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Ke y Points
1 Management of the airway is paramount to safe perioperative
care. Following a series of evaluation procedures affects
outcomes in a favorable way.
2 The anatomically complex airway undergoes growth and
development and signiicant changes in its size, shape, and
relation to the cervical spine between infancy and childhood.
3 A thorough airway-relevant history and physical examination
must be obtained during the preoperative evaluation.
4 Preoxygenation (also commonly termed denitrogenation)
should be practiced in all cases when time permits.
5 The advent of the laryngeal mask airway (LMA), as well as
other supraglottic airways (SGAs), has led some to question
the relative safety of tracheal intubation.
6 Successful laryngoscopy involves the distortion of the normal
anatomic planes of the SGA to produce a line of direct
visualization from the operator’s eye to the larynx.

7 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 relexes with the induction of
anesthesia.
8 The period of extubation may be far more treacherous than
that of induction and intubation.
9 Awake intubation is usually successful if approached with care
and patience.
10 Awake airway management remains a mainstay of the American
Society of Anesthesiologists’ dificult airway algorithm.
11 An ever-increasing number of airway management devices are
commercially available.
12 When access to the airway from the mouth or nose fails,
emergency access via the extrathoracic trachea is a feasible
alternative.
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any patient who requires or may require airway control. This text
will focus on routine and rescue airway management techniques.
Specialty-speciic techniques (e.g., elective suspension laryngoscopy, jet ventilation) are not included.

In the more than two decades since the publication of the irst
edition of this text, the ield of airway management has underReview of airway anatomy
gone a vigorous revolution. Although the airway manager of
today may still employ many of the devices available in 1988,
The term airway refers to the upper airway—consisting of the
the array of devices, algorithms, and pharmaceuticals in the
nasal and oral cavities, pharynx, larynx, trachea, and principal
modern airway armamentarium can be daunting. Fortunately,
bronchi. The airway in humans is primarily a conducting pathexpertise in a limited, albeit complementary, number of tools as
way. Because the oroesophageal and nasotracheal passages cross
well as careful thought given to planning sufices in most cases.
each other, anatomic and functional complexities have evolved
Although the inal decade of the last century saw a resolute swing
for protection of the sublaryngeal airway against aspiration of
toward the application of supraglottic ventilation, a more recently 2 food that passes through the pharynx. The anatomically comintroduced generation of devices relects the application of imagplex airway undergoes growth and development and signiicant
ing technology in the realm of tracheal intubation. The role of
changes in its size, shape, and relationship to the cervical spine
supraglottic airways (SGAs) is irmly established in routine anesbetween infancy and childhood.5 As are other bodily systems, the
thetic care as well as airway rescue, but the widespread adoption
airway is not immune from the inluence of genetic, nutritional,
of video and optical laryngoscopy promises to remove many
and hormonal factors. Table 27-1 illustrates the anatomic differof the failings of a technique that has been in use for more than
ences in the larynx of infants and adult.
200 years, that is direct laryngoscopy.
The laryngeal skeleton consists of nine cartilages (three paired
Techniques and practices in airway management have long
and three unpaired); together, these house the vocal folds, which
been an important concern of the American Society of Anesextend in an anterior–posterior plane from the thyroid cartilage
thesiologists (ASA), as illustrated by the publication of original
to the arytenoid cartilages. The shield-shaped thyroid cartilage
1
and revised dificult airway guidelines. Analysis of the Society’s
acts as the anterior “protective housing” of the vocal mechanism
closed claims database, in the periods before and after the 1993
(Fig. 27-1). Movements of the laryngeal structures are controlled
publication of the ASA dificult airway guidelines, reveals both
by two groups of muscles: The extrinsic muscles, which move the
encouraging as well as disturbing trends.2 A signiicant decrease
larynx as a whole; and the intrinsic muscles, which move the variin claims related to death/brain death at the induction of anesous cartilages in relation to one another. The larynx is innervated
thesia is not matched with a decrease during emergence and the
by two branches of each vagus nerve: The superior laryngeal and
postoperative period. Although the closed claims data are useful,
recurrent laryngeal nerves. Because the recurrent laryngeal nerves
it has signiicant limitations, including its retrospective and nonsupply all of the intrinsic muscles of the larynx (with the exception
2
random nature, and the lack of a denominator.
1
Management of the airway is paramount to safe perioperative
care. Dificult and failed airway management account for 2.3%
of anesthetic deaths in the United States3 and the following steps
become necessary to favorably affect the outcome: (1) a thorough
airway history and physical examination; (2) consideration of the
1 ease of rapid tracheal intubation, by direct or indirect laryngoscopy; (3) formation of management plans for the use of a supraglottic means of ventilation (e.g., face mask, SGA); (4) weighing
the risk of aspiration of gastric contents; and (5) estimating the relative risk to the patient of failed airway maneuvers.4 This chapter
will relect the need to consider these ive factors when approaching
Hyoid

tAble 27-1. AnAtomic Differences
Between the PeDiAtric
AnD ADult AirwAys
Proportionately smaller infant/child larynx
Narrowest portion: Cricoid cartilage in infant/child; vocal
folds in adult
Relative vertical location: C3–C5 in infant/child; C4–C6 in
adult
Epiglottis: Longer, narrower, and stiffer in infant/child
Aryepiglottic folds closer to midline in infant/child
Vocal folds: Anterior angle with respect to perpendicular
axis of larynx in infant/child
Pliable laryngeal cartilage in infant/child
Mucosa more vulnerable to trauma in infant/child

Epiglottis
Thyroid cartilage
Cricothyroid membrane

Cricoid cartilage
Cricotracheal ligament
Figure 27-1. 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.

ANESTHETIC MANAGEMENT

PersPectives on AirwAy
MAnAgeMent

763

764

seCtion Vi Anesthetic Management

of cricothyroid muscle), trauma to these nerves can result in vocal
cord dysfunction. As a result of unilateral nerve injury, airway
function is usually unimpaired, although the protective role of
larynx in preventing aspiration may be compromised.
An important, externally identiiable structure is the membrane joining the superior aspect of the cricoid cartilage and the
inferior edge of the thyroid cartilage. The cricothyroid membrane
(CTM) is typically 8 to 12 mm in width and 10.4 to 13.7 mm
in height in the adult, and it is composed of a yellow elastic tissue that lies directly beneath the skin and a fascial layer. It can be
identiied 1 to 1.5 ingerbreadths below the laryngeal prominence
(thyroid notch).6 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 ring-shaped cricoid cartilage). Identiication of
an appropriate incision or puncture site may be dificult. Elliot
et al. 7 found that only 30% of anesthesiologists were able to correctly identify the skin over the CTM, in a controlled situation. It
should be noted that the ASA Dificult Airway Guidelines suggest
that every patient be evaluated for dificult surgical airway—this
should prompt the clinician to include examination of the laryngeal structures in every patient.1
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. 27-1). 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 the adult, the irst tracheal ring is anterior to the sixth cervical vertebrae. The tracheal cartilages are interconnected by ibroelastic tissue, which allows for expansion of the trachea both in
length and in diameter with inspiration/expiration and lexion/
extension of the thoracocervical spine. The trachea ends at the
carina (opposite the ifth thoracic vertebra), where it bifurcates
into the principal bronchi. The right principal bronchus is larger
in diameter than the left and deviates from the plane of the trachea at a less acute angle. 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 rings support the irst seven generations of the bronchi.

History of airway management
Obstruction of the airway was a poorly understood phenomenon
prior to 1874. Opening the mouth with a wooden screw and
drawing the tongue forward with a forceps or a steel-gloved inger was the height of airway management.8 Recognition that the
base of the tongue falling against the posterior pharyngeal wall
accounted for most airway obstruction did not occur until 1880.
Credit for the irst use of a true SGA is given to Joseph Thomas
Clover (1825–1882),9 although it is possible that devices were
used toward the end of the irst millennium. Clover used a nasopharyngeal tube for the delivery of chloroform anesthesia. The
O’Dwyer tube was introduced in 1884. This device consisted of
a curved metal conduit, with a conical end that could seal the

laryngeal inlet when placed into the oropharynx. Although it was
designed for the treatment of narcotic overdose, it was later modiied to be used with volatile anesthetics. Over the next 50 years,
several modiications of the basic oropharyngeal airway were
described. In the 1930s, Ralph Waters introduced the now-familiar
lattened tube oral airway. Guedel modiied Waters’ concept by
itting his airway within a stiff rubber envelope in an attempt to
reduce mucosal trauma.
Tracheal intubation was irst described in 1788 as a means of
resuscitation of the “apparently dead”,10 but it was not used for
the delivery of anesthesia until almost 100 years later. The forerunner of the modern ETT was designed by the German otolaryngologist, Dr. Franz Kuhn (1866–1929). Kuhn developed a
lexo-metallic tube that resisted kinking and could be shaped to
the patient’s upper airway anatomy. It was inserted using a rigid
stylet, 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.”11
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) the fact that blind and laryngoscopic-guided tracheal
intubation remained a dificult task, and (3) a recognized need
for protection of the lower airway from blood and surgical debris
in the upper airway.9 The Primrose cuffed oropharyngeal tube,
the Shipway airway (a Guedel oropharyngeal airway itted 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 noninlatable cuff that its snuggly 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 Mendelson12 of gastric-content aspiration in obstetric cases (66 of 44,016 patients, with 2 deaths) furthered the shift
toward tracheal intubation in most surgical procedures. Within a
few years, proiciency in direct laryngoscopy and tracheal intubation became a mark of professionalism. The advent of succinylcholine (1951) furthered the dominance of tracheal intubation by
providing rapid and profound muscle relaxation.
By 1981, two types of airway management prevailed: Tracheal
intubation or the anesthesia face mask/Guedel airway. Although
both were time-tested, each had its failings (apart from airway failure in a small number of patients). Tracheal intubation was associated with dental and soft tissue injury as well as cardiovascular
stimulation, and mask ventilation often required a hands-on-theairway technique. These dificulties led to the reconsideration of
SGAs.
In 1981, Dr. Archie Brain conceived the idea of itting a masklike structure over the larynx. The irst prototypes of the laryngeal
mask airway (LMA) were built from a Goldman dental mask, itted with a tracheal tube. The motivation behind his early concepts
and the evolution of his designs was the belief that airway control
could be achieved less traumatically than tracheal intubation and
more reliably than face mask ventilation. The LMA Classic was
introduced into practice in the United Kingdom in 1989, and
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approved by the U.S. Food and Drug Administration in 1991.
vision around the base of the tongue without the need to establish
A variety of advanced models followed (e.g., intubation capable,
a direct line of site from the operator’s eye to the larynx. Dificulty
gastric drainage), as will be discussed later in this chapter. With
in placement of the ETT led to the introduction of both specialthe expiration of several patents, as well as the introduction of
ized stylets and the channeled-type laryngoscope in the late 2000s.
other design concepts (e.g., noninlated masks), several devices
Each of the advents will be discussed in the following text.
applying the supraglottic ventilation concept were subsequently
introduced.
limitations of patient History and
Parallel to the development of SGA devices, the concept
of indirect laryngoscopy was being increasingly considered. 2
physical examination
Although iberoptic devices were applied to the problem of dificult tracheal intubation in the late 1960s, this technology was
Airway management always begins with evaluation and planning.
expensive, required a unique skill set, and was not readily avail- 3 A thorough airway-relevant history must be obtained whenever
able. It was not until the late 1980s that technical skill in lexible
possible including a search for documentation to conirm or disiberoptic airway management was considered a critical anesmiss manifest problems. It is becoming common practice for a
thetic skill.13 Bullard introduced the use of a iberoptic bundle
dedicated dificult airway “note” to be incorporated into electronic
medical records and for a “dificult airway letter” to be given to
to the rigid laryngoscope. The Bullard laryngoscope incorporated
patients describing critical and nonanticipated events. In the
optical and light-transmitting iberoptic bundles into an anatomabsence of such documentation, the clinician should seek the anesically shaped blade. A detachable stylet held the tracheal tube near
thetic records of past surgical visits. In particularly dificult cases,
the optic objective, which could be placed proximal to the larynx
this may involve contacting other institutions. In cases where this
with minimal movement of the head and neck. Though less cominformation is not available, adopting a low threshold for using the
monly used today, the Bullard laryngoscope can be considered
safest approach to airway management (e.g., awake intubation) will
the vanguard of the modern video laryngoscopes and optical
mitigate risk. This assumes that a clinician skilled in this technique
and video stylets.14 Fiberoptic elements were also incorporated
is available. It is not unusual for a patient to be referred to a different
into standard laryngoscope blades such as the Storz Endovision
facility or practitioner because of airway management issues. Signs
Video-Macintosh blade.
and symptoms related to the airway should be sought (Table 27-2).
With the advent of inexpensive and miniaturized lightMany congenital and acquired syndromes are associated with difsensitive computer chip devices (i.e., CMOS), the era of video
icult airway management (Table 27-3).
laryngoscopy was born in the irst years of the 21st century. The
Over the last two decades, several physical evaluation measures
GlideScope was the irst of a generation of laryngoscopic devices
have become popularized, although their reproducibility and preto use CMOS technology to indirectly visualize the larynx. The
dictability have been disputed. The dificulty in developing the
GlideScope’s acutely angled blade placed the clinician’s point of

tAble 27-2. signs, symPtoms, AnD DisorDers with AirwAy mAnAgement imPlicAtions
3

Aspiration risk
• History of voice changes
• History of vocal cord polyps
• History of frequent pneumonias
• Coughing after eating/drinking
• Acute narcotic therapy
• Acute trauma
• Intensive care unit admission (current)
• Pregnancy (gestational age ≥12 weeks)
• Immediate postpartum (before second postpartum day)
• Systemic disease associated gastroparesis: Diabetes mellitus,
postvagotomy, collagen vascular disease, Parkinson disease,
thyroid dysfunction, liver disease, CNS tumors, chronic renal
insuficiency
Dificult laryngoscopy/SGA ventilation
• History of surgical manipulation in or around the airway
• History of radiation therapy of the head/neck
• Various congenital and acquired syndromes (Table 29-3)
Obstructive sleep apnea
• Body mass index >35 kg/m2 (indicative)
• Loud snoring
• Pauses in breathing during normal sleep
• Sleep interruption (with choking)
• Daytime somnolence/napping
• Airway affecting craniofacial abnormalities

Lingual tonsil hyperplasia/supraglottic cyst or tumors
• Chronic sore throat
• Globus sensation
• Voice change
• Dysphagia
• Obstructive sleep apnea
• History of tonsillectomy (controversial)18
Thyroglossal duct cyst
• Asymptomatic anterior cervical mass that moves with
deglutination
• Complications: Cysts infection, istula, spontaneous rupture,
voice change, dysphagia, dyspnea, and snoring
Signs and symptoms related to the airway
• Snoring
• Changes in voice
• Dysphagia
• Stridor
• Bleeding
• Cervical spine pain or limited range of motion
• Upper extremity neuropathy
• Temporomandibular joint pain or dysfunction
Sequelae of previous intubation
• Chipped teeth
• Signiicant prolonged sore throat/mandible after a previous
anesthetic
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tAble 27-3. synDromes AssociAteD with Difficult AirwAy mAnAgement
Pathologic Condition
congenital
Pierre Robin syndrome
Treacher Collins syndrome
Goldenhar syndrome
Down syndrome
Klippel–Feil syndrome
Alpert syndrome
Beckwith syndrome
Cherubism
Cretinism
Cri du chat syndrome
Meckel syndrome
von Recklinghausen disease
Hurler/Hunter syndrome
Pompe disease
Acquired
infections
Supraglottitis
Croup
Abscess (intraoral,
retropharyngeal)
Papillomatosis
Ludwig angina
Arthritis
Rheumatoid arthritis
Ankylosing spondylitis

Principal Pathologic Clinical Features Pertaining to Airway
Micrognathia, macroglossia, glossoptosis, cleft soft palate
Auricular and ocular defects; malar and mandibular hypoplasia, microstomia, choanal atresia
Auricular and ocular defects; malar and mandibular hypoplasia; occipitalization of atlas
Poorly developed or absent bridge of the nose; macroglossia, microcephaly, cervical spine abnormalities
Congenital fusion of a variable number of cervical vertebrae; restriction of neck movement
Maxillary hypoplasia, prognathism, cleft soft palate, tracheobronchial cartilaginous anomalies
Macroglossia
Tumorous lesion of mandibles and maxillae with intraoral masses
Absent thyroid tissue or defective synthesis of thyroxine; macroglossia, goiter, compression of trachea,
deviation of larynx/trachea
Microcephaly, micrognathia, laryngomalacia, stridor
Microcephaly, micrognathia, cleft epiglottis
Increased incidence of pheochromocytoma; tumors may occur in the larynx and right ventricle outlow tract
Stiff joints, upper airway obstruction due to iniltration of lymphoid tissue; abnormal tracheobronchial
cartilages
Muscle deposits, macroglossia

Laryngeal edema
Laryngeal edema
Distortion and stenosis of the airway and trismus
Chronic viral infection forming obstructive papillomas
Distortion and stenosis of the airway and trismus
Temporomandibular joint ankylosis, cricoarytenoid arthritis, deviation of larynx, restricted mobility of
cervical spine
Ankylosis of cervical spine; less commonly ankylosis of temporomandibular joints; lack of mobility of
cervical spine

Benign tumors
Cystic hygroma, lipoma,
adenoma, goiter
Stenosis or distortion of the
airway
malignant tumors
Carcinoma of tongue/
larynx/thyroid
trauma
Head/facial/cervical spine
miscellaneous conditions
Morbid obesity
Acromegaly
Acute burns

Stenosis or distortion of the airway; ixation of larynx or adjacent tissues (e.g., iniltration or ibrosis
from irradiation)
Cerebrospinal rhinorrhea, edema of the airway; hemorrhage; unstable fracture(s) of the maxillae and
mandible; intralaryngeal damage
Short, thick neck, and large tongue are likely to be present
Macroglossia; prognathism
Edema of airway

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.15,26,17 Interdependency refers to the predictive value of one airway examination
measure based on the indings of another. This is discussed later
in “Direct Laryngoscopy,” under the topic of functional airway
assessment (FAA). Details of the various examinations and their
interdependency are discussed in that section.

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 video laryngoscopy [VL]) may make
many evaluation indexes obsolete or irrelevant. Efforts to deine
attributes that identify the dificult DL patient have been only
modestly successful. Shiga et al.18 performed a meta-analysis of
studies of the physical predictors of dificult DL. They concluded
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tAble 27-4. summAry of PooleD
sensitiVity AnD sPecificity
of commonly useD methoDs
of AirwAy eVAluAtion

Mallampati classiication
Thyromental distance
Sternomental distance
Mouth opening

Sensitivity
(%)

Specificity
(%)

49
20
62
46

86
94
82
89

Data derived from Mendelson CL. The aspiration of stomach contents into the
lungs during obstetric anesthesia. Am J Obstet Gynecol. 1946;52:191.

that when interpreted as individual test, currently used techniques
of evaluation have only modest discriminative power (Tables 27-4
and 27-5).
Despite the disappointing usefulness of these individual
indexes in identifying the dificult to intubate patient (by DL),
other authors have recognized that combinations of tests can
provide improved predictability. El-Ganzouri et al.19 designed a
statistical model for stratifying risk of dificult DL in a large population. This multivariate index assigned relative weights to each
physical examination or historical inding based on the odds of
a high-grade laryngeal view being achieved on 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 indings, but not all dificult laryngoscopy patients will
manifest multiple indings). Compared with the Mallampati classiication alone, the multivariate composite index had improved
positive predictive and speciicity values at equal sensitivity. Of
course, some pathology will only present with the induction of
anesthesia and/or attempts at laryngoscopy.20,21 Other groups
have used similar regimens to increase the predictability of multivariate indexes by incorporating imaging technologies.22 In a
small population of patients, Naguib et al. 22 were able to achieve
high predictive accuracy (90% or higher) when physical examination and imaging scores were weighted. A simpliied scoring system, studied on a multi-institution population of 3,763 patients,

tAble 27-5. techniQues of common
AirwAy inDeXes meAsurement
Thyromental distance: Measured along a straight line
from tip of mentum to thyroid notch in neck-extended
position
Mouth opening: Interincisor distance (or interalveolus
distance when edentulous) with the mouth fully
opened19
Mallampati score (see Fig. 27-7)
Head and neck movement: The range of motion from full
extension to full lexion20
Ability to prognath: Capacity to bring the lower incisors in
front of the upper incisors19

tAble 27-6. simPlifieD risK score for
Difficult intuABtion
Number of Risk
Factora

Incidence of Difficult
Intubation

0
1
2
3
4 or 5

0
2%
4%
8%
17%

a

Presence of upper front teeth, History of a dificult intubation, Mallampati >1,
Mallampati of 4, mouth opening <4 cm.

recognized both the dificulty of constructing a complex analysis
in the preoperative holding area and the failure of any model to
be completely predictive.23 Accepting a discriminating power of
70%, this model found ive attributes that could be used to predict dificult laryngoscopy (Table 27-6).
Because it is a relatively new area, speciic information is not
yet complete on the external airway indings that may indicate
failure of indirect laryngoscopy. Studies comparing DL with a
Macintosh laryngoscope and video laryngoscopy with the GlideScope (Verathon, Bothell, WA) indicate that though no single
examination inding may distinguish 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 inding.24 Others have found that the following preoperative indings contribute to failure of VL: Scarring, radiation,
masses or thickness of the neck, thyromental distance of <6 cm,
limited cervical motion, and operator experience.25
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 open globe), (2) abnormal airway anatomy,
(3) an emergency, or (4) direct injury to the upper airway and larynx and/or trachea. Although the inding of abnormal anatomy
is not necessarily synonymous with the dificult airway, it should
kindle a heightened level of suspicion. Several investigators have
identiied anatomic features as having unfavorable inluences on
the mechanics of DL; these are explainable on the basis of inability to create a line of site from the operator’s eye to the aperture
of the larynx.
Few studies have objectively determined those indings that
identify the dificult-to-mask ventilate patient. This basic airway
maneuver was examined in a control study by Langeron et al.26
Of 1,502 patients (excluding planned rapid-sequence induction or
emergency cases), 5% of patients were characterized as dificult
to ventilate. Only one patient in the series was unable to be ventilated by a face mask. Table 27-7 describes the criteria for deining
dificult mask ventilation and the ive independent clinical predictors found by Langeron et al.26 The presence of two predictors
indicated a high likelihood of dificult mask ventilation. Kheterpal et al.27 investigating 53,041 patients and, using different criteria, found an impossible-to-mask ventilate incidence of 0.15%.
In addition to the criteria used by Langeron et al., these authors
found that a inding of a high Mallampati score, poor mandibular
protrusion, a history of radiation therapy to the neck, and male
gender improved the prediction of dificult mask ventilation.
Ultrasonography (US) currently has limited application in
airway evaluation. Ezri et al.28,29 showed that obese patients who
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after the onset of apnea. Preoxygenation with 100% O2 via a tightitting face mask for several minutes in a spontaneously breathing
tAble 27-7. Assessment AnD
patient can furnish up to 8 or more minutes of oxygen reserve folPreDictABility of Difficult
lowing apnea (in a patient without signiicant cardiopulmonary
mAsK VentilAtion31,32
disease and with a normal oxygen consumption). In one study of
healthy, nonobese patients who were allowed to breathe 100% O2
preoperatively, subjects sustained an oxygen saturation of >90%
criteria for Dificult mask Ventilation
for 6 ± 0.5 minutes, whereas obese patients experienced oxyhemoInability for one anesthesiologist to maintain oxygen
globin desaturation to <90% in 2.7 ± 0.25 minutes.30 Under ideal
saturation >92%
conditions,
the patient breathing room air (Fio2 = 0.21) will experiSigniicant gas leak around face mask
ence
oxyhemoglobin
desaturation to a level of <90% after approxiNeed for ≥4 L/min gas low (or use of fresh gas low button
mately
1
to
2
minutes
of apnea. Patients with pulmonary disease, or
more than twice)
with conditions affecting metabolism or lung volumes, frequently
No chest movement
evidence desaturation sooner, owing to increased O2 extraction,
Two-handed mask ventilation needed
decreased functional residual capacity, or right-to-left transpulmoChange of operator required
nary shunting. The most common reason for not achieving a maxiindependent risk factors for Dificult
mum alveolar oxygen store during preoxygenation is a loose-itting
mask Ventilation
odds ratio
mask, allowing the entrainment of room air.30
Presence of a beard
3.18
Time-sparing methods of preoxygenation have also been
2.75
described. Using a series of four vital capacity breaths of 100% O2
Body mass index >26 ng/m2
over a 30-second period, a high arterial Pao2 (339 mm Hg) can be
Lack of teeth
2.28
achieved, but the time to desaturation is consistently shorter as
2.26
Age >55 yrs
compared with traditional techniques.30 A modiied vital capacity
History of snoring
1.84
technique, wherein the patient is asked to take eight deep breaths
in a 60-second period, shows promise in terms of prolonging the
time to desaturation.30 The authors of the current chapter prefer
the technique of applying a tight-itting mask for 5 minutes or
were dificult to intubate by direct laryngoscopy had increased
more of tidal volume breathing; the mask is placed immediately
pretracheal adipose (28(±2.7) mm vs. 17(±1.8) mm), mirroring
after the patient has been made comfortable on the operating
Brodsky’s inding regarding neck circumference in this popuroom table, and it remains in place during intravenous catheter
lation. Bedside US has proven useful in other areas of airway
insertion and the application of monitors. Fresh gas low into the
management, including conirmation of tracheal intubation,
mask should be a minimum of 10 to 12 L/min. Pharyngeal insufexclusion of esophageal intubation, lung excursion (and assuring
lation of oxygen has been described to delay the onset of oxyhebilateral ventilation), verifying ventilation in the absence of CO2
moglobin desaturation (<90%) during apnea.30 In this technique,
detection, and identifying the cricoid membrane. The availability
oxygen is insuflated at a rate of 3 L/min via a catheter passed
of US technology is widespread, portable to the bedside, and prothrough the nares. This technique relies on the phenomenon
vides rapid, real-time, and dynamic images. These characteristics
of apneic oxygenation, a process by which gases are entrained
make it desirable to use in the operating room, and the promise of
into the alveolar space during apnea, in the presence of a patent
airway evaluation is enticing. Linear high-frequency transducers
airway. In the obese patient, bilevel positive airway pressure as
image within 2 to 3 cm of the skin surface and are the most usewell as the head-up position (approximately 25 degrees) have
ful probe for airway examination. Although it may be possible to
been advocated to both reach maximal preinduction arterial
examine the upper airway for changes such as hypertrophic linoxygenation and to delay oxyhemoglobin desaturation.30 Surgual tonsils, its clinical relevancy (e.g., impact on laryngoscopy)
29
prisingly,
the head-up position may not improve the eficacy of
has not been studied. Subglottic hemangiomas, laryngeal stenopreoxygenation
in the pregnant patient.
sis and cysts, and papillomas have been identiied by US. Correct
Some circumstances can serve to decrease the effectiveness of
tracheal tube size including double-lumen tubes can be estimated
5 preoxygenation. For example, the patient who experiences clausbased on the US image.
trophobia with the anesthesia face mask (which can almost always
Predicting dificulty in DL remains, in a large part, an enigma.
be overcome by patients holding the mask themselves) or the use
As previously illustrated, the commonly used indexes may not
of self-inlating breathing bags (which do not deliver an Fio2 of
only be less predictive than originally thought, but they may also
100% during spontaneous breathing) can decrease effectiveness
be misleading. The advent of video laryngoscopy may make these
of preoxygenation. Likewise, leaks between the face mask and
deicits irrelevant; new criteria will need to be explored.
patient’s facial contours allow entrainment of air, thereby reducing the Fio2. Leaks as small as 4 mm (cross-sectional) can cause
signiicant reductions in the inspired oxygen content.31

clinicAl MAnAgeMent
oF the AirwAy

4

preoxygenation

4 Preoxygenation (also commonly termed denitrogenation) should
be practiced in all cases when time allows.30 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 a reservoir for diffusion into the alveolar capillary blood

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 by the anesthesiologist. Traditional methods include the anesthesia face mask and
the ETT. During the last two decades, several SGA devices have
been introduced into worldwide clinical practice. Although
older data suggest that 35% or more of general anesthetics in

the United States are performed with these devices, more recent
data from the United Kingdom imply a 56% incidence.32,33

the anesthesia Face mask
The anesthesia face mask is the device most commonly used to
deliver anesthetic gases and oxygen as well as to ventilate the
patient who has been made apneic. The skillful use of a face mask
may be challenging and, despite the many advances in airway
management, remains a mainstay in the delivery of anesthesia
and in resuscitation. When the induction of anesthesia is initiated, 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 and relaxation of the
musculature of the upper airway can rapidly lead to hypercapnia
and hypoxia. Face mask ventilation is minimally invasive, virtually universal, and requires the least sophisticated equipment,
thus making it critical to management of the airway.
The mask is gently held on the patient’s face with the left hand,
leaving the right hand free for other tasks (Fig. 27-2). Air leak
around the edges of the mask is prevented by downward pressure.
Most modern masks can be distorted by the operator’s ingers
in order to seal around the facial contours. Elastic “mask straps”
may be used to help secure the mask in the awake or anesthetized
patient who is breathing spontaneously and without obstruction,
or to complement the left-hand grip. The mask straps can be
particularly helpful for the clinician with short ingers. During a
preoxygenation phase of anesthetic induction, gas leaks should be
avoided; during inspiration, the patient may entrain air, limiting
the eficacy of the preoxygenation maneuver.
In preparation for using the face mask for positive-pressure
ventilation (once apnea is induced), appropriate positioning of
the patient is paramount. With the patient in the supine position, the head and neck are placed in the snifing position, which
is discussed extensively later. This position improves mask ventilation by anteriorizing the base of the tongue and the epiglottis.

Figure 27-2. 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 Ambu 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.
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This has been demonstrated in endoscopic studies in anesthetized
patients.34
After induction of anesthesia, a tight it of the face mask is
achieved by downward displacement of the mask between the
thumb and the irst inger with concurrent upward displacement
of the mandible with the remaining ingers. This latter 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 a tight-itting mask seal.
When two hands are required for holding the face mask, a second
operator obviously will be required in order to squeeze the reservoir bag. If necessary, the second operator can lend a third hand to
the mask itting, providing for both jaw-thrust and chin lift.
One useful, albeit poorly characterized, maneuver that can aid
in face mask ventilation is the expiratory chin drop. When positivepressure inspiration is successful, but is not followed by passive
gas escape during expiration, allowing phasic head lexion and
reducing chin/jaw lifting will often improve gas egress.
When a patient has presented with removable dentures, leaving the prosthetics in place can aid face mask ventilation.35
The patient with normal lung compliance should require no
more than 20 to 25 cm H2O pressure to inlate the lungs. If more
pressure than this is required, the clinician should re-evaluate
the adequacy of the airway, adjust the mask it, seek the aid of a
second operator in order to perform two- or three-handed mask
holds, and/or consider other devices that aid in the creation of
an open passage for air low through the upper airway (e.g., oral
airway, SGA). Both rigid oral airways and soft nasal airways create an artiicial passage to the hypopharynx. A variety of oral and
nasal airways are available, but they will not be discussed in detail
in this text. Nasal airways are less likely to stimulate cough, gag,
or vomiting in the lightly anesthetized patient, but the risk of epistaxis must always be weighed. Nasal manipulation, including use
of a nasal airway is avoided in patients at risk for epistaxis (e.g.,
iatrogenic or pathologic coagulopathy, pregnancy, Hereditary
Hemorrhagic Telangiectasia, uncontrolled hypertension). The
nasal airway is inserted along the loor of the nose, in a directly
anterior–posterior direction, and should always be lubricated to
reduce trauma to the nasal turbinates. Resistance to insertion
should prompt repositioning of the airway bevel, reassessment
of the direction of insertion forces, or change to the contralateral nare. The airway should be long enough to reach from the
nare to the thyroid notch when placed alongside the face of the
patient. Oral airways should likewise reach from the teeth (or
alveolar ridge) to the mandibular angle. 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 as
insertion continues, to reach its ultimate position. This maneuver
avoids displacement of the tongue into the hypopharynx. A small
oral aperture, an intrapharyngeal mass or foreign body, intact gag
relex or otherwise light anesthesia may prevent its placement.
As will be discussed later, some intubating oral airways are large
and have a rectangular cross section. These tend to be too large
for intraoral rotation. They are inserted with the concavity facing
caudad while the tongue is stabilized by a tongue depressor or
held by the operator.
Obstruction to mask ventilation may be caused by laryngospasm, a relex closure of the vocal folds. Laryngospasm occurs
from local stimulation by a foreign body (e.g., oral or nasal airway), saliva, blood, or vomitus touching the glottis, or even a light
plane of anesthesia. Hypoxia as well as noncardiogenic pulmonary
edema can result if there is continued spontaneous ventilation
against closed vocal cords (or other obstruction). Treatment of
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laryngospasm includes removal of an offending stimulus (if it can
be identiied), removal of secretions, continuous positive airway
pressure, deepening of the anesthetic state, and the use of a rapidacting muscle relaxant.
If there are no contraindications (e.g., a full stomach or other
aspiration risk), mask ventilation can be the technique employed
for the duration of anesthesia maintenance. Otherwise, it is commonly used to administer anesthetic gases until the anesthetic
state is adequate for use of another means of airway support (e.g.,
SGA, ETT). This decision is made after careful consideration of
the patient’s coexisting diseases and surgical requirements.

supraglottic airways
The LMA ushered in the irst major use of SGAs in the United
States. However, by the time of its initial introduction in 1989
and approval by the U.S. Food and Drug Administration in 1991,
it was being used in more than 500 hospitals in the United Kingdom. Although initially approved for use as a substitute for face
mask ventilation, and when tracheal intubation was not achievable, it soon enjoyed wide use in surgical cases traditionally managed with tracheal intubation.32 SGAs are associated with lower
incidence of sore throat, coughing and laryngospasm on emergence as compared to tracheal intubation.36
The US patents on the original LMA design expired in 2002
ushering in a proliferation of similar devices. A wealth of information exists on the LMA and its subsequent iterations (all by
the original inventor, Dr. Archie Brain). Much of this knowledge
may be applied to newer devices. This chapter devotes a considerable amount of text to the family of LMAs. This is not meant
to infer preference, but rather the availability of information.
Although similar data are not available in the United States, the
LMA accounts for 87% of SGA use in the United Kingdom.37
5
The advent of the LMA as well as other SGAs has led some
to question the relative safety of tracheal intubation.38 This,
along with the ASA closed claims database information, lends
support to the search for safe alternatives to tracheal intubation
whenever possible.39 Similarly, pharyngeal mucosal (traumatic)
changes, as a result of SGA use, appear to be markedly delayed
when compared with the effects of the ETT in the trachea. In one
animal study, mucosal injury from the LMA ProSeal (The Laryngeal Mask Company, Jersey, UK) did not occur until more than
9 hours of continuous use.40
the lmA classic. The LMA is composed of a small “mask”
designed to sit in the hypopharynx, with an anterior surface aperture overlying the laryngeal inlet (Fig. 27-3). The rim of the mask
is composed of an inlatable cuff that ills 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 and appropriate size. It is less dependent on the
cuff illing pressure or volume. Attached to the posterior surface
of the mask is a barrel (airway tube) that extends from the mask’s
central aperture through the mouth and can be connected to a
self-inlating resuscitation bag or anesthesia circuit. Although the
original mask was constructed of silicone, the single-use model,
the LMA Unique (Laryngeal Mask Airway-North America, San
Diego, CA), is more ubiquitous today.
LMA size selection is critical to its successful use and to the
avoidance of minor as well as more signiicant complications.
Neonatal to large adult sizes are available. The manufacturer
recommends that the clinician choose the largest size that will it
comfortably in the oral cavity, which is then inlated to the minimum pressure that allows ventilation to 20 cm H2O without an
air leak. The intracuff pressure should never exceed 60 cm H2O
6 (and should be periodically monitored if nitrous oxide is used as

Figure 27-3. The family of laryngeal mask airways (from top):
(a) Unique, (b) flexible, (C) supreme, (D) fastrach.

part of the anesthetic). When an adequate seal cannot be obtained
with 60 cm H2O cuff pressure, the LMA may be malpositioned
and/or sizing should be re-evaluated. Light anesthesia may also
contribute to poor seal or partial or complete laryngospasm.
The insertion of the LMA as described by its inventor,
Dr. Archie J. I. Brain, has been modiied by a number of writers. Discussion of these various alternatives is beyond the scope
of this text. To understand the insertion technique, we review the
processes of deglutination, which the procedure mimics: Lubrication with saliva; formation of a lat oval food bolus by the tongue;
initiation of the swallowing relex by stimulation of the palate;
upward pressure by the tongue lattening the food bolus against
the palate; directing of the food bolus toward the posterior pharyngeal wall and into the hypopharynx by the shape of the palate and pharyngeal wall; head extension and neck lexion, which
enlarges the space behind the tongue to allow passage of the food
bolus into the hypopharynx; and inally, opening of the upper
esophageal sphincter to allow esophageal entry of the food bolus.
These functions allow the food bolus to reach its mark blindly
while avoiding the anterior pharyngeal structures and avoiding
relex responses meant to protect the airway.
The currently recommended insertion technique is illustrated
in Figure 27-4, and has 98% success rate. The principles of LMA
insertion can be applied to all other SGAs, though the manufacturer’s recommendations should be sought. In this technique
the palatal surface of the mask is lubricated with a nonlocal
anesthetic–containing lubricant (simulating the saliva), and is
fully delated to form a thin, lat wedge shape (masticated food
bolus). The operator’s nondominant hand is placed under the
occiput to lex 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).41 The index inger 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
inger in an upward direction toward the top of the patient’s
head. This will cause the mask to latten out against the palate
and follow the shape of the palate as it slides into the pharynx and
hypopharynx. The index inger continues along this arc, continually applying an outward pressure until the resistance of the upper
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Figure 27-4. 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).

esophageal sphincter is met. The most common error made by
7 clinicians is applying pressure with a posterior vector. This tends
to catch the tip of the LMA on the posterior pharyngeal wall,
causing folding with resultant misplacement and trauma.
Once insertion is complete, removal of the inserting hand is
facilitated by gentle stabilization of the LMA barrel with the nondominant hand. Prior to attachment of the anesthesia circuit, the
LMA is inlated with the minimum amount of gas to form an
effective seal. Sixty centimeters of H2O pressure is the maximum
suggested pilot valve pressure. Accompanying the inlation, one
should be able to observe a rising of the cricoid and thyroid cartilages and lifting of the barrel out of the mouth by approximately
1 cm as the mask is lifted off the upper esophageal sphincter. If a
midline position is not possible owing to the nature of the patient
position or surgical procedure, a lexible LMA (discussed later)
should be considered. A bite block is recommended to prevent
biting and occlusion of the LMA barrel.
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. 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), although the
incidence of gastroesophageal relux may be increased when compared with use of the face mask.42

If regurgitated gastric contents are noted in the LMA barrel,
maneuvers similar to those applied when using an ETT should be
instituted: Patient in Trendelenburg position, administer 100%
oxygen, leave the LMA in place and use a lexible suction device
down the barrel, and if necessary, deepen the anesthetic.
When populations of patients considered to have a full stomach are studied (in controlled trials, prospective series, or anecdotally), there is a low incidence of aspiration noted with elective
or emergency LMA use. Reports have included patients who are
morbidly obese or experience frequent gastroesophageal relux,
those undergoing elective cesarean section or airway rescue during labor, and those presenting to emergency departments or
paramedic crews.43,44 During cardiopulmonary resuscitation, the
incidence of gastroesophageal regurgitation is four times greater
with a bag-valve mask than with the LMA.45
Although irst introduced for use with spontaneous ventilation, the LMA has proved useful for cases in which positive-pressure ventilation is either desired or preferred.46 Contrary to initial
impression, positive-pressure ventilation can be safely accomplished with the LMA.47 There is no difference found in gastric
inlation with positive pressure (<17 cm H2O) when comparing the LMA and the ETT.48 When using the LMA Classic, one
should limit tidal volumes to 8 mL/kg and airway pressure to 20
cm H2O. LMA use has been described with supine, prone, lateral,
oblique, Trendelenburg, and lithotomy positions. Although the
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manufacturer recommends use for a maximum of 2 to 3 hours,
reports of use for more than 24 hours can be found.49 Although
no studies have examined histologic changes in the mucosa with
prolonged LMA use, Goldmann et al. 50 saw no evidence of mucosal changes with up to 9 hours of ProSeal LMA use, though damage was consistently evident after 12 hours.
the lmA flexible. The introduction of the LMA Flexible (The
Laryngeal Mask Company, Jersey, UK) (Fig. 27-3) has permitted
extension of LMA use to a variety of cases in which the airway
is shared with the surgical team (e.g., otolaryngologic surgery)
or within the surgical ield (e.g., ophthalmologic surgery). The
LMA Flexible differs from the original design by virtue of a thinwalled, small-diameter, wire-reinforced (kink-resistant) barrel,
which can be positioned out of the midline without affecting the
hypopharyngeal position of the mask. It was designed to be used
with a tonsillar mouth gag employed in surgery on the mouth
and pharynx.51 The LMA Flexible has also proved useful when
heavy drapes are placed over the head and airway (e.g., mastoidectomy, ophthalmic procedures), when there is movement of
the head position 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 27-8). When correctly placed, the LMA mask serves to
better block the airway from blood, secretions, and surgical debris
above the level of the mask, as compared with the tracheal tube,
which is known to not protect the trachea from liquids instilled
into the pharynx.47
the sgA and Bronchospasm. SGAs appear to be well suited
to the patient with a history of bronchospasm. SGAs present a
unique opportunity for the clinician to conveniently and effectively control the airway without having to introduce a foreign
body into the trachea. Thus, it may be an ideal airway tool in the
asthmatic patient who is not at risk for relux and aspiration.52
Because the halogenated inhaled anesthetics are potent bronchodilators, it is at the time of emergence, when the anesthetic is
discontinued, that the patient at risk for bronchospasm is most
likely to wheeze. In the patient managed with an SGA, there is
no foreign body in the sensitive bronchorespiratory tree and the
patient can be fully emerged prior to removal of the device. In
the event that uncontrollable bronchospasm does occur intraoperatively (e.g., from vagal stimuli such as traction on the peritoneum), intubation can be performed through many SGAs or after
removal. When tracheal intubation is mandatory (for the surgical
procedure) yet concerns regarding bronchospasm exist, the Bailey maneuver is employed.53 In this maneuver, the delated LMA

tAble 27-8. ADVAntAges of the lAryngeAl
mAsK AirwAy in suPrAglottic
surgery
Improved protection of the airway from blood and surgical
debris
Reduced cardiovascular responses
Reduced coughing on emergence
Reduced laryngospasm after airway device removal
Improved oxygen saturation after airway device removal
Ability to administer oxygen until complete restoration of
airway relexes

is placed behind the in situ ETT. The ETT is removed and the
LMA is inlated. The patient is then emerged on the LMA.
sgA removal. Timing of the removal of SGAs at the end of
surgery is critical.54 SGAs should be removed either when the
patient is deeply anesthetized or after protective relexes 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 inlated; thus, it acts as a “scoop” for secretions
above the mask, bringing them out of the airway.55 This has been
particularly useful in otolaryngologic surgery.
contraindications to sgA use. The primary contraindication
to elective use of the SGA is a risk of gastric-content aspiration
(e.g., full stomach, hiatus hernia with signiicant gastroesophageal relux, intestinal obstruction, delayed gastric emptying, poor
history). Other contraindications include poor lung compliance
or high airway resistance, glottic or subglottic airway obstruction,
and limited mouth opening (<1.5 cm).56
sgA use complications. Apart from gastroesophageal relux
and aspiration, reported complications have included laryngospasm, coughing, gagging, retching, bronchospasm, 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, though all appear
to be better than tracheal intubation in this regard with expected
rates of 30% to 70%.57 SGAs may cause transient changes in vocal
cord function. This is possibly related to cuff overinlation during
prolonged procedures.
There have been rare reports of nerve injury associated with
SGA use, including recurrent hypoglossal, lingual, and inferior
alveolar nerves. The injuries are typically manifest from emergence to 48 hours after surgery and the majority resolved spontaneously in 1 hour to 18 months. Predisposing factors include
the use of small masks, nitrous oxide, lidocaine lubrication, cuff
overinlation, dificult or alternate insertion techniques, and cervical bone or joint disease.58 Pressure neuropraxia from the tube
or cuff is the most common cause.
the laryngeal tube (VBM Medizintechnik, GmbH, Sulz,
Germany) consists of a single-lumen tube with an approximately
130-degree midshaft angle and two (distal and proximal) lowpressure cuffs (Fig. 27-5A). An oval aperture between the cuffs
serves as a ventilation oriice. The distal cuff encloses the distal
end of the tube. When inserted correctly, the proximal cuff seals
the oral and nasal pharynx, whereas the distal cuff sits within the
upper esophageal sphincter. Ventilation (spontaneous or positive
pressure) occurs via an anterior surface oriice midway between
the cuffs. The cuffs are inlated via a common pilot valve. The
original Laryngeal Tube is available in single-use or reusable models, 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 is a modiication of the Laryngeal Tube, with the
addition of a second lumen for suction and gastric drainage (the
oriice of which is at the distal aspect of the esophageal cuff). Six
sizes (0 to 5) are suitable for neonates to large adults. Using the
Laryngeal Tube in children under 10 years old is less effective
than the LMA during spontaneous or assisted ventilation and for
iberoptic evaluation of the airway.59 The Laryngeal Tube is not
recommended for children weighing <10 kg because of technical dificulties and inadequate ventilation. A successful use of the
Laryngeal Tube Suction was reported in an emergency airway situation in a pregnant woman with history of gastroesophageal relux
who underwent cesarean section but could not be intubated. The
device improved oxygen saturation and drained gastric contents
during the patient’s emergence from rapid-sequence intubation.60
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Feature

Clinical Impact

Gastric drain

Position conirmation
Suprasternal notch testa67
No gas leak via gastric drain66
Successfully passing gastric tube
Active gastric emptying
Passive gastric emptying
Protection from gastric-content
aspiration
Increased seal pressure
Prevents patient biting, obstruction
Position conirmation
50% or more of the bite block should
be within the oral cavity67
Reduced overall size
Decreased ability to tracheally intubate
First insertion less successful than LMA
classic
Confers rotational stability
Size choice: Size down from LMA classic

Posterior cuff
Bite block

Wire-reinforced
airway barrel
Large barrel/bite
block

Figure 27-5. (a) The laryngeal tube, (b) I-Gel, (C) Air-Q, (D) Aura-I.

LMA, laryngeal mask airway.
a
When a small amount of lubricant is used to occlude the gastric drain, gentle
pressure on the suprasternal notch is relected in movement of the lubricant
meniscus.

A study in 15 fresh cadavers showed that mucosal pressures in
the lateral pharynx, the base of tongue, and the posterior pharynx
were similar between Laryngeal Tube and LMA ProSeal, but pressure on the posterior hypopharynx was always higher with the
Laryngeal Tube. The investigators expressed concern that pressure from the Laryngeal Tube might impede pharyngeal perfusion more than LMA ProSeal.61 A case of acute tongue and uvula
ulceration after using the Laryngeal Tube for hysteroscopy has
been reported.62
cookgas Air-Q Airway. Developed by Dr. Daniel Cook (Cookgas LLC, St Louis, MO), the Air-Q perilaryngeal airway functions
as an elective SGA, or as a conduit for blind or iberoptic-aided
intubation of the trachea (Fig. 27-5C). The barrel of the airway is
precurved and of wide diameter, and will accept a tracheal tube
from 5- to 8-mm internal diameter (ID). The keyhole-shaped airway outlet is designed to steer the ETT toward the larynx. A cuff,
grossly the shape of the LMA cuff, seals the perilaryngeal space.
The device is inserted (cuff delated) by a technique similar to that
recommended for the LMA (see the previous discussion). If, after
insertion, the airway is obstructed, an up–down motion of the
barrel will often realign the epiglottis. Blind tracheal intubation
should be undertaken only if the airway is clear and the patient is
muscle relaxed and/or suficiently anesthetized. Airway seal pressures are similar to that of the ProSeal LMA.63 The ETT cuff is
completely delated and lubricated. It is inserted 12 to 15 cm into
the device barrel. Advancement past this point will be into the
larynx. If resistance is met, the device can be repositioned. Once
tracheal intubation is assured, the device can be removed with
the help of a specialized stylet marketed by the manufacturer. In a
study comparing like devices, the Fastrach LMA had a higher blind
intubation rate as compared to the Air-Q, although all patients
could be intubated with the addition of iberoptic guidance.64

the Double-lumen sgAs. The LMA Proseal was developed by
Dr. Brain as the irst double-lumen SGA. The original intent of the
LMA Proseal’s gastric drain was to aid the clinician in the diagnosis of SGA malposition—if not placed correctly with the device’s
distal tip within the opening of the esophagus, an air leak would
be detected. Several tests were developed to verify positioning with
the LMA Proseal (Table 27-9).65–68 The LMA ProSeal also increases
the maximum airway seal during positive-pressure ventilation as
compared with other LMA devices (≥40 cm H2O), and allows passive (regurgitation) and active (gastric tube insertion) emptying
of the stomach.66–68 The advanced capabilities of the LMA Proseal
allowed its use in the care of obese patients, patients undergoing intra-abdominal procedures, and in airway resuscitation.41,69,70 A
single-use version of the double-lumen LMA, the LMA-Supreme
also incorporated a ixed curvature replicating the insertion ease of
the LMA Fastrach (Fig. 27-3C). This device also allowed inspiratory
pressures of >35 cm H2O, and has been used for intra-abdominal
procedures.71
The Laryngeal Tube Suction is a modiication of the Laryngeal Tube, with the addition of a second lumen for suction and
gastric drainage (the oriice of which is at the distal aspect of
the esophageal cuff). Six sizes (0 to 5) are suitable for neonates
to large adults. Using the Laryngeal Tube in children under
10 years old is less effective than the LMA during spontaneous or assisted ventilation and for iberoptic evaluation of the
airway.59 The Laryngeal Tube is not recommended for children
weighing <10 kg because of technical dificulties and inadequate ventilation.
the i-gel. This SGA innovates a new concept in design with
the advent of a solid, elastomer gel body, mounted on a plastic
barrel, with no inlatable cuff.72 A drain tube runs the length of
the device from the distal tip, which sits over the esophageal inlet,
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to an outlet lateral to the airway circuit connector. A gastric tube
may be placed into the stomach via this drain, which also serves
as a passage for passively regurgitated gastric contents. The gastric drain is relatively small, the largest size accommodating a
14-French tube. (Fig. 27-5B). Airway leak pressures have been
reported as ranging from 24 to 30 cm of water in adults, and may
be, according to some studies, superior to the seal of the classic
LMA when used in children. Sore throat occurs at rates similar to
the LMA (10% to 12%), although some reports note a lower rate
of visible blood on the device at removal. Success rates (irst-time
insertion, adequate seal pressure, etc.) are comparable to the LMA
and PLMA. Contrary to a widely held belief, the solid mask of the
I-Gel does not change the shape as it is warmed by the pharyngeal
mucosa (personal communication, Muhammed Nasir, MD).

tracheal intubation
6 Direct laryngoscopy. Successful laryngoscopy involves the distortion of the normal anatomic planes of the upper airway to
produce a line of direct visualization from the operator’s eye to
the larynx; this requires the creation of a new (nonanatomic)
visual axis, through 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 (inability to align the axes can be anticipated by physical
examination).10 As pointed out in the ASA Dificult Airway
Practice Guidelines, no one measure may be adequate to determine dificulty of DL, and multiple measures must be integrated
in order to make sensible airway management decisions.1 Shiga
et al.18 published a meta-analysis of studies regarding airway
physical examination scores and cautioned on the poor sensitivity and only modest speciicity of all routine tests.
In 1944, Bannister and MacBeth proposed a three-axis model
to explain the anatomic relationships involved airway axis alignment, thereby elucidating the rationale of the intubation snifing
position (SP) described by Sir Ivan Magill.11 In the SP, the neck is
lexed by 35 degrees and the head extended by 15 degrees. This is
achieved by placing a support (around 7 cm in the adult) under
the head in patients who were easy to intubate by DL. Others have
suggested positing the patient so that the external auditory meatus
is level with the sternal notch (EAM-SN position). This is help-

A

ful, especially in the obese patient.73 The three-axis explanation
has been challenged by Adnet et al.74 who noted that, although
extension at the atlanto-occipital joint maximally facilitated an
oral cavity/pharyngeal alignment, no signiicant improvement
was achieved with lexion of the cervical spine on the thorax.
Chou and Wu75 reined this approach by noting that laryngeal
axis alignment is unnecessary. The end point of the effort to create an in-line space for tracheal intubation is the glottic aperture.
These authors propose a two-axis/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 the laryngeal aperture through
oropharyngeal alignment and tongue displacement. This concept
can be used to not only understand the problems that may hinder DL, but also why common indexes of airway assessment fail
in their predictive power. This concept has been described previously as FAA.76
FAA is a method of examining the functional nature of each
of the anatomic correlates of the commonly used 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,75 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. 27-6). This brings the angle between the oral
and pharyngeal axes to 125 degrees. Although it is an improvement, it is certainly not the 180 degrees required for creation of a
line of site to the glottis. A different space must be created. This
space is created 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 brings up the alveolar ridge into
improved position relative to the tongue and larynx. The extension of the atlanto-occipital point also provides an advantage
in mouth opening. Calder et al.41 have shown that the maximal
mouth opening is 26% greater in full atlanto-occipital extension as compared with the neutral head position. Temporomandibular jaw function also contributes to the displacement of the
tongue away from the required visual axis. Rotation and translation of the temporomandibular joint result in a relaxation of the

B
Figure 27-6. 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.
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Figure 27-7. Mallampati/Samsoon–Young classification of the oropharyngeal view.77 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: Hard palate visible
only (added by Samsoon and Young).

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.77 These two measures have historically been considered 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. 27-7). As noted elsewhere, these indices have
shown to have poor and/or variable predictive power. Two groups
have considered the interrelated nature of these measures in a way
that reveals why they perform poorly when considered individually. Ayoub et al.78 found a high Mallampati score to be predictive
of a dificult DL when the thyromental distance was <4 cm. When
the thyromental distance was >4 cm, relative tongue size (as determined by the Mallampati classiication) was not predictive. Iohom
et al.6 found similar results using a thyromental distance cutoff of

6 cm. The inding 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. An exception to this may be
hypopharyngeal tongue, as described by Chou and Wu;79 although
according to those authors, measurement of the mandibular hyoid
distance should help in diagnosing this.
As noted above, a common cause of dificulty in DL is a pathologic increase in tongue size. Ovassapian et al.16 have identiied lingual tonsil hyperplasia as the most commonly undiagnosed cause of
unanticipated dificult DL. They reviewed the cases of unanticipated
dificult DL in their institution from 1999 to 2000. Thirty-three
patients were identiied. All patients were found to have lingual tonsil hyperplasia on iberoptic examination (Fig. 27-8).
Devices that aid in placing the patient in a snifing position
have become available. These include the sniff position pillow
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Figure 27-8. Lingual tonsil hyperplasia: The vallecula is filled with
hyperplastic lymphoid tissue in a patient who had an unanticipated
difficult direct laryngoscopy.

(Popitz Pillow, Alimed, Dedham, MA) and Pi’s Pillow (American Eagle Medical, Holbrook, NY), which can be conigured
for the awake (comfortable) then asleep (functional position)
patient.
The obese patient may need further positioning to move the
mass of the chest away from the plane across which the laryngoscope handle will sweep as it is manipulated into the mouth, as
well as compensate for the increased anterior–posterior diameter
of the chest. 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, raising the head
and neck above the thorax and providing a grade in order to allow
gravity to pull the pannus’ weight away from the airway, as well as
producing an EAM-SN position.73
After the head and neck have been positioned, the mouth is
opened by one of two techniques. The irst method encourages
extension of the atlanto-occipital joint by the use of the dominant
hand under the occiput. This maneuver leads to passive opening
of the mouth, and can be accentuated by using the fourth inger
of the nondominant 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 gum, caudad pressure
is applied with the thumb of the dominant hand on the mandibular canine/bicuspids on the patient’s same side while the irst
inger, 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 in order to achieve the widest interincisor gap, and relaxation of the mandibular space. The patient, whether conscious or
not, is now ready for laryngoscopy.
8
use of the Direct laryngoscope Blade. Proper use of the
laryngoscope blade is vital to the success of this basic airway management technique. Two blade types are commonly available and
9 each is applied in a unique manner. Many other blades have been
described but will not be discussed here; the reader is directed to
some excellent reviews.80
The curved (Macintosh) blade is used to displace the epiglottis
out of the line of sight by tensing the glossoepiglottic ligament,
whereas the straight blade (Miller) compresses the epiglottis
against the base of the tongue. Both blades include a lange along
the left side of their length, which is used to sweep the tongue to
the left side of the mouth. Blades with a right-sided lange are

available for the left-handed practitioner, but they are not commonly found in practice.
In most available systems, the blade incorporates the light
source, either a bulb placed near the distal blade aspect or a rigid
iberoptic cable that transmits light produced within the handle.
In either case, these blades must be long enough to achieve their
respective applications. Therefore, blade size needs to be chosen
appropriately and, on occasion, exchanged after a failed attempt at
DL. 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 incisor teeth, or a large
epiglottis.81 The straight-against-the-tongue nature of the Miller
blade affords maximal transfer of workforce from the operator’s
elbow and shoulder onto the surface of the tongue in order to displace it into a small mandibular space.
With the left hand holding the laryngoscope handle, the blade
is inserted into the right side of the mouth, with care taken not to
compress the upper lip against the teeth. As the blade is advanced
toward the epiglottis, it is swept leftward, using the lange to displace
the tongue to the left as the blade compresses it into the mandibular
space. After reaching the base of the tongue (the Macintosh blade
tip in the vallecula, or the Miller blade compressing the epiglottis

Epiglottis

A

Epiglottis

B
Figure 27-9. 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.

against the base of the tongue), the operator’s arm and shoulder lift
in an anterior–caudad direction (Fig. 27-9).
Importantly, the laryngoscopist must strive to avoid rotating
the wrist and the laryngoscope handle in a cephalad direction,
bringing the blade against the upper incisor teeth. Extending
either blade style too deeply can bring the tip of the blade to rest
under the larynx itself so that forward pressure lifts the entire 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, producing an anatomic
snifing position, elevation of the head (as done in the adult) is
not required.81 On occasion, one may need to elevate the thorax instead. The relatively short neck gives the impression of an
anterior position of the larynx. Posterior cricoid pressure is often
required to place the laryngeal inlet into view. A straight blade is
more helpful in displacing the stiff, omega-shaped, and high epiglottis. Because the cricoid cartilage is the narrowest aspect of the
airway until 6 to 8 years of age, the intubator must be sensitive to
resistance to advancement of the ETT that has easily passed the
vocal folds. Hyperextension at the atlanto-occipital joint, as done
in adults, may cause airway obstruction from the relative pliability
10 of the trachea. In the child, there is a higher risk of endobronchial
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intubation or accidental extubation with head movement owing
to the short length of the trachea.
With laryngoscopy, the view of the larynx may be complete,
partial, or impossible. A laryngeal view scoring system that has
won general acceptance was developed by Cormack and Lehane82
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. 27-10). A
Cormack–Lehane grade 3 or 4 is expected in 1.5% to 8.5% of
adult laryngoscopies.83
This system has proved useful not only as a means of recording the laryngeal view on individual patients, but also as a clinical
end point in the evaluation of preoperative airway assessments
tools. A modiication of the Cormack and Lehane score has been
proposed by Koh et al.84 who noted that when a partial vocal cord
view (“2A”) is achieved, tracheal intubation was signiicantly easier than when only the arytenoids and epiglottis were visualized
(“2B”).
Another view scoring system is based on the clinician’s
estimate of the percent of glottic opening (POGO) seen during laryngoscopy (e.g., 0% to 100% of the span from anterior

A

B

C

D
Figure 27-10. The Cormack–Lehane laryngeal view scoring system: Grade 1 (a), grade 2 (b), grade 3 (C), and grade 4 (D).
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blade is advanced between the tongue and palatine tonsil. The
commissure to the interarytenoid notch). The POGO score was
blade passes below the epiglottis, which is then elevated. This
found to have improved interexaminer reliability when comapproach subjects the tongue to less compressive forces. It has
pared to the Cormack and Lehane system, and has been adopted
been suggested that this technique may improve the view of the
by many researchers in the comparative evaluation of video
larynx in the presence of lingual tonsil hyperplasia.
laryngoscopy.85
Veriication of successful tracheal tube placement is made
If during laryngoscopy, a satisfactory laryngeal view is not
by a variety of methods. The gold standards for conirmation of
achieved, the backward–upward–rightward pressure (BURP)
maneuver may aid in improving the view. In this maneuver, a 11 placement include visualization of placement through the vocal
folds and sustained detection of exhaled carbon dioxide as measecond operator displaces the larynx (B) backward against the
sured with capnography or a disposable chemical colorimetric
cervical vertebrae, (U) superiorly as possible and (R) slightly laterdevice such as the Easy Cap II. Other portable techniques include
ally to the right, using external pressure over the cricoid cartilage.
auscultation over the chest and abdomen, visualization of the
The BURP maneuver has been shown to improve the laryngeal
view, decreasing the rate of dificult intubation in a study of 1,993 12 chest excursion, observation of condensation in the ETT, use
of a self-inlating bulb (TubeChek-B, Ambu, Linthicum, MD),
patients from 4.7% to 1.8%.86 When a left-handed operator is
lighted stylets, standard and dedicated iberoptic devices used
using a left-handed laryngoscope blade, the lateral external presto identify the tracheal rings and carina (Foley Flexible Airway
sure should displace the larynx to the left. Similarly, Benumof
Stylet, Clarus Medical, Golden Valley, MN), and ultrasound or
and Cooper describe “optimal external laryngeal manipulation,”
chest X-ray.89
which consists of pressing posteriorly and cephalad over the thyAlthough DL remains the most used method for tracheal inturoid, hyoid, and cricoid cartilages.87
bation, it is far from successful in all cases and not always benign
Once the larynx is visualized with a left-side–langed blade, the
when successful. DL may be dificult or impossible in 8.5% and
tracheal tube is inserted from the right-hand side, care being taken
1.8% of attempts, respectively.90 The analysis of Domino et al.39 of
not to obstruct the view of the vocal cords. Whenever possible, the
the ASA Closed Claims Database reveals that claims for laryngeal
action of the ETT passing through the vocal cords should be witinjury during DL arise more often in “easy” as opposed to dificult
nessed by the laryngoscopist. The tracheal tube should be inserted
laryngoscopies. Among the 4,460 cases in the ASA Closed Claim
to a depth of at least 2 cm after the disappearance of the tracheal
Database, 87 instances of laryngeal trauma were recorded. Of these,
tube cuff into the larynx in order to approximate placement in
80% occurred during routine (nondificult) tracheal intubation,
the midtrachea. This should present the 21- and 23-cm exterin which no injury was suspected. This has led some to question
nal markings at the teeth for the typical adult female and male,
whether routine tracheal intubation is as safe as assumed.38
respectively.88 Although allowances should be made for individual
Image-guided laryngoscopy promises to quickly dominate
circumstances, a size 7 to 8 ID tracheal tube is used in the adult
the science and art of tracheal intubation. The irst decade of the
female, and size 8 to 9 tracheal tube used in the adult male. The
21st century saw a proliferation of optical and video-transmitting
larger tracheal tubes may be desirable if pulmonary toilet or diagdevices, primarily as the result of the availability of inexpensive
nostic or therapeutic bronchoscopy is to be part of the clinical
CMOS technology. The unifying characteristics of these laryngocourse. Pediatric laryngoscope blades and tracheal tube sizes are
scopes are the nonaxial-dependent view required of direct larynpresented in detail in Table 27-10 (see also Chapter 45).
goscopy. A large variety of devices, employing optical or video
An alternative approach to DL has been described by Hendertransmission of the laryngeal image are now available.
son.88 In this approach to tongue displacement, a straight-bladed
optical stylets. A new generation of iberoptic devices is
laryngoscope is introduced into the right side of the mouth. The
focused on simplicity and portability by incorporating optical and
light source elements into a single stylet-like stainless steel sheath.
The lack of a tongue-displacing blade and a suction/oxygen channel are potential disadvantages. Both the Shikani Seeing Stylet and
the Bonils Intubation Fiberscope (BIF) (Karl Storz Endoscopy,
tAble 27-10. siZe AnD length of trAcheAl
Tuttingen, Germany; Fig. 27-11) have demonstrated less cervical

tuBes relAtiVe to AirwAy
AnAtomy

Age

Internal
Diameter (mm)

Premature
Full term
1–6 mo
6–12 mo
2 yrs
4 yrs
6 yrs
8 yrs
10 yrs
12 yrs
14 yrs
a

Add 2 to 3 cm for nasal tubes.
Females.
c
Males.
b

2.5
3
3.5
4
4.5
5
5.5
6.5
7
7.5
8–9

Distance from Lips to
Midtracheaa (cm)
8
10
11
12
13
14
15
16b
17–18c
18–20
20–22
Figure 27-11. The Bonfils (Karl Storz Endoscopy, Culver City, CA).
Inset: Objective end within tracheal tube.
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Figure 27-13. The Clarus Video System (Clarus Medical, LLC, Minneapolis, MN).

Video laryngoscopes. The GlideScope (Verathon, Bothell,
spine motion when compared to direct laryngoscopy.91,92 The
BIF is a long, rigid tubular device with conventional optical and 13 WA; Fig. 27-14C) provides an electronically projected image on
a video monitor emanating from a video chip set at the distal
light-transmitting iberoptic elements.93 A proximal-end eyeend of a conventional-like laryngoscope blade, but with a more
piece (with adjustable diopter) can be used with the naked eye
acute (60 degrees) distal angulation.97 Illumination is likewise
or itted with a standard endoscopy camera. A cable (or batterygenerated at the distal position. This coniguration affords several
powered attachment) brings illumination from an external light
advantages: (1) It may be handled with a skill set similar to that
source. The distal end has a 40-degree angulation. The objective
lens allows a 100-degree ield of view. Sizes with external diameters of 2, 3.5, and 5 mm are available. Suction may be applied
through a working channel. The technique of use replicates the
paraglossal approach of laryngoscopy discussed previously in
this chapter.
The Shikani Seeing Optical Stylet (SOS) (Clarus Medical, LLC,
Minneapolis, MN) has a similar coniguration to the BIF, with the
exception that the distal half of the stylet is malleable (Fig. 27-12).
The light source may be self-contained (a proprietary powered
handle or a green line [Rusch Medical, Duluth, GA] laryngoscope
handle), or cabled. The adult Shikani can accommodate a 5.5-mm
ID tracheal tube or larger. The pediatric model can be itted with
a 2.5-mm ID tracheal tube or larger. Unlike the Boils, a midline
approach is recommended. Although the Shikani 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 archived. Although it is primarily an oral intubation
device, the SOS has also been used for nasal intubation.
Levitan First Pass Success Scope (Clarus Medical, LLC, Minneapolis, MN), a shorter (30-cm) version of the SOS, is designed to
be used during DL when a high laryngeal view score is encountered
(Fig. 27-12B). The shorter length allows more ergonomic positioning by the laryngoscopist.94 A 6-mm ID tracheal tube or larger may
be used. Because of its short length, a standard tracheal tube should
be trimmed in length so that the objective lens is within the bevel.95
The hypothetical beneit of this practice is the reduction of unanticipated dificult intubations and the maintenance of alternative
technique skills by incorporating this or similar devices into daily
practice.96
The Clarus Video System (Clarus Medical, LLC, Minneapolis,
MN) (Fig. 27-13) replicates the malleable stylet concept of the
SOS with the incorporation of CMOS technology. A 4-inch LED
Figure 27-14. (a) McGrath Mac and (b) Mcgrath Series 5 (McGrath
adjustable angle screen is mounted on the handle. The screen has
Medical, UK), (C) GlideScope Multiuse blade and (D) GlideScope Coa proprietary video-out port. A setting on the controls illuminates
balt single-use blade (Verathon, Bethel, WA), (e) Gliderite rigid stylet
a distal, anteriorly positioned red diode, which may be visible
(Verathon, Bethel, WA).
through the skin when the objective is in the larynx.
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Figure 27-12. a: The Shikani Seeing Optical Stylet (Clarus Medical,
LLC, Minneapolis, MN). b: The Levitan FPS.
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used with conventional DL. (2) The operator’s point of sight (e.g.,
the video apparatus) is positioned close to the distal blade aspect.
(3) The video apparatus is a charged coupled-like device (thereby
eliminating fragile iberoptic elements). The operator, therefore,
“sees” at a position behind the tongue, and displacement as with
conventional DL is not necessary in most cases. Similarly, lingual
tonsil hyperplasia should not affect the visual axis as it does with
conventional DL. (4) The video image of the airway is displayed
on a lightweight portable screen, and allows for visualization by
more than one individual (e.g., aid, mentor, student). (5) Less
stress may be imposed on the airway by virtue of reduced compressive force directed to the tongue. (6) An external light source
is not required.
When used by inexperienced operators the GlideScope provides
better glottic exposure as compared with DL (Cormack–Lehane
grade 1 view in 85.7% vs. 48.9%) and can obtain Cormack–Lehane
grade 1 or 2 in 77% of patients in whom no glottic exposure was
achieved by DL.97 A large prospective, nonrandomized study of
1,755 patients showed a 98% intubation success rate, including 96% success in patients predicted to be dificult by DL, and a
94% failed-DL rescue rate.98 In one study, placement of the ETT
required an additional 16 seconds (on average) when compared to
DL.97,99
The classic GlideScope insertion technique follows the midline
approach. After the uvula is visualized, the blade is advanced midline into the vallecula or can be passed posterior to the epiglottis.97 For patients with a limited mouth aperture, an alternative
insertion has been described in which the blade is inserted like
a Guedel airway; that is, 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.
Although achieving a good laryngeal view with the GlideScope
appears relatively easy, ETT manipulation into the larynx may be
more dificult because of the acute blade angulation. The use of
a stylet is advised to deliver the ETT.100,101 Different authors have
suggested stylet shaping with a bend of 60 degrees, 90 degrees, a
dynamic stylet, J, or “gear shift” shape. Reverse loading technique
or use of a gum elastic bougie has also been described.102 There
is one study that evidenced that the angle of the ETT had greater
impact on time to intubation than the Cormack and Lehane
grade of the image.103 A dedicated, nonmalleable stylet, the GlideScope reusable stylet (Verathon), has been introduced. This
stylet has a 90-degree bend, and may be used with various video
laryngoscopes. The GlideScope has also been used to facilitate
nasotracheal intubation with a reduced time to intubation when
compared with DL and a high irst-time success rate.
The 60-degree angulation of the GlideScope reduces cervical
spine motion by 50% at the C2 to C5 segments compared with
Macintosh laryngoscopy. Theoretically, the airway axes do not
need to be aligned to affect a good view, but manipulation of
the GlideScope to the position to achieve an adequate image can
cause cervical segment extension. It has been successfully used to
achieve tracheal intubation in patients with limited cervical spine
movement because of ankylosing spondylitis and cervical spine
arthritis, but it may be dificult to use in patients with limited oral
aperture.104,105
Control studies have shown no signiicant 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 lexible iberoptic bronchoscope.106
Traumatic complications associated with the use of the GlideScope video laryngoscope have been related to blind manipulation of the ETT as it enters the airway but is not yet visualized

Figure 27-15. Passage of a tracheal tube through the right palatoglossal arch due to blind spot created with video laryngoscopy.

on the perilaryngeal image. Traumatic events, which appear to be
more likely with the use of a rigid stylet, are primarily reported to
involve the soft palate, palatoglossal arch, right palatopharyngeal
arch, and right anterior tonsillar pillar;107–111 (Fig. 27-15). Steps
to avoid soft tissue trauma include (1) assuring that the stylet is
within the bevel of the ETT, (2) focusing the operator’s attention
on the tracheal tube as it enters the mouth (attention is turned to
the video image only when the distal ETT becomes visible), and
(3) maintaining a midline ETT position.
The C-Mac (Karl Storz Endovision, Culver City, CA; Fig.
27-16) consists of a conventional-appearing laryngoscope handle
and blade itted with illumination and image iberoptics. Although
the image projected from the CMAC closely resembles that seen
with the naked eye, ETT placement is facilitated because the operator does not need to maintain an unobstructed line of sight (by
using the video monitor). Use of the C-Mac is identical to standard

Figure 27-16. The C-Mac (Karl Storz Endovision, Culver City, CA).
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low-temperature light. A tracheal tube is secured within the guidDL, making the video facility uniquely valuable during supervised
ing channel. With the patient in a neutral position, the Airtraq is
instruction. A comparison study of direct and video-assisted views
guided around the oral and pharyngeal axes. The distal blade can
of the larynx revealed signiicant improvement of the glottic view
be guided above or below the epiglottis. Once the larynx is cenwith the CMAC.112 In controlled trials, the VM facilitated tracheal
tered in the visual ield, the tracheal tube is slid down the chanintubation in bariatric and thoracic surgery patients.113
The McGrath Series 5 video laryngoscope (Aircraft Medi- 14 nel (without rotation) and observed to enter the larynx. Unlike
the classic video laryngoscopes described above, the tracheal tube
cal, Edinburgh) was introduced to clinical practice in 2007 (Fig.
distal end can be visualized throughout its course reducing the
27-14A). The unique features of the McGrath are (1) a selfopportunity for soft tissue trauma.
contained unit including laryngoscopic blade, handle, power
The Airtraq has been successfully used as a rescue device in
source (1.5 V batteries), and a 3.3- × 2.2-cm liquid crystal dispatients after failed intubation with DL.115 Reports of its use in
play (LCD) screen; (2) an acute distal angle blade; (3) adjustable
awake patients, patients with cervical spine disease, and after
blade length; and (4) a disposable patient contact blade. As with
failed DL have been published.116 One study showed the need for
the GlideScope, the acute angle blade improves the Cormack
fewer maneuvers to improve glottic exposure and fewer alteraand Lehane grade of the laryngeal view by affording the operator
tions in blood pressure and heart rate when compared with DL.117
an oblique line of sight around the base of the tongue. In one
Reduced cervical spine movement in patients with midline axial
uncontrolled series, tracheal intubation was successful in 98% of
stabilization has been demonstrated.
150 elective surgery patients.114 As with the GlideScope, because
The Airway Scope (Pentax AWS, AWS-S100; Hoya- Pentax,
McGrath video laryngoscopy does not involve creation of a
Tokyo, Japan) is a reusable channel device that uses CMOS imagdirect line of sight to the larynx, tracheal tube placement may be
ing technology on a camera cord itted into a single-use blade
awkward. Use of a semi or nonmalleable stylet is advisable with
(Fig. 27-17A). A 2.4-inch LCD monitor is integrated into the hanboth devices, with a 60- to 90-degree upward bend of the distal
dle. The monitor has a wide viewing angle and is readily visible
tracheal tube. Because the angle of the distal ETT-stylet is antefrom behind and from the side of the Airway Scope. The angle
rior as it enters the larynx, a 1- to 2-cm withdrawal of the stylet
of the monitor can be adjusted for easier viewing. The disposat this juncture facilitates advancement. Concerns regarding the
able blade accepts ETTs with outside diameters between 8.5 mm
intubation “blind spot” are similar to those with the GlideScope.
and 11 mm, and incorporates a working channel for injection of
The McGrath Mac (Aircraft Medical, Edinburgh, UK) is the
lidocaine, a small suction catheter, or oxygen insuflation. In one
newer-generation McGrath video laryngoscope with a reduced
small, nonblinded, noncrossover study the AWS had a higher
blade curvature and slimmer blade design (11.9 mm). The “blind
success rate than the GlideScope (100% vs. 96%) in patients prespot” noted with the GlideScope and McGrath Series 5 is reduced.
dicted to be dificult by DL (84%).118 The AWS also produced
A 2.5-inch improved screen allows shared viewers. The reduced
blade curve allows improved direct laryngoscopic use as comless of a hemodynamic response. As with other channel scopes,
pared to the more acutely angled blade of the Series 5. Although
the AWS had a higher success rate than the GlideScope in normal
there may be less concern for soft tissue trauma, the cautions
volunteers with restricted neck mobility.98
mentioned above should be applied.
Although the Airtraq and AWS use a similar axes-following
The Airtraq optical laryngoscope (Prodol Meditec S.A., Vizdesign in carrying the tracheal tube into the hypopharynx, ETT
caya, Spain; Fig. 27-17B) is a single-use, anatomically shaped
presentation to the larynx appear different.119 The Airtraq manularyngoscope optical prism, “channel” device, with a lateral guidfacturers recommend that the blade tip should enter the vallecula
ing channel that holds and guides the ETT through the vocal cords.
(though lifting the epiglottis from a “Miller” position will also
Whereas DL is used to displace the anterior airway structures, and
lead to successful intubation). The AWS manufacturer recomVLs place the operators point of vision around the tongue, the
mends using the blade to lift the epiglottis and, in practice, placchannel devices replicate the near 90-degree relationship of the
ing the blade in the vallecula often leads to failure of intubation.
oral and pharyngeal axes, much like an earlier device, the BulThe difference in the use and success of these two very similar
lard laryngoscope. The Airtraq has a built-in antifog system and a
devices appears to be a much closer positioning of the ETT to the
AWS blade as it is extended out of the channel.119
The King Vision Video Laryngoscope (King systems, Noblesville, IN) includes a reusable, battery-operated OLED display and
disposable channeled and nonchanneled blades. The device can,
therefore, be used as a classic VL or a channel scope.
15

NPO Status and Rapid-sequence Induction

Prevention of the pulmonary aspiration of gastric contents is one
of the primary concerns of the airway manager. Anesthetic induction profoundly depresses intrinsic relexes that protect the airway
from the entrance of foreign bodies, including regurgitated material. Many routine patients will present in situations where aspiration is a signiicant risk (e.g., urgent procedures soon after food
ingestion). Rapid-sequence induction, as described, is practiced.
In situations where a dificult airway patient presents similarly,
awake intubation is often chosen, as described in this chapter (see
Airway Approach Algorithm). In both cases and in other situations with varying degrees of concern, pharmacologic therapy can
16 help to mitigate risk. The goal of this therapy is to reduce both the
Figure 27-17. (a) The Pentax Airway Scope, (b) The Airtraq larynvolume and acidity of the gastric contents (Table 27-11). Obesity
goscope (Prodol Meditec S.A., Vizcaya, Spain).
17 by itself, long taught as a risk factor for gastric-content aspiration,
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tAble 27-11. PulmonAry AsPirAtion (A) PAtients At risK for
AsPirAtion, (B) AsA recommnenDeD fAsting
guiDeleines, (c) methoDs to reDuce risK
(A) Patients at risk for aspiration
Full stomach (recent ingestion)
Diabetes mellitus (with peripheral neuropathy)
Gastroesophageal relux/hiatal hernia
Pregnancy
Acute pain/acute opioid therapy renal colic
Bowel obstruction/intra-abdominal process
(B) summary of fasting recommendations (wr-BB)
Ingested material
Minimum fasting period
Clear liquids
2h
Breast milk
4h
Infant formula
6h
Nonhuman milk
6h
Light meal
6h
(c) methods to reduce risk
Minimize intake, adequate preoperative fasting, clear liquids only if necessary
Increase gastric emptying, prokinetics (e.g., metoclopramide)
Reduce gastric volume and acidity, Nasogastric tube, nonparticulate antacid (e.g., sodium citrate),
H2-receptor antagonists (e.g., famotidine), proton pump inhibitors (e.g., lansoprazole)
Airway management and protection, cricoid pressure, cuffed endotracheal intubation

may not be a risk in this regard.120 Although initial studies touted
the increased volume of (more) acid secretions in the obese fasting
patient, as compared with the lean control, others have refuted
this claim.121,122

on the morning of anesthesia, as they are not suficiently effective
when given the previous night. Single-dose therapy with omeprazole is best given the previous night.127,128,129 Sodium citrate, best
administered within 1 hour preoperatively in a dose of 15 to 30
mL, increases gastric pH to >2.5, and when combined with metoclopramide (10 mg IV), it reduces gastric contents to <25 mL. A
Control of Gastric Contents
nasogastric (NG) tube can be used to reduce gastric volume prior
to induction of anesthesia in an emergency situation, as well as
Control of gastric contents involves (1) minimizing intake, (2)
in elective patients with a high risk of regurgitation and aspiraincreasing gastric emptying with prokinetics, and (3) reducing
tion. The presence of an NG tube does not guarantee an empty
gastric volume and acidity with a nasogastric tube, antacids, H2stomach and may impair the function of the LES and UES. An in
receptor antagonists, and proton pump inhibitors (PPIs). Clear
situ NG tube does not diminish the effectiveness of cricoid presliquids can be administered to children and adults up to 2 and
sure.130 The NG tube also provides a passage for passive drainage
3 hours, respectively, prior to anesthesia without increased risk
123
of gastric contents and is best left in place and open to freely drain
for regurgitation and aspiration. Gastric emptying is slower
during induction of anesthesia.
for milk than for clear liquids. Human breast milk is cleared
The technique of rapid-sequence induction is performed to
more rapidly than other milk products.124 Altered physiologic 7
gain control of the airway in the shortest amount of time after the
states (e.g., pregnancy and diabetes mellitus) and gastrointestiablation of protective airway relexes with the induction of anesnal pathology (e.g., bowel obstruction and peritonitis) adversely
thesia. In the rapid-sequence technique, the administration of an
affect the rate of gastric emptying, thereby increasing aspiration
intravenous anesthetic induction agent is immediately followed
risk. The extent of delayed gastric emptying with diabetes mellitus
by a rapidly acting neuromuscular blocking drug. Laryngoscopy
correlates well with the presence of autonomic neuropathy, but
and intubation are performed as soon as muscle relaxation is
not with age, duration of disease, preprandial HbA1C, or periphconirmed. Cricoid pressure (Sellick maneuver) is applied by
eral neuropathy. The time difference in the delay between diaan assistant from the beginning of induction until conirmabetic and healthy patients ranges from 30 minutes to 2 hours.125
tion of ETT placement. Cricoid pressure entails the downward
The ASA recommends a fasting period of 4 hours for breast milk,
displacement of the cricoid cartilage against the vertebral bodies.
6 hours for both nonhuman milk and infant formula, and also
In this manner, it was presumed that the lumen of the esopha6 hours for a light solid meal.123
gus is ablated, while the completely circular nature of the cricoid
Reduction of gastric acidity can be achieved with the aid of
cartilage maintains the tracheal lumen. Early cadaveric studies
H2-receptor antagonists and PPIs, which also reduce gastric volshowed that correctly applied cricoid pressure was effective in
ume. Famotidine effectively reduces gastric volume and increases
preventing gastric luids from leaking into the pharynx. Unforgastric pH better than ranitidine given a few hours before surtunately, the esophagus is laterally displaced in a majority of norgery.126 The PPIs rabeprazole, lansoprazole, and omeprazole are
mal patients.131 Because cricoid pressure further lateralizes the
most effective when given in two successive doses, in the evening
127,128
esophagus, the adequacy of esophageal ablation has been quesbefore and on the morning of anesthesia.
When given in a
tioned. Cricoid pressure is contraindicated with active vomiting
single dose, rabeprazole and lansoprazole should be administered

(risk of esophageal rupture), cervical spine fracture, and laryngeal
fracture. Historically face mask ventilation is not undertaken for
the 40 to 90 seconds required to achieve adequate neuromuscular
relaxation. This practice is based on minimal data and has recently
been questioned. Many clinicians do practice face mask ventilation during the apneic period.132
If during rapid-sequence induction there are dificulties in
securing the airway and oxyhemoglobin desaturation occurs,
gentle positive-pressure ventilation may be used while maintaining cricoid pressure. This positive pressure should require <25 cm
H2O pressure. Some authors argue that because cricoid pressure
is of dubious eficacy and may distort the laryngoscopist view, it
should be released if dificulties are encountered during the intubation attempt.133
the intubating supralaryngeal Airways. Blind, iberopticaided, stylet-guided, and laryngoscopy-directed tracheal intubation via SGAs has been widely reported in adults and children.
Many limitations to this technique have been described. In an
effort to overcome these limitations, Brain et al.134 introduced
a version of the LMA with a large-diameter (13-mm ID), shortlength (14-cm), and rigid stainless steel barrel curved to align the
mask aperture to the glottic vestibule (Fig. 27-3D). Other manufacturers have introduced similar devices including the AuraI (Ambu Corporation, Denmark) (Fig. 27-5D) and the Air-Q
(Cookgas LLC, St. Louis, MO) (Fig. 27-5C).
The mask of the LMA Fastrach (Laryngeal Mask Company,
Jersey, UK) differs from Dr. Brain’s original LMA design with the
incorporation of a vertically oriented, semirigid bar ixed at the
proximal end of the bowl aperture and positioned to sit beneath
the epiglottis in the average-sized adult. A handle at the proximal
end of the barrel is used for insertion, repositioning, and removal.
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 iberscope or other lexible stylet device. The LMA Fastrach
is designed to be used with a straight tracheal tube manufactured
in both single- and multiple-use models (Euromedics, Kedah,
Malaysia), although standard or Parker Flex-Tip (Parker Medical, Englewood, CO) polyvinyl chloride tracheal tubes have been
used.135
The LMA Fastrach is available in adult sizes with cuffs equivalent to the size 3, 4, and 5 LMAs. Experience has suggested that
most adults between 40 and 70 kg are best managed with a size 4
LMA Fastrach; larger persons require the size 5.
A large study has shown the utility of the LMA Fastrach in
patients who were anticipated as well as unanticipated to be dificult to intubate. Ferson et al.136 successfully intubated 234 patients
over a 3-year period using the LMA Fastrach. Studied patients
included those with normal-appearing airways on routine examination whose airways were unexpectedly dificult to manage,
patients with a Cormack and Lehane laryngeal view grade 4 on
laryngoscopic examination, patients with immobilized or traumatized cervical spines, and patients with airway tumors, prior
airway surgery, or radiation. Successful blind intubation via the
LMA Fastrach occurred in 97% of patients; the remaining patient
intubations were facilitated with adjunct use of a iberoptic intubation scope. A design of the LMA Fastrach, the CTrach (introduced in 2004 but no longer available), incorporated a iberoptic
cable and monitor into the LMA Fastrach design.
The LMA Fastrach is inserted with the head in a neutral position. It can be used in the unconscious or awake patient (with the
use of topical anesthetics). The mask of the LMA Fastrach cuff
is tested, delated, and lubricated as described for the LMA. It is
inserted into the mouth so that the mask lies lat against the palate. Gentle pressure on the handle and barrel reproduces the pala-
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tal pressure described for insertion of the LMA Classic. 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 LMA Fastrach is inlated
via the pilot cuff. An Ambu bag or anesthesia circuit is attached
to the proximal end of the LMA Fastrach barrel and ventilation
is attempted. By using the LMA Fastrach handle, the position
of the device can be optimized by lateral and anterior–posterior
manipulation. This action is termed the Chandy maneuver (after
Dr. Chandy Verghese, Redding, United Kingdom). A seemingly
common cause of airway obstruction with the LMA Fastrach is the
down-folding of the epiglottis. This can be relieved with a smooth
rotational movement of the inlated LMA Fastrach out of the airway (6 cm along the axis of the insertion), and immediate replacement (the up–down maneuver).
After adequate ventilation is achieved, the ETT is advanced
though the barrel. As the ETT exits the bowl aperture of the LMA
Fastrach, the semirigid elevating bar is pushed anteriorly, carrying the epiglottis out of the way of the airway. If positioned correctly, the ETT can freely enter the glottis.
The second part of the Chandy maneuver may facilitate blind
tracheal intubation. In this maneuver, the handle is used to gently
lift (without rotation) the LMA Fastrach anteriorly, sealing the
bowl against the larynx.
When blind intubation fails (esophageal insertion or obstruction), several maneuvers are undertaken.136 Early obstruction is
typically caused by a down-folded epiglottis. An up–down maneuver, as described earlier, can be employed and tracheal intubation
attempts repeated. Early resistance may also signify vallecular
entrapment secondary to too large an LMA Fastrach size. The
operator may remove the LMA Fastrach and place a smaller-sized
one. Later obstruction may signify entrapment or too small a
device, and again, a change is indicated.
When intubation fails despite the Chandy or up–down maneuvers or a change in the device size, the clinician should recall that
intubating SGAs are irst and foremost ventilation devices. Typically, ventilation will be adequate despite failure to intubate. At
this juncture, the clinician can (1) continue with short surgical
procedures using the intubating SGA as a simple SGA (procedures
longer than 15 minutes may be ill advised because of the pressure
exerted by the LMA Fastrach on tissues), (2) change to another
SGA device, (3) diagnose the intubation impediment with the aid
of another device (e.g., iberoptic bronchoscope or Foley Flexible
Airway Stylet), (4) remove the SGA and employ another technique of tracheal intubation, or (5) in the resuscitative situation,
perform a surgical airway while continuing ventilation with the
SGA. This last procedure may be an underappreciated facility of
all the SGAs. These devices may serve as a bridge while invasive
airway procedures are performed.
Once intubation is achieved and conirmed by physical examination (e.g., auscultation, chest wall rise, and fall) and capnography, an intubating SGA may be removed. Although this is a typical
requirement of the rigid devices, some intubating SGAs may be
left in situ. The ETT circuit adapter is removed and the intubating SGA is withdrawn over the ETT. During this removal procedure, the ETT is stabilized by one of two methods. A stabilizing
rod (supplied by the manufacturer) can be held against the ETT
as the LMA Fastrach is retreated out of the mouth. In the second
technique, described by Rosenblatt et al.,138 a Magill forceps is
used to hold the proximal tip of the ETT while the LMA Fastrach
is removed. In the midremoval position, a inger is placed in the
mouth to identify and stabilize the ETT, while the Magill forceps is
removed and the LMA Fastrach is fully retreated.
The precurve Aura-I intubating SGA lacks the rigid components as well as the epiglottic lifting bar concept of the LMA
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Fastrach. It can be left in situ after intubation, or used for long
Routine Extubation
periods as a simple SGA. When using for tracheal intubation, a
Extubation of the trachea must not be considered a benign prolexible iberscope should be used (Fig. 27-5D).
18 cedure. It is not simply the elimination or reversal of tracheal
The Air-Q SGA also forgoes the rigid components and epiintubation. Extubation is fraught with its own set of potential
glottic lifting bar. Unlike the devices discussed above, it lacks
complications (Table 27-12, Section B). Appropriately trained
the 90-degree precurvature of the barrel (Fig. 27-5C). The
personnel and proper equipment should be immediately availAir-Q is designed primarily as a routine-use SGA device with
19 able at the time of extubation. This may range from a postanintubating capabilities. Unlike the other intubating SGAs, a
esthetic care unit nurse or respiratory therapist with a set of
range of pediatric sizes are available. As a routine SGA, leak
laryngoscopes to a surgeon prepared to perform an emergency
137
pressures of 25 to 30 cm H2O are obtained. In adults, there
tracheostomy.
is a 92% intubation success rate when coupled with the use of
Most adult patients are extubated after the return of consciousa lexible iberscope. In infants, intubation success rates of 95%
ness and spontaneous respiration, the resolution of neuromuscuhave been achieved.139
lar block, and the ability of the patient to follow simple commands
(Table 27-13). The patient is asked to open the mouth, and a sucextubation of the trachea
tion catheter is used to remove excessive secretions and/or blood.
The head of the bed may be placed in a 10-degree Trendelenburg
Although a wealth of literature is focused on the ield of tracheal
position. The airway pressure is allowed to rise to 5 to 15 cm of
intubation, few reviews have intensely contemplated the area of
H2O to facilitate a “passive cough,” and the ETT is removed after
extubation after completion of surgery or prolonged ventilatory
the cuff (if present) is delated.81 If coughing or straining is con140
8 support. Indeed, the period of extubation may be far more
traindicated or hazardous (e.g., increased intracranial pressure),
treacherous than that of intubation (Table 27-12, Section A).
extubation may be performed while the patient is in a surgical plane of anesthesia and breathing spontaneously. In patients
at risk for gastric content aspiration (e.g., full stomach) or upper
airway obstruction, the clinician needs to assess the relative risk
of each potential morbidity (e.g., coughing vs. obstruction vs.
tAble 27-12. trAcheAl eXtuBAtion
aspiration).
Laryngospasm at the time of extubation accounts for 23% of
all critical postoperative respiratory events in adults.81 Laryn(A) causes of ventilatory compromise during tracheal
gospasm may be triggered by respiratory secretions, vomitus,
extubation
blood, or a foreign body in the airway; pain in any part of the
Residual anesthetic
body; and pelvic or abdominal visceral stimulation. The cause
Poor central respiratory effort
of airway obstruction during laryngospasm is the contraction
Decreased respiratory rate
of the lateral cricoarytenoids, the thyroarytenoid, and the cricoDecreased respiratory drive in response to CO2
thyroid muscles. Management of laryngospasm consists of the
Decreased respiratory drive in response to O2
immediate removal of the offending stimulus (if identiiable),
Reduced tone of upper airway musculature
Reduced gag and swallow relex
Decreased threshold to laryngospasm
Surgical airway compromise
Surgical airway edema
Vocal cord paralysis
Arytenoid cartilage dislocation
Supraglottic edema with airway obstruction by the epiglottis
Retro arytenoid edema with limited vocal fold abduction
Subglottic edema
Tracheomalacia (from long-standing tracheal intubation)
Bronchospasm

tAble 27-13. criteriA for routine
“AwAKe” eXtuBAtion
Subjective clinical criteria
Follows commands
Clear oropharynx/hypopharynx (e.g., no active bleeding,
secretions cleared)
Intact gag relex
Sustained head lift for 5 s, sustained hand grasp
Adequate pain control
Minimal end expiratory concentration of inhaled
anesthetics
Objective criteria
Vital capacity: ≥10 mL/kg
Peak voluntary negative inspiratory pressure: >–20 cm
H2O
Tidal volume >6 cc/kg
Sustained tetanic contraction (5 s)
T1/T4 ratio >0.7
Alveolar–arterial Pao2 gradient (on Fio2 of 1):
<350 mm Hga
Dead space to tidal volume ratio: ≤0.6a

(B) complications of tracheal extubation
Respiratory drive failure
Hypoxia (e.g., atelectasis)
Upper airway obstruction (e.g., edema, residual anesthetic)
Vocal fold–related obstruction (e.g., vocal cord paralysis)
Tracheal obstruction (e.g., subglottic edema)
Bronchospasm
Aspiration
Hypertension
Increased intracranial pressure
Increased pulmonary artery pressure
Increased bronchial stump pressure (e.g., after pulmonary
resection)
Increased ocular pressure
Increased abdominal wall pressure (e.g., risk of wound
dehiscence)
a

Used during weaning from mechanical ventilation in the intensive care setting.

administration of oxygen with continuous positive airway pressure, and if other maneuvers are unsuccessful, the use of a small
dose of short-acting muscle relaxants.81
Patients who are not fully recovered from neuromuscular relaxation are at risk of airway obstruction and aspiration
at the time of extubation.141 The soft palate (especially in the
obstructive sleep apnea patient), tongue, and epiglottis may all
contribute to obstruction. Murphy et al.142 found that standard
clinical criteria for adequacy of neuromuscular reversal such as
5-second head lift or hand grip, eye opening on command, negative inspiratory force more than –20 cm H2O, or vital capacity
breath of >15 cc/kg does not always signify acceptable neuromuscular recovery. Fifty-eight percent of patients in whom
standard clinical criteria were achieved had a train-of-four ratio
of <0.7 and 88% had a train-of-four ratio of <0.9. Though cholinesterase antagonists are historically used to reverse nondepolarizing neuromuscular blockers, a new class of agents have
been introduced.143 Cyclodextrins are hollow-structure molecules capable of trapping other molecules within their core. The
lipohillic core of the agent Sugammadex (Merck & Co) traps
the Rocurimium or Vecuronium molecule in one of the tightest cyclodextrin-target bonds known. Sugammadex can remove
blocking agents that are bound to the neuromuscular junction.
The trapped neuromuscular blocker is unavailable to bind to
the neuromuscular junction and is excreted in the urine. This is
discussed more thoroughly in Chapter 20.
Airway obstruction may be a cause of extubation failure.
Edema of the uvula, soft palate, tongue, and structures of the
glottis may also contribute to obstruction. Direct trauma from
both intubation, and surgical devices, as well as impaired lymphatic and venous drainage may contribute. Palatopharyngeal
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edema associated with anterior cervical spine procedures as well
as hematomas (e.g., following endarterectomy) contributes to
postextubation airway failure. Lingual edema may be caused by
surgical mouth gags and extreme neck lexion. Bilateral vocal
cord paralysis may result from trauma to the recurrent laryngeal
nerves causing unopposed adduction. Not only may this occur
following neck or intrathoracic surgery, but also after internal
jugular line placement or endotracheal intubation. Misplacement
of the tracheal tube cuff, so that it produces pressure on the thyroid cartilage, as well as overpressurization with excessive inlation or nitrous oxide diffusion has also been noted as contributing factors. Transient vocal cord and swallowing dysfunction
have been demonstrated in the absence of injury, making normal
patients at risk of aspiration after general anesthesia.
Pharmacologic agents used during the maintenance and emergence phases of the anesthetic may affect the success of extubation.
Though low concentrations of potent inhalation anesthetics (e.g.,
0.5 Minimal Alveolar Concentration) do not alter the respiratory response to CO2, they may blunt hypoxic drive. The opioidreceptor agonist and, to a lesser extent, benzodiazepine 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.140,141

Identification of Patients at Risk for
Complications at Extubation
A number of well-known clinical situations may place patients
at increased risk for complication at the time of extubation
(Table 27-14). However, the clinician should evaluate every

tAble 27-14. clinicAl situAtions Presenting increAseD risK for comPlicAtions
At eXtuBAtiona
Paradoxical vocal cord motion (pre-existing)
Thyroid surgery
Local edema
Tracheomalacia (e.g., from long-standing goiter)
Laryngoscopy (diagnostic)
Uvulopalatoplasty
Obstructive sleep apnea syndrome (uncorrected, postoperative)
Carotid endarterectomy
Maxillofacial trauma
Cervical vertebrae decompression/ixation
Parkinson disease
Rheumatoid arthritis
Generalized edema
Angioneurotic edema
Anaphylaxis
Hypopharyngeal infections
Hypoventilation syndromesa
Hypoxemic syndromesb
Inadequate airway-protective relexes
a

Poorly understood mechanism
4.3% recurrent laryngeal nerve injury

Edema, laryngospasm, especially with biopsy
Palatal and oropharyngeal edema
Wound hematoma, glottic edema, nerve palsies
Laryngeal fracture, reduced level of consciousness, requirements for
mandibular/maxillary wires
Supraglottic and hypopharyngeal edema

Laryngotracheal narrowing
Laryngotracheal narrowing
Laryngotracheal narrowing
Laryngotracheal narrowing

Aspiration risk

Residual anesthetic or preoperative medications (including alcohol and illicit drugs), central sleep apnea, carotid endarterectomy, poliomyelitis, Guillain–Barré
syndrome, myasthenia gravis, botulism, thoracic skeletal deformity, severe pain (with diaphragmatic splinting), morbid obesity, severe chronic obstructive pulmonary
disease.
b
Hypoventilation, ventilation–perfusion mismatch, intracardiac or intrapulmonary shunting, increased oxygen consumption, severe anemia, impaired alveolar oxygen
diffusion.
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patient in terms of potential for problems, in the same manner
that the anesthesiologist prepares for the unanticipated dificult
intubation.

Approach to the Difficult Extubation
When there is a suspicion that a patient may have dificulty with
oxygenation or ventilation after tracheal extubation, the clinician
may choose from a number of management strategies. These may
range from the preparation of standby reintubation equipment to
the active establishment of a bridge or guide for reintubation and/
or oxygenation. When the patient’s intubation is without dificulty 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, with a heightened state of readiness
for reintubation.
A popular test used to predict postextubation airway competency is the detection of a leak on delation of the ETT cuff. A
recent investigation has cast doubt on the reliability of this test
as a predictor of airway incompetence: The absence of an airway
leak on cuff delation was not predictive of subsequent ventilatory
failure after extubation.144 Patients with a reduced cuff leak volume are at risk for postextubation stridor.84 In trauma patients,
the cuff-leak test was found to be especially unreliable.
A randomized control trial in 2007 revealed that multipledose dexamethasone effectively reduced incidence of postextubation strider in adult patients at high risk for postextubation
laryngeal edema while single-dose injection of dexamethasone
given 1 hour before extubation did not reduce the number of
patients requiring reintubation.145
A iberoptic bronchoscope may be used to view the tracheal
structures during the removal of the ETT. If extubation is tolerated, the iberoptic bronchoscope can be slowly withdrawn into
the subglottic region. If secretions do not obstruct the objective
lens, the vocal folds and other structures may be visualized and
evaluated.
A number of obturators are available for use in trial extubation. These devices may be left in place in the airway for extended
periods. These devices are generally referred to as airway
exchange catheters (AECs). Mort found that the success of irstpass reintubation was signiicantly higher, and the incidence of
hypoxia lower, in patients with a retained tracheal tube exchange
catheter.146
It is beyond the scope of this text to describe all the commercially available AECs. The Cook Airway Exchange Catheters
(Cook Critical Care, Bloomington, IN) are manufactured with
external diameters of 2.7, 3.7, 4.7, and 6.33 mm. The smallest
diameter catheter (which can it within a 3-mm ID ETT) is 45 cm
long, whereas the others are 83 cm long. They all have a central
lumen and rounded, atraumatic ends. The catheters are graduated from the distal end. The proximal end is itted with either
a 15-mm or a Luer-lock Rapi-Fit adapter, which can be quickly
removed and replaced for ETT removal or exchange. With these
adapters in place an oxygen source can be used to provide insuflated or jet-ventilated oxygen if the patient fails extubation and/
or if reintubation over the catheter fails.
The CardioMed endotracheal ventilation catheter (Gromley,
ON) designed by Richard Cooper, MD, a Canadian anesthesiologist, is 85 cm in length and has inner and outer diameters
of either 3 or 4 mm, respectively. An integral Luer-lock itting
adapter is found at the proximal end, whereas the blunted distal
end incorporates eight helically arranged side holes in addition to
the distal end hole. The arrangement of these holes is meant to
center the catheter during oxygen insuflation and prevent traumatic “whipping” within the trachea. The use of this catheter for

ETT exchange, tracheal reintubation, oxygen insuflation, jet oxygenation, and end-tidal CO2 detection after extubation has been
documented by the inventor.81
AECs have been associated with signiicant morbidity including loss of airway control, mucosal trauma, pneumothorax,
esophageal intubation, and death.147 Complication rates of up to
60% have been reported.148 Pneumothorax in the absence of gas
insuflation via the AEC has been reported.147
Speciic cautions are often exercised to reduce complications
with AECs, though little empiric literature is available. First,
prior to placement of an AEC, the patient should both meet extubation criteria, and, in most cases, should have been breathing
100% oxygen in an effort to maximize alveolar reserve. Second,
an AEC with an external diameter closest to the internal diameter of the in situ ETT should be available and lubricated. Using an
appropriately sized AEC will reduce the chance of “Murphy eye”
passage and the potential for mucosal trauma. This size congruency will also facilitate reintubation by reducing “hang-up,” and
reduce accidental esophageal intubation due to ETT dislodgement of the AEC position. Third, when the patient is ready for
extubation, the anesthesia circuit is removed and the AEC distal
end is placed to the depth of the tracheal tube bevel. Common
AECs are graduated and these marks may be matched with the
markings on the ETT (Fig. 27-18). If care had been taken with the
initial tracheal tube positioning, this would result in a midtracheal positioning of the AEC, reducing the chance of endobroncheal placement. Fourth, careful attention is paid to maintaining
AEC position as the ETT is removed. If tracheal reintubation is
required, an ETT with the internal diameter matching the AEC
external diameter should be employed. This will reduce size
discrepancy–created clefts, which can entrap airway tissues, causing trauma and hindering reintubation (Fig. 27-19). If the ETT
will not pass into 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” tissue entrapment. If
jet insuflation of oxygen via the AEC is deemed required at any
time, the following precautions are best observed: The patient
should be laccid or muscle relaxed to prevent glottic closure,
an oral airway or other device should be used to maintain an
open upper airway, and careful inspiratory pressure and duration must be titrated to observed chest expansion and recoil.

Figure 27-18. Marking of an airway exchange catheter (AEC) are
aligned with the markings on the in situ tracheal tube. By aligning
these marks as the AEC is inserted prevents bronchial trauma.

Figure 27-19. Size discrepancy between an airway exchange catheter and a re-inserted tracheal tube can create clefts which can trap
tissues and hinder intubation.

the DiFFicult AirwAy
the Difficult airway algorithm
In 1993, the ASA Task Force on the Dificult Airway irst published an algorithm that has become a staple of management for
clinicians. This algorithm was reissued in 2003.1 As will be discussed, the most dramatic change in the ASA Dificult Airway
Algorithm (ASA–DAA) was the repositioning of the LMA from
the emergency to the routine management pathway (Fig. 27-20B).
The ASA1 deines the dificult airway as the situation in which the
“conventionally trained anesthesiologist experiences dificulty
with intubation, mask ventilation, or both.”

A

Airway approached by
In v as iv e
n on - in v as iv e in t u bat ion airway acces s
Su cced

As well as being an important standard for the anesthesiologist, the ASA algorithm is widely accepted as a model for the
approach to the dificult airway for nurse anesthetists, emergency medicine physicians, and prehospital personnel. Although
the algorithm largely speaks for itself, its salient features are
discussed here. One statement in this document summarizes
the dificulty of writing and recommending practices in the dificult airway management: “The dificult airway represents a
complex interaction between patient factors, the clinical setting,
and the skills of the practitioner.”1 It should be well recognized
that 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
important alternative approaches.83,149–153 Entry into the algorithm begins with the evaluation of the airway. Although there is
some debate as to the value of particular evaluation methods and
indices, the clinician must use all available data and his or her
own clinical experience to reach a general impression as to the
dificulty of the patient’s airway in terms of laryngoscopy (DL or
video) and intubation, supraglottic ventilation techniques, aspiration risk, or apnea tolerance.
This evaluation should direct the clinician to enter the
ASA–DAA at one of its two root points: Awake intubation (Fig.
27-20A) or intubation attempts after the induction of general
anesthesia (Fig. 27-20). The decision to enter the algorithm via
either approach is a preoperative one. Box A is chosen when
dificulty is anticipated that will place the patient at jeopardy,
whereas box B is for the situation in which there may be anticipated dificulty with either ventilation or tracheal intubation,
but an uncorrectable situation is not expected. This has been
further delineated into a preoperative decision tree by Rosenblatt,4 the AAA. Figure 27-21 outlines the AAA, which is a simple
one-pathway algorithm for entering into the ASA–DAA. Branch
choice, like the previously noted statement from the ASA practice guidelines, is highly dependent on the clinician’s skill and

Figure 27-20. The American Society of Anesthesiologists Difficult Airway Algorithm. a: Awake intubation.
b: Intubation attempts after induction
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Airway Approach Algorithm
1. I s Airway control req uired?

N o

Consider regional/
infiltrative

N o

Box B, Difficult
Airway Algorithm

Yes
2. Could direct laryngoscopy
b e at all difficult?
Yes
3. Could supraglottic ventilation
b e used if needed?

20

Yes
4. I s the stomach empty?
N o
( I s there an aspiration risk )

Box A, Difficult
Airway Algorithm

Yes
5. Will the patient tolerate
an apneic period?

Yes
Box B, Difficult Airway Algorithm

6. T T J V ?

ventilation is inadequate, the patient’s ability to sustain oxygen saturation will dictate the ability to tolerate an apneic
period. Factors such as age, pregnancy, pulmonary status,
abnormal oxygen consumption (e.g., fever), and choice of
induction agents will inluence this. If time to oxyhemoglobin desaturation is limited, box A may be prophylactically
chosen.
6. can hypoxia be rapidly corrected through other means?
Transtracheal jet oxygenation will be discussed later in this
chapter. The question that arises here is in regards to access to
the patient’s larynx, the availability of equipment and knowledgeable personnel, and the experience of the operator. For
example, if an error in judgment is made and the operator
inds himself or herself in a “cannot intubate/cannot ventilate” scenario, will these conditions allow for using transtracheal jet ventilation (TTJV) 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.4,154

The exception to the AAA occurs with the patient who is
unable to cooperate owing to mental retardation, intoxication,
Figure 27-21. The Airway Approach Algorithm: A decision tree apanxiety, depressed level of consciousness, or age. This patient may
proach to entry into the American Society of Anesthesiologists Difficult
still be approached by box A (Fig. 27-20A), but awake intubaAirway Algorithm. TTJV, transtracheal jet ventilation.
tion may need to be modiied in favor of techniques that maintain spontaneous ventilation (e.g., inhalation induction, titrated
intravenous agents such as dexmedetomidine).
Preparation of the patient for awake intubation is disexperience. Details of the AAA can be found elsewhere and are
9 cussed later. In most instances, awake intubation is successful if
4,154
summarized here.
approached with care and patience. When awake intubation fails,
1. is airway control necessary? No matter, however, routine
the clinician has a number of options. First, one can consider cansedation or general anesthesia become, whether or not to
cellation of the surgical case. In this situation, specialized equipmake a patient apneic should always be considered seriously
ment or personnel can be assembled for a return to the operating
and alternatives should be contemplated. Periodic analysis of
room. Where cancellation is not an option, regional anesthetic
the closed claims database illustrates that a plan for airway
techniques can be considered, or if demanded by the situation, a
control is always needed independent of the choice of anessurgical airway (e.g., tracheostomy) may be called for.
thetic technique.31
The decision to proceed with regional anesthesia because the
2. could tracheal intubation be (at all) dificult? If there is no
airway cannot be assessed or has been proven to be dificult to manindication that rapid tracheal intubation (e.g., by DL, video
age must be considered in terms of risks and beneits (Table 27-15).
laryngoscopy or other means familiar to the operator) will
The ASA Closed Claims Database project has identiied failure in
be dificult, the clinician may proceed as clinically appropriregional anesthesia as a source of serious error when no airway stratate. If there is an indication, based on history or physical
egy was prophylactically considered.2
examination, that there may be dificulty with rapid traThe ASA–DAA becomes truly useful in the unanticipated difcheal intubation, the AAA is followed to the next question.
icult airway (box B in Fig. 27-20, unable to intubate by DL after
By choosing to continue down the algorithm, the clinician
the induction of anesthesia). When induction agents (with or
is not assuming tracheal intubation dificulty, rather he or
without muscle relaxants) have been administered and the airway
she is anticipating the viability of rescue maneuvers should
cannot be controlled, vital management decisions must be made
dificultly occur.
rapidly. Typically, the clinician has attempted direct or video
3. can sgA ventilation be used if needed? If the clinician idenlaryngoscopy and tracheal intubation after successful or failed
tiies a reason that SGA ventilation (by face mask, LMA, or
anesthesia mask ventilation. Even if the patient’s oxygen satuother device) could be dificult, he or she is projecting the
ration remains adequate throughout these efforts, the number
possibility that a juncture of “cannot intubate (Question 2)—
of laryngoscopy attempts should be limited to three.155 Signiicannot ventilate (Question 3)” could be reached. Because this
cant soft tissue trauma can result from multiple laryngoscopies,
is a preoperative algorithm, box A (awake intubation) of the
thereby worsening the situation. First, mask ventilation should
ASA–DAA may be the preferred root entry point.
be instituted. If face mask ventilation is adequate, the ASA–DAA
4. is there an aspiration risk? As discussed earlier, the patient
nonemergency pathway is entered. The clinician may then turn to
at risk for aspiration is not a candidate for elective SGA use.
the most convenient and/or appropriate technique for establishBecause the AAA is a preoperative algorithm, and therefore
ing tracheal intubation, if needed. This might include, but is not
allows the luxury of discretionary paths, the juncture of “canlimited to video laryngoscopy, intubation facilitated by a iberopnot intubate/should not ventilate” can be avoided by entering
tic bronchoscope, SGA, intubating SGA, bougie, lighted stylet, or
the ASA–DAA at box A.
a retrograde wire. A surgical airway will sometimes be the most
5. will the patient tolerate an apneic period? Question 3 is
appropriate approach. (The most widely applied of these prodificult to answer and is highly dependent on the skills and
cedures, as well as new techniques, will be discussed within the
experience of the clinician. Should intubation fail, and SGA
clinical scenarios presented later.) When mask ventilation fails,
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May Consider RA

Should not Consider RA

Supericial surgery
Minimal sedation needed
Local iniltration adequate

Cavity-invading surgery
Signiicant sedation needed
Extensive neuroaxial/local anesthetic required or risk of
intravascular injection/absorption is high
Poor access to the airway
Surgery cannot be stopped once started

Access to the airway
Surgery can be halted at any time

the algorithm suggests supraglottic ventilation via an SGA. If successful, the nonemergency pathway of the ASA–DAA 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. The ASA–DAA suggests use
of an esophageal–tracheal Combitube, rigid bronchoscopy, transtracheal oxygenation, 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.

awake airway management
10 Awake airway management remains a mainstay of the ASA’s dificult airway algorithm. The awake state provides maintenance
of spontaneous ventilation in the event that the airway cannot
be secured rapidly, increased size and patency of the pharynx,
relative forward placement of the base of the tongue, posterior
placement of the larynx, and a cooperative patient.156 The effect
of sedatives and general anesthetics on airway patency may be
secondary to direct effects on motoneurons and on the reticular activating system. The sleep apnea patient may be particularly prone to obstruction with minimal sedation. In addition,
the awake state confers some maintenance of upper and lower
esophageal sphincter tone, thus reducing the risk of relux. In
the event that relux occurs, the patient can close the glottis and/
or expel aspirated foreign bodies by cough to the extent that
these relexes have not been obtunded by local anesthesia.157
Lastly, patients at risk for neurologic sequelae (e.g., patients
with unstable cervical spine pathology) may undergo active sensory–motor testing immediately after tracheal intubation. In an
emergent situation, there may be cautions (e.g., cardiovascular
stimulation in the presence of cardiac ischemia or ischemic risk,
bronchospasm, increased intraocular pressure, increased 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 retardation, dementia, intoxication) or 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 uncomfortable procedures. Patients understand
safety and the discussion should emphasize the anesthesiologist’s

concerns. Once the airway has been prepared, patients will realize
that they should experience little further discomfort during the
intubation.
Apart from appropriate explanation, medication can also be
used to allay anxiety. If sedatives are to be used, the clinician must
keep in mind that producing obstruction or apnea in the dificult
airway patient can be devastating and an overly sedated patient
may not be able to protect the airway from regurgitated gastric
contents, or cooperate with procedures. Although almost any
sedative agent can be used, some rules should apply to all: Judicious dosing, 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 signiicant respiratory depression. These drugs may be given in intravenous or oral
forms and may be reversed with speciic antagonists (e.g., lumazenil). Opioid receptor agonists (e.g., fentanyl, alfentanil, remifentanil) can also be used in small, titrated doses for their sedative
and antitussive effects, although caution must be exercised. A
speciic antagonist (e.g., naloxone) should always be immediately
available. Ketamine, droperidol, and dexmedetomidine have
also been popular among clinicians. Dexmedetomidine, a highly
selective centrally acting α2-adrenergic agonist, has been used for
sedation and analgesia without respiratory depression in patients
who underwent awake intubation because of dificult airways,
cervical spine problems, and inability to cooperate with awake
intubation.158 Combined with topical anesthesia, dexmedetomidine sedation provided for a smooth intubation. A loading dose
of dexmedetomidine is 1 µg/kg intravenously over 10 minutes,
and maintenance infusion dose is 0.2 to 0.7 µg/kg/h.81 Dexmedetomidine may cause hypotension, which can be corrected by
phenylephrine or ephedrine. Deep sedation with dexmedetomidine should not be confused with awake intubation, during which
the clinician strives to maintain airway-protective relexes and
patient responsiveness to verbal commands and cooperation.
Administration of antisialagogues is important to the success
of awake intubation techniques. Clearing of airway secretions is
essential to the use of indirect optical instruments (e.g., lexible
or rigid iberoptic laryngoscope, video laryngoscope) because
small amounts of any liquid can obscure the objective lens. The
commonly used drugs atropine (0.5 to 1 mg intramuscularly or
intravenously) and glycopyrrolate (0.2 to 0.4 mg intramuscularly
or intravenously) have other signiicant effects: By reducing saliva
production, these drugs increase the effectiveness of topically
applied local anesthetics by removing a barrier to mucosal contact
and by reducing drug dilution. The clinician must wait until the
patient reports the drying activity of the injected antisialagogue.
21 Vasoconstriction of the nasal passages is required if there is to

ANESTHETIC MANAGEMENT

tAble 27-15. fActors to consiDer in ProceeDing with regionAl
AnesthesiA (rA) After the PAtient hAs Been JuDgeD to
hAVe A Difficult AirwAy

790

seCtion Vi Anesthetic Management

be instrumentation of this part of the airway. Oxymetazoline is a
potent and long-lasting vasoconstrictor. In the authors’ experience
the nasal passages should always be included in the preparation for
awake intubation. First, if during the course of the awake intubation, the plan is changed from the oral to nasal route, preparation
is complete. Second, much of the preparation of the nose with
local anesthesia (see later discussion), which can occur prior to the
peak onset of the desiccant, will affect the pharyngeal airway. If the
patient is at risk for gastric regurgitation and aspiration, prophylactic measures should be undertaken. It is also prudent to supply
supplemental oxygen to the patient by nasal cannula (which can
be placed over the nose or mouth).
Local anesthetics are a cornerstone of awake airway control
techniques (see Chapter 21). The airway, from the base of the
tongue to the bronchi, comprises an undeniably sensitive series
of structures. Topical anesthesia and injected nerve block techniques have been developed to blunt the protective airway relexes
as well as to provide analgesia. As is well known to the anesthetic
practitioner, local anesthetics are both effective and potentially
dangerous drugs. The clinician should have a thorough understanding of the mechanism of action, metabolism, toxicities, and
acceptable cumulative doses of the drugs that he or she chooses
to employ in the airway. Because much of the agent used will be
within the tracheal–bronchial tree and can travel to the alveoli,
there is potential for signiicant intravascular absorption with
some techniques. In a human study on lidocaine toxicity, 400 or
800 mg was topically applied to the upper airway. Serial blood
lidocaine levels were measured peaking 60 minutes later at 0.5
and 1.28 µg/mL, respectively. Toxic levels of lidocaine are considered to be 4 µg/mL.159 In a recent study using the same dose
of lidocaine administered by nebulizer, serum levels of 2.8 and
6.5 µg/mL were measured within 10 minutes of dose completion,
respectively.160
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 outlined here leads to failure just
as readily.154
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. It is commonly available in a 4% solution. 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 pseudocholinesterase, it is contraindicated in patients
who are deicient in this enzyme.
Lidocaine, an amide local anesthetic, is available in a wide
variety of preparations and doses. Topically applied, peak onset
is within 15 minutes.
Tetracaine is an amide local anesthetic with a longer duration
of action than either cocaine or lidocaine. Solutions of 0.5%, 1%,
and 2% are available. Absorption of this drug from the respiratory and gastrointestinal tracts is rapid, and 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.161
Benzocaine 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. It 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, the toxic

Glossopharyngeal
nerve
Superior laryngeal n.
Internal laryngeal br.
External laryngeal br.
Inferior laryngeal br.
(recurrent laryngeal n.)
Vagus n.

Recurrent laryngeal n.

Figure 27-22. Laryngeal innervation.

dose being 100 mg. Another common preparation is to combine
benzocaine with tetracaine, butyl aminobenzoate, benzalkonium
chloride, and cetyldimethylethyl ammonium bromide. Benzocaine may produce methemoglobinemia, which is treated by the
administration of methylene blue (1 to 2 mg intravenously over
several minutes).162
There are three anatomic areas to which the clinician directs
local anesthetic therapy: The nasal cavity/nasopharynx, the pharynx/base of tongue, and the hypopharynx/larynx/trachea (Fig.
27-22). 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 ethmoid nerve (innervating
the nares and anterior third of the nasal septum). The two palatine
nerves arise from the sphenopalatine ganglion, located posterior
to the middle turbinate. Two techniques for nerve block have been
described. The ganglion can be approached through a 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. They are
left in place for 5 to 10 minutes. In the 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. Anesthetic solution
(1 to 2 mL) is injected with a spinal needle inserted in a superior/
posterior direction at a depth of 2 to 3 cm. Care must be taken
not to inject into the sphenopalatine artery. The anterior ethmoid
nerve can be blocked by cotton-tipped applicators soaked in local
anesthetic placed along the dorsal surface of the nose until the
anterior cribriform plate is reached. The applicator is left in place
for 5 to 10 minutes.
The oropharynx is innervated by branches of the vagus, facial,
and glossopharyngeal nerves. The glossopharyngeal nerve travels anteriorly along the lateral surface of the pharynx, its three
branches supplying sensory innervation to the posterior third
of the tongue, the vallecula, the anterior surface of the epiglottis

Figure 27-23. 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 anesthetic-soaked swab placed in the gutter along the base of the tongue is left in contact with the fold for
5 to 10 minutes.

(lingual branch), the walls of the pharynx (pharyngeal branch),
and the tonsils (tonsillar branch). 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 “swish and swallow.” Some patients may require a glossopharyngeal nerve block, especially when topical techniques do
not adequately block the gag relex. The branches of this 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. 27-23). A noninvasive technique employs anesthetic-soaked
cotton-tipped applicators that are positioned against the inferior
most aspect of the folds, and left in place for 5 to 10 minutes.
When the noninvasive technique proves inadequate, local anesthetic can be injected. Standing on the side contralateral to the
nerve to be blocked, the operator displaces the extended tongue
to the contralateral side and a 25-gauge spinal needle is inserted
into the fold near the loor of the mouth. An aspiration test is
performed. If air is aspirated, the needle has passed throughand-through the membrane. If blood is aspirated, the needle tip
is redirected more medially. The lingual branch is most readily
blocked in this manner, but retrograde tracking of the injectate
has also been demonstrated.157 Even though it provides a reliable
block, this technique is reported to be painful and may result in a
bothersome and persistent hematoma.163 A posterior approach to
the glossopharyngeal nerve has been described in the otolaryngologic literature (for tonsillectomy). It may be dificult to visualize
the site of needle insertion as it is behind the palatopharyngeal
arch where the nerve is in close proximity to the carotid artery.
Because of the risk for arterial injection and bleeding, the technique will not be described here; however, the reader is referred
to a more authoritative text.81
The internal branch of the superior laryngeal nerve, which
is a branch of the vagus nerve, provides sensory innervation to
the base of the tongue, epiglottis, aryepiglottic folds, and arytenoids. The branch originates from the superior laryngeal nerve
lateral to the cornu of the hyoid bone. It then pierces the thyrohyoid membrane and travels under the mucosa in the pyriform

791

recess. The remaining portion of the superior laryngeal nerve, the
external branch, supplies motor innervation to the cricothyroid
muscle. 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.
An external block is performed with the patient supine with the
head extended and the clinician standing on the side ipsilateral
to the nerve to be blocked. The clinician identiies the superior
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 ipsilateral hyoid cornu toward
the clinician. Caution must be taken to locate the carotid artery
and displace it if necessary. The needle can be inserted directly
over the hyoid cornu and then “walked” off the cartilage in an
anterior–caudad direction until it can be passed through the
ligament to a depth of 1 to 2 cm. Before the injection of 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 the pharyngeal mucosa. The superior
laryngeal nerve can also be blocked with a noninvasive internal
technique. The patient is asked to open the mouth widely, and
the tongue is grasped using a gauze pad or tongue blade. A rightangled forceps (e.g., Jackson-Krause forceps) with anestheticsoaked cotton swabs is slid over the lateral tongue and into the
pyriform sinuses bilaterally. The cotton swabs or sponge are held
in place for 5 minutes.
Sensory innervation of the vocal folds and the trachea is provided by the recurrent laryngeal nerve. Transtracheal injection
of local anesthetic can easily be performed to produce adequate
analgesia. A syringe itted with a ine needle and illed with a
local anesthetic solution (e.g., 2 to 4 mL of 2% or 4% lidocaine)
is inserted through the CTM, perpendicular to the plane of the
cervical spine. In this orientation, the needle is likely to impact
the posterior aspect of the cricoid cartilage if advanced too far,
and not puncture the esophagus. In addition, this angle will help
to avoid trauma to the near-lying vocal folds. Constant retraction
on the syringe plunger reveals free air aspiration when the trachea
is entered.
After the percutaneous puncture is made and the trachea is
identiied by free air aspiration, the anesthetic agent is injected.
Coughing is likely to occur, and the needle should be stabilized to
prevent mucosal abrasions.
An effective and noninvasive technique of tracheal and vocal
cord topical analgesia uses the working channel of the iberoptic
bronchoscope. A disadvantage of this technique is that solutions
leaving the working channel can obscure the objective lens.
This can be overcome by use of an epidural catheter, inserted
through the working channel, as described by Ovassapian.164
Not only does this prevent the obscuring of the view, but also
allows speciic “aiming” of the anesthetic stream. Multioriice
catheters should be trimmed in length so only the distal oriice
exists.

Clinical Difficult airway scenarios
The clinician approaching the patient with a dificult airway has
a vast armamentarium of techniques and instruments that can
be applied to securing and maintaining oxygenation and ventilation.165 Although this array can be confusing, textbook authors
cannot dictate speciic approaches in every situation; moreover,
the variability of patient presentation makes speciic recommendations dificult. Thus, in order to discuss management, the following section presents a number of brief clinical scenarios and the
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authors’ own approach. The 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 irst technique
applied may not have been the best one. The principle of lexibility (and a keen eye to the need to change course quickly) will be
emphasized repeatedly. In view of the critical importance of the act
of airway control, the clinician must be prepared to alter his or her
approach as the situation demands.
Unfortunately, clinicians rarely employ alternative techniques
until a dificult situation arises. Heidegger et al.96 introduced a
simple algorithm for incorporating lexible iberoptic-aided tracheal intubation into daily practice as a routine alternative to DL.
Their incidence of dificult intubation was 6 in 1,324 cases, or
0.049%, markedly lower than reported previously.

Case 1: preoperative endoscopy

Case 2: Flexible Fiberoptic-aided intubation
A 50-year-old man with symptomatic cervical vertebrae disk
herniation presents for disk resection and spinal ixation. He
has a history of tobacco use, alcohol consumption, and gastroesophageal relux. In the preoperative holding area, 0.4 mg of
intravenous glycopyrrolate is injected, and oxymetazoline is
administered to the nasal cavity (commercial preparation: Afrin
spray). Swabs of 5% lidocaine ointment (50 mg) are applied into
the nose. Fifteen minutes later, when the patient states that his
oral secretions are minimized, topical anesthesia is administered
to the remaining airway, as described. The patient receives 4 mg
of intravenous midazolam. An intubating oral airway is placed
without eliciting a gag relex and a lexible iberoptic bronchoscope is advanced into the airway. The vocal ligaments are visualized, and 4 mL of 4% lidocaine solution are injected through the
accessory lumen of the iberscope (using the Ovassapian catheter
technique), being seen to bathe the laryngeal and sublaryngeal
structures.164 The distal end of the iberscope is advanced into
the larynx, and a 7-ID ETT, which had been threaded onto the
insertion shaft of the iberscope, is advanced into the trachea. The
iberscope is removed while the structures of the carina, trachea,
and inally the tracheal tube are observed. 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.

A 52-year-old man presents for direct laryngoscopy, esophagoscopy, and biopsy of a base of tongue tumor. The patient had
sought otolaryngologic consultation after the discovery of a left
neck mass on routine physical examination. He had experienced
no change in voice, but, over the past 6 months had experienced
progressive dificulty in swallowing and the sensation of fullness in his throat. The patient had no other medical problems,
including gastroesophageal relux disease, but did have sleep
apnea requiring nightly use of CPAP. The surgeon’s examination notes describe a 3 cm base of tongue mass. In the holding
Use of the Fiberoptic Bronchoscope
22
area oxymetazoline was applied to both nares, followed by 50 mg
in Airway Management
of 2% lidocaine viscous solution. A few minutes later a 3.2-mm
The iberoptic bronchoscope is a ubiquitous instrument in anesdiameter lexible intubation scope was inserted via one nare. The
thesia, being available to 99% of surveyed active ASA members.165
scope’s objective was positioned in the nasopharynx, and on lexThe technique of iberoptic-aided intubation was irst performed
ion, the epiglottis, and glottis could be visualized. The patient was
using a choledochoscope in a patient with Still’s disease (idiotaken to the operating room, anesthesia was induced and the trapathic, adult-onset arthritis).166 By the late 1980s it was recognized
chea intubated with a video laryngoscope.
that the use of the lexible iberoptic bronchoscope represented
Preoperative endoscopic airway examination (PEAE) has
such a signiicant advancement in the management of the patient
recently been described.17 Based upon the ofice airway examinawith a dificult airway that experts stated that no anesthesiologist
tion used by otolaryngologists during ofice consultations, PEAE
could afford not to be facile with this technique.167 It is now genercan be used to gather information about the airway to help guide
ally accepted that for a variety of clinical situations, the iberoptic
airway management decisions. In the case described, pathology
bronchoscope is a critical tool in the armamentarium of the anesof the hypopharyngeal airway could affect the success of airway
thesiologist dealing with the awake or unconscious patient who
management. By visualizing the intact airway the decision could
is, or appears to be, dificult to intubate.157 The iberoptic bronbe made to proceed with routine induction of anesthesia. PEAE
choscope has proven to be the most versatile tool available in this
was studied in 148 patients presenting for intra-airway related
regard.165
surgery. In 24% of patients, PEAE resulted in a modiication of
There is no true or irm indication for iberoptic bronchoscopethe clinically decided airway plan. Though clinical assessment dicaided intubation. There are, however, many clinical situations in
tated awake intubation in 44 patients, only 16 were judged to need
which the iberoptic bronchoscope can be of unparalleled aid in
awake intubation after PEAE. More importantly, 8 of 94 patients
securing the airway, especially if the clinician has made an effort
who were to be induced prior to airway control underwent awake
to master the necessary skills by using it in routine endotracheal
intubation after PEAE. For these patients PEAE revealed an unexintubations.96,164 These include anticipated dificult intubation by
pectedly affected airway, resulting in a critical change in the airhistory or physical examination indings, unanticipated dificult
way plan. During PEAE, which requires <5 minutes to complete,
intubation (in which other techniques have failed), lower and
the clinician evaluates three aspects of the airway. First, is there
upper airway obstruction, unstable or ixed cervical spine disease,
an obstruction to rapid intubation of the trachea; second, is there
mass effect in the upper or lower airways, dental risk or damage,
a lesion which could interfere with the placement or function
and awake intubation.164 Unlike the other devices used to intuof a supraglottic airway; and third, is there any anterior lesion
bate the trachea, the iberoptic bronchoscope can also serve to
which routine laryngoscopy (direct or indirect) might dislodge or
visualize structures below the level of the vocal folds. For examotherwise traumatize? An afirmative answer to any one of these
ple, it can identify the placement of the tracheal tube or aid in
questions encourages awake intubation. As noted above, PEAE
placement of a double-lumen tracheal tube. It may be helpful in
most often serves to reassure the clinician that lesions, otherwise
diagnosis within the trachea and bronchial tree or in pulmonary
invisible on physical examination, are not a hindrance to routine
toilet (Fig. 27-24).
airway management. But likewise, PEAE can often reveal unexContraindications to iberoptic bronchoscope-aided intubapectedly compromising lesions for which the clinician might have
tion are relative (Table 27-16).
otherwise been ill prepared.

Figure 27-24. The fiberoptic bronchoscope may be useful for diagnosis and therapy below the level of the vocal ligaments, including bronchial segments examination and toilet. Laryngeal web is shown here.

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; application of intramuscular or intravenous antisialagogues (e.g., glycopyrrolate, 0.2 to 0.4 mg; atropine, 0.5 to
1 mg) will produce a drying effect within 15 minutes, 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
bleeding if this route is chosen. If an awake intubation is planned
using the iberoptic bronchoscope, 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 iberoptic
bronchoscope-aided intubation of the trachea can require signiicant time, especially if the clinician is not facile with the device,
hypoxia or impending airway loss is a contraindication, and a
more rapid method of securing an airway (e.g., LMA or surgical
airway) should be considered.

Elements of the Fiberoptic Bronchoscope
The iberoptic bronchoscope is a fragile device with optical
and nonoptical elements. The fundamental element consists of
a glass–iber bundle. Each iber is 8 to 12 microns in diameter,

tAble 27-16. contrAinDicAtions to
fiBeroPtic BronchoscoPy
Hypoxia
Heavy airway secretions not relieved with suction or
antisialagogues
Bleeding from the upper or lower airway not relieved with
suction
Local anesthetic allergy (for awake attempts)
Inability to cooperate (for awake attempts)
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and is coated with a secondary glass layer termed the cladding.
The cladding aids in maintaining the image within each iber as
the light is relected off the sidewall at a rate of 10,000 times per
meter as it moves from the objective lens to the eyepiece lens in
the operator’s handle. The typical intubating iberoptic bronchoscope has 10,000 to 30,000 such ibers encased in a 60 cm, waterimpermeable insertion cord, with gradation marks every 10 cm.
Although the ibers are allowed to rotate over each other throughout the length of the cord, they are fused together at the two ends
in a coherent pattern; that is, the arrangement of the ibers at the
eyepiece end is identical to the arrangement at the objective lens,
where a diopter ring allows focusing. Therefore, one might envision that the image before the objective lens (i.e., the objective) is
divided into 10,000 individual and unique pixels, which independently travel down an unwieldy cord to be reassembled in front
of the eyepiece lens. Broken ibers, which may occur because
of bending of the insertion cord, entrapping the cord in other
equipment, and dropping the iberoptic bronchoscope, are readily apparent and are generally no more than a nuisance until the
number of broken ibers interferes with the visual ield.
Newer technologies promise to make iber breakage an obsolete problem. The advent of the charge-coupled device technology
was embraced in the manufacture of endoscopes used for diagnostic purposes. These devices produce high-resolution images in
order to detect small lesions or perform delicate procedures (e.g.,
venous dissection). Manufactures were slow to incorporate this
costly technology into intubating lexible scopes, which work in
a macro environment, not requiring the same micro resolution.
Although some manufactures have produced these devices for the
anesthesia market, CMOS technology, which may be produced
at far lower costs, promises to increase the number of available
devices.
The insertion cord also contains an accessory lumen (“working channel”): A lumen, up to 2 mm in diameter, which travels
from the distal tip to the handle. It can be used for applying suction, or oxygen, and instilling lavaging luids or drugs (e.g., local
anesthetics). There is one report of gastric rupture attributed to
the insuflation of oxygen through the working channel when the
iberoptic bronchoscope was within the esophagus.168 In general,
iberoptic bronchoscopes that are <2 mm in external diameter
(e.g., pediatric) do not have a working channel.
Two wires traveling from a lever in the handle down the length
of the insertion cord control the movement of the distal tip in the
sagittal plane. The entire insertion cord is protected by a metal
“wrap” until the level of the distal tip, which is hinged for movement. Coronal plane movement is accomplished by a combined
use of the control lever and rotation of the entire iberoptic bronchoscope from handle to distal end. Because the ibers are able
to move over one another, except for where they are fused at the
extreme ends of the optic cord, rotational control is maximized
by reducing any curves in the iberoptic bronchoscope insertion
cord.
The inal element of the iberoptic bronchoscope is the light
source. Illumination of the objective is provided by one or two
noncoherent bundles of glass ibers that transmit light from the
handle to the distal tip. The light is provided either by a “universal” cord that emerges from the handle and is inserted into a
medical-grade endoscopic light source, or may be provided by a
battery-operated light source on the handle.

Use of the Fiberoptic Bronchoscope
The iberoptic bronchoscope is held in the nondominant hand,
the thumb over the control lever and the index inger poised
over the working channel valve. The dominant hand will be used
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to steady and hold the insertion cord as it is manipulated in the
patient. Many operators are tempted to “switch” hands, but the
thumb of the nondominant hand should be capable of controlling the gross movement of the control lever. Any experienced
endoscopist will recognize that the ine control required to hold
the shaft of the endoscope steady, advance the objective end into
the airway, and make directional adjustments is where the art of
endoscopy lies.
The insertion shaft is lubricated with a medical grade lubricant
and it is threaded through the lumen of an ETT, the objective
end emerging from the main ETT oriice. A clinically appropriate
ETT should be chosen, but the larger the ratio between the internal diameter of the ETT and the external diameter of the insertion
shaft, the greater the risk of “hang-up” on airway structures, as
occurs in 20% to 30% of attempts.164
Hang-up occurs when a cleft exists between these two devices
because of the differential sizes. Hang-up may involve entrapment
of the epiglottis, corniculate/arytenoid cartilages, the aryepiglottic folds, or the vocal folds, and can occur with any number of
stylet-guided techniques (e.g., iberoptic, retrograde wire, lighted
stylet), although it is most thoroughly described with iberopticaided intubation.168,169 The orientation of the tracheal tube bevel
is important in this regard. In orotracheal intubation, the bevel
cleft is likely to entrap the right arytenoid cartilage when the ETT
is in its typical concavity-anterior position. Rotation of the ETT
90 degrees counterclockwise places the bevel cleft anteriorly 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.171
Tracheal tube design may also affect passage. It has been suggested that the Parker Flex-Tip may pass the airway structures
more easily than a standard ETT bevel.171 The use of soft-tipped
ETTs, asking the patient to inspire deeply during the ETT advancement, and the “double setup” ETT, which uses a small ETT (e.g.,
5 ID) within a clinically adequate ETT (e.g., 7.5 ID) to overcome
the clefts caused by size differentials have been described.169
The clinician chooses the route of intubation, either oral or
nasal, based on clinical requirements, surgical needs, operator
experience, and other intubation techniques available should
iberoptic bronchoscope-aided intubation fail. This last factor is
important because should an attempt at nasal intubation fail, there
may be signiicant bleeding, which may hinder other indirect visualization techniques. The nasal route is considered easier by many
clinicians, although other cautions apply: Vasoconstrictors should
be applied to reduce bleeding; the turbinates (lateral walls) may
obstruct ETT passage, bleed, be avulsed, or be painful when traumatized; small, lubricated, and softened (bathed in warm water)
ETT should be employed.
A variety of intubating oral airways are commercially available. Their chief function is to provide a clear visual path from
the oral aperture to the hypopharynx, keep the bronchoscope
and tracheal tube in the airway midline, prevent the patient from
biting the insertion cord, and provide a clear airway for the spontaneously or mask-ventilated patient. The common characteristic of all intubating oral airways is a channel along the length
of the airway large enough to allow the passage of the tracheal
tube. The Ovassapian airway provides two sets of semicircular,
incomplete lexible langes that stabilize the ETT (up to size 9
ID) in the midline but allow its removal from the airway after
intubation has been accomplished so that the intubating oral
airway can be removed from the mouth. The lat lingual surface
of the airway gives it good lateral and rotational stability. The
Patil–Syracuse endoscopic airway and the Luomanen oral airway were also designed for iberoptic-aided intubation. Each has
a central groove, open at the lingual (Patil–Syracuse) or palatal

(Luomanen) aspect, which allows easy removal of the ETT. The
lat lingual surface provides good stability. Although this style of
intubating oral airway provides superb access to the pharynx, it
is larger than other airways and is often uncomfortable for the
patient. The Williams airway and the Berman airway were both
designed for blind oral intubation. Both are molded plastic with
a complete circular internal lumen that guides the ETT toward the
larynx. These airways have a small proile and are often better tolerated by the awake patient, but tend to be less stable on the tongue.
Because the internal lumen is a complete circle, the Williams airway must be retreated off the ETT if it is going to be removed after
intubation. This may pose dificulty if the ETT in use has a fused
circuit adapter. The Berman airway solves this problem by being
split along the length of one side. The plastic of the opposite side
is thin and malleable. If the interincisor gap is adequate, the airway
can be opened laterally to allow removal from the ETT.
After successful navigation through the oral airway, the endoscopist visualizes the vocal folds. If glottic closure, gag, or coughing occurs as the iberoptic bronchoscope’s distal tip stimulates
the structures of the larynx, the operator can choose to apply
local anesthetic through the working channel, administer more
sedation, or withdraw the scope and reinforce preparatory procedures. The clinician might also decide to advance the iberoptic
bronchoscope into the larynx without further preparation. The
actions taken must be dictated by the individual clinical situation;
in the elective scenario, for example, there may be time for reinforced airway analgesia, whereas in the face of impending respiratory arrest, patient discomfort may need to be tolerated. Once
the larynx is entered, the operator may choose a structure, such
as the tracheal carina, to serve as an identifying landmark as the
ETT is advanced. Simply because the iberoptic bronchoscope has
entered the trachea, there is no guarantee that the intubation will
be successful. Ten percent of ETT advancements are accompanied
by hang-up. Therefore, a patient with a critical airway should not
be induced with a general anesthetic with the assumption that the
ETT will be easy to pass.
The primary literature contains a number of variations
and adjuncts to fiberoptic bronchoscope-aided intubation.
Table 27-17 which is not meant to be exhaustive, lists several
of these techniques.
Although iberoptic bronchoscope-aided intubation is a versatile and vital technique, there are several pitfalls, most of which
have been discussed. Table 27-18 lists the most common reasons
for failure of iberoptic bronchoscope-aided intubation.
Flexible iberoptic-aided intubation is a technology-intense
technique. Apart from the delicate iberoptic device, there are cameras, recorders, light sources, and a variety of disposable adjuncts
that are typically required. Dedicated wheeled carts, designed to
carry required and optional equipment in a functional arrangement, are available.

Case 3: Failed Rapid-sequence
induction and the sga
A 39-year-old man presents for elective uvulopharyngopalatoplasty. He has no previous surgical history. His maximal incisor
gap is 5 cm, thyromental distance is 7 cm, and his oropharyngeal
view is a Samsoon–Young class 2. There is no limitation in head
and neck lexion and extension. During a sleep apnea study, he had
15 apneic events each hour. The patient has a signiicant history of
gastroesophageal relux, and rapid-sequence induction is planned.
After the administration of a hypotic, succinylcholine, and cricoid
pressure (Sellick maneuver), DL with a Macintosh number 3 laryngoscope blade reveals a large epiglottis obscuring the view of the
vocal folds (Cormack–Lehane grade 3).82 Signiicant hyperplasia of
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tAble 27-17. AiDs to fiBeroPtic-AiDeD intuBAtion
Technique

Advantage

Endoscopy mask

Controlled ventilation maintained during or between attempts
at FOB-aided intubation
Excellent view of the larynx and ability to ventilate during or
between attempts at FOB-aided intubation
Guiding of the FOB with a wire known to be entering the
trachea
Changing a tracheostomy to an oral or nasal tracheal tube
when antegrade intubation is dificult or impossible
Helpful with an obstructing mass or large epiglottis

Laryngeal mask
Fiberoptic-aided retrograde
intubation
Retrograde iberoptic intubation
FOB-aided intubation with the aid
of a rigid laryngoscope

the base of the tongue, which prevents its full displacement, is also
noted. The BURP maneuver does not improve the view.86 A Macintosh 4 and Miller 3 blades are used and do not improve the view.
Oxygen saturation, which was 100% prior to induction, is now 92%,
and face mask ventilation is initiated with the Sellick maneuver in
place. Complete obstruction to ventilation is encountered, despite
chin and/or jaw lift, two-person ventilation, and a reduction in the
degree of cricoid pressure. The oxygen saturation falls to 85% and
a size 5 LMA (which had been prepared prior to the induction of
anesthesia) is inserted with the technique as described by the inventor, Dr. Archie Brain. Immediately, a clear airway is established and
the Sellick pressure remains in place. A second dose of hypnotic is
administered, and the patient is intubated by the blind passage of
a 7-ID ETT via the LMA. The LMA is then removed using a Cook
airway exchange catheter as a stylet, and the surgical case proceeds.

The SGA in the Failed Airway
One clear advantage of SGA use is in the failed airway. There have
been many reported (and unreported) cases of failed intubation

tAble 27-18. common reAsons for fAilure
During fiBeroPtic-AiDeD
intuBAtion
Lack of experience: Not practicing on routine intubations
Failure to adequately dry the airway: Underdose or rushed
technique
Failure to adequately anesthetize the airway of the awake
patient: Secretions not dried; rushed technique
Nasal cavity bleeding: Inadequate vasoconstriction; rushed
technique; forcible ETT insertion
Obstructing base of tongue or epiglottis: Poor choice of
intubating airway; require chin lift/jaw thrust
Inadequate sedation of the awake patient
Hang-up: ETT too large
Fogging of the FOB: Suction or oxygen not attached to
working channel; cold bronchoscope
ETT, endotracheal tube; FOB, iberoptic bronchoscope.

and failure to ventilate by face mask in which the airway was rescued
with an LMA, Laryngeal Tube, Cobra PLA, or another SGA.172,173
Parmet et al.174 estimate that 1 in 800,000 patients cannot be
managed with an LMA, providing an 80-fold increase in margin
of safety over the oft-noted 1 in 10,000 patients who cannot be
ventilated by mask nor intubated by traditional means. Likewise,
a wealth of literature describes the use of the various SGAs in
elective dificult airway management in awake and unconscious
patients, in anticipated and unanticipated situations, in cervical
spine injury, and in pediatric dysmorphic syndromes.69,70,146
The characteristics of the SGAs that underlie their superiority as a tool in the dificult airway armamentarium are that they
are well tolerated by the patient, simulating the natural distension
of the hypopharyngeal tissues by food, and that its insertion follows an intrinsic pathway, requiring no tissue distortion (as with
laryngoscopy), which may not be possible in all patients. Finally,
it is a blind technique not hindered by blood, secretions, debris,
and edema from previous attempts at laryngoscopy.175 Because
most of the ease of insertion of the SGA does not depend on anatomy that can be assessed on routine physical examination, typical airway assessment measures do not apply to its application.176
The major disadvantage of the SGAs in resuscitation is the lack
of mechanical protection from regurgitation and aspiration.177,178
Lower rates of regurgitation during cardiopulmonary resuscitation with an LMA (3.5%) than with the bag-valve-mask ventilation (12.4%) have been shown.179 Even in the face of regurgitation,
pulmonary aspiration is a rare event.180 Unfortunately, the use of
the Sellick maneuver may prevent proper seating of the LMA in a
minority of instances.181 This may require the brief removal of the
cricoid pressure until the LMA has been properly seated. Cricoid
pressure is effective with an LMA in situ. Had it been available, the
LMA Fastrack would also have been an ideal device 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 who had sustained trauma to the face, head,
and neck in 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. The oropharyngeal view and range
of motion of the head and neck cannot be evaluated. Because of
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the inability to fully evaluate the airway with respect to ease of
been useful in the current case, no clinician present was familiar
intubation, an awake procedure is chosen. Fiberoptic devices are
with its operation. A critical situation is not an occasion for trying
not considered usable because of the presence of fresh and clotan unfamiliar technology.
ted blood in the mouth as a result of continued epistaxis. Other
airway techniques that require signiicant patient preparation are
other Devices
not considered because of the rapid progression of the patient’s
respiratory failure. In addition, the presence of fresh blood in the
oral and pharyngeal cavities will hinder adequate drying and anal- 11 An ever-increasing number of airway management devices are
commercially available. Although encyclopedic coverage of these
gesia. Blind nasal intubation is considered contraindicated based
tools is beyond the scope of this chapter, a review of the more
on the obvious facial trauma and the risk of cribriform plate disestablished equipment follows.
ruption. Neither equipment for retrograde intubation nor the
tracheal esophageal Combitube is readily available. A lighted stylet intubation guide is available, but no clinician present is expeCombitube
rienced with this technique. Although the mental status change
The Esophageal Tracheal Combitube (Combitube) was developed
is believed to relect an intracranial process (e.g., intracranial
by Dr. Michael Frass, a critical care physician in Vienna, Austria,
hypertension), the risk of complete loss of the airway is judged
in 1986. Its design was meant to improve and replace the esophato be the primary clinical hazard. Awake DL is attempted with
geal obturator airway, which was a rescue airway introduced in
manual in-line stabilization of the neck. After clearing fresh blood
1968. The Combitube is a double-lumen device, the distal end
from the pharynx with a Yankauer suction catheter, a Cormack–
of which is meant to be blindly placed into the esophagus. One
Lehane grade 3 laryngeal view is obtained, but because of patient
lumen begins at this distal point with a large oriice, and travels to
resistance (biting on the laryngoscope and movement), tracheal
outside the patient where it opens to the atmosphere. This lumen
intubation is not achieved. The decision is made to proceed with
serves as a gastric drain. The second lumen travels from outside
rapid-sequence induction and intubation, with preparations
the patient to a point in the hypopharynx. This lumen has a mulmade for an emergency tracheostomy. After surgical preparation
tioriice opening that faces the larynx and acts as the airway. The
of the neck and preoxygenation, intravenous succinylcholine and
Combitube has two cuffs, one within the esophagus and a second
etomidate are administered, DL is undertaken, the larynx is easily
at the oral cavity/pharynx juncture. The Combitube is functional
visualized, and the trachea is intubated.
if introduced into the esophagus (ventilation being achieved
through the pharyngeal lumen, via the hypopharyngeal perforaMuscle Relaxants and Direct Laryngoscopy
tions) or in the trachea (ventilation being achieved through the
gastric drain, via the distal aperture). In either case, the proximal
In the case described, the use of muscle relaxants signiicantly
balloon seals both the oral and nasal passages, and the distal cuff
23 improved the ability to visualize the larynx. In one study, the
isolates the respiratory system from the gastrointestinal system.
use of muscle relaxants during a DL increased the success rate
The device is available in two sizes: The 41-French size is used for
of intubation and was associated with fewer incidents of airway
larger adults (height >168 cm) and the 37-French size is used for
trauma, intubation attempts, esophageal intubations, aspiraadults 122 to 183 cm (Fig. 27-25).
tion, and even death.182 Intubating conditions with and without
muscle relaxation have been investigated in few well-controlled
trials because the superior intubating conditions achieved with 24
airway bougie
muscle relaxants have discouraged inclusion of control groups.183
Airway bougies encompass a series of solid or hollow, semimalThe effects of muscle relaxation that improve laryngoscopic view
leable stylets that may be blindly manipulated into the larynx. An
include allowing complete temporomandibular joint relaxation
and opening, anterior movement of the epiglottis, and widening
of the laryngeal vestibule and laryngeal sinus.184 In addition, the
inding that laryngoscopic stimulation of the pharyngeal musculature causes the upper airway lumen to appear small is offset by
the use of relaxants.

Leaving the Algorithm
The situation described in case 4 is unusual in that rapidsequence induction was attempted because the clinical situation
had deviated from the ASA–DAA owing to the progressive nature
of the airway compromise. The situation was more akin to the
“crash” airway described by Walls.185 In this case, the institution
of muscle relaxation, which might be considered contraindicated
in the apparently dificult-to-intubate patient, allowed for full
visualization of the larynx. Knowing that failure to intubate in
this case would result in probable loss of the airway, the clinician
was prepared for cricothyroidotomy. Although the ASA–DAA is
a valuable tool in the process of managing the dificult airway, the
clinician must always be prepared for the case that does not it the
mold. As stated earlier, adaptability in a rapidly changing clinical
situation is critical to the success of airway management. Also of
interest in this case was the availability of a lighted stylet for use in
similar dificult airway scenarios. Although this device may have

Figure 27-25. The esophageal tracheal Combitube. Inset: The fiberoptic port of the Easy Tube.
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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) was introduced in 1949. It is 60 cm long, 15 French, and angled 40 degrees
3.5 cm from its distal end. It is constructed from a woven polyester
base, which is malleable. It can be very helpful when the larynx cannot be visualized with laryngoscopy. The 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, a distinctive “clicking” feel is
elicited as the tip passes over the cartilaginous structures. A similar device, the Frova Intubating Introducer (Cook Critical Care,
Bloomington, IN) is disposable, has an optional “stiffening” stylet
and a hollow bore. The internal lumen allows for the insuflation
of oxygen, the detection of carbon dioxide, and the use of a selfinlating bulb to detect inadvertent esophageal placement.
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attempts at DL, iberoptic-aided intubation, and LMA-guided
intubation.81 The most common indications are inability to
visualize the vocal folds owing to blood, secretions, or anatomic
variations, unstable cervical spine, upper airway malignancy, and
mandibular fracture. Contraindications include lack of access to
the CTM or the cricotracheal ligament (because of severe neck
deformity, obesity, mass), laryngotracheal disease (stenosis, malignancy, infection), coagulopathy, and overlying skin infection.
The anatomic relationships to be considered in RWI have
been described elsewhere in this chapter. Common complications
reported with RWI include bleeding, subcutaneous emphysema,
pneumomediastinum, pneumothorax, breath-holding, caudal
traveling catheter, and trigeminal nerve trauma. The readers are
referred to early editions of this text or to other authoritative texts
for a complete description.

Cricothyrotomy
Cricothyroidotomy, cricothyrotomy, coniotomy, and minitrache12 When access to the airway from the mouth or nose fails, is unavailostomy are synonyms for establishing an air passage through the
CTM. The CTM is a ibroelastic membrane, lying over the tracheal
able or particularly dificult (e.g., maxillofacial, pharyngeal, or
mucosa. It is attached to the inferior border of the thyroid cartilage
laryngeal trauma, pathology, or deformity), access via the extraand superior edge of the cricoid cartilage. Although cricothyrotthoracic trachea is a feasible route to the airway. The clinician
omy is the procedure of choice in an emergency situation, it may
must be familiar with these alternative techniques of intubation,
also apply to an elective situation when there is limited access to
oxygenation, and ventilation for both elective and emergency airthe trachea (e.g., severe cervical kyphoscoliosis). Cricothyrotomy
way access. Though the noninvasive tools of the modern airway
is contraindicated in neonates and children younger than 6 years
armamentarium can manage most situations, the clinician may
of age, and in patients with laryngeal fractures. Otolaryngoloconsider training in elective minimally invasive techniques (e.g.,
gists and other surgical services prefer intratracheal airway access
retrograde wire-aided intubation), but must be facile with at least
whenever feasible because of the high incidence of long-term comone of the techniques of emergency oxygenation. Although surgiplications after surgical cricothyrotomy.
cal tracheostomy and cricothyroidotomy are beyond the scope of
percutaneous translaryngeal jet ventilation (ptJV), as a form
this chapter, percutaneous techniques will be considered.
25 of cricothyroidotomy, is the most familiar to anesthesiologists.
The ASA–DAA lists PTJV as an option in the “cannot mask venRetrograde Wire-aided Tracheal Intubation
tilate/cannot intubate” situation. PTJV is a simple and relatively
safe means to sustain the patient’s life in this critical situation.81 A
Retrograde wire intubation (RWI) involves the antegrade pulling
body of literature exits detailing the gerry-rigging of conveyance
or guiding of an ETT into the airway using a wire that has been
systems for PTJV and the use of intravenous catheters for transpassed into the larynx via a percutaneous puncture through the
tracheal puncture. These systems have proven faulty, inadequate,
cricothyroid or cricotracheal membrane, and blindly passed retand dangerous.186 Experts in the ield recommend that all anestherograde into the hypopharynx, pharynx, and out of the mouth or
nose. In 1993, the technique was included in the ASA’s Dificult
tizing positions have access to both manufactured, high-pressure
Airway Algorithm. The basic equipment used in the retrograde
oxygen conveyance devices, and speciically designed translarynintubation technique is listed in Table 27-19.
geal catheters.
RWI has been described in a number of clinical situations as a
Before contemplating PTJV the location of the CTM will need
primary intubation technique (elective or urgent) and after failed
to be identiied. Elliot et al. have cast doubt on the ability of anesthesiologists to locate the CTM in elective, let alone, emergency
situations.187 Obesity, cervical kyphosis, female gender, therapeutic radiation, surgical, or traumatic scarring may hinder CTM
location. A careful reading of the ASA–DAA should lead the airway manager to seek to identify the CTM in every patient. ApplytAble 27-19. eQuiPment for retrogrADe
ing this examination in all instances should improve familiarity
wire intuBAtion
with the surface landmarks. (1) Bedside ultrasound in the sagittal
plane can reveal the CTM as a lucent shadow between opaque
18 gauge or larger angiocatheter
cartilaginous structures, and may be useful in emergency situaLuer-lock syringe, 3 mL or larger
tions if immediately available.188
Guide wire:
When performing PTJV, a large-bore translaryngeal catheter,
Preferably J-type end
(14 gauge or larger) attached to a 5 mL or larger empty or luidLength: At least 2.5 times the length of a standard ETT
illed (saline or local anesthetic) syringe, should be used to enter
(typically 110–120 cm)
the airway. The patient is positioned supine, with the head midDiameter: Capable of passing via angiocatheter being
line or extended on the neck and thorax (if not contraindicated by
chosen
the clinical situation). After aseptic preparation, local anesthetic
Other: Scalpel blade, nerve hook, Magill forceps, 30 inch silk
may be injected over the CTM (if the patient is awake and time
suture, epidural catheter
permits). The right-handed clinician stands on the left side of
the patient. The clinician can use his or her nondominant hand
ETT, endotracheal tube.
to stabilize the larynx. The catheter-needle is advanced at right
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Figure 27-27. (a) Ventrain (b) Cook transtracheal needle (C) Enk
flow modulator (D) Ravussin needle.
Figure 27-26. System for regulation of a high-pressure oxygen
source for transtracheal jet ventilation.

angles to the plane of the cervical spine in the caudad third of the
membrane. From the moment of skin puncture, there should be
constant aspiration on the syringe plunger. Free aspiration of air
conirms entrance into the trachea but does not indicate the direction that the catheter travels in the larynx; cephalad extension will
not provide adequate oxygenation. Unless there is signiicant pulmonary luid (e.g., blood, aspirated gastric contents, or water from
drowning), the aspiration of tracheal air should be incontrovertible. The needle–catheter assembly should be advanced slightly,
and subsequently the catheter advanced fully into the airway. Dedicated devices made of kink-resistant materials and with accessory
ports are available such as the Cook TTJV catheter (Cook Critical
Care, Bloomington, IN). Catheters designed for intravenous infusion have long been shown to kink in the airway.186
Once the catheter has been successfully placed in the airway, an
oxygen source is attached. The clinician may have several options
in this regard, but due to the high resistance of the catheter, availability of a high-pressure source is mandatory. A 50 psi source with
a metered and adjustable hand-controlled valve (Fig. 27-26) and
a Luer-lock connector is down-regulated to 15 to 30 psi of oxygen
(central hospital supply or regulated cylinder) is delivered directly
through the catheter, with insuflations of 1 to 1.5 seconds at a rate
of 12 insuflations per minute. Insuflation and expiration ratios
and 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 low 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. Standard highpressure regulating valves as described above are one-way only,
and generally contraindicated with a completely obstructed upper
airway. Fortunately, this tends to be an uncommon situation. In
any case, the clinician employing any type of translaryngeal oxygenation must strive to maintain any upper airway patency (oral
or nasal airway, supraglottic airway, etc.).
Alternatively, low-low oxygen delivery meters common in
the hospital environment can also be used for PTLV. These systems are capable of delivering constant low of 15 L/min and have
been shown effective for resuscitation. Generally, this gas source

is applied using “low interruption,” that is, during the inspiratory phase low is directed to the patient, and diverted in expiration. As discussed above, gerry-rigged devices are often suspect
in function—for example, using a standard three-way stopcock
as a low diverter has been shown to be potentially hazardous
because forward low (inspiration) is never fully stopped.189 The
Enk low modulator (Cook Critical Care, Bloomington, IN) is a
simple, inexpensive, hand-operated low diverter which not only
stops forward gas low during the expiratory phase, but has also
been shown to act as an expiratory low pathway. (Fig. 27-27C).190
The Enk low modulator has been used successfully in models of
near and complete upper airway obstruction. A new concept in
PTLV is expiratory ventilatory assistance.189 Using a venturi-like
valve, the Ventrain (Dolphys Medical, Denmark) is capable of
active gas removal from the rescue catheter during the expiratory
phase of PTLV. The device has been shown to be effective in oxygenation and carbon dioxide removal in two large animal models
via a 75 mm long, 2-mm ID transtracheal catheter for 15 minutes
(unpublished) (Fig. 27-27A).
Specialized percutaneous cricothyroidotomy systems have been
developed that improve the ease of this technique. These devices
generally provide a large-bore access that is adequate for oxygenation and ventilation with low-pressure systems. The Melker emergency cricothyroidotomy catheter set (Cook Critical Care, Bloomington, IN) uses a Seldinger—catheter-over-a-wire—technique
familiar to most anesthesia practitioners. The set comes in a variety
of cannula sizes (3.5-, 4-, and 6-mm ID, cuffed and uncuffed). Preparation and positioning of the patient are the same as with needle
cricothyroidotomy. A 1- to 1.5-cm vertical incision of the skin
only is made over the lower third of the CTM. Aiming 45 degrees
caudad, a percutaneous puncture of the subcutaneous tissue and
CTM is made with the provided 18-gauge needle–catheter assembly and syringe. After air is aspirated, the catheter is advanced into
the trachea. The provided guidewire is inserted through the catheter and into the trachea. The catheter is removed and the tracheal
cannula, itted internally with a curved dilator, is threaded onto
the wire. The dilator is advanced through the membrane using
irm pressure. Signiicant resistance to its advancement may indicate that the skin incision needs to be extended. Once the cannula–
dilator has been fully inserted, the dilator and wire are removed.
The 15-mm circuit adapter end of the cannula is now attached to
an Ambu bag or anesthesia circuit.
Other percutaneous systems include Nu-trake (Weiss Emergency Airway System; International Medical Devices) and the

Quicktrach transtracheal catheter (VBM Medizintechnik). Nonneedle puncture techniques are beyond the current discussion.
Severe complications of PTLV are related to barotraumas such
as cervicomediastinal emphysema, pneumothorax, or tension
pneumothorax. Causes of insuflation of air into the paratracheal
spaces include a misplaced cannula, multiple tracheal punctures
or migration due to coughing. Bilateral tension pneumothorax
with jet ventilation has been reported.191

conclusions
Apart from monitoring, the management of the “routine” patient
airway is the most common task of the anesthesiologist—even
during the administration of regional anesthesia, the airway must
be monitored and possibly supported. Unfortunately, routine
tasks often become neglected as the clinician becomes distracted.
But the consequences of a lost airway are so devastating that the
clinician can never afford a lackadaisical approach.
Although the ASA’s Task Force on the Dificult Airway has
given the medical community an immensely valuable tool in the
approach to the patient with the dificult airway, the Task Force’s
algorithm must be viewed as a starting point only. Judgment,
experience, clinical situation, and available resources all affect the
appropriateness of the chosen pathway through, or divergence
from, the algorithm. The clinician does not need to be expert in
all the equipment and techniques currently available. Rather, a
broad range of approaches should be mastered so that the failure
of one does not present a roadblock to airway management and
emergency rescue.
Whereas one may argue that the last decade of the 20th century was the decade of the SGA, the irst decades of the 21st century are witnessing the application of the imaging technology to
airway management. A balance between supraglottic ventilation
and video-assisted intubation is the challenge of the coming
years.
The medical manufacturing community, and the far-sighted
clinicians who supply it with concepts for airway management
products, has supplied a vast array of devices. Many represent
redundancy in concept, and each has its supporters and detractors. No one device can be considered superior to another when
considered in isolation. It is the clinician and his or her resources
(both equipment and personnel) and judgment that determine
the effectiveness of any technique. In the management of the dificult airway, lexibility, and not rigidity, prevails.
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