening hypoxemia. Had one been available, an
intubating SGA would have been an excellent choice in this case scenario.
Case 4: Deviation from the Difficult Airway Algorithm
Thirteen hours after admission to the intensive care unit, a 76-year-old
woman with head, neck, and facial trauma from a motor vehicle accident is
noted to have progressive decline in her level of consciousness and
respiratory effort. On examination, there appears to be an adequate
interincisor gap and thyromental distance, but the oropharyngeal view and
cervical range of motion cannot be evaluated. Because of the inability to
evaluate her airway fully with respect to ease of intubation, an awake
technique is chosen. Oropharyngeal blood from continued epistaxis suggests
that adequate drying and analgesia of the airway may be difficult and that the
use of a flexible intubation device may not be prudent. Techniques requiring
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significant patient preparation are not considered due to the rapid progression
of the patient’s respiratory failure. Blind nasal intubation is contraindicated
based on the obvious facial trauma and the risk of cribriform plate disruption.
Neither an esophageal tube nor equipment for retrograde intubation is readily
available. Although the patient’s altered mental status is believed to reflect an
intracranial process, the risk of airway loss is considered to be the primary
clinical hazard. Awake DL is attempted with manual in-line axial stabilization
of the neck. After clearing fresh blood from the pharynx, a Cormack–Lehane
grade 3 laryngeal view is obtained. Due to significant patient resistance (head
and neck movement and biting of the laryngoscope), tracheal intubation is
not achieved. The decision is made to proceed with RSI and intubation, with
emergency tracheostomy as the back-up plan. After surgical preparation of
the neck, application of manual in-line stabilization, and preoxygenation,
intravenous etomidate and succinylcholine are administered, DL is
undertaken, the larynx is easily visualized, and the trachea is intubated.
Muscle Relaxants and Direct Laryngoscopy
In the case described, the use of muscle relaxants significantly improved
laryngeal visualization. In one study, the use of muscle relaxants for DL
increased intubation success rate and was associated with fewer
intubation attempts, incidents of airway trauma, esophageal intubations,
aspiration events, and even deaths.208 A retrospective study in the pediatric
population also found an increased rate of airway complications in patients
intubated without the aid of a paralytic.209 There are few well-controlled
trials investigating the effects of muscle relaxants on intubating conditions,
though, as the superior conditions achieved with these medications have
discouraged inclusion of control groups. Muscle relaxation improves
laryngoscopic view by facilitating temporomandibular joint relaxation,
relaxation of the supraglottic larynx, and anterior movement of the
epiglottis.210 Muscle relaxants also tend to fix the vocal folds in a neutral
open position. Neuromuscular blockade tends to facilitate facemask
ventilation and is often utilized in cases in which facemask ventilation is
unexpectedly difficult. The classic teaching of withholding muscle relaxants
until facemask ventilation has been demonstrated is rapidly being abandoned.
Leaving the Algorithm
The scenario described in case 4 is unusual in that the clinical situation
necessitated deviation from the ASA-DAA. The conditions described were
more akin to the “crash” airway described by Walls.211 In this case, the
administration of a muscle relaxant, which might be considered
contraindicated in the assumed difficult-to-intubate patient, allowed for full
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visualization of the larynx. Knowing that failure to intubate would likely
result in loss of the airway, the clinical team was wisely prepared for
cricothyrotomy. Although the ASA-DAA is a valuable tool in the management
of the difficult airway, the clinician must be prepared for cases that do not fit
the mold. As stated earlier, adaptability in rapidly changing clinical scenarios
is critical to the success of airway management.

Other Devices
An ever-increasing number of airway management devices are
commercially available. Although encyclopedic coverage of these tools
is beyond the scope of this chapter, a review of the more established
equipment follows.
Esophageal Tubes with Laryngeal Openings. Esophageal tubes with
laryngeal openings are SGAs with designs based on the propensity for blindly
inserted oral tubes to enter the esophagus. They can be of single-lumen (King
LT, Ambu, Ballerup, Denmark) and double-lumen (Combitube, Covidien,
Mansfield, MA, and EasyTube, Teleflex, Research Triangle Park, NC) design
with distal esophageal and proximal pharyngeal cuffs on either side of the
laryngeal apertures, which act as ventilation ports (Fig. 28-29). When
properly inflated, the cuffs prevent esophageal and oral leakage of gasses,
making the larynx the route of least resistance for inspired gasses. These
devices are quicker and easier for inexperienced providers to place than are
ETTs.212 This, combined with data showing the deleterious effects of repeat
laryngoscopy,183,184 has led to frequent use of these devices by prehospital
emergency providers who may have limited or infrequent experience with
laryngoscopy.
Airway Bougie
Airway bougies are semimalleable stylets that may be blindly manipulated
through the glottis when a poor laryngeal view is obtained (CormackLehane grade 3 or 4). An ETT is then “threaded” over the bougie and
into the trachea. These bougies are generally low cost and highly portable.
The Eschmann introducer (Eschmann Health Care, Kent, England) is a 60-cm
long, 15 French bougie with a 40 degree coudé tip 3.5 cm from its distal end.
This introducer (also known as the gum elastic bougie) can be manipulated
under the epiglottis, its angled segment directed anteriorly toward the larynx.
Once it has entered the larynx and trachea, the operator often feels “clicks” as
the bougie’s tip passes over the cartilaginous structures of the anterior
trachea. A similar device, the Frova Intubating Introducer (Cook Critical Care,
Bloomington, IN) is a disposable device with a narrow internal lumen. The
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lumen allows for the insufflation of oxygen, detection of carbon dioxide, and
use of a self-inflating bulb to detect inadvertent esophageal placement. An
optional “stiffening” stylet can be placed through the lumen to increase device
rigidity.

Figure 28-29 The Esophageal Tracheal Combitube. Inset: The fiberoptic port of the
EasyTube.

Transtracheal Procedures. When intubation and mask and SGA
ventilation fail, airway access via the extrathoracic trachea may be
warranted (Table 28-22). Though the noninvasive tools of the modern
airway armamentarium can manage most situations, the clinician must be
familiar with these alternative techniques of intubation, oxygenation, and
ventilation for both elective and emergency airway access. This text will focus
on percutaneous techniques, as surgical tracheostomy and cricothyrotomy are
beyond the scope of this chapter.
Retrograde Wire-Aided Tracheal Intubation
In 1993, the technique of retrograde wire intubation (RWI) was included in
the ASA’s Difficult Airway Algorithm, but removed in the 2013 update. The
technique involves the antegrade passage of an ETT into the airway using a
wire that has been passed into the larynx via a percutaneous puncture through
the cricothyroid or cricotracheal membrane. This wire is blindly passed in the
cephalad direction into the hypopharynx, pharynx, and out of the mouth or
nose and then used as an intubating conduit. The basic equipment used for
retrograde intubation is listed in Table 28-23.
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Table 28-22 Criteria for Performing Emergent Invasive Airway Management

Table 28-23 Equipment for Retrograde Wire Intubation

RWI has been described in a number of clinical situations as a primary
intubation technique (both elective and urgently) and for use after failed
attempts at DL, fiberoptic-aided intubation, and LMA-guided intubation.44 The
most common indication for RWI is the inability to visualize the vocal folds
owing to blood, secretions, unstable cervical spine or anatomic variations
(e.g., upper airway malignancy, mandibular fracture, massive airway
trauma). Contraindications include lack of access to the CTM or cricotracheal
ligament (such as with severe neck deformity, obesity, or overlying mass),
laryngotracheal disease (stenosis, malignancy, infection), coagulopathy, and
overlying skin infection.
Common complications reported with RWI include bleeding, subcutaneous
emphysema, pneumomediastinum, pneumothorax, breath-holding, a caudally
traveling wire, and trigeminal nerve trauma.
Cricothyrotomy
Cricothyrotomy, cricothyroidotomy, coniotomy, and minitracheostomy are
synonyms for establishing an air passage through the CTM. The CTM is a
fibroelastic membrane that overlays the tracheal mucosa and is attached to
the inferior border of the thyroid cartilage and superior edge of the cricoid
cartilage. Although cricothyrotomy is the procedure of choice in an
emergency situation, it may also be of use in elective situations when there is
limited access to the trachea (e.g., severe cervical kyphoscoliosis).
Cricothyrotomy is contraindicated in children younger than 6 years of age and
in patients with laryngeal fractures. Otolaryngologists and other surgical
services prefer transtracheal airway access caudad to the cricoid cartilage
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whenever feasible due to the high incidence of long-term complications after
surgical cricothyrotomy.
Percutaneous Emergency Airway Access (PEAA), as a form of
cricothyrotomy, is the most familiar to anesthesiologists. The ASA-DAA
lists PEAA as an option in the “cannot mask ventilate/cannot intubate”
(CNV/CNI) situation. PEAA is a simple and relatively safe means to sustain
the patient’s life in this critical situation.44 Three techniques are commonly
used for PEAA: narrow-bore catheter over a needle, large-bore cannula over a
wire or trochar, and surgical cutdown182 with or without a tube guide.213
Success rates of these techniques vary greatly and are highly dependent on
operator experience and the clinical scenario. As an example, the success rate
of cannula cricothyrotomy performed by an anesthesia provider is roughly
50%,1 while the success rate of an emergency surgical airway performed by a
surgeon or trained prehospital provider is 90% to 100%.1,214 This is not to
suggest that PEAA be avoided by the anesthesia provider, but rather to advise
that, if available, a surgeon experienced in cricothyrotomy may be the better
choice for the initial attempt at surgical airway management.
A body of literature exists detailing the jerry-rigging of conveyance
systems for PEAA and the use of intravenous catheters for transtracheal
puncture. These systems have proven to be faulty, inadequate, and
dangerous.215 Catheters designed for intravenous infusion are known to kink
in the airway.216 Experts in the field recommend that all anesthetizing
locations have access to both manufactured high-pressure oxygen conveyance
devices and percutaneous transtracheal jet ventilation (PTJV, also known as
Percutaneous Transtracheal Volume Ventilation–specific translaryngeal
catheters). Dedicated devices, such as the Cook TTJV Catheter (Cook Critical
Care, Bloomington, IN), are made of kink-resistant materials and designed
specifically for this task. The Ravussin translaryngeal catheter (VBM
Medizintechnik, Sulz am Neckar Germany) is precurved to reduce kinking.
Before contemplating PEAA, the location of the CTM will need to be
identified. Campbell et al.10 have cast doubt on the ability of anesthesiologists
to locate the CTM in elective, let alone emergency, situations. Obesity,
cervical kyphosis, female gender, therapeutic radiation, and surgical or
traumatic scarring may hinder CTM identification. A careful reading of the
ASA-DAA should lead the airway manager to identify the CTM in every
patient, and applying this examination in all instances should improve
familiarity with the surface landmarks.182 Bedside ultrasound in the sagittal
plane can reveal the CTM as a lucent shadow between opaque cartilaginous
structures and may be useful in emergency situations if immediately
available.
When performing PEAA, the patient is positioned supine with the head
midline or extended on the neck and thorax (if not contraindicated by the
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clinical situation). After aseptic preparation, local anesthetic may be injected
over the CTM (if the patient is awake and time permits). The clinician stands
to the side of the patient with one’s dominant hand cephalad and can use the
nondominant hand to stabilize the larynx. A large-bore translaryngeal catheter
(14 gauge or larger) attached to a 5- to 10-mL empty or fluid-filled (saline or
local anesthetic) syringe is used. The catheter-needle is advanced at right
angles to the plane of the cervical spine through the caudad third of the CTM.
From the moment of skin puncture, there should be constant aspiration on the
syringe plunger. Free aspiration of air confirms entrance into the trachea (aircontrast technique) but does not indicate the direction that the catheter
travels in the larynx; this is important, as cephalad advancement will not
provide adequate oxygenation. Unless there is significant pulmonary fluid
(e.g., blood or aspirated liquid), the aspiration of tracheal air should be
incontrovertible. The needle–catheter assembly should be advanced slightly
prior to threading of the catheter into the airway.
Once the catheter has been successfully placed, a high-pressure oxygen
source should be attached. A 50-psi oxygen source with a metered and
adjustable hand-controlled valve and a Luer-lock connector (Fig. 28-30) is
down-regulated to 15 to 30 psi (central hospital supply or regulated cylinder)
and delivered through the catheter. Insufflations should last 1 to 1.5 seconds
at a rate of 12 insufflations per minute. Insufflation and expiration ratios, as
well as driving pressure, are adjusted to provide visible chest excursion and
recoil. If a 14-gauge catheter has been placed, this system will deliver a tidal
volume of 400 to 700 mL. Low-pressure systems cannot provide enough flow
to expand the chest adequately for oxygenation and ventilation (e.g., Ambu
bag, 6 psi; anesthesia machine common gas outlet, 20 psi). Critically, systems
delivering pressurized oxygen require a path for gas egress.217 Standard highpressure regulating valves, as described earlier, are unidirectional and
generally contraindicated when the upper airway is completely obstructed.
Fortunately, this tends to be an uncommon situation. In any case, the clinician
employing any type of translaryngeal oxygenation must strive to maintain
upper airway patency with devices such as oral airways, nasal airways, or
SGAs.
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Figure 28-30 System for regulation of a high-pressure oxygen source for transtracheal
jet ventilation.

PEAA can also be accomplished using low-flow oxygen delivery meters,
which are common in the hospital environment. These systems are capable of
delivering a constant flow of 15 L/min and have been shown to be effective
for resuscitation. Generally, these devices utilize “flow interruption.” Flow is
directed to the patient during the inspiratory phase, then diverted during
expiration. As discussed earlier, jerry-rigged devices often fail to function as
desired. For example, using a standard three-way stopcock as a flow diverter
is potentially hazardous, as forward flow (inspiration) is never fully
stopped.218 The Enk flow modulator (Cook Critical Care, Bloomington, IN) is
a simple hand-operated flow diverter that not only stops forward gas flow
during the expiratory phase but also acts as a pathway for passive expiratory
flow (Fig. 28-31). The Enk flow modulator has been used successfully in
models of near and complete upper airway obstruction.215
A new concept in PEAA is “expiratory ventilatory assistance.”219 Using the
Bernoulli principle, the Ventrain (Ventinova Medical B.V., Eindhoven, The
Netherlands; Fig. 28-31) is capable of active gas removal from a rescue
catheter during the expiratory phase of PEAA. The clear benefit is the
avoidance of air trapping in the lungs, especially when the upper airway is
completely obstructed. The device can achieve physiologic minute ventilation
via a 2-mm ID transtracheal catheter219 and has been effective in oxygenation
and carbon dioxide removal in two large animal models.220,221 In the first of
these studies, the upper airways were critically or completely obstructed and
the animals ventilated for 15 minutes via the Ventrain or a commercially
available jet ventilation system. While both devices facilitated reoxygenation,
the Ventrain was associated with superior minute ventilation (4.7 vs. 0.1
L/min), a lesser degree of acidosis (pH of 7.34 vs. 7.01) and decreased peak
airway pressure on rescue (16 vs. 40 cm H2O).220 In the latter study, in a
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complete upper airway obstruction model, the peak airway pressure was
significantly less with the Ventrain using an I:E of 1:1 (30 mbar) than with
the commercial jet ventilator at a ratio of 1:4 (50 mbar),221 highlighting the
benefit of expiratory ventilatory assistance. The Ventrain has also proven
effective in both elective and emergent human airway management.222,223

Figure 28-31 (A) Ventrain. (B) Cook Transtracheal Catheter. (C) Enk flow modulator.
(D) Ravussin needle.

Specialized percutaneous cricothyrotomy systems have been developed to
improve the ease of transtracheal ventilation. These devices generally provide
large-bore access adequate for oxygenation and ventilation with low-pressure
systems. The Melker emergency cricothyrotomy catheter set (Cook Critical
Care, Bloomington, IN) is placed using Seldinger technique and comes in a
variety of cannula sizes (3.5-, 4-, and 6-mm ID, both cuffed and uncuffed).
Preparation and positioning of the patient are the same as with needle
cricothyrotomy. A 1- to 1.5-cm vertical incision, through the skin only, is
made over the lower third of the CTM. Aiming 45 degrees caudally, a
percutaneous puncture of the CTM is made with the provided 18-gauge
needle–catheter assembly and syringe. After air is aspirated, the catheter is
advanced into the trachea as described earlier. The provided guidewire is
inserted through the catheter and into the trachea. The catheter is removed
and the large-bore tracheal cannula, fitted internally with a curved dilator, is
threaded onto the wire. The dilator is advanced through the CTM using firm
pressure. Significant resistance on advancement typically indicates that the
skin incision needs to be extended. Once the cannula–dilator assembly has
been fully inserted, the dilator and wire are removed. The cannula’s 15-mm
circuit adapter is attached to a self-inflating resuscitation bag or anesthesia
circuit and ventilation is initiated.
Other percutaneous needle systems include the Portex Cricothyroidotomy
Kit (Smiths Medical, Minneapolis, MN) and the Quicktrach transtracheal
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catheter (VBM Medizintechnik, Sulz am Neckar, Germany). Nonneedle
puncture techniques are beyond the scope of this text.
Severe complications of PEAA are typically related to barotrauma.
Analysis of the ASA Close Claims Database reveals that 89% of patients
reported who received TTJV developed pneumothorax, pneumomediastinum,
or subcutaneous emphysema,4 and bilateral tension pneumothorax has been
reported.224 Causes of air insufflation into the paratracheal spaces include a
misplaced cannula, multiple tracheal punctures, and cannula migration due to
patient coughing.

Conclusions
Apart from monitoring, management of the “routine” airway is the most
common task of the anesthesia provider. Even during the administration of
regional anesthesia, the airway must be monitored and possibly supported.
The consequences of a lost airway are so devastating that the clinician can
never afford a lackadaisical approach.
Although the ASA’s taskforce on the difficult airway has given the medical
community an immensely valuable tool in the approach to the patient with
the difficult airway, the ASA’s algorithm must be viewed as a starting point
only. Judgment, experience, the clinical situation, and available resources all
affect the appropriateness of the chosen pathway through, or divergence
from, the algorithm.
Whereas one may argue that the last decade of the 20th century was the
decade of the SGA, the first decades of the 21st century have brought the
application of digital imaging to airway management. Although an
increasingly vast array of devices exists, the clinician does not need to be
expert in all the equipment and techniques, and no single device can be
considered superior to another when viewed in isolation. Rather, a broad
range of approaches should be mastered so that the failure of one does not
preclude safe airway management and emergency rescue. The clinician’s
judgment and resources, both equipment and personnel, determine the
effectiveness of any technique. When managing the difficult airway,
flexibility, not rigidity, prevails.
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