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Dedication

This book i1s dedicated to four pioneers in emergency medicine (left to right): Drs.
Robert Schneider, Ron Walls, Mike Murphy and Robert Luten. Their vision and
tireless devotion to education led to the creation of The Difficult Airway Course and
this comprehensive text of emergency airway management. They have defined and
refined safe, evidence-based airway management practices for generations of
emergency providers and, in the process, have saved countless lives.”



Preface

Manual of Emergency Airway Management, from here on known simply as “The

Walls Manual.” This book has been extensively updated from cover to cover and
expanded with exciting new chapters. It contains the latest in evidence-based
approaches to airway management presented in a practical, yet creative style by our
highly talented authors, who teach with us in The Difficult Airway Course:
Emergency and The Difficult Airway Course: Anesthesia, The Difficult Airway
Course: Critical Care and The Difficult Airway Course: EMS. As with previous
editions, each topic has undergone a critical appraisal of the available literature to
ensure the content is on the vanguard of clinical medicine.

New information sparks vigorous debate and oftentimes a departure from
previous thinking. To this end, the fifth edition contains several fundamental changes.
The seven Ps of rapid sequence intubation (RSI), unadulterated fixtures in previous
editions, have undergone a transformative change with the elimination of Pretreatment
as a discrete pharmacologic action, now replaced by Preintubation Optimization.
With new information surfacing about the hemodynamic consequences of RSI in
critically ill emergency department patients, this new step emphasizes the importance
of maximizing cardiopulmonary physiology prior to induction and positive pressure
ventilation in order to prevent hypoxic insult and circulatory collapse. A new chapter
on intubating the unstable patient dovetails nicely with this approach and provides a
solid framework that addresses the metabolic, physiologic, and hemodynamic factors
that make emergency airway management complex and challenging. Cutting-edge
information on flush flow rate oxygen for emergency preoxygenation provides us with
new insight and options for maximizing the safety of RSI. Lidocaine, previously
advocated as a pretreatment agent for patients with elevated intracranial pressure and
reactive airways disease, no longer plays a role and has been removed from our
lexicon; however, fentanyl remains as a sympatholytic option in patients with
hypertensive crises, although is now considered part of a holistic approach to
cardiovascular optimization and i1s no longer thought of as an independent
pharmacologic maneuver. We present updated mmnemonics for difficult airway
detection with the “MOANS” mnemonic for difficult bag and mask ventilation
refreshed to create “ROMAN,” which better highlights our newly understood
association between radiation changes (the “R” in ROMAN) and difficult bagging. In

It is with pride and immense joy that we present this fifth edition of The Walls



addition, we cover the latest in airway tools as old standbys like the GlideScope and
C-MAC videolaryngoscopes continue to transform into more streamlined and
affordable devices with improved image quality and overall performance.

This compendium embodies what we believe to be the knowledge and skill set
required for emergency airway management in both the emergency department and the
prehospital environment. The principles, however, are applicable to a wide array of
clinical settings. As inpatient care continues to evolve and roles become redefined,
we are witnessing the emergence of hospitalists and critical care physicians as
primary airway managers being called upon frequently to intubate on hospital floors
and in intensive care units. The concepts we present in the fifth edition can be
extrapolated to any arena where urgent airway management might take place and is as
relevant to inpatient clinicians as it is to emergency medicine specialists. Tapping yet
again into Terry Steele’s vision and creativity, we drew upon the combined
knowledge base from both the anesthesia and emergency medicine courses to develop
The Difficult Airway Course: Critical Care in 2016, a comprehensive and robust new
curriculum to meet the educational needs of this unique group of airway managers.
New chapters on intubating the unstable patient and safe extubation techniques
augments this new curriculum and helps to make this latest edition the most versatile
manual ever.

We are fortunate for the opportunity to provide this resource and are hopeful that
the material in this book will play an important role when, late at night, faced with
little information, less help, and virtually no time for debate we are called to act,
make extraordinary decisions, and save lives.

Calvin A. Brown III, MD
Boston, Massachusetts

John C. Sakles, MD
Tucson, Arizona

Nathan W. Mick, MD, FACEP
Portland, Maine
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Chapter

The Decision to Intubate

Calvin A. Brown Il and Ron M. Walls

Airway management is constantly evolving. The emergence of new technology,
principally the various methods of video laryngoscopy, our understanding of
contributors to intubation difficulty, and a renewed focus on oxygenation and
cardiovascular stability during airway management are changing our fundamental
decision-making in an effort to maximize patient safety and outcome. What has not
changed, however, is the critical importance of the determination of whether a patient
requires intubation and, if so, how urgently. The decision to intubate is the first step
in emergency airway management, and sets in motion a complex series of actions
required of the clinician, before performing the actual intubation:

e Rapidly assess the patient’s need for intubation and the urgency of the situation.

e Determine the best method of airway management based on assessment of the
patient’s predicted difficulty and pathophysiology.

e Decide which pharmacologic agents are indicated, in what order, and in what
doses.

e Prepare a plan in the event that the primary method is unsuccessful, know in
advance how to recognize when the planned airway intervention has failed or
will inevitably fail, and clearly lay out the alternative (rescue) technique(s).

Clinicians responsible for emergency airway management must be proficient with the
techniques and medications used for rapid sequence intubation (RSI), the preferred
method for most emergency intubations, as well as alternative intubation strategies
when neuromuscular blockade is contraindicated. The entire repertoire of airway



skills must be mastered, including bag-mask ventilation, video laryngoscopy,
conventional laryngoscopy, flexible endoscopy, the use of extraglottic airway
devices, adjunctive techniques such as use of an endotracheal tube introducer (also
known as the gum elastic bougie), and surgical airway techniques (e.g., open or
Seldinger-based cricothyrotomy).

This chapter focuses on the decision to intubate. Subsequent chapters describe
airway management decision-making, methods of ensuring oxygenation, techniques
and devices for airway management, the pharmacology of RSI, and considerations for
special clinical circumstances, including the prehospital environment and care of
pediatric patients.

The decision to intubate is based on three fundamental clinical assessments:

1. Is there a failure of airway maintenance or protection?
2. Is there a failure of ventilation or oxygenation?
3. What is the anticipated clinical course?

The results of these three evaluations will lead to a correct decision to intubate or not
to intubate in virtually all conceivable cases.

A. Is there a failure of airway maintenance or protection?

Without a patent airway and intact protective reflexes, adequate oxygenation
and ventilation may be difficult or impossible and aspiration of gastric contents
can occur. Both expose the patient to significant morbidity and mortality. The
conscious, alert patient uses the musculature of the upper airway and various
protective reflexes to maintain patency and to protect against the aspiration of
foreign substances, gastric contents, or secretions. The ability of the patient to
phonate with a clear, unobstructed voice is strong evidence of airway patency,
protection, and cerebral perfusion. In the severely ill or injured patient, such
airway maintenance and protection mechanisms are often attenuated or lost. If the
spontaneously breathing patient is not able to maintain a patent airway, an
artificial airway may be established by the insertion of an oropharyngeal or
nasopharyngeal airway. Although such devices may restore patency, they do not
provide any protection against aspiration. Patients who are unable to maintain
their own airway are also unable to protect it. Therefore, as a general rule, any
patient who requires the establishment of a patent airway also requires protection



of that airway. The exception is when a patient has an immediately reversible
cause of airway compromise (e.g., opioid overdose) and reversal of the insult
promptly restores the patient’s ability to maintain an open, functioning airway. The
need to protect the airway requires placement of a definitive airway (i.e., a cuffed
endotracheal tube), and devices that simply maintain, but do not protect, the
airway, such as oropharyngeal or nasopharyngeal airways, are temporizing
measures only. It has been widely taught that the gag reflex is a reliable method of
evaluating airway protective reflexes. In fact, this concept has never been
subjected to adequate scientific scrutiny, and the absence of a gag reflex is neither
sensitive nor specific as an indicator of loss of airway protective reflexes. The
presence of a gag reflex has similarly not been demonstrated to ensure the
presence of airway protection. In addition, testing the gag reflex in a supine,
obtunded patient may result in vomiting and aspiration. Therefore, the gag reflex is
of no clinical value, and in fact may be dangerous to assess when determining the
need for intubation and should not be used for this purpose.

Spontaneous or volitional swallowing is a better assessment of the patient’s
ability to protect the airway than is the presence or absence of a gag reflex.
Swallowing is a complex reflex that requires the patient to sense the presence of
material in the posterior oropharynx and then execute a series of intricate and
coordinated muscular actions to direct the secretions down past a covered airway
into the esophagus. The finding of pooled secretions in the patient’s posterior
oropharynx indicates a potential failure of these protective mechanisms, and hence
a failure of airway protection. A common clinical error is to assume that
spontaneous breathing is proof that protective airway mechanisms are preserved.
Although spontaneous ventilation may be adequate, the patient may be sufficiently
obtunded to be at serious risk of aspiration.

. Is there a failure of ventilation or oxygenation?

Stated simply, “gas exchange” is required for vital organ function. Even brief
periods of hypoxia should be avoided, if possible. If the patient is unable to
ventilate sufficiently, or if adequate oxygenation cannot be achieved despite the
use of supplemental oxygen, then intubation is indicated. In such cases, intubation
is performed to facilitate ventilation and oxygenation rather than to establish or
protect the airway. An example is the patient with status asthmaticus, for whom
bronchospasm and fatigue lead to ventilatory failure and hypoxemia, heralding
respiratory arrest and death. Airway intervention is indicated when it is
determined that the patient will not respond sufficiently to treatment to reverse
these cascading events. Similarly, although the patient with severe acute
respiratory distress syndrome may be maintaining and protecting the airway, he or



she may have progressive oxygenation failure and supervening fatigue that can be
managed only with tracheal intubation and positive-pressure ventilation. Unless
ventilatory or oxygenation failure is resulting from a rapidly reversible cause,
such as opioid overdose, or a condition known to be successfully managed with
noninvasive ventilation (e.g., bi-level positive airway pressure [Bi-PAP] for
acute pulmonary edema), intubation is required. Even then, the clinician must be
vigilant and constantly reassess the patient’s condition, and if there is not an early
and clear trajectory of improvement, he or she should be intubated.

C. What is the anticipated clinical course?

Most patients who require emergency intubation have one or more of the
previously discussed indications: failure of airway maintenance, airway
protection, oxygenation, or ventilation. However, there 1s a large and important
group for whom intubation is indicated, even if none of these fundamental failures
are present at the time of evaluation. These are the patients for whom intubation is
likely or inevitable because their conditions, and airways, are predicted to
deteriorate from dynamic and progressive changes related to the presenting
pathophysiology or because the work of breathing will become overwhelming in
the face of catastrophic illness or injury. For example, consider the patient who
presents with a stab wound to the midzone of the anterior neck and a visible
hematoma. At presentation, the patient may have perfectly adequate airway
maintenance and protection and be ventilating and oxygenating well. The
hematoma, however, provides clear evidence of significant vascular injury.
Ongoing bleeding may be clinically occult because the blood often tracks down
the tissue planes of the neck (e.g., prevertebral space) rather than demonstrating
visible expansion of the hematoma. Furthermore, the anatomical distortion caused
by the enlarging internal hematoma may well thwart a variety of airway
management techniques that would have been successful if undertaken earlier. The
patient inexorably progresses from awake and alert with a patent airway to a state
in which the airway becomes obstructed, often quite suddenly, and the anatomy is
so distorted that airway management 1s difficult or impossible.

Analogous considerations apply to the polytrauma patient who presents with
hypotension and multiple severe injuries, including chest trauma. Although this
patient initially maintains and protects his airway, and ventilation and oxygenation
are adequate, intubation is indicated as part of the management of the constellation
of injuries (i.e., as part of the overall management of the patient). The reason for
intubation becomes clear when one examines the anticipated clinical course of this
patient. The hypotension mandates fluid resuscitation and evaluation for the source



of the blood loss, including abdominal computed tomography (CT) scan. Pelvic
fractures, if unstable, require immobilization and likely embolization of bleeding
vessels. Long bone fractures often require operative intervention. Chest tubes may
be required to treat hemopneumothorax or in preparation for positive-pressure
ventilation during surgery. Combative behavior confounds efforts to maintain
spine precautions and requires pharmacologic restraint and evaluation by head CT
scan. Throughout all of this, the patient’s shock state causes inadequate tissue
perfusion and increasing metabolic debt. This debt significantly affects the
muscles of respiration, and progressive respiratory fatigue and failure often
supervene. With the patient’s ultimate destination certain to be the operating room
or the ICU, and the need for complex and potentially painful procedures and
diagnostic evaluations, which may require extended periods of time outside the
resuscitation suite, this patient is best served by early intubation. In addition,
intubation improves tissue oxygenation during shock and helps reduce the
increasing metabolic debt burden.

Sometimes, the anticipated clinical course may necessitate intubation because
the patient will be exposed to a period of increased risk on account of patient
transport, a medical procedure, or diagnostic imaging. For example, the patient
with multiple injuries who appears relatively stable might be appropriately
managed without intubation while geographically located in the emergency
department (ED). However, if that same patient requires CT scans, angiography,
or any other prolonged diagnostic procedure, it may be more appropriate to
intubate the patient before allowing him or her to leave the ED so that an airway
crisis will not ensue in the radiology suite, where recognition may be delayed and
response may not be optimal. Similarly, if such a patient is to be transferred from
one hospital to another, airway management may be indicated on the basis of the
increased risk to the patient during that transfer.

Not every trauma patient or every patient with a serious medical disorder
requires intubation. However, in general, it is better to err on the side of
performing an intubation that might not, in retrospect, have been required, than to
delay intubation, thus exposing the patient to the risk of serious deterioration.

When evaluating a patient for emergency airway management, the first assessment
should be of the patency and adequacy of the airway. In many cases, the adequacy of
the airway 1s confirmed by having the patient speak. Ask questions such as “What is



your name?” or “Do you know where you are?” The responses provide information
about both the airway and the patient’s neurologic status. A normal voice (as opposed
to a muffled or distorted voice), the ability to inhale and exhale in the modulated
manner required for speech, and the ability to comprehend the question and follow
instructions are strong evidence of adequate upper airway function. Although such an
evaluation should not be taken as proof that the upper airway is definitively secure, it
is strongly suggestive that the airway is adequate at that moment. More important, the
inability of the patient to phonate properly; inability to sense and swallow secretions;
or the presence of stridor, dyspnea, or altered mental status precluding responses to
questioning should prompt a detailed assessment of the adequacy of the airway and
ventilation (see Box 1-1). After assessing verbal response to questions, conduct a
more detailed examination of the mouth and oropharynx. Examine the mouth for
bleeding, swelling of the tongue or uvula, abnormalities of the oropharynx (e.g.,
peritonsillar abscess), or any other abnormalities that might interfere with the
unimpeded passage of air through the mouth and oropharynx. Examine the mandible
and central face for integrity. Examination of the anterior neck requires both visual
inspection for deformity, asymmetry, or abnormality and palpation of the anterior
neck, including the larynx and trachea. During palpation, assess carefully for the
presence of subcutaneous air. This is identified by a crackling feeling on compression
of the cutaneous tissues of the neck, much as if a sheet of wrinkled tissue paper were
lying immediately beneath the skin. The presence of subcutaneous air indicates
disruption of an air-filled passage, often the airway itself, especially in the setting of
blunt or penetrating chest or neck trauma. Subcutaneous air in the neck also can be
caused by pulmonary injury, esophageal rupture, or, rarely, gas-forming infection.
Although these latter two conditions are not immediately threatening to the airway,
patients may nevertheless rapidly deteriorate, requiring subsequent airway
management. In the setting of blunt anterior neck trauma, assess the larynx for pain on
motion. Move the larynx from side to side, assessing for “laryngeal crepitus”,
indicating normal contact of the airway with the air-filled upper esophagus. Absence
of crepitus may be caused by edema between the larynx and the upper esophagus.

BOX

1-1 Four key signs of upper airway obstruction.

» Muffled or “hot potato” voice (as though the patient is speaking
with a mouthful of hot food)
e |nability to swallow secretions, because of either pain or




obstruction
e Stridor
e Dyspnea

The first two signs do not necessarily herald imminent total
upper airway obstruction; stridor, if new or progressive, usually
does, and dyspnea also is a compelling symptom.

After inspecting and palpating the upper airway, note the patient’s respiratory
pattern. The presence of inspiratory stridor, however slight, indicates some degree of
upper airway obstruction. Lower airway obstruction, occurring beyond the level of
the glottis, more often produces expiratory stridor. The volume and pitch of stridor
are related to the velocity and turbulence of ventilatory airflow. Most often, stridor is
audible without a stethoscope. Auscultation of the neck with a stethoscope can reveal
subauditory stridor that may also indicate potential airway compromise. Stridor is a
late sign, especially in adult patients, who have large-diameter airways, and
significant airway compromise may develop before any sign of stridor is evident.
When evaluating the respiratory pattern, observe the chest through several respiratory
cycles, looking for normal symmetrical, concordant chest movement. In cases where
there is significant injury, paradoxical movement of a flail segment of the chest may
be observed. If spinal cord injury has impaired intercostal muscle functioning,
diaphragmatic breathing may be present. In this form of breathing, there is little
movement of the chest wall, and inspiration is evidenced by an increase in abdominal
volume caused by descent of the diaphragm. Auscultate the chest to assess the
adequacy of air exchange. Decreased breath sounds indicate pneumothorax,
hemothorax, pleural effusion, emphysema, or other pulmonary pathology.

The assessment of ventilation and oxygenation is a clinical one. Arterial blood
gas determination provides little additional information as to whether intubation is
necessary, and may be misleading. The patient’s mentation, degree of fatigue, and
severity of concomitant injuries or comorbid medical conditions is more important
than isolated or even serial determinations of arterial oxygen or carbon dioxide
(CO,) tension. Oxygen saturation is monitored continuously by pulse oximetry, so

arterial blood gases rarely are indicated for the purpose of determining arterial
oxygen tension. In certain circumstances, oxygen saturation monitoring is unreliable
because of poor peripheral perfusion, and arterial blood gases may then be required
to assess oxygenation or to provide a correlation with pulse oximetry measurements.
Continuous capnography (see Chapter 8) may be used to assess changes in the
patient’s ability to ventilate adequately, and the measurement of arterial CO, tension



contributes little additional useful information, although often a single arterial blood
gas measurement is used to provide a correlation baseline with end-tidal CO,

readings. A venous or arterial blood gas can provide a good general snapshot of the
patient’s acid—base status and baseline ventilation, but assessment of overall
ventilation remains a clinical task, requiring evaluation of the patient’s overall status
and perceived trajectory. In patients with obstructive lung disease, such as asthma or
chronic obstructive pulmonary disease (COPD), intubation may be required in the
face of relatively low CO, tensions if the patient is becoming fatigued. Other times,

high CO, tensions may be managed successfully with noninvasive positive-pressure

ventilation instead of intubation if the patient is showing clinical signs of
improvement (e.g., increased alertness, improving speech, and less fatigue).

Finally, after assessment of the upper airway and the patient’s ventilatory status,
including pulse oximetry, capnography (if used), and mentation, consider the patient’s
anticipated clinical course. If the patient’s condition is such that intubation is
inevitable and a series of interventions are required, early intubation is preferable.
Similarly, if the patient has a condition that is at risk of worsening over time,
especially if it is likely to compromise the airway itself, early airway management is
indicated. The same consideration applies to patients who require interfacility
transfer by air or ground or a prolonged procedure in an area with diminished
resuscitation capability. Intubation before transfer is preferable to a difficult,
uncontrolled intubation in an austere environment after the condition has worsened. In
all circumstances, the decision to intubate should be given precedence. If doubt exists
as to whether the patient requires intubation, err on the side of intubating the patient.
It is preferable to intubate the patient and ensure the integrity of the airway than to
leave the patient without a secure airway and have a preventable crisis occur.

e Are there reliable indicators of the need to intubate? The clinician’s
determination regarding the need for intubation is based on the clinical
scenario, pathophysiology, bedside airway assessment, and likelihood of
deterioration. Some measurable data and patient characteristics can be helpful,
whereas others are largely folklore. First, the gag reflex continues to be taught
in some settings as a key determinant in assessing the adequacy of airway
protection or the need for intubation, yet the literature does not support this
claim. The patient’s Glasgow Coma Scale is a better predictor of airway
protection and his or her aspiration risk in overdose.! Inspiratory stridor, when



seen in adults, 1s particularly ominous and typically mandates intubation.
Although there is no absolute cutoff for oxygen saturation or CO, that dictates

intubation, a saturation that cannot be sustained above 80%, a RR > 30 or a
CO, > 100 has strong associations with intubation. Moreover, many conditions

can often be managed without definitive airway management even when the
patient seems, initially, to be in severe respiratory distress. COPD and acute
pulmonary edema are uncommon causes of ED intubation and can typically be
managed with medical therapy and noninvasive positive airway pressure.2

1. Elzadi-Mood N, Saghaei M, Alfred S, et al. Comparative evaluation of Glasgow Coma Score and gag reflex in
predicting aspiration pneumonitis in acute poisoning. J Crit Care. 2009;24:470.e9—470.e15.

2. Brown CA 3rd, Bair AE, Pallin DJ, et al. Techniques, success, and adverse events of emergency department
adult intubations. Ann Emerg Med. 2015;65(4):363-370.¢1.



Chapter

Identification of the Difficult and
Failed Airway

Calvin A. Brown Il and Ron M. Walls

Although both difficult and failed airways are discussed in this chapter, the two
concepts are distinct. A difficult airway is one in which identifiable anatomical
attributes predict technical difficulty with securing the airway. A failed airway is one
for which the chosen technique has failed, and rescue must be undertaken. Obviously,
there is much overlap, but it is important to keep the two notions distinct.

In addition, one can think about airway difficulty in two categories: an
anatomically difficult airway and a physiologically difficult airway. The former
presents anatomical or logistical barriers to successful airway management, whereas
the latter requires the operator to optimize overall patient management in the context
of critically low oxygen saturation, blood pressure, or metabolic derangement, such
as severe metabolic acidosis. This chapter focuses on the anatomical issues related to
airway management, and the term “difficult airway,” throughout this manual, refers to
airways with anatomical or logistical difficulties for airway management. Chapter 32
discusses the approach to the physiologically compromised patient, which some
authors refer to as a physiologically difficult airway.

A difficult airway i1s one for which a preintubation examination identifies
physical attributes that are likely to make laryngoscopy, intubation, bag-mask
ventilation (BMV), the use of an extraglottic device (e.g., laryngeal mask airway
[LMA]), or surgical airway management more difficult than would be the case in an
ordinary patient without those attributes. Identification of a difficult airway is a key
component of the approach to airway management for any patient and is a key branch



point on the main airway algorithm (see Chapter 3). The key reason for this is that,
depending on the degree of predicted difficulty, one should not administer a
neuromuscular blocking medication to a patient unless one has a measure of
confidence that gas exchange can be maintained if laryngoscopy and intubation fail.
Accordingly, if an anatomically difficult airway is identified, the difficult airway
algorithm is used.

A failed airway situation occurs when a provider has embarked on a certain
course of airway management (e.g., rapid sequence intubation [RSI]) and has
identified that intubation by that method is not going to succeed, requiring the
immediate initiation of a rescue sequence (the failed airway algorithm, see Chapter
3). Certainly, in retrospect, a failed airway can be called a difficult airway because it
has proven to be difficult or impossible to intubate, but the terms “failed airway” and
“difficult airway” must be kept distinct because they represent different situations,
require different approaches, and arise at different points in the airway management
timeline. One way of thinking about this is that the difficult airway is something one
anticipates and plans for; the failed airway 1s something one experiences (particularly
if one did not assess for, and anticipate, a difficulty airway).

Airways that are difficult to manage are fairly common in emergency practice.
Difficult direct laryngoscopy (DL), defined as a grade III or grade IV laryngoscopic
view, occurs in approximately 10% of all adult emergency intubations. The incidence
is drastically lower when a video laryngoscope is used (see Chapter 14 Video
Laryngoscopy). However, the incidence of overall intubation failure is quite low, that
is, less than 1%. Intubation failure can occur in a setting where the patient can be
oxygenated by an alternative method, such as by BMV or using an EGD, or in a
setting where the patient can be neither intubated nor oxygenated. The incidence of
the “can’t intubate, can’t oxygenate” (CICO) situation in preselected operating room
intubations 1s rare, estimated to occur once in 5,000 to 20,000 intubations. The true
incidence is unknown in emergency intubations, but it is likely substantially more
common, given patient acuity, lack of preselection, and a higher rate of difficult
airway markers. Rescue cricothyrotomy most often happens in the setting of a can’t
oxygenate failed airway, but its incidence has declined with the advent of video
laryngoscopy (VL) and various rescue devices. Based on large registry data of adult
intubations, rescue surgical airways occur in 0.3% to 0.5% of all encounters. This
chapter explores the concepts of the failed and the difficult airway in the setting of
emergency intubation. Recognizing the difficult airway in advance and executing an
appropriate and thoughtful plan, guided by the difficult airway algorithm (see Chapter
3), will minimize the likelihood that airway management will fail. Furthermore,
recognizing the failed airway promptly allows use of the failed airway algorithm to



guide selection of a rescue approach.

A failed airway exists when any of the following conditions is met:

1. Failure to maintain acceptable oxygen saturation during or after one or more failed
laryngoscopic attempts (CICO) or

2. Three failed attempts at orotracheal intubation by an experienced intubator, even
when oxygen saturation can be maintained or

3. The single “best attempt” at intubation fails in the “Forced to Act” situation (see
below).

Clinically, the failed airway presents itself in two ways, dictating the urgency created
by the situation:

1. Can’t Intubate, Can’t Oxygenate: There is not sufficient time to evaluate or
attempt a series of rescue options, and the airway must be secured immediately
because of an inability to maintain oxygen saturation by BMV or with an EGD.

2. Can’t Intubate, Can Oxygenate: There is time to evaluate and execute various
options because the patient is oxygenated.

The most important way to avoid airway management failure is to identify in advance
those patients for whom difficulty can be anticipated with intubation, BMV, insertion
of an EGD, or cricothyrotomy. In the “Forced to Act” scenario, airway difficulty is
apparent, but the clinical conditions (e.g., combative, hypoxic, rapidly deteriorating
patient) force the operator’s hand, requiring administration of RSI drugs in an attempt
to create the best possible circumstances for tracheal intubation, with immediate
progression to failed airway management if that one best attempt is not successful
(see Chapter 3).

According to the main emergency airway management algorithm, RSI is the method of
choice for any non-crash airway when airway management difficulty is not
anticipated. This requires a reliable and reproducible method for identifying the
difficult airway. This evaluation must be expeditious, easy to remember, and
complete.



In clinical practice, the difficult airway has four dimensions:

1. Difficult laryngoscopy
2. Difficult BMV

3. Difficult EGD
4. Difficult cricothyrotomy

A distinct evaluation 1s required for difficult laryngoscopy, difficult BMV, difficult
EGD, and difficult surgical airway management, and each evaluation must be applied
to each patient before airway management is undertaken (Fig. 2-1).

Difficult Laryngoscopy: LEMON

The concept of difficult laryngoscopy and intubation is inextricably linked to poor
glottic view; the less adequate the glottic view, the more challenging the intubation.
This concept, developed during an era when almost all intubations were done by DL,
appears to hold true even in the era of VL. Nearly all research relating certain patient
characteristics to difficult or impossible intubation is based on studies of DL. VL is
much less affected than DL by the presence or number of difficult airway attributes.
With the exception of severely reduced mouth opening such that the device is unable
to be inserted or sudden unanticipated device failure, it is rare for VL to yield a
Cormack and Lehane grade III (or worse) glottic view. VL accomplishes this
independently of the need to align the various airway axes, as must occur during DL
(see Chapters 13 and 14). Difficult laryngoscopy and intubation are uncommon, even
rare, when certain video laryngoscopes are used. It follows that evidence-based
guidelines for prediction of difficult VL may be challenging, or even impossible, to
develop. Pending further information, however, we recommend performing a difficult
laryngoscopy assessment, using the LEMON mnemonic, on all patients for whom
intubation is planned, including for planned VL.
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° FIGURE 2-2.c L Laryngeal view grade system.

Cormack and Lehane introduced the most widely used system of categorizing the



degree of visualization of the larynx during laryngoscopy, in which an ideal
laryngoscopic view is designated grade 1 and the worst possible view, grade 4 (Fig.
2-2). Cormack—Lehane (C-L) view grade 3 (only the epiglottis is visible) and grade
4 (no glottic structures are visible) are highly correlated with difficult or failed
intubation. C-L grade 1 (visualization of virtually the entire glottic aperture) and
grade 2 (visualization of the posterior portion of the cords or the arytenoids) are not
typically associated with difficult intubation. The C-L grading system does not
differentiate precisely the degree to which the laryngeal aperture is visible during
laryngoscopy: A grade 2 view may reveal little of the vocal cords, or none at all if
only the arytenoids are visible. This led to adoption of a grade 2a/2b system, wherein
a 2a shows any portion of the cords and a 2b shows only the arytenoids. Grade 2a
airways perform comparably to those scored as grade 1, whereas grade 2b airways
behave more like grade 3 airways. Grade 2b accounts for only about 20% of grade 2
views. However, when a grade 2b view occurs, two-thirds of patients are difficult to
intubate, whereas only about 4% of patients with grade 2a views are characterized as
difficult intubations. A grade 1 view reveals virtually the entire glottis and is
associated with nearly universal intubation success.

Despite scores of clinical studies, no evidence to date has identified a full-proof
set of patient attributes that, when absent, always predicts successful laryngoscopy
and, when present, indicates certain intubation failure. In the absence of a proven and
validated system that is capable of predicting intubation difficulty with 100%
sensitivity and specificity, it is important to develop an approach that will enable a
clinician to quickly and simply identify those patients who might be difficult to
intubate so an appropriate plan can be made using the difficult airway algorithm. In
other words, when asking the question, “Does this patient’s airway warrant using the
difficult airway algorithm, or is it appropriate and safe to proceed directly to RSI?,”
we value sensitivity (i.e., identifying all those who might be difficult) more than
specificity (i.e., always being correct when identifying a patient as difficult).

The mnemonic LEMON is a useful guide to identify as many of the risks as
possible as quickly and reliably as possible to meet the demands of an emergency
situation. The elements of the mnemonic are assembled from an analysis of the
difficult airway prediction instruments in the anesthesia, emergency medicine, and
critical care literature. The mnemonic, which we developed for The Difficult Airway
Course and the first edition of this book, has been externally validated in ED patients.
The modified LEMON (all aspects of LEMON except the Mallampati score and
thyromental distance) has undergone additional external validation and been found to
have very high negative predictive value for both conventional and video
laryngoscopy. LEMON has now been adopted as a recommended airway assessment



tool in Advanced Trauma Life Support (ATLS). The mnemonic is as follows:

L—Look externally: Although a gestalt of difficult intubation is not particularly
sensitive (meaning that many difficult airways are not readily apparent
externally), it is quite specific, meaning that if the airway looks difficult, it
probably is. Most of the litany of physical features associated with difficult
laryngoscopy and intubation (e.g., small mandible, large tongue, large teeth, and
short neck) are accounted for by the remaining elements of LEMON and so do
not need to be specifically recalled or sought, which can be a difficult memory
challenge in a critical situation. The external look specified here is for the
“feeling” that the airway will be difficult. This feeling may be driven by a
specific finding, such as external evidence of lower facial disruption and
bleeding that might make intubation difficult, or it might be the ill-defined
composite impression of the patient, such as the obese, agitated patient with a
short neck and small mouth, whose airway appears formidable even before any
formal evaluation (the rest of the LEMON attributes) is undertaken. This
“gestalt” of the patient is influenced by patient attributes, the setting, and
clinician expertise and experience, and likely is as valid for VL as for DL.

E—Evaluate 3-3-2: This step is an amalgamation of the much-studied geometric
considerations that relate mouth opening and the size of the mandible to the
position of the larynx in the neck in terms of likelihood of successful
visualization of the glottis by DL. This concept originally was identified with
“thyromental distance,” but has become more sophisticated over time. The
thyromental distance is the hypotenuse of a right triangle, the two legs being the
anteroposterior dimension of the mandibular space, and the interval between the
chin—neck junction (roughly the position of the hyoid bone indicating the
posterior limit of the tongue) and the top of the larynx, indicated by the thyroid
notch. The 3-3-2 evaluation is derived from studies of the geometrical
requirements for successful DL, that is, the ability of the operator to create a
direct line of sight from outside the mouth to the glottis. It is not known whether it
has any value in predicting difficult VL, for which no straight line of sight is
required. The premises of the 3-3-2 evaluation are as follows:

e The mouth must open adequately to permit visualization past the tongue when
both the laryngoscope blade and the endotracheal tube are within the oral
cavity.

e The mandible must be of sufficient size (length) to allow the tongue to be
displaced fully into the submandibular space during DL.

e The glottis must be located a sufficient distance caudad to the base of the



tongue that a direct line of sight can be created from outside the mouth to the
vocal cords as the tongue is displaced inferiorly into the submandibular space.

The first “3,” therefore, assesses mouth opening. A normal patient can open his
or her mouth sufficiently to accommodate three of his or her own fingers between the
upper and lower incisors (Fig. 2-3A). In reality, this is an approximate measurement
as it would be unusual to ask an acutely 11l or injured patient to stick three fingers in
his or her mouth. If a patient is able to comply, ask if he or she can open the mouth as
wide as possible. This will give a meaningful sense of whether the patient is able to
open fully, partially, or not at all. The second “3” evaluates the length of the
mandibular space by ensuring the patient’s ability to accommodate three of his or her
own fingers between the tip of the mentum and chin—neck junction (hyoid bone) (Fig.
2-3B). The “2” assesses the position of the glottis in relation to the base of the
tongue. The space between the chin—neck junction (hyoid bone) and the thyroid notch
should accommodate two of the patient’s fingers (Fig. 2-3C). Thus, in the 3-3-2 rule,
the first 3 assesses the adequacy of oral access, and the second 3 addresses the
dimensions of the mandibular space to accommodate the tongue on DL. The ability to
accommodate significantly more than or less than three fingers is associated with
greater degrees of difficulty in visualizing the larynx at laryngoscopy: The former
because the length of the oral axis is elongated, and the latter because the mandibular
space may be too small to accommodate the tongue, requiring it to remain in the oral
cavity or move posteriorly, obscuring the view of the glottis. Encroachment on the
submandibular space by infiltrative conditions (e.g., Ludwig angina) is identified
during this evaluation. The final 2 identifies the location of the larynx in relation to
the base of the tongue. If significantly more thantwo fingers are accommodated,
meaning the larynx is distant from the base of the tongue, it may be difficult to reach
or visualize the glottis on DL, particularly if a smaller blade size is used initially.
Fewer than two fingers may mean that the larynx is tucked up under the base of the
tongue and may be difficult to expose. This condition is often imprecisely called
“anterior an larynx.”
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the 3-3-2 rule.

M—Mallampati score: Mallampati determined that the degree to which the posterior
oropharyngeal structures are visible when the mouth is fully open and the tongue
is extruded reflects the relationships among mouth opening, the size of the tongue,
and the size of the oral pharynx, which defines access through the oral cavity for
intubation, and that these relationships are associated with intubation difficulty.
Mallampati’s classic assessment requires that the patient sit upright, open the
mouth as widely as possible, and protrude the tongue as far as possible without
phonating. Figure 2-4 depicts how the scale is constructed. Class I and class II
patients have low intubation failure rates; so the importance with respect to the
decision whether to use neuromuscular blockade rests with those in classes III



and IV, particularly class IV, where intubation failure rates may exceed 10%. By
itself, the scale is neither sensitive nor specific; however, when used in
conjunction with the other difficult airway assessments, it provides valuable
information about access to the glottis through the oral cavity. In the emergency
situation, it frequently is not possible to have the patient sit up or to follow
instructions. Therefore, often only a crude Mallampati measure is possible,
obtained by examining the supine, obtunded patient’s mouth with a tongue blade
and light, or by using a lighted laryngoscope blade as a tongue depressor on the
anterior half of the tongue to gain an appreciation of how much mouth opening is
present (at least in the preparalyzed state) and the relationship between the size
of the tongue and that of the oral cavity. Although not validated in the supine
position using this approach, there is no reason to expect that the assessment
would be significantly less reliable than the original method with the patient
sitting and performing the maneuver actively. The laryngoscope or tongue blade
should not be inserted too deeply because this may incite a gag reflex and can
place a supine and compromised patient at risk for vomiting and aspiration.

O—Obstruction/Obesity: Upper airway obstruction is a marker for difficult
laryngoscopy. The four cardinal signs of upper airway obstruction are muffled
voice (hot potato voice), difficulty swallowing secretions (because of either pain
or obstruction), stridor, and a sensation of dyspnea. The first two signs do not
ordinarily herald imminent total upper airway obstruction in adults, but critical
obstruction is much more imminent when the sensation of dyspnea occurs.
Stridor is a particularly ominous sign. The presence of stridor is generally
considered to indicate that the airway has been reduced to <50% of its normal
caliber, or to a diameter of 4.5 mm or less. The management of patients with
upper airway obstruction is discussed in Chapter 36. Although it is controversial
whether obesity per se is an independent marker for difficult laryngoscopy or
whether obesity simply is associated with various difficult airway attributes,
such as high Mallampati score or failure of the 3-3-2 rule, obese patients
frequently have poor glottic views by DL or VL, and obesity, in itself, should be
considered to portend difficult laryngoscopy.

N—Neck mobility: The ability to position the head and neck is one of the key factors
in achieving the best possible view of the larynx by DL. Cervical spine
immobilization for trauma, by itself, may not create a degree of difficulty that
ultimately leads one to avoid RSI after applying the thought processes of the
difficult airway algorithm. However, cervical spine immobilization will make
intubation more difficult and will compound the effects of other identified
difficult airway markers. In addition, intrinsic cervical spine immobility, as in



cases of ankylosing spondylitis or rheumatoid arthritis, can make intubation by
DL extremely difficult or impossible and should be considered a much more
serious issue than the ubiquitous cervical collar (which mandates inline manual
immobilization). VL requires much less (or no) head extension, depending on
blade shape, and provides a glottic view superior to that by DL when head
extension or neck flexion is restricted. Other devices, such as the Airtraq or the
Shikani optical stylet, discussed elsewhere in this manual, also may require less
cervical spine movement than DL although image size and clarity are far inferior
to that obtained with VL.
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° FIGU RE 2-4. the Mallampati Scale. In class I, the oropharynx, tonsillar pillars, and entire

uvula are visible. In class II, the pillars are not visible. In class III, only a minimal portion of the
oropharyngeal wall is visible, and in class IV, the tongue is pressed against the hard palate.

Difficult BMV: ROMAN



Chapter 9 highlights the importance of BMV in airway management, particularly as a
rescue maneuver when orotracheal intubation has failed. The airway manager must be
confident that oxygenation with a BMV or EGD is feasible before neuromuscular
blockers are administered whether or not laryngoscopy is thought to be successful.

The validated indicators of difficult BMV from various clinical studies can be
easily recalled for rapid use in the emergency setting by using the mnemonic
ROMAN.

R—Radiation/Restriction: Recent evidence suggests that radiation treatment to the
neck is one of the strongest predictors of difficult and failed mask ventilation.
Restriction refers to patients whose lungs and thoraces are resistant to ventilation
and require high-ventilation pressures. These patients are primarily suffering
from reactive airways disease with medium and small airways obstruction
(asthma and chronic obstructive pulmonary disease [COPD]) and those with
pulmonary edema, acute respiratory distress syndrome (ARDS), advanced
pneumonia, or any other condition that reduces pulmonary compliance or
increases airway resistance to BMV.

O—Obesity/Obstruction/Obstructive sleep apnea: We often refer to this as the
“triple O” because all three attributes are important, and they are often linked
(e.g., obesity with obstructive sleep apnea [OSA]). Patients who are obese
(body mass index [BMI] >26 kg per m?) are often difficult to ventilate
adequately by bag and mask. Women in third-trimester gestation are also a
prototype for this problem because of their increased body mass and the
resistance to diaphragmatic excursion caused by the gravid uterus. Pregnant or
obese patients also desaturate more quickly, making the bag ventilation difficulty
of even greater import (see Chapters 37 and 40). Difficulty bagging the obese
patient 1s not caused solely by the weight of the chest and abdominal walls but
also the resistance by the abdominal contents to diaphragmatic excursion. Obese
patients also have redundant tissues, creating resistance to airflow in the upper
airway. This explains the recent association with OSA and difficult mask
ventilation. Similarly, obstruction caused by angioedema, Ludwig angina, upper
airway abscesses, epiglottitis, and other similar conditions will make BMV
more difficult. In general, soft tissue lesions (e.g., angioedema, croup, and
epiglottis) are amenable to bag-and-mask rescue if obstruction occurs, but not
with 100% certainty. Similarly, laryngospasm can usually be overcome with
good bag-and-mask technique. In contrast, firm, immobile lesions such as
hematomas, cancers, and foreign bodies are less amenable to rescue by BMV,
which is unlikely to provide adequate ventilation or oxygenation if total



obstruction arises in this context.

M—Mask Seal/Mallampati/Male sex: Bushy beards, blood or debris on the face, or
a disruption of lower facial continuity are the most common examples of
conditions that may make an adequate mask seal difficult. Some experts
recommend smearing a substance, such as KY jelly, on the beard as a remedy to
this problem, although this action may simply make a bad situation worse in that
the entire face may become too slippery to hold the mask in place. Both male sex
and a Mallampati class 3 or 4 (see earlier) airway also appear to be independent
predictors of difficult BMV.

A—Age: Age older than 55 years 1s associated with a higher risk of difficult BMV,
perhaps because of a loss of muscle and tissue tone in the upper airway. The age
1s not a precise cutoff, and some judgment can be applied with respect to
whether the patient has relatively elastic (young) or inelastic (aged) tissue.

N—No teeth: An adequate mask seal may be difficult in the edentulous patient
because the face may not adequately support the mask. An option is to leave
dentures (if available) in situ for BMVand remove them for intubation.
Alternatively, gauze dressings may be inserted into the cheek areas through the
mouth to puff them out in an attempt to improve the seal. Another technique for
limiting mask leak involves rolling the lower lip down toward the chin and using
the inner mucosal surface as a contact point for the bottom of the mask (See
Chapter 9).

Difficult EGD: RODS

In the emergency setting, extraglottic airway devices have emerged as credible first-
line devices for ventilation and oxygenation, instead of the traditional bag and mask;
as alternatives to tracheal intubation in some patient circumstances (especially out of
hospital); and as valuable rescue devices.

Studies have identified factors that predict difficulty in placing an EGD and
providing adequate gas exchange. These can be assessed using the mnemonic RODS.

R—Restriction: The restriction referred to here is similar to that for the ROMAN
mnemonic, that is, “restricted” lung capacity with intrinsic resistance to
ventilation from primary lung or tracheal/bronchial pathology. Ventilation with
an EGD may be difficult or impossible in the face of substantial increases in
airway resistance (e.g., asthma) or decreases in pulmonary compliance (e.g.,
pulmonary edema), although often the EGD is more effective at ventilation than
1s a bag and mask. In addition, restricted mouth opening will affect EGD



insertion or make it impossible. Adequate mouth opening is required for
insertion of the EGD. This requirement varies, depending on the particular EGD
to be used. Recent operating room (OR) data have also identified restricted
cervical spine mobility as a risk for difficult EGD use, likely because placement
can be more challenging in these patients.

O—Obstruction/Obesity: If there is upper airway obstruction in the pharynx, at the
level of the larynx or glottis, or below the vocal cords, an EGD may be
impossible to insert or seat properly in order to achieve ventilation and
oxygenation. In some circumstances, it will not bypass the obstruction at all.
Obesity creates two challenges to oxygenation using an EGD. First, redundant
tissues in the pharynx may make placement and seating of the device more
difficult. Usually, this is not a significant problem. More importantly, obese
patients require higher ventilation pressures, largely because of the weight of the
chest wall and abdominal contents. The former causes resistance to ventilation
by increasing the pressures required to expand the chest, and the latter causes
resistance to ventilation by increasing the pressures required to cause the
diaphragm to descend. Depending on the EGD chosen and positioning of the
patient (it is better to attempt ventilation with the patient 30° head up or in
reverse Trendelenberg position), ventilation resistance may exceed the ability of
the EGD to seal and deliver the necessary pressures. More information on leak
pressures for the variety of EGDs in circulation can be found in Chapters 10, 11,
and 29.

D—Disrupted or Distorted airway: The key question here 1s “If I insert this EGD into
the pharynx of this patient, will the device be able to seat itself and seal properly
within relatively normal anatomy?” For example, fixed flexion deformity of the
spine, penetrating neck injury with hematoma, epiglottitis, and pharyngeal
abscess each may distort the anatomy sufficiently to prevent proper positioning
of the device.

S—Short thyromental distance: A small mandibular space, as assessed by the
patient’s thyromental distance, may indicate that the tongue resides less in the
mandibular fossa and more in the oral cavity. This can obstruct and complicate
EGD insertion and has been strongly associated with difficult EGD use.

Difficult Cricothyrotomy: SMART

There are no absolute contraindications to performing an emergency cricothyrotomy
in adults (see Chapter 19). However, some conditions may make it difficult or
impossible to perform the procedure, making it important to identify those conditions



in advance and allow consideration of alternatives rather than assuming or hoping
that cricothyrotomy, if necessary, will be successful as a rescue technique. The
mnemonic SMART is used to quickly assess the patient for features that may indicate
that a cricothyrotomy might be difficult. A part of patient assessment using this
mnemonic, which occurs during the “A” step, is to perform a physical examination of
the neck, identifying the landmarks and any barriers to the procedure. The SMART
mnemonic 1s applied as follows:

S—Surgery (recent or remote): The anatomy may be subtly or obviously distorted,
making the airway landmarks difficult to identify. Scarring may fuse tissue planes
and make the procedure more difficult. Recent surgery may have associated
edema or bleeding, complicating performance of the procedure.

M—Mass: A hematoma (postoperative or traumatic), abscess, or any other mass in
the pathway of the cricothyrotomy may make the procedure technically difficult,
and requires the operator to meticulously locate the landmarks, which may be out
of the midline, or obscured.

A—Access/Anatomy: Obesity makes surgical access challenging, as it is often
difficult to identify landmarks. Similar challenges are presented by subcutaneous
emphysema, soft tissue infection, or edema. A patient with a short neck or
overlying mandibular pannus presents challenges with both identification of
landmarks and access to perform the procedure. Extraneous devices, such as a
cervical immobilization collar, or a halothoracic brace also may impede access.

R—Radiation (and other deformity or scarring): Past radiation therapy may distort
and scar tissues, making the procedure difficult and often causing tissues that are
normally discrete to bond together, distorting tissue planes and relationships.

T—Tumor: Tumor, either inside the airway (beware of the chronically hoarse
patient) or encroaching on the airway, may present difficulty, both from access
and bleeding perspectives.

e When intubation is indicated, the most important question is “Is this airway
difficult?” The decision to perform RSI, for example, is based on a thorough
assessment for difficulty (LEMON, ROMAN, RODS, and SMART) and
appropriate use of the main or difficult airway algorithms. Because most
emergency department patients will have some degree of difficulty after a
bedside assessment, the decision to use neuromuscular blocking agents
(NMBA:s) is a complex one that takes into account the degree of difficulty, the



urgency for tube placement, available difficult airway tools, especially VL, and
one’s own skill and experience. Basically, to use NMBA, the operator must be
confident that oxygenation can be maintained, and that intubation is likely to be
successful, using the planned approach. See Chapter 3 for further details.

If LEMON and ROMAN are assessed first, in order, then each component of
RODS also has been assessed, with the exception of the D: distorted anatomy.
In other words, if LEMON and ROMAN have identified no difficulties, then all
that remains for RODS is the question: “If I insert this EGD into the pharynx of
this patient, will the device be able to seat itself and seal properly within
relatively normal anatomy?”

The ability to oxygenate a patient with a bag and mask or an EGD turns a
potential “can’t intubate, can’t oxygenate” situation requiring urgent
cricothyrotomy into a “can’t intubate, can oxygenate” situation, in which many
rescue options can be considered. The ability to prospectively identify
situations in which oxygenation using an EGD or a bag and mask will be
difficult or impossible is critical to the decision whether to use NMBAs.

No single indicator, combination of indicators, or even weighted scoring
system of indicators can be relied on to guarantee success or predict inevitable
failure for oral intubation. Application of a systematic method to identify the
difficult airway and then analysis of the situation to identify the best approach,
given the anticipated degree of difficulty and the skill, experience, and
judgment of the individual performing the intubation, will lead to the best
decisions regarding how to manage the particular clinical situation. In general,
it is better to err by identifying an airway as potentially difficult, only to
subsequently find this not to be the case, than the other way around.

What is the incidence of difficult and failed airway? A poor glottic view is
associated with low intubation success. A meta-analysis of elective anesthesia
studies found an incidence of difficult DL ranging from 6% to 27% among nine
studies totaling >14,000 patients.! For obese patients, the incidence of difficult
intubation certainly is higher, but how much of this is caused by obesity alone,
and how much is a product of the presence of various difficult airway markers,
such as a poor Mallampati score, is not clear. The Intubation Difficulty Score
(IDS) considers the numbers of operators, devices, attempts, the C—L score,
vocal cord position (abducted or not), and whether excessive lifting force or
external manipulation is required.2 In one study of 129 lean and 134 obese
patients, using an IDS of five or greater as the definition of difficult intubation



(a relatively high bar), investigators identified difficult intubation in 2.2% of
lean patients and 15.5% of obese patients.3 Only 1% of 663 patients in one
British study had grade III glottic views, but 6.5% had grade IIb views (only
arytenoids visible), and 2/3 of these were difficult to intubate.4 In Reed’s
validation study of the LEMON mnemonic, 11/156 (7%) of patients had C—L
grade III glottic views, and only 2/156 had grade IV views.5 The largest
emergency department series is from the National Emergency Airway Registry
(NEAR) project. Glottic view is highly dependent on the type of laryngoscope
chosen. Multiple ED studies have shown that glottic view is better with both
the C-MAC and GlideScope compared to DL.6-8 In an analysis of 198 video
macintosh intubations (V-MAC), a grade I or II glottic view was obtained in
97% of encounters when the video screen was used, but in only 78% of
encounters when the V-MAC was used as a direct laryngoscope.’ In a single-
center prospective evaluation of 750 ED intubations over a 2-year period,
during which 255 intubations were performed with a C-MAC and the rest with
a conventional laryngoscope, the C-MAC yielded grade /Il views in 94% of
cases compared with 83% for DL.8 In the multicenter NEAR 1I study, reporting
on 8,937 intubations from 1997 to 2002, the first chosen method ultimately was
not successful in approximately 5% of intubations. Overall airway management
success was >99%, and surgical airways were performed on 1.7% of trauma
patients and approximately 1% of all cases.® In a subset of almost 8,000 of the
NEAR 1I patients, approximately 50% of rescues from failed attempts involved
use of RSI after failure of intubation attempts without neuromuscular
blockade.10 In NEAR III, an analysis of 17,583 adult intubations from 2002 to
2012 showed that 17% of all encounters required more than one attempt before
successful 1intubation. Ultimate intubation success was 99.5%. Rescue
cricothyrotomy, a surgical airway performed after at least one intubation
attempt, was lower than previously reported, occurring in 0.3% of cases and
was performed twice as often in trauma patients.!!

What is the evidence basis of LEMON? There is only one published external
validation of the LEMON mnemonic and one for the modified LEMON.>.12 The
American College of Surgeons adopted the LEMON mnemonic for ATLS in
2008, but mistakenly attributed it to Reed. In a recent multicenter prospective
intubation registry in Japan, 3,313 patients, for whom a difficult airway
assessment was performed and who were intubated using DL, the modified
LEMON had a sensitivity of 86% and a negative predictive value of 98% for
difficult laryngoscopy. Difficult intubation was defined as any encounter
requiring two or more attempts. In other words, the LEMON assessment is most
helpful when completely normal and indicates that nearly all patients would be
candidates for RSI if truly LEMON-negative. Individual elements, taken in



isolation, are less helpful and should never constitute the basis of a difficulty
airway assessment. The gestalt of difficulty provided by the patient obviously
is an intuitive notion and will vary greatly with the skills and experience of the
intubator. There are no studies, of which we are aware, that assess the
sensitivity or specificity of this first, quick look. We are not aware of the true
origin of the 3-3-2 rule. It probably originated from a group of Canadian
difficult airway experts, led by Edward Crosby, MD, but, to our knowledge, it
was not published before we included it in the first edition of our book in 2000.
The 3-3-2 rule has three components. The first is mouth opening, a long-
identified and intuitively obvious marker of difficult DL. The second and third
pertain to mandibular size and the distance from the floor of the mandible to the
thyroid notch. Many studies suggest identifying decreased (and, to a lesser
extent, increased) thyromental distance as a predictor of difficult DL. One study
identified that it is relative, but not absolute, thyromental distance that matters;
in other words, the relevant thyromental distance that predicts difficulty
depends on the size of the patient.13 This reinforces the notion of using the
patient’s own fingers as a size guide for thyromental distance, but also for the
other two dimensions of the 3-3-2 rule. Hyomental distance has also been used,
but seems less reliable, causing researchers to explore the value of repeated
measurements and ratios involving different head and neck positions.!4 The
eponymous Mallampati evaluation has been validated multiple times. The
modified Mallampati score, the four-category method that is most familiar, was
found highly reliable in a comprehensive meta-analysis of 42 studies, but the
authors emphasize, as do we, that the test is important, but not sufficient in
evaluating the difficult airway.! One study suggested that the Mallampati
evaluation gains specificity (from 70% to 80%) without loss of sensitivity if it
is performed with the head in extension, but this study involved only 60
patients, and performing the Mallampati, even in the neutral position, is
challenging enough before emergency intubation, so we do not recommend head
extension.!> Interference with DL by upper airway obstruction is self-evident.
Obesity is uniformly identified as a difficult airway marker, but, remarkably,
controversy persists regarding whether obesity, per se, indicates difficult
laryngoscopy, or whether obese patients simply have a greater incidence of
having other difficult airway markers, such as higher Mallampati scores.!® An
opposing view suggests that, although a higher Mallampati score is associated
with difficult intubation in obese patients, other traditional predictors of
difficult intubation do not account for the high incidence and degree of
difficulty in obese patients.3 The only two studies to compare obese and lean
patients head to head found a similar fivefold increase in intubation difficulty
for obese patients (about 15% vs. about 3% of lean patients), but one study



concluded that BMI was important, whereas the other concluded the opposite.l”
What is the evidence basis of ROMAN? Much of the clinical information
about difficult BMV came from case reports and limited case series, and so
were subject to bias and musinterpretation. The first well-designed study of
difficult BMV was that of Langeron et al.,!® where a 5% incidence of difficult
BMYV occurred in 1,502 patients. They identified five independent predictors of
difficult BMV: presence of a beard, high BMI, age > 55 years, edentulousness,
and a history of snoring. Subsequent studies by other investigators were much
larger. Kheterpal et al. used a graded definition of difficult BMV in their study
of>22,000 patients. They divided difficult BMV into four classes, ranging from
routine and easy (class I) to impossible (class 1V). Class III difficulty was
defined as inadequate, “unstable,” or requiring two providers. They identified
class III (difficult) BMV in 313/22,600 (1.4%) and class IV (impossible) in 37
(0.16%) patients. Multivariate analysis was used to identify independent
predictors of difficult BMV: presence of a beard, high BMI, age > 57 years,
Mallampati class III or IV, limited jaw protrusion, and snoring. Snoring and
thyromental distance < 6 cm were independent predictors of impossible
BMV.19 Subsequently, the same researchers studied 53,041 patients over a 4-
year period. Independent predictors of impossible BMV included the
following: presence of a beard, male sex, neck radiation changes, Mallampati
class III or 1V, and sleep apnea, with neck radiation having the strongest
association of failed mask ventilation.20 These studies, combined with others,
and with our collective experience, are the foundation for the ROMAN
mnemonic. Interestingly, Mallampati class did not fare well as a predictor of
difficult BMV in Lee’s meta-analysis of 42 studies with >34,000 patients,
although it did quite well for difficult intubation.! Nevertheless, we believe that
Mallampati is a worthy consideration with respect to difficult BMV, as it helps
the operator to understand the extent to which the tongue might impede
ventilation. Conditions that create resistance to ventilation, such as reactive
airways disease and COPD, and those associated with a decrease in pulmonary
compliance, such as ARDS or pulmonary edema, understandably make
ventilation with a bag and mask more difficult. Why were these attributes not
identified in the elegant studies of predictors of difficult BMV? Likely, patients
with these conditions were too ill to be included in any such studies.
Nonetheless, we are confident in including this concept in the “R” of ROMAN.
What is the evidence basis of RODS? Most EGDs have not been
systematically studied for predictors of difficulty. Previous information came
from case reports or small case series. A recent OR-based registry of 14,480
adult patients managed with either a LMA or an iGel showed that successful
oxygenation and ventilation occurred in nearly all (99.8%) cases.



Multivariable analysis identified four factors predictive of difficulty: short
thyromental distance, male sex, limited neck movement, and age, with short
thyromental distance having the highest odds of difficulty (4.4). Interestingly,
obesity was not predictive. We hesitate to remove obesity from the RODS
mnemonic, however, because this study had very few difficult cases and
because it has been shown previously to affect rescue mask ventilation.2! As
such, this mnemonic really represents our expert consensus rather than an
assessment of high-quality evidence. The requirement for minimal mouth
opening sufficient to insert the device is self-evident. Obesity and obstruction
will interfere with EGD use in similar fashion to their interference with BMV.
Devices vary in their utility in various patients, however, and some may be
better suited for obese patients than others. One study compared 50 morbidly
obese patients with 50 lean patients and identified no increase in difficulty for
either ventilation or intubation with the intubating LMA.22 Distorted anatomy is
our own concept, based on the fact that each of these devices is designed to
“seat” into normal human anatomy, given that the right size of device is
selected.

How reliable are the factors we evaluate in predicting difficult intubation?
Performing a preintubation assessment confers substantial protection against
unexpectedly encountering a difficult intubation. As previously mentioned,
when a LEMON assessment fails to show a problem, difficult intubation may
occur only in as few as 2% of patients.!2 In one study of prehospital
intubations, difficult airway predictors such as obesity and cervical immobility
were present in 13% and 50% of failed airways, respectively.23 In anesthesia
practice, using a definition of difficult intubation as two failed attempts despite
optimal laryngeal manipulation, one study found only 0.9% unexpected difficult
intubations among >11,000 patients.24 Investigators did not report C—L scores,
however. In elective anesthesia practice, difficult airway patients often are
“selected out” and managed by modified anesthetic technique, such as awake
flexible endoscopic intubation. The safety of performing preintubation
assessment is reinforced by this practice, however, as difficult and failed BMV
and intubation in this population generally are unexpected because of the
prescreening, and so probably reasonably predict unexpected (i.e., not detected
by preintubation assessment of difficulty) similar events during emergency
intubation. In one study of almost 23,000 patients, only about 1.6% had difficult
BMV, and only 0.37% or 1/300 had a combination of difficult BMV and
difficult intubation.!°

Does LEMON apply to VL also? The short answer is no, or, at least, we do
not know. Much of LEMON has to do with the need to see past the tongue, to
the glottis, using a straight line of sight. VL does not involve a straight line of



sight, so, for example, we do not have any reason to believe that the 3-3-2 rule
applies, particularly with hyper-curved video laryngoscopes. In one study
comparing the C-MAC video laryngoscope with DL in ED intubations, the
aggregate effect of multiple difficult airway markers had a significant impact on
first past success with DL but not with VL. Comparing first attempt success
between patients without difficult airway markers with those that had three or
more, the first attempt success for DL decreased from 88% to 75% but
decreased only by 5% for VL (99% to 93%).8 Mallampati is not nearly as
important, because the video viewer on most video laryngoscopes is positioned
beyond the tongue, thus eliminating the tongue from consideration. Mallampati
assesses mouth opening, also, however, as does the first “3” of the 3-3-2 rule,
and mouth opening remains important for VL, although much less so. Only one
study has attempted to identify attributes associated with difficult VL, in this
case the GlideScope, and it is difficult to put much weight on any conclusions
because 400/400 patients had C-L class I or I views.2> The evidence for
superiority of VL over conventional laryngoscopy is presented in Chapter 14.
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Chapter

The Emergency Airway Algorithms

Calvin A. Brown Il and Ron M. Walls

This chapter presents and discusses the emergency airway algorithms, which we have
used, taught, and refined for nearly 20 years. These algorithms are intended to reduce
error and improve the pace and quality of decision making for an event that is
uncommonly encountered by most practitioners, and often disrupts attempts at sound
and orderly clinical management.

When we first set out to try to codify the cognitive aspects of emergency airway
management, we were both liberated and impaired by the complete lack of any such
algorithms to guide us. In developing The Difficult Airway Course: Emergency, The
Difficult Airway Course: Anesthesia, The Difficult Airway Course: Critical Care,
and The Difficult Airway Course: EMS, and in applying successively each iteration
of the emergency airway algorithms to tens of thousands of real and simulated cases
involving thousands of providers, we felt guided by both our continuous learning
about optimal airway management and the empirical application of these principles.
They are based on both the best evidence available and the opinions of the most
reputable experts in the field of emergency airway management. These algorithms, or
adaptations of them, now appear in many of the major emergency medicine textbooks
and online references. They are used in airway courses, for residency training, and in
didactic teaching sessions, both for in-hospital and out-of-hospital providers. They
have stood the test of time and have benefited from constant updates.

The revolution in video laryngoscopy has caused us to rethink concepts related
to the definition and management of the “difficult airway” (see Chapter 2). This fifth
iteration includes the foundational concepts of our proven algorithmic approach to
airway management augmented by the integration of flexible endoscopic methods,



video laryngoscopy, and a focus, especially during rapid sequence intubation (RSI),
on “preintubation optimization,” a step designed to maximize patient physiology and,
by doing so, create safer intubating conditions. Although we describe this as a new
discreet step during RSI (see Chapter 20), hemodynamic optimization should occur, if
time and resources allow, during all emergency intubations. Extraglottic devices
(EGDs) continue to be refined and are now easier to use, and many offer the options
of blind intubation and gastric decompression. Surgical airway management, although
still an essential skill, moves from uncommon to rare as the sophistication of first-
line devices, rescue tools, and safe intubation practices increases.

Together, as before, these algorithms comprise a fundamental, reproducible
approach to the emergency airway. The purpose is not to provide a “cookbook,”
which one could universally and mindlessly apply, but rather to describe a
reproducible set of decisions and actions to enhance performance and maximize the
opportunities for success, even in difficult or challenging cases.

The specialized algorithms all build from concepts found in the universal
emergency airway algorithm, which describes the priority of the key decisions:
determining whether the patient represents a crash airway, a difficult airway, or a
failed airway. In addition, we recommend achieving physiologic optimization as an
essential step in all airway management, taking into account the patient’s condition
and the time and resources available. The decision to intubate is discussed in Chapter
1, and the entry point for the emergency airway algorithm is immediately after the
decision to intubate has been made.

Introduced in the previous edition, we have maintained the “forced to act”
option for this update. There are clinical circumstances in which it is essential to use
neuromuscular blocking agents (NMBAs) even in the face of an identified difficult
airway, simply because there is not sufficient time to plan any other approach. The
operator who is forced to act uses an induction agent and an NMBA to create the best
possible circumstances for intubation—in other words, to take the one best chance to
secure the airway and for successful rescue should the primary method fail. An
example of this might be the morbidly obese difficult airway patient who prematurely
self-extubates in the ICU and i1s immediately agitated, hypoxic, and deteriorating.
Although the patient’s habitus and airway characteristics normally would argue
against the use of RSI, the need to secure the airway within just a few minutes and the
patient’s critical deterioration mandate immediate action. By giving an NMBA and
induction agent, the operator can optimize conditions for video or direct
laryngoscopy, with a plan to either insert a laryngeal mask airway (LMA) or perform
a surgical airway if unsuccessful. In some cases, the primary method may be a
surgical airway.



The algorithms are intended as guidelines for management of the emergency
airway, regardless of the locus of care (emergency department [ED], inpatient unit,
operating room, ICU, and out-of-hospital). The goal is to simplify some of the
complexities of emergency airway management by defining distinct categories of
airway problems. For example, we single out those patients who are essentially dead
or near death (i.e., unresponsive, agonal) and manage them using a distinct pathway,
the crash airway algorithm. Similarly, a patient with an anatomically difficult airway
must be identified and managed according to sound principles. Serious problems can
ensue if an NMBA is given to a patient with a difficult airway, unless the difficulty
was identified and planned for and the NMBA is part of that planned approach.

In human factors analysis, failure to recognize a pattern is often a precursor to
medical error. The algorithms aid in pattern recognition by guiding the provider to
ask specific questions, such as “Is this a crash airway?” and “Is this a can’t-intubate-
and-can’t-oxygenate failed airway?” The answers to these questions group patients
with certain characteristics together and each group has a defined series of actions.
For example, in the case of a difficult airway, the difficult airway algorithm
facilitates formulation of a distinct, but reproducible plan, which is individualized for
that particular patient, yet lies within the overall approach that is predefined for all
patients in this class, that is, those with difficult airways.

Algorithms are best thought of as a series of key questions and critical actions,
with the answer to each question guiding the next critical action. The answers are
always binary: “yes” or “no” to simplify and speed cognitive factor analysis. Figures
3-1 and 3-2 provide an overview of the algorithms, and how they work together.

When a patient requires intubation, the first question is “Is this a crash airway?”
(i.e., is the patient unconscious, near death, with agonal or no respirations, expected
to be unresponsive to the stimulation of laryngoscopy?). If the answer is “yes,” the
patient is managed as a crash airway using the crash airway algorithm (Fig. 3-3). It
the answer 1s “no,” the next question is “Is this a difficult airway?” (see Chapter 2). It
the answer is “yes,” the patient is managed as a difficult airway (Fig. 3-4). If the
answer 1s “no,” then neither a crash airway nor a difficult airway is present, and RSI
1s recommended, as described on the main algorithm (Fig. 3-2). Regardless of the
algorithm used initially (main, crash, or difficult), if airway failure occurs, the failed
airway algorithm (Fig. 3-5) is immediately invoked. The working definition of the
failed airway is crucial and is explained in much more detail in the following
sections. It has been our experience that airway management errors occur both
because the provider does not recognize the situation (e.g., failed airway), and
because, although recognizing the situation, he or she does not know what actions to
take.
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° FIGURE 3-2. Main Emergency Airway Management Algorithm. See text for details. (©

2017 The Difficult Airway Course: Emergency.)

THE MAIN AIRWAY ALGORITHM

The main emergency airway algorithm is shown in Figure 3-2. It begins after the



decision to intubate and ends when the airway is secured, whether intubation is
achieved directly or through one of the other algorithms. The algorithm 1s navigated
by following defined steps with decisions driven by the answers to a series of key
questions as follows:

e Key question 1: Is this a crash airway? If the patient presents in an essentially
unresponsive state and is deemed to be unlikely to respond to or resist
laryngoscopy, then the patient is defined as a crash airway. Here, we are either
identifying patients who are in full cardiac or respiratory arrest or those with
agonal cardiorespiratory activity (e.g., agonal, ineffective respirations,
pulseless idioventricular rhythm). These patients are managed in a manner
appropriate for their extremis condition. If a crash airway is identified, exit this
main algorithm and begin the crash airway algorithm (Fig. 3-3). Otherwise,
continue on the main algorithm.

e Key question 2: Is this a difficult airway? If the airway is not identified as a
crash airway, the next task is to determine whether it is a difficult airway,
which encompasses difficult direct laryngoscopy and intubation, difficult bag-
mask ventilation (BMV), difficult cricothyrotomy, and difficult EGD use.
Chapter 2 outlines the assessment of the patient for a potentially difficult
airway using the various mnemonics (LEMON, ROMAN, RODS, and SMART)
corresponding to these dimensions of difficulty. Difficult video laryngoscopy is
rare as long as there is enough mouth opening to admit the device. Although
some predictive parameters have started to become identified, a validated set
of patient characteristics has yet to be defined. This is discussed further in
Chapter 2. It is understood that virtually all emergency intubations are difficult
to some extent. However, the evaluation of the patient for attributes that predict
difficult airway management is extremely important. If the patient represents a
particularly difficult airway situation, then he or she i1s managed as a difficult
airway patient, using the difficult airway algorithm (Fig. 3-4), and one would
exit the main algorithm. The LEMON assessment for difficult laryngoscopy and
intubation and the ROMAN assessment for difficult rescue BMV are the main
drivers of predictable airway challenges; however, an evaluation for the other
difficulties (cricothyrotomy and EGD) are critical at this point as well. If the
airway is not identified as particularly difficult, continue on the main algorithm
to the next step, which is to perform RSI.

e Critical action: Perform RSI. In the absence of an identified crash or difficult
airway, RSI is the method of choice for managing the emergency airway. RSI is
described in detail in Chapter 20 and affords the best opportunity for success
with the least likelihood of adverse outcome of any possible airway
management method, when applied to appropriately selected patients. This step



assumes that the appropriate sequence of RSI (the seven Ps) will be followed.
In particular, if the patient is hemodynamically unstable and the need for
intubation 1is not immediate, an effort to optimize patient physiology should
occur as plans for intubation are finalized and drugs are drawn up. During RSI,
intubation is attempted. According to the standard nomenclature of the National
Emergency Airway Registry (NEAR), a multicenter study of emergency
intubations, an attempt is defined as activities occurring during a single
continuous laryngoscopy maneuver, beginning when the laryngoscope is
inserted into the patient’s mouth, and ending when the laryngoscope is
removed, regardless of whether an endotracheal tube is actually inserted into
the patient. In other words, if several attempts are made to pass an endotracheal
tube (ETT) through the glottis during the course of a single laryngoscopy, these
aggregate efforts count as one attempt. If the glottis is not visualized and no
attempt is made to insert a tube, the laryngoscopy is still counted as one
attempt. These distinctions are important because of the definition of the failed
airway that follows.

Key question 3: Was intubation successful? If the first oral intubation attempt
is successful, the patient is intubated, postintubation management (PIM) is
initiated, and the algorithm terminates. If the intubation attempt i1s not
successful, continue on the main pathway.

Key question 4: Can the patient’s oxygenation be maintained? When the
first attempt at intubation is unsuccessful, it often is possible and appropriate to
attempt a second laryngoscopy without interposed BMYV, since oxygen
saturations often remain acceptable for an extended period of time following
proper preoxygenation. Desaturation can be delayed even further by continuous
supplemental oxygen by nasal cannula. In general, supplemental oxygenation
with a bag and mask is not necessary until the oxygen saturation falls below
93%. Since peripheral oxygen saturation readings often lag behind actual oxy-
hemoglobin levels and the rate at which hemoglobin releases its oxygen stores
accelerates at this point, it is appropriate to abort laryngoscopic attempts when
oxygen saturations fall below 93% and begin rescue mask ventilation. This
approach underscores the importance of assessing the likelihood of successful
BMV (ROMAN, see Chapter 2) before beginning the intubation sequence. In
the vast majority of cases, especially when neuromuscular blockade has been
used, BMV will provide adequate ventilation and oxygenation for the patient. If
BMV is not capable of maintaining the oxygen saturation at or above 93%, a
better technique including oral and nasal airways, use of two-person two-
handed technique with a thenar grip, and optimal patient positioning, will
usually result in effective ventilation (see Chapter 9). If BMV fails and oxygen
saturations keep dropping despite optimal technique, the airway is considered a



failed airway, and one must exit the main algorithm immediately and initiate the
failed airway algorithm (Fig. 3-5). Recognition of the failed airway is crucial
because delays caused by persistent, futile attempts at intubation will waste
critical seconds or minutes and may sharply reduce the time remaining for a
rescue technique to be successful before brain injury ensues.

Key question 5: Have three attempts at orotracheal intubation been made
by an experienced operator? There are two essential definitions of the failed
airway: (1) “can’t intubate, can’t oxygenate” (CICO) (described previously);
and (2) “three failed attempts by an experienced operator.” If three separate
attempts at orotracheal intubation by an experienced operator using the best
available device have been unsuccessful, then the airway is again defined as a
failed airway, despite the ability to adequately oxygenate the patient using a
bag and mask. If an experienced operator has used a particular method of
laryngoscopy, such as video laryngoscopy or direct laryngoscopy, for three
attempts without success, success with a subsequent attempt is unlikely. The
operator must recognize the failed airway and manage it as such using the failed
airway algorithm. If there have been fewer than three unsuccessful attempts at
intubation, but BMV is successful, then it is appropriate to attempt orotracheal
intubation again, provided the oxygen saturation is maintained and the operator
can identify an element of the laryngoscopy that can be improved and likely to
lead to success (e.g., patient positioning or different instrument). Similarly, if
the 1nitial attempts were made by an inexperienced operator, such as a trainee,
and the patient is adequately oxygenated, then it is appropriate to reattempt oral
intubation until three attempts by anexperienced operator have been
unsuccessful. If available, at least one of those attempts should be made with a
video laryngoscope, and if the initial one or two attempts have failed using
conventional laryngoscopy, we recommend switching to a video laryngoscope
for the remaining attempt(s). Rarely, even a fourth attempt at laryngoscopy may
be appropriate before declaring a failed airway. This most often occurs when
the operator identifies a particular strategy for success (e.g., better control of
the epiglottis by using a larger laryngoscope blade, switching to a video
laryngoscope) during the third unsuccessful attempt. Similarly, it is possible
that an experienced operator will recognize on the very first attempt that further
attempts at orotracheal intubation will not be successful. In such cases,
provided that the patient has been optimally positioned for intubation, good
relaxation has been achieved, and it is the operator’s judgment that further
attempts at laryngoscopy would be futile, the airway should be immediately
regarded as a failed airway, and the failed airway algorithm initiated. Thus, it
is not essential to make three laryngoscopic attempts before labeling an airway
as failed, but three failed attempts by an experienced operator with optimal



adjuncts should always be considered a failed airway, unless the
laryngoscopist identifies a particular problem and potential solution, justifying
one more attempt.




° FIGURE 3-3. crash Airway Algorithm. See text for details. The portion at the bottom is

essentially identical to the corresponding portion of the main emergency airway algorithm. IVP,

intravenous push. (© 2017 The Difficult Airway Course: Emergency.)

Difficult airway
predicted

Call for assistance

Forced to act? Give RSI drugs

One best attempt
successful?

no

Failure to maintain
oxygenation?

BMV or EGD
predicted to be
successful?

¥es | Intubation predicted

to be successful?

Post intubation
management or
RSI

Awake technique
successful?

video laryngoscopy

flexible endoscopy
intubating LMA

cricothyrotomy

yes

RSI with
double setup

° FIGURE 3-4. pifficult Airway Algorithm. See text for details. BMV, bag-mask ventilation.

EGD, extraglottic device. PIM, post intubation management. RSI, rapid sequence intubation. (© 2017

The Difficult Airway Course: Emergency.)



Post intubation
management

° FIGURE 3-5. railed Airway Algorithm. See text for details. ETT, endotracheal tube. (©
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THE CRASH AIRWAY ALGORITHM

Entering the crash airway algorithm (Fig. 3-3) indicates that one has identified an
unconscious, unresponsive, or coding patient with an immediate need for airway
management. It is assumed that BMV or some other method of oxygenation is
occurring throughout.



Key question 1: Is the patient pulseless? If yes, then based on recent
advanced cardiac life support (ACLS) recommendations, there should be
immediate attempts to perform rescue ventilation with either a bag-and-mask
apparatus or an EGD; however, in the initial moments of a full cardiac arrest,
definitive airway placement is not required. If the patient survives his code,
then plans for definitive airway management can take place.

Critical action: If not pulseless, intubate immediately: The next action in the
crash algorithm is to attempt oral intubation immediately by direct or video
laryngoscopy without pharmacologic assistance. In these patient circumstances,
direct oral intubation has success rates comparable to RSI, presumably because
the patients have flaccid musculature and are unresponsive in a manner similar
to that achieved by RSI. When managing crash airways, there is generally no
time to consider patient optimization because the need for airway management
1s immediate.

Key question 2: Was intubation successful? If yes, carry on with PIM and
general resuscitation. If intubation was not successful, resume BMV or
oxygenation using an EGD and proceed to the next step.

Key question 3: Is oxygenation adequate? If oxygenation is adequate using a
bag and mask or an EGD, then further attempts at oral intubation are possible.
Adequacy of oxygenation with a crash airway usually is not determined by
pulse oximetry but by assessment of patient color, chest rise, and the feel of the
bag (reflecting patency of the airway, delivered tidal volume, airway
resistance, and pulmonary compliance). If oxygenation is unsuccessful in the
context of a single failed oral intubation attempt with a crash airway, then a
failed airway is present. One further attempt at intubation may be rapidly tried,
but no more than one, because intubation has failed, and the failure of
oxygenation places the patient in serious and immediate jeopardy. This is a
CICO-failed airway, analogous to that described previously. Exit here, and
proceed directly to the failed airway algorithm (Fig. 3-5).

Critical action: Administer succinylcholine 2 mg per kg intravenous push: It
intubation is not successful, it is reasonable to assume that the patient has
residual muscle tone and is not optimally relaxed. The dose of succinylcholine
is increased here because these patients often have severe -circulatory
compromise, impairing the distribution and rapidity of the onset of
succinylcholine. Bag ventilation is continued for 60 to 90 seconds to allow the
succinylcholine to distribute. Remember, it is oxygen the patient requires most,
not the ETT. From this point onward, the crash airway algorithm is virtually
identical to the corresponding portion of the main airway algorithm, with the
exception that the patient has not been adequately preoxygenated, and pulse
oximetry 1s generally incapable of accurately reflecting the state of oxygenation



in the crash airway patient. The sequence and rationale, however, are identical
from this point on.

e Critical action: Attempt intubation: After allowing time for the
succinylcholine to circulate, another attempt is made at oral intubation.

e Key question 4: Was the intubation successful? If intubation is achieved,
then proceed to PIM. If not, another attempt is indicated if oxygenation is
maintained.

e Key question 5: Is oxygenation adequate? If oxygenation cannot be
maintained at any time, the airway becomes a CICO-failed airway, requiring
implementation of the failed airway algorithm.

o Key question 6: Have there been three or more attempts at intubation by
an experienced operator? This situation is exactly analogous to that described
earlier in the RSI portion of the main airway algorithm (Fig. 3-2). If
succinylcholine 1s administered to a crash patient, count the subsequent
intubation attempt as attempt number one.

Identification of the difficult airway is discussed in detail in Chapter 2. This
algorithm (Fig. 3-4) represents the clinical approach that should be used in the event
of an identified potential difficult airway.

e Ciritical action: Call for assistance. The “call for assistance” box is linked as
a dotted line because this is an optional step, dependent on the particular
clinical circumstances, skill of the airway manager, available equipment and
resources, and availability of additional personnel. Assistance might include
personnel, special airway equipment, or both.

o Key question 1: Is the operator forced to act? In some circumstances,
although the airway is identified to be difficult, patient conditions force the
operator to act immediately, before there is rapid deterioration of the patient
into respiratory arrest. An example of this situation is given earlier in this
chapter. Another example is a patient with rapidly progressive anaphylaxis
from a contrast reaction while getting an abdominal CT scan. The patient is
anxious, agitated, and in severe distress. In such cases, there may not be time to
obtain and administer epinephrine or antihistamines and reassess for
improvement before total airway obstruction occurs. In such circumstances, a
prompt decision to give RSI drugs and create circumstances for a best single
attempt at tracheal intubation, whether by laryngoscopy or surgical airway,
often 1s preferable to medical management alone and hoping for immediate



reversal as the patient progresses to complete airway obstruction, respiratory
arrest, and death. Administration of RSI drugs might permit the operator to
intubate, perform a surgical airway, place an EGD, or use a bag and mask to
oxygenate the patient. The key is for the operator to make the one best attempt
that, in the operator’s judgment, is most likely to succeed. If the attempt, for
example, intubation using video laryngoscopy, is successful, then the operator
proceeds to PIM. If that one attempt is not successful, a failed airway is
present, and the operator proceeds to the failed airway algorithm.
Key question 2: Is there adequate time? In the context of the difficult airway,
oxygen is time. If ventilation and oxygenation are adequate and oxygen
saturation can be maintained over 92%, then a careful assessment and a
methodical, planned approach can be undertaken, even if significant
preparation time is required. However, if oxygenation is inadequate, then
additional oxygenation, bi-level positive airway pressure (Bi-PAP), or BMV is
initiated. If oxygenation fails or saturations keep dropping despite escalating
methods, immediately move to the failed airway algorithm. This situation is
equivalent to a “can’t intubate (the identified difficult airway is a surrogate for
can’t intubate), can’t oxygenate (adequate oxygenation saturation cannot be
achieved)” failed airway. Certain difficult airway patients will have chronic
pulmonary disease, for example, and may not be able to reach an oxygen
saturation of 93%, but can be kept stable and viable at, say, 88%. In addition, a
patient may have been considered difficult because of a cervical collar placed
by EMS after an isolated head injury, but the suspicion for cervical spine injury
is low and there are no other markers of airway difficulty. In this example, an
experienced airway manager, armed with a video laryngoscope, may not
consider this situation analogous to a “can’t intubate” scenario. In other words,
whether to call these cases failed airways 1s a matter of judgment considering
both the degree of oxygen debt and severity of predicted difficulty. If a decision
1s made to proceed down the difficult airway algorithm rather than switching to
the failed airway algorithm, it is essential to be aware that in cases such as this,
desaturation will occur rapidly during intubation attempts and to increase
vigilance with respect to hypoxemia.
Key question 3: Should I use an NMBA on this patient? In other words, is
rescue oxygenation using a bag and mask or EGD predicted to be
successful? Is laryngoscopy predicted to be successful? Having a patient in
the difficult airway algorithm does not obviate RSI in all cases. It is possible
that despite the presence of airway difficulty, RSI remains the best approach.
This decision hinges on two key factors combined into one composite “yes or
no” question.

The first, and most important, factor is whether one predicts with



confidence that gas exchange can be maintained by BMV or the use of an EGD
if RSI drugs are administered rendering the patient paralyzed and apneic. This
answer may already be known whether BMV has been required to maintain the
patient’s oxygenation or whether the difficult airway evaluation (see Chapter 2)
did not identify difficulty for oxygenation using BMV or an EGD. Anticipating
successful oxygenation using BMV or an EGD is an essential prerequisite for
RSI, except in the “forced to act” situation described earlier. In some cases, it
may be desirable to attempt a trial of BMV, but this approach does not reliably
predict the ability to bag-mask ventilate the patient after paralysis.

Second, if BMV or EGD is anticipated to be successful, then the next
consideration is whether intubation is likely to be successful, despite the
difficult airway attributes. In reality, many patients with identified difficult
airways undergo successful emergency intubation employing RSI, particularly
when a video laryngoscope is used. So if there is a reasonable likelihood of
success with oral intubation, despite predicting a difficult airway, RSI may be
undertaken. Remember, this is predicated on the fact that one has already
judged that gas exchange (BMV or EGD) will be successful following
neuromuscular blockade. In these cases, RSI is performed using a “double
setup,” in which the rescue plan (often cricothyrotomy) is clearly established,
and the operator is prepared to move promptly to the rescue technique it
intubation using RSI is not successful (failed airway). In most cases, however,
when RSI is undertaken despite identification of difficult airway attributes,
appropriate care during the technique and planning related to the particular
difficulties present will result in success.

To reiterate these two fundamental principles, if gas exchange employing
BMV or EGD is not confidently assured of success in the context of difficult
intubation, or if the chance of successful oral intubation is felt to be poor, then
RSI is not recommended, except in the “forced to act” scenario.

Critical action: Perform “awake” laryngoscopy: Just as RSI is an essential
technique of emergency airway management, “awake” laryngoscopy is the
cornerstone of difficult airway management. The goal of this maneuver is to
gain a high degree of confidence that the airway will be secured if RSI is
performed. Alternatively, the airway can be secured during the “awake look.”
This technique usually requires liberally applied topical anesthesia and the
judicious use of sedation in order to permit laryngoscopy without fully inducing
and paralyzing the patient (see Chapter 23). The principle here is that the
patient is awake enough to maintain protective airway reflexes and effective
spontaneous ventilation, but is sufficiently obtunded to tolerate an awake
evaluation of the airway. Thus, strictly speaking, “awake” is somewhat of a



misnomer. The laryngoscopy can be done with a standard laryngoscope,
flexible endoscope, video laryngoscope, or a semirigid fiberoptic or video
intubating stylet. Awake video laryngoscopy has become a popular approach
because the depth of blade insertion and force required to get an adequate view
of the glottic inlet is less than what is required with a conventional
laryngoscope. These devices are discussed in detail in Chapters 13 to 17. Two
outcomes are possible from this awake examination. First, the glottis may be
adequately visualized, informing the operator that oral intubation using that
device is highly likely to succeed. If the difficult airway is static (i.e., chronic,
such as with ankylosing spondylitis), then the best approach might be to
proceed with RSI, now that it is known that the glottis can be visualized, using
that same device. If, however, the difficult airway 1s dynamic (i.e., acute, as in
smoke inhalation or angioedema), then it is likely better to proceed directly
with intubation during this awake laryngoscopy, rather than to back out and
perform RSI. This decision is predicated on the possibility that the airway
might deteriorate further in the intervening time, arguing in favor of immediate
intubation during the awake examination, rather than assuming that the glottis
will be visualized with equal ease a few minutes later during RSI. Intervening
deterioration, possibly contributed to by the laryngoscopy itself, might make a
subsequent laryngoscopy more difficult or even impossible (see Chapter 34).
The second possible outcome during the awake laryngoscopic examination is
that the glottis is not adequately visualized to permit intubation. In this case, the
examination has confirmed the suspected difficult intubation and reinforced the
decision to avoid neuromuscular paralysis. A failed airway has been avoided,
and several options remain. Oxygenation should be maintained as necessary at
this point.

Although the awake look is the crucial step in management of the difficult
airway, it is not infallible. In rare cases, an awake look may provide a better
view of the glottic structures than is visible after the administration of a
neuromuscular blocking drug. Thus, although the likelihood that the glottis will
be less well seen after paralysis than during the awake look is remote, it is not
zero, and the airway manager must always be prepared for this rare eventuality.
Critical action: Select an alternative airway approach: At this point, we
have clarified that we have a patient with difficult airway attributes, who has
proven to be a poor candidate for laryngoscopy, and therefore is inappropriate
for RSI. There are a number of options available here. If the awake
laryngoscopy was done using a direct laryngoscope, a video laryngoscope or
flexible endoscope likely will provide a superior view of the glottis. Given the
visualization advantage offered by video laryngoscopy, it should be considered
a first-line device for awake laryngoscopy. The main fallback method for the



difficult airway is cricothyrotomy (open or Seldinger technique), although the
airway may be amenable to an EGD that facilitates intubation, that is, one of the
intubating LMAs (I-LMAs). In highly select cases, blind nasotracheal
intubation may be possible but requires an anatomically intact and normal
upper airway. In general, blind nasotracheal intubation is used only when
flexible endoscopy i1s not available or is rendered impossible by excessive
bleeding in the airway. The choice of technique will depend on the operator’s
experience, available equipment, the particular difficult airway attributes the
patient possesses, and the urgency of the intubation. Whichever technique is
used, the goal is to place a cuffed ETT in the trachea.

At several points in the preceding algorithms, it may be determined that airway
management has failed. The definition of the failed airway (see previous discussion
in this chapter and in Chapter 2) is based on one of three criteria being satisfied: (1)
a failure of an intubation attempt in a patient for whom oxygenation cannot be
adequately maintained with a bag and mask, (2) three unsuccessful intubation attempts
by an experienced operator but with adequate oxygenation, and (3) failed intubation
using the one best attempt in the “forced to act” situation (this is analogous to the
“CICO” situation, but oxygenation by bag and mask, or by EGD, may be possible).
Unlike the difficult airway, where the standard of care dictates the placement of a
cuffed ETT in the trachea providing a definitive, protected airway, the failed airway
calls for action to provide emergency oxygenation sufficient to prevent patient
morbidity (especially hypoxic brain injury) by whatever means possible, until a
definitive airway can be secured (Fig. 3-5). Thus, the devices considered for the
failed airway are somewhat different from, but inclusive of, the devices used for the
difficult airway (see Chapter 2). When a failed airway has been determined to occur,
the response is guided by whether oxygenation is possible.

e Ciritical action: Call for assistance. As is the case with the difficult airway, it
is best to call for any available and necessary assistance as soon as a failed
airway 1s identified. Again, this action may be a stat consult to emergency
medicine, anesthesia, or surgery, or it may be a call for special equipment. In
the prehospital setting, a second paramedic or a medical control physician
might provide assistance.

e Key question 1: Is oxygenation adequate? As is the case for the difficult
airway, this question addresses the time available for a rescue airway. If the



patient 1s a failed airway because of three failed attempts by an experienced
operator, in most cases, oxygen saturation will be adequate, and there is time to
consider various approaches. If, however, the failed airway is because of a
CICO situation, then there is little time left before cerebral hypoxia ensues, and
immediate action is indicated. Many, or most, CICO patients will require
surgical airway management, and preparation for a surgical airway should be
undertaken. It is reasonable, as the first rescue step, to make a single attempt to
insert a rapidly placed extraglottic airway device, simultanecously with the
preparation for a cricothyrotomy. Placement or even use of an EGD does not
preclude a surgical airway should that device fail, yet successful oxygenation
using the EGD converts the CICO situation into a can’t intubate, can oxygenate
situation, allowing time for consideration of a number of different approaches
to securing the airway.

e Critical action: Achieve an airway using flexible endoscopy, video
laryngoscopy, an EGD, a semirigid intubating stylet, or cricothyrotomy. In the
can’t intubate, can oxygenate situation, various devices are available to
provide an airway, and most also provide some degree of airway protection.
Intubation by flexible endoscopy or video laryngoscopy will establish a cuffed
endotracheal in the trachea. Of the EGDs, the ILMAs are preferable because
they have a high likelihood of providing effective ventilation and usually permit
intubation through the device (see Chapter 10). Cricothyrotomy always remains
the final common pathway if other measures are not successful, or if the
patient’s oxygenation becomes compromised.

e Key question 2: Does the device used result in a definitive airway? If the
device used results in a definitive airway (i.e., a cuffed ETT in the trachea),
then one can move on to PIM. If an EGD has been used, or intubation was not
successful through the ILMA, arrangements mustbe made to provide a
definitive airway. A definitive airway may be provided in the operating room,
ICU, or ED, once the necessary personnel and equipment are available. Until
then, constant surveillance is required to ensure that the airway, as placed,
continues to provide adequate oxygenation, with cricothyrotomy always
available as a backup.

These algorithms represent our most current thinking regarding a recommended
approach to emergency airway management. The algorithms are intended as
guidelines only. Individual decision making, clinical circumstances, skill of the
operator, and available resources will determine the final, best approach to airway



management in any individual case. Understanding the fundamental concepts of the
difficult and failed airway; identification, in advance, of the difficult airway;
recognition of the crash airway; and the use of RSI, after physiologic optimization, as
the airway management method of choice for most emergency intubations, will foster
successful airway management while minimizing preventable morbidity.

e Evidence for the algorithms. Unfortunately, there are no systematized data
supporting the algorithmic approach presented in this chapter. The algorithms
are the result of careful review of the American Society of Anesthesiologists
difficult airway algorithm, the algorithms of the Difficult Airway Society of the
United Kingdom, and composite knowledge and experience of the editors and
faculty of The Difficult Airway Courses, who function as an expert panel in this
regard.!.2 There has not been, and likely never will be, a study comparing, for
example, the outcomes of cricothyrotomy versus alternate airway devices in the
CICO situation. Clearly, randomization of such patients is not ethical. Thus, the
algorithms are derived from a rational body of knowledge (described
previously) and represent a recommended approach, but cannot be considered
to be scientifically proven as the only or even necessarily the best way to
approach any one clinical problem or patient. Rather, they are designed to help
guide a consistent approach to both common and uncommon airway
management situations. The evidence for the superiority of RSI over other
methods not involving neuromuscular blockade and the performance
characteristics of video vs. direct laryngoscopy can be found in Chapters 20
and 14, respectively.

1. Apfelbaum JL, Hagberg CA, Caplan RA, et al. Practice guidelines for management of the difficult airway: an
updated report by the American Society of Anesthesiologists Task Force on Management of the Difficult
Airway. Anesthesiology. 2013;118(2):251-270.

2. Frerk C, Mitchell VS, McNary AF, et al. Difficult Airway Society 2015 guidelines for management of
unanticipated difficult intubations in adults. Br J Anaesthesia. 2015;115(6):827—848.



Chapter

Applied Functional Anatomy of the
Airway

Michael F. Murphy

There are many salient features of the anatomy and physiology of the airway to
consider with respect to airway management maneuvers. This chapter discusses the
anatomical structures most involved in airway management and the innervation of the
upper airway. Chapter 23 builds on these anatomical and functional relationships to
describe anesthesia techniques for the airway. Chapter 24 addresses developmental
and pediatric anatomical features of the airway.

This chapter describes anatomical structures in the order in which they appear
as we enter the airway: the nose, the mouth, the pharynx, the larynx, and the trachea
(Fig. 4-1).

The external nose consists of a bony vault, a cartilaginous vault, and a lobule. The
bony vault comprises the nasal bones, the frontal processes of the maxillae, and the
nasal spine of the frontal bone. The nasal bones are buttressed in the midline by the
perpendicular plate of the ethmoid bone that forms part of the bony septum. The
cartilaginous vault is formed by the upper lateral cartilages that meet the cartilaginous
portion of the septum in the midline. The nasal lobule consists of the tip of the nose,
the lower lateral cartilages, the fibrofatty alae that form the lateral margins of the
nostril, and the columella. The cavities of each nostril are continuous with the



nasopharynx posteriorly.

Important Anatomical Considerations

e Kiesselbach’s plexus (Little’s area) is a very vascular area located on the
anterior aspect of the septum in each nostril. Epistaxis most often originates
from this area. During the act of inserting a nasal trumpet or a nasotracheal tube
(NTT), it is generally recommended that the device be inserted in the nostril
such that the leading edge of the bevel (the pointed tip) is away from the
septum. The goal is to minimize the chances of trauma and bleeding from this
very vascular area. This means that the device is inserted “upside down” in the
left nostril and rotated 180° after the tip has proceeded beyond the
cartilaginous septum. Although some authors have recommended the opposite
(i.e., that the bevel tip approximate the nasal septum to minimize the risk of
damage and bleeding from the turbinates), the bevel away from the septum
approach makes more sense and 1s the recommended method.

e The major nasal airway is between the laterally placed inferior turbinate, the
septum, and the floor of the nose. The floor of the nose is tilted slightly
downward front to back, approximately 10° to 15°. Thus, when a nasal tube,
trumpet, or fiberscope is inserted through the nose, it should not be directed
upward or even straight back. Instead, it should be directed slightly inferiorly
to follow this major channel. Before nasal intubation of an unconscious adult
patient, this author recommends gently but fully inserting one’s gloved and
lubricated little finger into the nostril to ensure patency and to maximally dilate
this channel before the insertion of the nasal tube. In addition, placing the
endotracheal tube (ETT; preferably an Endotrol tube) in a warm bottle of saline
or water softens the tube and attenuates its damaging properties.

e The nasal mucosa is exquisitely sensitive to topically applied vasoconstricting
medications such as phenylephrine, epinephrine, oxymetazoline, or cocaine.
Cocaine has the added advantage of providing profound topical anesthesia and
is the only local anesthetic agent that produces vasoconstriction; the others
cause vasodilatation. Shrinking the nasal mucosa with a vasoconstricting agent
can increase the caliber of the nasal airway by as much as 50% to 75% and
may reduce epistaxis incited by nasotracheal intubation, although there is little
evidence to support this claim. Cocaine has been implicated in coronary
vasoconstriction when applied to the nasal mucosa; so it should be used with
caution in patients with coronary artery disease. Evidence suggests that topical
vasoconstrictor and local anesthetic agents are not necessary to perform
flexible nasoendoscopy.



e The nasal cavities are bounded posteriorly by the nasopharynx. The adenoids
are located posteriorly in the nasopharynx just above the nasal surface of the
soft palate and partially surround a depression in the mucosal membrane where
the eustachian tube enters the nasopharynx. During insertion, the NTT often
enters this depression, and resistance is encountered. Continued aggressive
insertion can cause the NTT to penetrate the mucosa and pass submucosally
deep to the naso- and oropharyngeal mucous membranes (Fig. 4-2). Although it
1s alarming when one recognizes that this has occurred, no specific treatment is
indicated, except withdrawing the tube and trying the opposite nostril should
nasal intubation be deemed appropriate. Despite the theoretical risk of
infection, there is no literature to suggest that this occurs. Documentation of the
complication and communication to the accepting team on admission is
important.

e The soft palate rests on the base of the tongue during quiet nasal respiration,
sealing the oral cavity anteriorly.

e The contiguity of the paranasal sinuses with the nasal cavity is believed to be
responsible for the infections of the paranasal sinuses that may be associated
with prolonged nasotracheal intubation. Although this fact has led some
physicians to condemn nasotracheal intubation, fear of infection should not
deter the emergency physician from performing nasotracheal intubation when
required. Securing the airway in an emergency takes precedence over possible
later infective complications, and in any case, the intubation can always be
changed to an oral tube or tracheostomy, if necessary.

e A nasotracheal intubation is relatively contraindicated in patients with basal
skull fractures (i.e., when the maxilla is fractured away from its attachment to
the base of the skull) because of the risk of penetration into the cranial vault
(usually through the cribriform plate) with the ETT. Careful technique avoids
this complication: The cribriform plate 1s located cephalad of the nares, and
tube insertion should be directed slightly caudad (see previous discussion).
Maxillary fractures (e.g., LeFort fractures) may disrupt the continuity of the
nasal cavities and are a relative contraindication to blind nasal intubation.
Again, cautious insertion, especially if guided by a fiberscope, can mitigate the
risk.
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° FIG URE 4-1. Sagittal View of the Upper Airway. Note the subtle inferior tilt of the floor of

the nose from front to back, the location of the adenoid, the location of the vallecula between the base of
the tongue and the epiglottis, and the location of the hyoid bone in relation to the posterior limit of the
tongue.
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° FIGU RE 4-2. Mechanism of Nasopharyngeal Perforation and Submucosal Tunneling

of the NTT. A: The NTT entering the pit of the adenoid where the eustachian tube enters the
nasopharynx. B: The tube perforating the mucous membrane; NTT, Nasotracheal tube.

THE MOUTH

The mouth, or oral cavity, is bounded externally by the lips and is contiguous with the
oropharynx posteriorly (Fig. 4-3).

e The tongue is attached to the symphysis of the mandible anteriorly and
anterolaterally and the stylohyoid process and hyoid bone posterolaterally and
posteriorly, respectively. The hyoid is connected to the epiglottis by the
hyoepiglottic ligament. The clinical relevance of this relationship explains why
a jaw thrust pulls the epiglottis anteriorly exposing the laryngeal inlet. The
posterior limit of the tongue corresponds to the position of the hyoid bone (Fig.
4-1).

e The potential spaces in the hollow of the mandible are collectively called the
mandibular space, which is subdivided into three potential spaces on either
side of the midline sublingual raphe: the submental, submandibular, and
sublingual spaces. The tongue is a fluid-filled noncompressible structure.
During direct laryngoscopy, the tongue is ordinarily displaced to the left and
into the mandibular space, permitting one to expose the larynx for intubation
under direct vision. If the mandibular space is small relative to the size of the



tongue (e.g., hypoplastic mandible, lingual edema in angioedema, and lingual
hematoma), the ability to visualize the larynx may be compromised. Infiltration
of the mandibular space by infection (e.g., Ludwig angina), hematoma, or other
lesions may limit the ability to displace the tongue into this space and render
orotracheal intubation difficult or impossible.

Subtle geometric distortions of the oral cavity that limit one’s working and
viewing space, such as a high-arched palate with a narrow oral cavity or
buckteeth with an elongated oral cavity, may render orotracheal intubation
difficult. Chapter 13 elaborates on these issues.

Salivary glands continuously secrete saliva. This can hinder attempts at
achieving sufficient topical anesthesia of the airway to undertake awake
laryngoscopy or other active airway intervention maneuvers in the awake or
lightly sedated patient—for example, laryngeal mask airway insertion.

The condyles of the mandible articulate within the temporomandibular joint
(TMJ) for the first 30° of mouth opening. Beyond 30°, the condyles translate
out of the TMJ anteriorly onto the zygomatic arches. After translation has
occurred, it 1s possible to use a jaw thrust maneuver to pull the mandible and
tongue forward. This is the most effective method of opening the airway to
alleviate obstruction or permit bag-mask ventilation. A jaw thrust to open the

airway may not be possible unless this translation has occurred (see Chapter
9).
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° FIGURE 4-3. Pharynx divided into three segments: nasopharynx, oropharynx, and

hypopharynx.

THE PHARYNX

The pharynx is a U-shaped fibromuscular tube extending from the base of the skull to
the lower border of the cricoid cartilage where, at the level of the sixth cervical
vertebra, it i1s continuous with the esophagus. Posteriorly, it rests against the fascia
covering the prevertebral muscles and the cervical spine. Anteriorly, it opens into the
nasal cavity (the nasopharynx), the mouth (the oropharynx), and the larynx (the

laryngo- or hypopharynx).



e The oropharyngeal musculature has a normal tone, like any other skeletal
musculature, and this tone serves to keep the upper airway open during quiet
respiration. Respiratory distress is associated with voluntary pharyngeal
muscular activity that attempts to open the airway further. Benzodiazepines and
other sedative hypnotic agents may attenuate some of this tone. This explains
why even small doses of sedative hypnotic medications (e.g., midazolam) may
precipitate total airway obstruction in patients presenting with partial airway
obstruction.

e An “awake look” employing direct laryngoscopy to see the epiglottis or
posterior glottic structures using topical anesthesia and sedation may reassure
one that at least this much, and probably more, of the airway will be visualized
during a direct laryngoscopy and intubation following the administration of a
neuromuscular blocking drug. In practice, the glottic view is usually improved
following neuromuscular blockade. Rarely, however, the loss of pharyngeal
muscle tone caused by the neuromuscular blocking agent leads to the cephalad
and anterior migration of the larynx, worsening the view at direct laryngoscopy.
Although uncommon, this tends to occur more often in morbidly obese or late-
term pregnancy patients, in whom there may be submucosal edema.

e The glossopharyngeal nerve supplies sensation to the posterior one-third of the
tongue, the valleculae, the superior surface of the epiglottis, and most of the
posterior pharynx. It mediates the gag reflex. This nerve is accessible to
blockade (topically or by injection) because it runs just deep into the inferior
portion of the palatopharyngeus muscle (the posterior tonsillar pillar) (Fig. 4-
4).

The larynx extends from its oblique entrance formed by the aryepiglottic folds, the tip
of the epiglottis, and the posterior commissure between the arytenoid cartilages
(interarytenoid folds) through the vocal cords to the cricoid ring (Fig. 4-5).

e The superior laryngeal branch of the vagus nerve supplies sensation to the
undersurface of the epiglottis, all of the larynx to the level of the false vocal
cords, and the piriform recesses posterolateral to either side of the larynx (Fig.
4-5). The nerve enters the region by passing through the thyrohyoid membrane
just below the inferior cornu of the hyoid bone (Fig. 4-6). It then divides into a
superior and an inferior branch: the superior branch passes submucosally
through the vallecula, where it is visible to the naked eye, on its way to the
larynx; and the inferior branch runs along the medial aspects of the piriform



recesses where it 1s also sufficiently superficial to be visible to the naked eye.
The larynx is the most heavily innervated sensory structure in the body,
followed closely by the carina. Stimulation of the unanesthetized larynx during
intubation causes reflex glottis closure (mediated by the vagus) and reflex
sympathetic activation. BP and heart rate may as much as double as a result.
This may lead to the elevation of intracranial pressure, particularly in patients
with imperfect autoregulation; aggravate or incite myocardial ischemia in
patients with underlying coronary artery disease; or incite or aggravate large
vessel dissection or rupture (e.g., penetrating injury to a carotid, thoracic aortic
dissection, or rupture of an aneurysmal abdominal aorta).

The pyramidal arytenoid cartilages sit on the posterior aspect of the larynx
(Fig. 4-5). The intrinsic laryngeal muscles cause them to swivel, thereby
opening and closing the vocal cords. An ETT that i1s too large may, over time,
compress these structures, causing mucosal and cartilaginous ischemia and
resultant permanent laryngeal damage. A traumatic intubation may dislocate
these cartilages posteriorly (more often a traumatic curved blade-related
complication) or anteriorly (more often a straight blade traumatic
complication), which, unless diagnosed early and relocated, may lead to
permanent hoarseness.

The larynx bulges posteriorly into the hypopharynx, leaving deep recesses on
either side called the piriform recesses or sinuses. Foreign bodies (e.g., fish
bones) occasionally become lodged there. During active swallowing, the
larynx is elevated and moves anteriorly, the epiglottis folds down over the
glottis to prevent aspiration, and the bolus of food passes midline into the
esophagus. When not actively swallowing (e.g., the unconscious patient), the
larynx rests against the posterior hypopharynx such that a nasogastric (NG) tube
must traverse the piriform recess to gain access to the esophagus and stomach.
Ordinarily, an NG tube introduced through the right nostril passes to the left at
the level of the hypopharynx and enters the esophagus through the left piriform
recess. Similarly, with a left nostril insertion, the NG tube gains access to the
esophagus through the right piriform recess.

The cricothyroid membrane (CTM) extends between the upper anterior surface
of the cricoid cartilage to the inferior anterior border of the thyroid cartilage.
Its height tends to be about the size of the tip of the index finger externally in
both male and female adults. Locating the cricoid cartilage and the CTM
quickly in an airway emergency is crucial. It is usually easily done in men
because of the obvious laryngeal prominence (Adam’s apple). Locate the
laryngeal prominence, and then note the anterior surface of the thyroid cartilage
immediately caudad, usually about one index finger’s breadth in height. There
1s an obvious soft indentation caudad to this anterior surface with a very hard



ridge immediately caudad to it. The soft indentation is the CTM, and the ridge
is the cricoid cartilage. Because of the lack of a distinct laryngeal prominence
in women, locating the membrane can be much more difficult. In women, place
your index finger in the sternal notch. Then drag it cephalad in the midline until
the first, and ordinarily the biggest, transverse ridge is felt. This is the cricoid
ring. Superior to the cricoid cartilage is the CTM, and superior to that, the
anterior surface of the thyroid cartilage, and then the thyrohyoid space and
thyroid cartilage. The CTM is higher in the neck in women than it is in men
because women’s thyroid cartilage is relatively smaller than that of men.
Localization of the CTM can also be performed using the linear probe on a
bedside ultrasound and may be helpful when landmarks are indistinct.

e The CTM measures 6 to 8 mm from top to bottom. The proximity of the CTM to
the vocal cords is also the driving factor in using small tracheal hooks during
surgical cricothyrotomy to minimize any risk to the cords (see Chapter 19).
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° FIGURE 4-4. the oOral Cavity. Note the position of the posterior tonsillar pillar. The

glossopharyngeal nerve runs at the base of this structure.
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° FIGURE 4-5. Larynx Visualized from the Oropharynx. Note the median glossoepiglottic

fold covering the hyoepiglottic ligament in the center of the vallecula. It is pressure on this structure by
the tip of a curved blade that flips the epiglottis forward, exposing the glottis during laryngoscopy. Note
that the valleculae and the piriform recesses are different structures, a fact often confused in the
anesthesia literature. The cuneiform and corniculate cartilages are called the arytenoid cartilages. The
ridge of tissue between them posteriorly is called the posterior commissure.
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° FIGU RE 4-6. Oblique View of the Larynx. Note how the internal branch of the superior
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border of the thyroid cartilage.

TRACHEA




The trachea begins at the inferior border of the cricoid ring. The sensory supply to the
tracheal mucosa 1s derived from the recurrent laryngeal branch of the vagus nerve.
The trachea is between 9 and 15 mm in diameter in the adult and is 12 to 15 cm long.
It may be somewhat larger in the elderly. The adult male trachea will generally easily
accept an 8.5-mm inner diameter (ID) ETT; a 7.5-mm ID ETT is preferable in
women. If the patient being intubated requires bronchoscopic pulmonary toilette after
admission (e.g., chronic obstructive pulmonary disease and airway burns), consider
increasing to a 9.0-mm ID tube for men and an 8.0-mm ID tube for women.

Functional anatomy 1s important for expert airway management. Attention to the
nuances and subtleties of anatomy in relation to technique will often mean the
difference between success and failure in managing airways, particularly difficult
airways. A clear understanding of the relevant anatomical structures, their blood
supply, and their innervation will guide the choice of intubation and anesthesia
techniques and will enhance understanding regarding the best approach to each
patient. It also provides a basis for understanding how complications are best
avoided, or if they occur, how they may be detected.

e What anatomical nasal structures put a patient at risk of bleeding during
nasal intubations, and how can it be mitigated? Kiesselbach’s plexus
(Little’s area) is a very vascular area located on the anterior aspect of the
septum in each nostril. Vasoconstrictors may help limit epistaxis and have the
added benefit of increasing the caliber of the nasal chamber. Many
vasoconstrictors exist including topical cocaine, oxymetazoline, and
neosynephrine. Cocaine should be used with caution in patients with coronary
artery disease as vasospasm has been reported.! Although there is no solid
evidence that preparatory vasoconstriction is required prior to nasal intubation,
it 1s common practice and may be helpful in some cases.?

e What anatomical structure is susceptible to trauma during nasal
intubation? Although many structures can be damaged during nasal intubations,
there exists a mucosal depression at the entrance of the eustachian tube in the
posterior nasopharynx that can snag the tip of the ETT and precipitate mucosal
trauma or dissection. Highest-risk patients include those with chronic



10.

debilitating conditions. If this injury is suspected, antibiotics may be required
to prevent infection or mediastinitis.3->

e What structural factors can complicate nasotracheal intubation? Two other
factors related to anatomy tend to be important when considering a nasotracheal
intubation. First, the paranasal sinuses open into the nasal canal and may be at
risk for infection with prolonged nasotracheal intubation.6 Second, the nasal
passage is bound superiorly by the cribriform plate, and with suspected or
known basilar skull fractures, damage to the cribriform plate may result in
migration of nasal foreign bodies into the cranial vault.”

e How are men and women different with regard to CTM anatomy? Subtle
but important differences exist between the CTM in men versus women. First,
the CTM is often higher, or more cephalad, in location as a result of a narrower
thyroid shield. Second, the point of the upper thyroid cartilage is less
prominent. As a result, anatomic localization can be more challenging.8-10
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Chapter

Principles of Preparatory
Oxygenation

Robert F. Reardon, Brian E. Driver, and Steven C. Carleton

Hypoxemia during emergency airway management is a feared complication and
associated with dysrhythmias, hypoxic brain injury, and cardiac arrest. Critical
hypoxemia often occurs when providers are focused primarily on laryngoscopy and
tube placement rather than gas exchange and oxygenation. Hypoxemia could be
avoided in many cases by optimal preparatory oxygenation, but the principles of
preparatory oxygenation are often poorly understood and applied.

It is crucial for emergency airway providers to understand that robust
preparatory oxygenation as well as the ability to reoxygenate patients with bag-mask
ventilation (BMV) (Chapter 9) are the most important aspects of safe emergency
airway management. The main goal of airway management is gas exchange, and
although this can be accomplished through laryngoscopy and successful placement of
an endotracheal tube, preventing hypoxia while this takes place i1s of critical
importance.

Rapid sequence intubation (RSI) (Chapter 20) is the most common method for
emergency airway management. Optimal preparatory oxygenation improves patient
safety and reduces operator stress after neuromuscular blocking agents have been
administered by prolonging the safe apnea time. “Safe apnea time” begins at the onset
of paralysis and continues until the patient desaturates below 90%. Safe apnea time
varies from several minutes to several seconds, depending on the patient’s body
habitus, comorbidities, acuity of illness, oxygen consumption, and oxygen reservoir
created through the preoxygenation efforts (Fig. 5-1). A longer safe apnea time



allows for unrushed and methodical laryngoscopy and endotracheal tube placement,
while attempts at intubation can feel rushed and frantic when oxygenation levels start
to fall. The stress of placing the tube correctly before critical hypoxemia ensues can
transform what might have been a routine intubation into one complicated by
uncertainty and poor technique, even in the hands of skilled and experienced
providers.

The goal of preparatory oxygenation is to maximize this period of safe apnea,
and facilitate calm and confident intubation success without hypoxemia. In this
chapter, we will describe best-practice preparatory oxygenation techniques focusing
on oxygen delivery, patient positioning, noninvasive positive pressure ventilation,
and apneic oxygenation. We will also discuss when to abandon less aggressive
techniques and take control of ventilation and oxygenation with active BMV.
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° FIGURE 5-1. Time to desaturation is affected by many factors, including underlying medical

condition, age, body habitus, and how well preoxygenation is performed. All patients requiring emergency
intubation should be assumed to be at risk for rapid desaturation, and should have maximal
preoxygenation. (From Benumof JL, Dagg R, Benumof R. Critical hemoglobin desaturation will occur
before return to an unparalyzed state following 1 mg/kg intravenous succinylcholine. Anesthesiology.
1997;87(4):979-982.)



The goal of preoxygenation is to establish a reservoir of oxygen within the lungs by
replacing mixed alveolar gases (mostly nitrogen) with oxygen. The volume available
for this “oxygen reserve” is defined by the patient’s functional residual capacity
(FRC), which is approximately 30 mL per kg in adult patients. This provides a source
of oxygen that the pulmonary circulation can draw from even after the patient is
rendered apneic. Ideally, complete pulmonary denitrogenation is achieved, and, if
measured, the fraction of expired oxygen (Feo,) would be near or above 90%. In
patients with healthy lungs, preoxygenation can be maximized by having the patient
tidally breathe the highest fraction of inspired oxygen (F10,) as possible, ideally an

F1o, of 100%, for 3 to 5 minutes. Alternatively, cooperative patients with healthy

lungs can be preoxygenated by having them perform eight maximal volume deep
breaths or vital capacity breaths while taking in 100% oxygen. It 1s imperative that
emergency providers understand the differences in Fio, provided by the variety of

oxygen delivery systems common to the emergency department. Preoxygenation is
best accomplished with patients in the sitting or head-up position. Patients with lung
pathology and decreased functional reserve capacity may require positive end-
expiratory pressure (PEEP) for maximal preoxygenation. The details and rationale
for these techniques are described in the following section.

High-Concentration Oxygen versus Traditional
Supplemental Oxygen

There are widespread misconceptions about the fraction of inspired oxygen (Fi0,)

supplied by common oxygen delivery devices. Optimal preoxygenation requires
delivery of high-concentration oxygen (100% F10,), but common ED oxygen delivery

methods do not provide 100% Fio, (Table 5-1). The primary limitation with

traditional oxygen delivery is the low oxygen flow rate used (<15 L per minute) and
the presence of significant mask leaks.

Low Fio, Oxygen Delivery Systems

System gource O, Flow Rate (L/min) Fio, (approximate) (%)



Nasal 24 30-35
cannula

Simple face 6 45
mask

10 55
Venturi mask 15 50

Non- 15 70
rebreather
mask

Bag-valve 15 <50
mask (BVM)

with mask

leak or

without one-

way valve

BVM without 15 90-100
mask leak

and with one-

way valve

For spontaneously breathing patients, a bag-valve mask (BVM) and non-
rebreather mask (NRM) can both theoretically provide 100% F1o, with a low source

oxygen flow rate (15 L per minute) if they incorporate a reservoir bag, a one-way
exhalation valve, and a perfect mask seal. This 1s hard to accomplish in ED patients,
and attempts at oxygenation can be impeded by large volumes of room air
entrainment. In low flow systems with an imperfect mask seal, F10, decreases as the

patient’s minute ventilation and inspiratory flow increase, because the ventilatory
demands of the patient are higher than the oxygen delivery provided by the device,
and room air makes up the difference.

By altering standard flow rates, accomplished by opening a standard meter to
the “flush” rate (>40 L per minute), it is possible to approach an F10, of 100%. Table

5-2 lists systems and accompanying flow rates that are able to deliver high Fio,

regardless of the patient’s minute ventilation, inspiratory flow, or mask seal. The key
is to deliver 100% oxygen at a flow rate well above the patient’s inspiratory needs,
so that room air volume is not required to satisfy the patient’s inspiratory effort.

The oxygen flow rate is likely more important than the oxygen delivery device.
Although high flow rates are noisy and somewhat uncomfortable for patients, it



allows delivery of high-concentration oxygen using a standard face mask or nasal
cannula. In addition, very high oxygen flow rates create a small amount of PEEP,
which can improve alveolar recruitment and preoxygenation efforts.

High Fio, Oxygen Delivery Systems

System Source O, Flow Rate (L/min)  Approximate Fio, (%)

Anesthesia 30-35 100
machine

(flush valve

open)a

Resuscitation 15 100
bag (one-way

valve, no

mask leak)

NPPV (wall O,, 250 L/min) 100
machine

High-flow 40-60 100
nasal
cannula

Non- 240 100
rebreather
mask

Simple 240 70-90
maskb

aHigh-flow flush compensates for a mask leak.
bF10, is less predictable with simple masks because of room air entrainment and turbulent flow.

Nasal Cannula

Low-flow nasal cannula is often the first-line of oxygen supplementation and is
appropriate in patients with mild oxygen debt. Common initial flow rates are 2 to 4 L
per minute. The traditional teaching was that the maximal effective flow rate for nasal
cannula oxygen is 6 L per minute, which delivers a maximal F10, of 35% to 40%. In

the last several years, oxygen delivery by high-flow nasal cannula (HFNC) has
become common. Commercial HFNC systems (Optiflow, Vapotherm, Comfort Flo)



provide nearly 100% F10, by using flow rates of 40 to 70 L per minute through larger

caliber tubing. They also heat and humidify the oxygen, making the high flow rate
more tolerable for the patient. HFNC systems have been successfully used to support
patients in hypoxemic respiratory failure, although its role in preoxygenation prior to
intubation is yet to be defined. The positive benefits of HFNC are washout of upper
airway dead space, reduction in work of breathing by providing adequate flow, and
modest amounts of PEEP. There is no literature describing the effectiveness of high-
flow oxygen through standard nasal cannula tubing, but it is possible that it is more
effective at preoxygenating and tolerable for short-term use.

Simple Face Mask

A simple face mask is a non-form-fitting plastic mask that covers the entirety of the
nose and mouth. It does not have an external bag reservoir; so the volume of oxygen
available for each breath at low oxygen flow rates is only the volume contained
within the mask (~100 to 150 mL). Traditionally, a simple face mask was used with
flow rates between 4 and 10 L per minute. At these low flow rates, the F10, is highly

variable and is dictated by the patient’s respiratory pattern and the volume of room
air drawn in around the mask. The traditional teaching was that the maximal F10, that

could be delivered by a simple face mask is approximately 50% (with an oxygen
flow rate of 15 L per minute). However, there is good evidence that high-
concentration oxygen (F10, > 90%) can be delivered by a simple face mask when the

source oxygen flow rate is set to a higher level (>40 L per minute). In addition, high-
flow face mask oxygen should theoretically provide the same benefits as a HFNC—
washout of upper airway dead space, reduction in work of breathing by providing
adequate flow, and mild PEEP. For all of these reasons, some experts believe that a
simple face mask with a high flow rate (>40 L per minute) is a reasonable way to
provide maximal preoxygenation prior to emergency RSI (see the Evidence section).
However, it is more prudent to use a NRM for two reasons. First, the most commonly
used simple mask (Hudson DCI) has small holes adjacent to where the oxygen tubing
connects to the mask; with very high oxygen flow rates, the Venturi effect will draw
room air into the mask next to the oxygen stream and dilute the Fio, (Fig. 5-2A).

Second, very high flow rates (=50 L per minute) of the oxygen flow in a simple mask
can be turbulent, thereby providing less F10, than at lower flow rates. Most NRMs do

not have these limitations.

Nonrebreather Mask



A NRM is a simple face mask with a 500 to 1,000 mL reservoir bag from which the
patient can draw 100% oxygen during inspiration. NRMs also contain one or two
crude one-way valves on the side of the mask, which are supposed to open during
expiration and close during inspiration, limiting entrainment of room air into the
system. In order to achieve a high Fi0, with a NRM at low flow rates, there must be a

decent mask seal, the one-way valves must be present and functioning properly, and
all inspired air must come from the reservoir bag. In practice, there is a poor mask
seal, inconsistent function of the one-way valves, and entrainment of room air with
inspiration from around the mask, which limits its efficacy (Fig. 5-2B). Multiple
studies show that a NRM with an oxygen flow rate of 15 L per minute delivers a
maximal Fio, of 70%. As with a simple mask, using a NRM with a very high source
oxygen flow rate (“flush” rate > 40 L per minute) delivers an F10, of nearly 100%
(see Evidence section). This is an excellent system for providing high-concentration
oxygen for preoxygenation prior to emergency RSI. Although the reservoir bag is
probably not helpful in most patients, it has a theoretical benefit in patients with
extremely high minute ventilation.



° FIGU RE 5-2. a: Simple (Hudson) face mask. This mask delivers an F10, of about 50% with

an oxygen flow rate of 15 L per minute and about 70% with an oxygen flow rate >40 L per minute. Note



the open-side ports and the small hole in the white plastic adjacent to where the oxygen tubing connects,
which likely entrains room air into the system via the Venturi effect. Also, turbulent flow likely occurs at
flow rates >50 L per minute, which also entrains room air. B: Non-rebreather mask. This mask delivers
an F10, of about 70% with a standard oxygen flow rate (15 L per minute), but can provide an F10, of

100% with a “flush” flow rate (>40 L per minute).

How to Deliver High-Flow Oxygen with Standard Flowmeters

Standard wall-mounted oxygen flowmeters (with gradations up to 15 L per minute)
typically mark a maximum flow rate, also known as the “flush” flow rate, which is
approximately 40 L per minute or more (Fig. 5-3A). To achieve the “flush” flow rate,
simply turn the oxygen flowmeter knob until it does not turn further; the high flow of
oxygen will be easily audible. This will enable delivery of nearly 100% F1o, with a

NRM. Alternatively, there are commercially available oxygen flowmeters that allow
flow rates up to 70 L per minute (Fig. 5-3B).






° FIGURE 5-3. A: Flush rate labels on standard oxygen flowmeters. The maximum flow rate

for oxygen flowmeters, known as the “flush” rate, is typically marked on the side of the device. Standard
flowmeters that show a maximum gradation of 15 L per minute at the top of the clear cylinder are
usually able to deliver oxygen at >40 L per minute. B: Standard and high-flow oxygen flow meters. On
the left is a standard flow meter (0 to 15 L per minute, with a “flush rate” of 40 to 60 L per minute). On
the right is a high-flow meter (0 to 70 L per minute, with a flush rate of 90 L per minute).

Venturi Mask

Venturi masks are traditionally referred to as “high flow” supplemental oxygen
devices, but they should not be confused with high-concentration oxygen delivery
devices. They are designed to be used with source oxygen flow rates of 12 to 15 L
per minute and can deliver a maximal Fio, of 50%. The principle benefit of Venturi

masks is their ability to provide consistent Fio, by fixing the degree of room air

entrainment and should be considered “precision control” oxygen delivery devices
rather than high-flow devices. They are commonly used in the ICU setting rather than
the ED and are most helpful when titratable amounts of oxygen supplementation are
important or when there 1s concern about excessive oxygen administration, as in
patients with chronic obstructive pulmonary disease. They can deliver between 24%
and 50% F10,.

Bag-Valve Mask

BVM devices provide 100% Fio, during active positive pressure ventilation in

patients with apnea. For spontaneously breathing patients, BVMs may provide an
F10, of more than 90% as long as a robust mask seal is maintained and room air

admixture is minimal. If the mask seal is compromised, the patient will draw in room
air around the mask during inspiration and significantly lower the Fio,. In

spontaneously breathing patients, preoxygenation with a BVM and a good mask seal
is better than a NRM at standard flow rates. Using high flow rates (=40 L per minute)
with a BVM device has not been studied, but this may be reasonable if there is a poor
mask seal.

Providers should be acutely aware that not all BVM devices are the same. BVM
devices without a one-way exhalation valve allow entrainment of significant room air
(Fig. 5-4) and deliver an F10, < 50% in spontaneously breathing patients. BVMs with

a one-way valve on the exhalation port prohibit entrainment of room air during
inspiration, and can provide an F10, of nearly 100% if there is a perfect mask seal.

Adding a PEEP valve to the BVM device during preoxygenation of spontaneously



breathing patients is theoretically helpful but has not been well studied and may be
counterproductive (see Evidence section).




° FIG URE 5-4. A: resuscitation bag used with positive pressure (when bag is being squeezed)

and no active breathing by the patient. Whether or not a one-way exhalation valve is present, the patient
receives 100% oxygen from the bag reservoir, as long as the mask seal is effective. B: Resuscitation
bag during spontaneous breathing (when bag is not being squeezed). Note that there is no one-way
exhalation valve. The exhalation port is open to the room air. When the patient inhales, a large amount of
room air (F10, 21%) is entrained, resulting in an F10, as low as 30%. C: Resuscitation bag during

spontaneous breathing with one-way exhalation valve (bag is not being squeezed). Room air cannot enter



via the exhalation port, so the FI0, approaches 100%.

Optimal Patient Positioning for Preoxygenation

Position has been shown to influence the effectiveness of preoxygenation and safe
apnea time. The oxygen storage capacity of the lungs is greatest when patients are in
the upright position and lowest in the supine position. Multiple studies have shown
that preoxygenation is significantly more effective in an upright position by allowing
full utilization of a patient’s FRC. The FRC is a potential space, rarely used during
normal tidal breathing, but recruited during preoxygenation efforts to store high-
concentration oxygen that can then be drawn from by the pulmonary circulation to
maintain oxygenation during RSI. Those who cannot tolerate the upright position (e.g.,
those with spinal precautions) should be preoxygenated in a reverse Trendelenberg
position. Upright or head-up positioning during preoxygenation is especially
important in obese patients, who are prone to rapid desaturation during RSI, and in
patients whose abdominal mass further restricts use of the FRC (Fig. 5-1).

Noninvasive Positive Pressure Ventilation for
Preoxygenation

Patients with underlying lung pathology, such as pulmonary edema, severe
pneumonia, and acute respiratory distress syndrome, and those who are morbidly
obese, cannot achieve maximal preoxygenation without PEEP. These patients have
alveoli that are perfused but not ventilated, or high intrinsic airway pressures that
confound preoxygenation efforts. They need increased airway pressure to open these
alveoli for maximal nitrogen washout, oxygen storage, and gas exchange. Therefore,
patients who are morbidly obese or relatively hypoxemic (oxygen saturation < 95%)
despite administration of high-concentration oxygen should be preoxygenated upright
with non-invasive positive pressure ventilation (NPPV) whenever possible.

When using NPPYV, it 1s best to provide both inspiratory and expiratory pressure
support. This can be accomplished using the bilevel positive airway pressure
(BiPAP) mode on a noninvasive machine or a standard ventilator with pressure
support mode plus PEEP. Alternatively, positive airway pressure can be applied
using a disposable continuous positive airway pressure (CPAP) mask setup or a
PEEP valve attached to a standard BVM device. Delivery of bilevel positive
pressure using a specialized NPPV machine is probably the best “go to” technique
because these machines compensate for mask leaks. Delivering an end-expiratory
pressure of 5 to 10 cm H,O and an inspiratory pressure of 10 to 20 cm H,O are good



starting points in most cases (see Chapter 6 for more about NPPV).
Concept of “Delayed Sequence Intubation”

“Delayed sequence intubation” is not a change in how the RSI medications are
delivered, as the name implies, but is a form of “procedural sedation” to facilitate
patient compliance with attempts at preoxygenation. Often employed for agitated or
delirious patients, the goal is to provide a low dose of an agent (like ketamine) that is
unlikely to affect the patient’s respiratory drive or protective airway reflexes while
sedating the patient enough to accept NPPV or high-flow oxygen by face mask. This
technique has been shown to be effective in the hands of highly skilled airway
managers, but should be undertaken with great caution because sedation of critically
ill and decompensated patients may result in respiratory depression, arrest, or
inability to protect their airway. Because this technique has not been extensively
studied, the rate of adverse events is not known. If this technique is to be attempted,
the airway manager needs to be fully prepared for immediate definitive airway
management if one of these events take place (see Chapter 20 for more detail).

Apneic oxygenation involves the administration of oxygen during the apneic period of
RSI, usually applied via a standard nasal cannula with a flow rate of 5 to 15 L per
minute. Because oxygen diffuses across the alveoli more readily than carbon dioxide
and has a high affinity for hemoglobin, more oxygen leaves the alveoli than carbon
dioxide enters during apnea. This creates a pressure gradient that causes oxygen to
travel from the nasopharynx to the alveoli and into the bloodstream by a physiologic
principle known as “aventilatory mass flow”.

With the exception of a crash airway or a “forced to act” imperative during
which preoxygenation 1s trumped by the immediacy of tube placement, apneic
oxygenation should be considered for every tracheal intubation to decrease the
chance of severe hypoxemia. A standard nasal cannula 1s placed beneath the main
preoxygenation device (face mask or BVM). If the patient 1s awake, the flow rate
should be as high as the patient can tolerate, typically between 5 and 15 L per minute,
during the preoxygenation phase. If the patient 1s comatose or unresponsive, the nasal
cannula can be set to 15 L per minute or higher when 1nitially placed. When the
preoxygenation mask 1s removed for intubation, the nasal cannula remains in place.
During intubation attempts, the nasal cannula should be set to at least 15 L per minute.
It may be beneficial to turn the oxygen flowmeter up as high as possible, because



higher flow rates have been shown to provide higher Fio,. If there is nasal

obstruction, a nasopharyngeal airway can be placed in one or both nares to facilitate
oxygen delivery to the posterior nasopharynx. To optimize gas flow past the upper
airway, the patient should be ideally positioned for tracheal intubation, and
maneuvers to ensure upper airway patency should be performed (i.e., jaw thrust, head
tilt/chin lift).

Multiple studies in the operating room setting have shown that apneic
oxygenation increases safe apnea time, especially in obese patients. Although a recent
randomized trial of critically 1ll ICU patients showed no benefit of apneic
oxygenation after optimal preoxygenation, the results of this trial are not
generalizable to ED patients, who are often intubated within minutes of arrival and
who are not on supplemental oxygen for hours preceding intubation. In addition, a
recent observational ED study on apneic oxygenation demonstrated an increase in
first-pass intubation success without hypoxemia (see Evidence section). With an
intervention as simple and inexpensive as nasal cannula use, we recommend routine
use of apneic oxygenation.

RSI is a nonbagging procedure, and active BMV is not recommended during the
apneic period of RSI as long as the patient maintains adequate oxygenation (>93%)
when the RSI medications are pushed. Those who cannot be adequately
preoxygenated despite optimal technique are at high risk for rapid desaturation and
should be actively ventilated/oxygenated with BMV during the onset and duration of
apnea.

When an intubation attempt is prolonged or fails and the oxygen saturation drops
below 93%, the airway manager’s attention should be focused on ventilation and
oxygenation rather than persisting with the intubation attempt. Optimal BMV with a
well-fitting mask 1s the first-line technique for active ventilation and oxygenation.
The goal is to increase the oxygen saturation as high as possible (ideally 100%) to
allow continued safe apnea time for subsequent intubation attempts. Providers should
be aware that there will be a delay of about 30 seconds between the onset of
adequate BMV and an increase in oxygen saturation as measured by a pulse oximeter.
This 1s often a time of high anxiety for the provider performing BMV as well as other
team members caring for the patient. The key is to ensure that good quality BMV is
being provided (see Chapter 9) and to evaluate for adequate gas exchange by looking
for chest rise, listening to breath sounds, and monitoring end-tidal carbon dioxide



using a continuous waveform monitor (see Chapter 8). The ability to provide high-
quality BMV 1s an underestimated and difficult skill, and many emergency airway
providers perform this in a suboptimal fashion. Practicing and optimizing BMV skills
saves lives and significantly decreases the anxiety associated with emergency airway
management.

Patients with difficult BMV due to head-and-neck radiation changes, poor mask
seal (beard, facial trauma), obesity, or other factors may be good candidates for an
extraglottic device (EGD). EGDs are easy to insert and provide adequate ventilation
and oxygenation in nearly all patients regardless of the experience of the provider. In
this scenario, the EGD can be used similar to a BMV: to temporarily provide
ventilation and oxygenation until the oxygen saturation rises. The EGD is then
removed, and further intubation attempts can proceed. Another option is to use an
intubating laryngeal mask airway for ventilation and oxygenation and as a conduit for
blind or flexible endoscopic intubation (see chapters 16 and 18).

Preparatory oxygenation maximizes pulmonary oxygen reserves to create an oxygen
reservoir, which increases safe apnea time during RSI. Traditional methods of
supplemental oxygen delivery are inadequate for preparatory oxygenation. The keys
to preparatory oxygenation are understanding how to deliver high-concentration
(=100%) oxygen, using apneic oxygenation, ensuring proper head-up positioning, and
knowing when to use positive pressure ventilation and rescue BMV.

e What is the best way to preoxygenate for RSI? Prior to intubation, the gold
standard for delivering 100% F10, is an anesthesia machine with a well-fitted

mask; however, both a BVM and a NRB mask with flush rate oxygen have been
shown to be equivalent to an anesthesia machine.l2 A recent study by
Groombridge et al.! compared several common preoxygenation methods to an
anesthesia circuit and found that only the BVM (with a one-way exhalation
valve) device was comparable. However, in that study, the flow rate used for
the simple mask and NRM was only 15 L per minute. The benefit of using a
simple or NRM is that they require no specialized equipment, and are “hands-
off” techniques, allowing personnel to attend to other important tasks during the
preintubation period. A NRM is preferred to the simple mask because of



concerns with room air entrainment via the Venturi effect and turbulent flow. A
recent study showed that the fraction of expired oxygen (FeO,) with a NRM
and oxygen delivered at the “flush flow” rate of >40 L per minute was
noninferior to BVM with 15 L per minute of oxygen flow.3 At 15 L per minute
oxygen flow, a BVM device provides higher Fi0, than face mask devices;
however, this can only occur if the former has a functioning one-way valve on
the exhalation port and a good mask seal. Many BVM devices do not have one-
way valves,24 and deliver close to room air with spontaneous respirations.
Also, BMV is a “hands-on” technique that requires the full attention of at least
one team member; furthermore, many patients who need emergency airway
management do not tolerate a tight mask seal. Both BMV at 15 L per minute
flow and NRM with a flush flow rate of at least 40 L per minute are good
options for preoxygenation in spontaneously breathing patients.

Patients should be in the wupright or head-up position during
preoxygenation whenever possible. Several randomized studies of both obese
and nonobese patients have shown that preoxygenation in the upright or 20° to
25° head-up position significantly increases safe apnea time.>*

Patients who are hypoxemic (oxygen saturation less than 93%) despite
maximal passive oxygen delivery and those who are morbidly obese need
positive pressure ventilation for optimal preoxygenation. This is best
accomplished with a noninvasive machine or a standard ventilator with
pressure support plus PEEP. 10-16 Alternatively, positive airway pressure can
be applied using a disposable CPAP mask setup. Using a BVM device with a
PEEP valve has been proposed but is not well studied.!”

HFNC is a simple method for providing both preoxygenation and apneic
oxygenation. One prospective randomized trial of hypoxemic patients in an ICU
setting showed that preoxygenation plus apneic oxygenation with HFNC was
equivalent to preoxygenation (without apneic oxygenation) with a face mask set
at 15 L per minute.!8 A before and after study of hypoxemic ICU patients
showed that preoxygenation with HFNC was better than using a NRM with an
O, flow rate of 15 L per minute.!® Although these studies are interesting, they

both compared HFNC to a low-flow face mask, which is known to be
inadequate for maximal preoxygenation. Studies comparing preoxygenation
with HFNC to a high-flow face mask (>40 L per minute), an anesthesia
machine, or a BVM device are needed. Currently, there is not enough
information in ED populations to formally recommend HFNC as a
preoxygenation strategy.

Does apneic oxygenation prolong desaturation time during RSI? In one
study of obese patients undergoing general anesthesia, those who received



continuous oxygenation using nasal cannula at a 5 L per minute flow rate during
apnea maintained Spo, >95% for significantly longer than controls (5.3 vs. 3.5

minutes) and had a significantly higher minimum Spo, (94.3% vs. 87.7%).20 An

observational study of ED RSI showed that apneic oxygenation with a standard
nasal cannula was associated with a significant increase in first-pass success
without hypoxemia.2! In addition, a before and after study in the EMS setting
showed that the introduction of apneic oxygenation was associated with
decreased incidence of desaturation in patients undergoing RSI.22 Although a
recent prospective randomized trial of critically ill ICU patients showed no
benefit of apneic oxygenation after optimal preoxygenation,23 the results of this
trial are not generalizable to ED patients, who are often intubated within
minutes of arrival and who are not on supplemental oxygen for hours preceding
intubation. Because there is little downside to providing apneic oxygenation,
we recommend that oxygen be routinely delivered via nasal cannula at 15 L per
minute during the apneic period of RSI.

e Can a checklist help improve preparatory oxygenation and avoid
hypoxemia during emergency RSI? Yes, the use of a preprocedural checklist
prior to intubation of severely injured trauma patients has been shown to be
associated with a significant reduction in oxygen desaturation (<90%) due to
increased utilization of maximal preoxygenation and apneic oxygenation.24
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Chapter

Noninvasive Mechanical Ventilation

Alan C. Heffner and Peter M.C. DeBlieux

Patients with severe respiratory symptoms are common in the emergency department
(ED) and comprise >10% of all presentations. Over the past decade, ED
presentations of asthma, pneumonia, and chest pain have increased. A thorough
knowledge of mechanical ventilatory support, both invasive and noninvasive, is
essential for practicing emergency medicine clinicians. This chapter discusses
noninvasive positive-pressure ventilation (NPPV), while Chapter 7 focuses on
mechanical ventilation after tracheal intubation. The use of NPPV has grown steadily
as a result of evidence-based research, cost effectiveness, and consideration of
patient comfort and complications.

The advantages of NPPV over mechanical ventilation include preservation ot
speech, swallowing, and physiologic airway defense mechanisms; reduced risk of
airway injury; reduced risk of nosocomial infection; enhanced patient comfort; and a
decreased length of stay in the ICU and hospital.

Noninvasive ventilators have several characteristics that are distinct from standard
invasive mechanical ventilators. NPPV offers a more portable technology because of
the reduced air compressor size, but because of this, noninvasive ventilators are not
able to generate pressures as high as standard critical care invasive ventilators.
Noninvasive ventilators have a single-limb tubing circuit that delivers oxygen to the
patient and allows for exhalation. To prevent accumulation of carbon dioxide, this



circuit is continuously flushed with supplemental oxygen during the expiratory phase.
Exhaled gases are released through a small exhalation port near the patient’s mask.
During the respiratory cycle, the machine continuously monitors the degree of air leak
and compensates for this loss of volume. NPPV is designed to tolerate air leak and
compensates by maintaining airway pressures. This is in sharp contrast to the closed
system found in invasive, critical care ventilators consisting of a dual, inspiratory and
expiratory tubing system that does not tolerate air leak or compensate for lost volume.
The device that makes physical contact between the patient and the ventilator is
termed the interface. Interfaces for NPPV come in a variety of shapes and sizes
designed to cover the individual nares, the nose only, the nose and mouth, the entire
face, or fitted as a helmet. Ideally, interfaces should be comfortable and offer a good
seal with minimal leak and limited dead space.

In a manner analogous to invasive mechanical ventilation, understanding the modes of
NPPV is based on knowledge of three essential variables: the trigger, the limit, and
the cycle. The trigger is the event that initiates inspiration: either patient effort or
machine-initiated positive pressure. The limit refers to the airflow parameter that 1s
regulated during inspiration: either airflow rate or airway pressure. The cycle
terminates inspiration: either a pressure is delivered over a set time period or the
patient ceases inspiratory efforts.

Continuous Positive Airway Pressure

Continuous positive airway pressure (CPAP) is a mode for invasive and noninvasive
mechanical ventilation. CPAP is not a stand-alone mode of assisted mechanical
ventilation. It is equivalent to positive end-expiratory pressure (PEEP) and facilitates
inhalation by reducing the pressure threshold to initiate airflow (see Chapter 7).
Positive airway pressure 1s provided throughout the respiratory cycle with constant
pressure maintained during both inhalation and exhalation. This mode should never
be used in patients at risk of apnea, because of the lack of a backup respiratory rate.

Spontaneous and Spontaneous/Timed Modes

In spontaneous mode, the airway pressure cycles between an inspiratory positive
airway pressure (IPAP) and an expiratory positive airway pressure (EPAP). This is



commonly referred to as bilevel or biphasic positive airway pressure (BL-PAP or
BiPAP). The patient’s inspiratory effort triggers the switch from EPAP to IPAP. The
limit during inspiration is the set level of IPAP. The inspiratory phase cycles off, and
the machine switches back to EPAP when it detects a cessation of patient effort. This
is indicated by a decrease in inspiratory flow rate, or once a maximum inspiratory
time is reached, which is typically set at 3 seconds. Tidal volume varies breath to
breath and is determined by the degree of IPAP, patient effort, and lung compliance.
Work of breathing (WOB) 1s primarily dictated by initiation and maintenance of
inspiratory airflow, with additional WOB linked to active contraction of the
expiratory muscles.

Spontaneous mode relies on patient effort to trigger inhalation. In this mode, a
patient breathing at a low rate can develop a respiratory acidosis. The
spontaneous/timed (ST) mode prevents this clinical consequence. The trigger in the
ST mode can be the patient’s effort, or an elapsed time interval that is predetermined
by a set respiratory backup rate. If the patient does not initiate a breath in the
prescribed interval, then IPAP is triggered. For machine-generated breaths, the
ventilator cycles back to EPAP based on a set inspiratory time. For patient-initiated
breaths, the ventilator cycles as it would in the spontaneous mode.

Conceptually, one can consider BiPAP as CPAP with pressure support (PS).
The pressure during the inspiratory phase is termed IPAP and is analogous to PS, a
pressure boost during inspiratory efforts. The pressure during the expiratory phase is
termed EPAP and is analogous to CPAP, or PEEP, which maintains a set minimum
positive pressure throughout the entire respiratory cycle. The IPAP is necessarily set
higher than EPAP by a minimum of 5 cm H,O, and the difference between the two

settings 1s equivalent to the amount of PS provided.

Humidified high-flow nasal cannula (HFNC) has recently been utilized as a
mode of NPPV with some promising results. The high flow rates of oxygen (up to 60
L per minute) are heated and humidified, able to meet high inspiratory demands
without room air entrainment, and can generate low-level positive pressure in the
upper airways (up to 8 cm of H,O). The fraction of inspired oxygen can be adjusted

by changing the fraction of oxygen in the driving gas. The high flow rates may also
flush expired carbon dioxide from the upper airway, ultimately diminishing
physiologic dead space and improving WOB.

The keys to successfully using NPPV on an emergency basis are patient
selection and aggressive therapy to reverse the disease inciting respiratory failure.



The indications for NPPV in the emergency setting are straightforward. The eligible
patient must have a patent, stable airway, be conscious and cooperative, have
preserved spontaneous ventilatory drive and a disease process that is likely to
improve quickly with medical and ventilator management. Target patients may have
hypercarbia, hypoxemia, or both. Acute exacerbation of chronic obstructive
pulmonary disease (COPD), moderate to severe asthma, and acute pulmonary edema
are classic patient situations to consider NPPV; however, NPPV is contraindicated if
the patient has a threat to the airway, is unable to cooperate, or is apneic. If the
patient is in extremis, with severe hypoxemia and severe or worsening ventilatory
inadequacy, immediate intubation is usually indicated. In such cases, it is not
appropriate to delay intubation for a trial of NPPV. This is a relative contraindication
and clinical judgment is required. In some cases, NPPV can also be used to enhance
preoxygenation in preparation of anticipated intubation.

The objectives of NPPV are the same as those for invasive mechanical
ventilation: to improve pulmonary gas exchange, alleviate respiratory distress and
WOB, alter adverse pressure/volume relationships in the lungs, permit lung healing,
and avoid complications. Patients on NPPV must be monitored closely, using familiar
parameters such as vital signs, oximetry, capnography, chest radiograph, bedside
spirometry, and arterial blood gases (ABGs).

For CPAP or BiPAP, either a face mask or a nasal mask can be used, but a nasal
mask 1s generally better tolerated. There are varying mask sizes and styles, and a
respiratory therapist should measure the patient to ensure a good fit and seal. First,
explain the process to the patient before applying the mask. Initially, supply 3 to 5 cm
H,O of CPAP with supplemental oxygen. Acceptance by the patient may improve if
they are allowed to hold the mask against the face. The mask is secured with straps
once the patient demonstrates acceptance. Next, explain that the pressure will change,
and either sequentially increase the CPAP pressure by 2 to 3 cm H,O increments
every 5 to 10 minutes, or initiate BiPAP to support the patient’s respiratory efforts.
Recommended initial settings for BiPAP is IPAP of 8 cm H ,O and EPAP of 3 cm
H,0, for a PS (IPAP minus EPAP) of 5 cm H ,O. The level of supplemental oxygen
flowing into the circuit should be governed by pulse oximetry and corroborated by
ABG results if necessary. It is appropriate to initiate oxygen therapy with 2 to 5 L per
minute, but this amount should be adjusted with each titration of IPAP or EPAP.

The same general principles apply for the initiation of HFNC. Patient selection



is critical, and special nasal cannula that permit humidified high flows of 20 L per
minute to 60 L per minute are required. Initial flows of 20 L per minute should be
instituted and titrated based on patient response.

Response to Therapy

Following patient acceptance, support pressures should be titrated to optimize
respiratory support. One common approach in the management of hypoxemic
respiratory failure is to titrate EPAP and IPAP in tandem via 2 to 3 cm H ,O steps,

allowing a brief trial period (e.g., 5 minutes) at each level. If the patient is
hypercapnic, it may be better to raise the IPAP in 2 cm H,O steps, with the EPAP

being kept stationary or increased in a ratio to IPAP of approximately 1:2.5
(EPAP:IPAP). The intrinsic PEEP (PEEP ), or auto-PEEP, cannot be measured by a

noninvasive ventilator; therefore, EPAP should generally be maintained below 8 to
10 cm H,O to be certain that it does not exceed PEEP; in patients with obstructive

lung disease. The IPAP must always be set higher than EPAP by at least 5 cm H ;0.

The goals are to reduce the patient’s WOB, improve comfort, meet oxygen saturation
goals, improve gas exchange, foster patient compliance, and maintain a respiratory
rate of <30 breaths per minute. If the patient is not approaching these goals after the
first hour of NPPV, then strong consideration should be made for intubation and
institution of invasive mechanical ventilation.

e Patients with inadequate airway protection are poor candidates for NPPV
owing to risk of aspiration.

e Patients with both a patent airway and preserved respiratory drive—even if
that drive is failing—may be candidates for NPPV.

e Patients most likely to respond to NPPV in the ED (and therein avoid
intubation) are those with acutely reversible etiologies of respiratory failure,
such as COPD exacerbation and acute cardiogenic pulmonary edema.

e The ventilatory management of patients in frank or impending respiratory
failure with NPPV is a minute-to-minute, ongoing strategic decision. Virtually,
every modern ventilator is capable of delivering noninvasive ventilation (NIV)
(BiPAP, CPAP) and should be readily accessible to the ED or other critical
care areas in the hospital. Physicians, nurses, and respiratory care personnel
must be comfortable with NPPV use and knowledgeable of its limitations.



Patient selection must consider the overall condition of the patient, tolerance of
the NPPV interface, and the anticipated reversibility of the underlying insult.
NPPV should be accompanied by aggressive medical therapy of the underlying
condition (e.g., vasodilators and diuretics for pulmonary edema, B-adrenergic
agonist, and anticholinergic aerosols and corticosteroids for reactive airways
disease).

Be prepared for prompt intubation (i.e., difficult airway assessment completed
along with drugs, equipment, and plan established) in case NPPV fails.

Patients should be carefully monitored for progress of therapy, tolerance of
NPPYV, and any signs of clinical deterioration that indicate a need for intubation
and mechanical ventilation.

NPPV response is typically recognized within 20 to 30 minutes of initiation.
Early intubation should be considered for patients who fail to improve quickly
in order to avoid complicated emergency intubation in the midst of
deterioration on NPPV.

Patients treated with NPPV may require judicious sedation for anxiety in order
to tolerate the mask. Careful dosing is required to preserve respiratory drive
and avoid precipitating deterioration.

When is NPPV most helpful in managing ED patients? Most studies compare
NPPV to standard medical care with favorable outcome measures of
endotracheal intubation and ICU and hospital length of stay. Mortality benefit
has not been substantiated. In some series, ED patients successfully supported
with NPPV and avoided ICU admission, thereby incurring a significant health
care cost savings. The strongest level of evidence supports NPPV use for
COPD exacerbations and acute cardiogenic pulmonary edema. Uncontrolled
studies suggest that NPPV may be successful in a larger variety of patients.!.2
What is the role for HFNC? Studies to date confirm that HFNC is feasible
and provides a safe alternative for effective and titratable oxygen therapy in
acute hypoxemic respiratory failure.3#4 Patient tolerance is a recognized benefit
compared to traditional oxygen devices, including NPPV. Initial studies also
suggest improved outcome, but more comparative evidence is required before a
firm assessment can be made. HFNC appears to be a natural adjunct to improve
preoxygenation during emergency rapid sequence intubation. Limited studies to
date in ICU populations have shown conflicting results in HFNC’s ability to
abort desaturation during emergency airway management.>-0
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Chapter

Mechanical Ventilation

Alan C. Heffner and Peter M.C. DeBlieux

Acute respiratory failure is a common acute critical condition, and initiation of
mechanical ventilation is a required skill for all emergency physicians. The
etiologies for respiratory failure are expansive, and the choice between invasive and
noninvasive mechanical ventilation can be a challenging clinical decision. This
chapter focuses on initiation of safe and effective invasive mechanical ventilation
following endotracheal intubation. Chapter 6 focuses on respiratory failure requiring
noninvasive mechanical ventilation.

Spontaneous ventilation draws air into the lungs under negative pressure,
whereas mechanical ventilation uses positive pressure to provide airflow. In either
case, the amount of negative or positive pressure required to deliver the tidal volume
(V; or TV) must overcome resistance to airflow. Positive-pressure ventilation alters

normal pulmonary physiology by increasing airway and intrathoracic pressure,
decreasing venous return to the thorax, and altering ventilation—perfusion matching in
the lung.

The following variables are important to best understand mechanical ventilation:

e V,.or TV is the volume of a single breath. During mechanical ventilation, the

contemporary safe goal TV is <7 mL per kg of ideal body weight (IBW). It is
important to note that IBW is more a function of patient height rather than



weight or overall size. TVs may be reduced (to 6 or lower mL per kg IBW) in
certain circumstances to minimize ventilator-induced lung injury (VILI)
associated with excessive airway pressure that risk overdistention of functional
lung units.

The airway conduits do not exchange gas and therefore represent
anatomical dead space that accounts for a fixed volume of each tidal breath.
The remaining TV participates in gas exchange and constitutes alveolar
ventilation. As TV 1s reduced, anatomical dead space makes up a
proportionally larger portion of each breath. It is important to increase minute
ventilation through enhanced respiratory rate (RR) to balance the decrease in
effective alveolar ventilation with TV reduction.

¢ RR or frequency (f) is simply the number of breaths per minute. Usual starting
RR is 12 to 20 breaths per minute in adults. Higher rates are typical in
neonates, infants, and small children.

Given our attention to low-TV ventilation, even in patients without lung
injury, minute ventilation is typically modified by increasing RR rather than
TV. In addition to compensating for the relative proportion of dead space
mentioned earlier, enhanced RR may be used to provide compensation for
metabolic acidosis or enhanced carbon dioxide (CO,) production (e.g.,

fever/hyperthermia, sepsis, and hypermetabolic conditions).

In reactive airways diseases, the concept of permissive hypercapnia refers
to the use of low RR (8 to 10 breaths per minute), allowing for adequate
expiratory time for complete exhalation of the former TV to avoid trapped air
that leads to dynamic hyperinflation and auto-Positive end-expiratory pressure
(PEEP).

e Fractional concentration of inspired oxygen (Fi0;) ranges from the
concentration of oxygen in room air (0.21 or 21%) to that of pure oxygen (1.0
or 100%). When initiating mechanical ventilation, start with a Fio, of 100%
and reduce the Fi0, based on continuous pulse oximetry. During acute critical
illness, titrating F10, to maintain Spo, >95% is appropriate for most
conditions. The lowest Fi0, required to maintain adequate oxygenation should
be used.

e Inspiratory flow rate (IFR) is the rate at which a TV is delivered during
inspiration. In an adult, this is typically set at 60 L per minute. Cases of
reactive airways disease may require peak IFR to be increased to 90 to 120 L
per minute in order to shorten the inspiratory time (Ti), and thus increase
expiratory time and diminish dynamic hyperinflation.

e PEEP provides a static pressure to the airways during inspiration and



expiration, and is typically set at a minimum of 5 cm H,O. PEEP increases

alveolar recruitment, functional residual capacity, total lung volume, and
pulmonary and intrathoracic pressure. When a patient is unable to meet
oxygenation goals on F10, > 50%, PEEP is typically increased to augment mean

airway pressure to improve oxygenation. However, excessive PEEP can lead
to pathologic overdistention of healthy lung tissue contributing to ineffective
gas exchange and VILI. Elevated intrathoracic pressure can also compromise
venous return with consequent hemodynamic deterioration.

e Peak inspiratory pressure (PIP) and plateau pressure (P,,): The PIP is the

greatest pressure reached during the inspiratory cycle, and is a function of the
ventilator circuitry, endotracheal tube (ETT), ventilator flow rate, and patient
lung and thoracic compliance. It is useful for rapid assessment of a patient
during acute changes, but does not accurately reflect lung compliance or the
risk of VILL Risk of pulmonary overdistention is better represented by the P,
measured at the end of inspiration (via an inspiratory pause). The inspiratory
pause enables equilibration of pressure between the ventilator and lung units to
measure the static pressure of the thoracic compartment. Py, correlates with
the risk of VILL, and current recommendations aim to maintain safe Ppj, < 30
cm H,O via reduction in TV when advanced lung disease is the cause for
elevated Py

There are a variety of modes of invasive mechanical ventilation, and the key to
understanding the differences between these modes centers on three variables: the
trigger, the limit, and the cycle.

e The trigger is the event that initiates inspiration: either patient effort or
machine-initiated positive pressure.

e The limit refers to the airflow parameter that is used to regulate inspiration:
either airflow rate or airway pressure.

e The cycle terminates inspiration: via delivered set volume in volume-control
ventilation (VCV), pressure delivered over a set time period in pressure-
control ventilation (PCV), or by patient termination of inspiratory effort in
pressure support ventilation (PSV).

e The best mode in a given circumstance depends on the needs of the patient.

Commonly used ventilation modes are as follows:



e Control mode ventilation (CMV) is almost exclusively relegated to the
operating room in sedated and paralyzed patients, but an understanding of this
mode provides appreciation of the support provided through other modes. In
CMV, all breaths are triggered, limited, and cycled by the ventilator. The
clinician sets the TV, RR, IFR, PEEP, and Fi0,. The ventilator then delivers the
prescribed TV (the cycle) at the set IFR (the limit). Even if the patient wanted
to initiate an additional breath, the machine would not respond. In addition, if
the patient has not completely exhaled before initiation of the next breath, the
machine would generate the required pressure to deliver the full TV breath. For
these reasons, CMV is only used in those patients who are sedated and
paralyzed.

o Assist control (AC) is the preferred mode for patients with acute respiratory
failure. The clinician sets the TV, RR, IFR, PEEP, and F 10,. In contrast to all
other modes, the trigger that initiates inspiration can be either patient effort or
an elapsed time interval. When either of these occurs, the ventilator delivers
the prescribed TV. The ventilator synchronizes set RRs with patient efforts, and
if the patient is breathing at or above the set RR, then all breaths are patient
initiated. The work of breathing (WOB) is primarily limited to the patient’s
effort to trigger the ventilator and can be altered by adjusting the sensitivity
threshold.

e Synchronized intermittent mandatory ventilation (SIMV with or without
PS is commonly misunderstood and can lead to excessive patient WOB.
The physician sets the TV, RR, IFR, PEEP, and F10,. Importantly, the
trigger that initiates inspiration depends on the patient’s RR relative to the
set RR. When the patient is breathing at or below the set RR, the trigger
can be patient effort or elapsed time. In these cases, the ventilator
operates similar to an AC mode. If the patient is breathing above the set
RR, the ventilator does not automatically assist the patient efforts, and the
TV is determined by effort and resistance to airflow through the ETT and
ventilator circuit. In these instances, WOB can be excessive.

Addition of PSV to the SIMV mode provides a set inspiratory pressure
that i1s applied during patient-initiated breaths, which exceed the set RR.
Appropriate PSV balances the inherent resistance of the artificial airways and
supports the patient’s physiologic situation to limit undue WOB. Insufficient
PSV is associated with high RR and low TV, also known as rapid, shallow
breathing. Sustained tachypnea greater than 24 breaths per minute is a helpful
marker to consider evaluating if the PSV level is appropriate to the patient
condition. SIMV provides no clear benefit over AC mode ventilation. Although
previously used as a weaning mode wherein the set rate is progressively



decreased to allow the patient to assume increased WOB, the absence of
additional PSV substantially increases WOB and is frequently overtaxing.
Spontaneous breathing trials using minimal PSV, without SIMV, is the current
standard approach to assess readiness for liberation from mechanical
ventilation.

e Continuous positive airway pressure (CPAP) is not a true mode of invasive
mechanical ventilation. It is equivalent to PEEP in that it provides a static
positive airway pressure throughout the entire respiratory cycle.

In a fashion similar to SIMV, PS can be added to CPAP to function as an
assisted form of ventilation. In the CPAP-PS mode, the patient determines the
RR, initiating and terminating each breath. The TV 1s dependent on patient
effort and the degree of PS relative to the resistance of the airway circuit. This
mode should never be used in patients at risk for hypoventilation or apnea,
because there is no mandatory backup rate to support the patient in case of
failure.

Volume-Control Ventilation

In this method of delivering a breath, the operator sets the TV of each breath. The
pressure required to deliver this volume varies by the flow rate selected, the
resistance of the airway circuit and lungs, and compliance of lungs and thorax. In
adults, the initial peak flow is usually set to 60 L per minute.

VCV also allows selection of the flow characteristics of a delivered breath. The
waveform may be square or decelerating (Fig. 7-1). A square wave delivers the TV
at a constant peak flow throughout inspiration. This waveform usually generates a
higher peak pressure than the decelerating waveform, but has the advantage of a
shorter Ti, providing more time for expiration. A decelerating flow wave delivers the
initial TV at a selected flow that decelerates as the breath is delivered. Because
resistance to flow normally increases during inspiration, the decelerating waveform
generally results in lower PIP. This approach increases Ti at the expense of
expiratory time, which may potentiate dynamic hyperinflation and auto-PEEP. For
this reason, the IFR set for decelerating flow wave 1s usually higher than that used in
a square wave flow pattern. When setting up the ventilator, one can try different flow
patterns to determine which offers the best patient synchrony.
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° FIGU RE 7-1. volume-Control Ventilation (VCV). The lower trace demonstrates a square

flow waveform first followed by a decelerating waveform. Note that the peak pressure generated by the
square waveform exceeds that of the decelerating waveform. The third waveform demonstrates breath
initiation before expiratory flow reaches zero. This is an example of breath stacking that leads to dynamic
hyperinflation and auto-PEEP.

Pressure-Control Ventilation

PCV should not be confused with PSV ventilation, described previously. The limit
during PCV is a set airway pressure. Instead of TV, the cycle during PCV is a set Ti.
Some PCV ventilator models require a set RR and inspiratory to expiratory (I:E)
ratio. Ti is then calculated by the ventilator based on these settings. The clinician
specifies an inspiratory pressure and an inspiratory—expiratory (I:E) ratio predicted
to provide a reasonable TV and RR, based on the patient’s expected resistance and
compliance. TV may vary from breath to breath based on airway resistance, lung
compliance, and patient effort, but it should generally meet the same <7 mL per kg
IBW goal discussed earlier.

In this mode, the peak flow of the administered tidal breath and the flow
waveform vary according to airway and lung characteristics. Early in inspiration, the
ventilator generates a flow rate that is sufficiently rapid to reach the preset pressure
and then automatically alters the flow rate to stay at that pressure, and cycles off at
the end of the predetermined Ti. The flow waveform created by this method is a
decelerating pattern (Fig. 7-2). A normal I:E ratio is 1:2. If the RR is 10 breaths per
minute evenly distributed over a minute, each cycle of inspiration and expiration is 6
seconds. With an [:E ratio of 1:2, inspiration is 2 seconds, and expiration is 4



seconds.

The I:E ratio is usually determined by simply observing the pressure and flow
waveforms on the ventilator monitor. After the inspiratory pressure is adjusted to
meet the target TV, the Ti is adjusted while monitoring end-expiratory flow. Terminal
end-expiratory flow should approach zero to confirm exhalation is complete, and
avoid retained intrathoracic volume. Small fractions of retained TV compounded by
the ventilator rate can quickly lead to dynamic hyperinflation with increased
intrathoracic pressure known as auto-PEEP that affects venous return, respiratory
mechanics, and can put the patient at risk for barotrauma (Fig. 7-3). In contrast,
overly brief Ti can lead to low TVs and hypoventilation.
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° FIGU RE 7-2. Pressure-Control Ventilation (PCV). These waveforms demonstrate the

differing waveform characteristics between volume-control (VCV) and PCV. Note that PCV generates
lower peak pressures than VCV.
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° FIGURE 7=3. Pressure-Control Ventilation and Inspiratory—Expiratory Ratio. The

first waveform demonstrates inspiratory time that is so short that the tidal volume is likely insufficient.
The second and third waveforms demonstrate how prolonged inspiratory time may contribute to breath
stacking and auto-PEEP.

The patient who 1is spontaneously breathing possesses a complex series of
physiologic feedback loops that control the volume of gas moved into and out of the
lungs each minute (minute ventilation). They automatically determine the RR and the
volume of each breath necessary to effect gas exchange and maintain homeostasis.
Patients dependent on ventilators have no such servo control and must rely on
individualized ventilator settings to meet their physiologic needs. In the past, this
required frequent blood gas determinations. Now we rely more heavily on
noninvasive techniques such as pulse oximetry and end-tidal CO, monitoring.

Recommended initial ventilator settings for adult
patients. See text for abbreviations.

. Mode AC




Vi 7 mL per kg IBW

f 12 to 20 breaths per minute
Fio, 1.0

. PEEP 5.0cm H,O
IFR 60 L per minute

A certain amount of ventilation is required (minute ventilation or minute
volume) to remove the CO, produced by metabolism and delivered to the lungs by the

circulatory system each minute. This minute volume approximates 100 mL per kg,
under normal metabolism. Hypermetabolic and febrile patients can produce up to
25% more CO, compared with normal resting steady state. Minute ventilation would

need to increase proportionally to accommodate this increased production.

Our recommended initial ventilator settings for adult patients are shown in Box
7-1. For the vast majority of patients, this formula produces reasonable gas exchange
to provide adequate oxygenation and ventilation. The components of minute
ventilation (TV and RR) are manipulated to provide adequate minute volume. It
smaller TV is desired, compensatory increase in respiratory frequency may be
required.

Supranormal TV and high airway pressure risk VILI during mechanical
ventilation. This underlies the recommended starting TV < 7 mL per kg IBW. For
some patients, the most difficult task in optimizing mechanical ventilation is
balancing TV and distending lung pressure. Plateau airway pressure correlates with
the risk of VILIL, and current recommendations aim to maintain Py, < 30 cm HyO.

Because many of these patients require PEEP augmentation for oxygenation, this is
often best managed by reducing TV to a range of 4 to 6 mL per kg IBW.

Positive-pressure breathing increases intrathoracic pressure that is transmitted
to the great vessels and can compromise venous return. This can seriously
compromise cardiovascular performance and precipitate shock or cardiac arrest (i.e.,
pulseless electrical activity) when unrecognized dynamic hyperinflation with auto-
PEEP occurs, especially in patients with low intravascular volume.

In other situations, ventilator modifications aim to balance minute ventilation
with airflow dynamics. The intubated patient with obstructive lung disease such as
severe asthma is a good example. Minute volume aims to provide reasonable minute
ventilation relative to CO, production, but must be balanced to complete TV

exhalation and avoid retained intrathoracic volume. Frequency has the greatest impact



on expiratory time and should start as low as 8 breaths per minute in patients with
obstructive lung physiology. The inspiratory cycle can also be shortened by
increasing the IFR to maximize expiratory time. Auscultation of the chest is a rapid
means to clarify if initiation of the next breath occurs before complete exhalation
(typically manifest as persistent wheezing). Incomplete exhalation, commonly called
“breath stacking,” leads to dynamic hyperinflation of the lungs. The flow-time graphic
on modern ventilators is also helpful as return to zero flow is another aid to judge
adequacy of exhalation.

In extreme cases, deliberate hypoventilation is performed to avoid dynamic
hyperinflation and high intrathoracic pressure that can lead to barotrauma and
cardiovascular compromise from limited venous return. Permissive hypercapnia
(respiratory acidosis with pH > 7.10) is the expected cost of this strategy. Equipment
considerations may also contribute to airflow obstruction and deserves special
attention (Box 7-2).

BOX

7-2 Recommendations for mechanical ventilation for adult
patients with obstructive lung physiology. See text for
abbreviations.

e Use as large an ETT as possible

e Cut the ETT and ventilator circuit to minimize dead space

e Set initial RR at 8 breaths per minute

e Set initial TV at 7 mL per kg IBW

e Increase IFR at 90 to 120 L per minute

e Use clinical auscultation and ventilator flow-time graphics to
confirm cessation of airflow prior to the following breath

e Have a respiratory therapist (RT) review the features and graphics of
ventilators available at your particular institution. Make sure that your RTs are
familiar with the ARDSnet protocol, P, measurements, and the concept of
permissive hypercapnia.

e When a ventilator alarms, you must know how to take a patient off the
ventilator and resume bag ventilation until an RT can assist. To do this, you



must be able to turn the ventilator on and oftf and know how to silence the
alarms. These minimal steps will preserve calm until the RT can respond. Bag
ventilation effectively deals with temporary ventilator malfunction and
provides immediate manual feedback of airway, pulmonary, and thoracic
resistance and compliance.

Understand the typical resistance and compliance characteristics of various
respiratory disorders. This information may help predict specific TV and rate
settings for your patients.

Use AC as your primary mode following initial intubation. This provides
support for apneic patients and relieves the patient of the WOB.

Disconnect the patient from the breathing circuit and provide bag ventilation
support during transport, unless a small transport ventilator is used. The circuit
is heavy and may drag the ETT out, especially in infants and children.

What is permissive hypercapnia, and is there evidence that it is safe? All
patients are capable of trapping inspired air if the expiratory period is
inadequate. Patients with obstructive lung disease are particularly vulnerable.
Maximizing expiratory period through ventilator modifications (i.e., low RR
and TV with rapid IFR) may require sacrificing normal physiologic minute
ventilation to avoid dynamic hyperinflation. Permissive hypercapnia is the
technique of providing intentional hypoventilation and allowing respiratory
acidosis until airways resistance improves. Moderate to severe acidemia (pH
> 7.10) 1s well tolerated. Significant sedation, and even neuromuscular
paralysis, is required to suppress patient respiratory effort from triggering the
ventilator in this situation.
What is the current ventilator management strategy to limit lung injury
(VILI) in acute respiratory distress syndrome (ARDS)? Contemporary
mechanical ventilation aims to minimize VILI induced by lung overdistention,
even in patients without pulmonary disease. Low TV (<7 mL per kg IBW)
reduces mortality and ventilator days in patients with ARDS.! Recognizing that
TV is distributed predominantly to healthy, patent alveoli, lower TV prevents
overdistention injury of functional lung units. Py, (goal < 30 cm H,0) is used
as the surrogate measure of lung compliance to individualize the appropriate
reduction of TV. Further reduction in TV (to 4 to 6 mL per kg IBW) may be
required to minimize distending pressure to meet this goal in patients with
severe lung disease.

Neuromuscular blockade improves gas exchange in patients with severe



lung disease, presumably via removal of patient-ventilator dysynchrony. Early
continuous paralysis is also now recognized to improve mortality in patients
with severe ARDS (defined by partial pressure of arterial oxygen [Pao,]/Fi0,

< 150).2 Attention to maintain appropriate sedation under the influence of
neuromuscular blockade is essential to avoid patient awareness.

1. The Acute Respiratory Distress Syndrome Network Authors. Ventilation with lower tidal volumes as compared
with traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome. N Engl J] Med.
2000;342:1301-1308.

2. Papazian L, Forem JM, Gacouin A, et al. Neuromuscular blockers in early acute respiratory distress syndrome.
N EnglJ Med. 2010;363:1107-1116.



Chapter

Oxygen and Carbon Dioxide
Monitoring

Robert F. Reardon and Jennifer L. Avegno

The amount of oxygen reversibly bound to hemoglobin in arterial blood is defined as
hemoglobin saturation (Sa0,), a critical element of systemic oxygen delivery.

Unfortunately, clinical detection of hypoxemia is unreliable. Pulse oximeters enable
in vivo, noninvasive, and continuous measurement of arterial oxygen saturation at the
bedside. Reliable interpretation of the information provided by these devices
requires appreciation of their technology and limitations.

Principles of Measurement

Pulse oximetry relies on the principle of spectral analysis, which is the method of
analyzing physiochemical properties of matter based on their unique light-absorption
characteristics. For blood, absorbance of transmitted light is dependent on the
concentration of hemoglobin species. Oxygenated hemoglobin absorbs more infrared
light and allows more red light to pass through than deoxygenated hemoglobin.
Oximeters are made up of a light source, photodetector, and microprocessor.
Light-emitting diodes (LED) emit high-frequency signals at 660 nm (red) and 940 nm
(infrared) wavelengths. When positioned to traverse or reflect from a cutaneous
vascular bed, the opposed photodetector measures the light intensity of each
transmitted signal. Signal processing exploits the pulsatile nature of arterial blood to
isolate arterial saturation. The microprocessor averages these data over several pulse



cycles and compares the measured absorption to a reference standard curve to
determine hemoglobin saturation, which is displayed as percentage of oxyhemoglobin
(Spo,). Spo, and Sao, correlation vary with manufacturer but exhibit high accuracy

(£2%) within normal physiologic range and circumstances.

Anatomical locations with high vascular density are preferred for probe
placement, and two oximetry techniques are used in clinical practice. Transmission
oximetry deploys the LED and photodetector on opposite sides of a tissue bed (e.g.,
digit, nose, or ear lobe) such that the signal must traverse tissue. Reflectance
oximeters position the LED and photodetector side by side on a single surface and
can be placed in anatomical locations without an interposed vascular bed (e.g.,
forehead). This facilitates more proximal sensor placement with improved response
time relative to core body Sao,.

Indications

Pulse oximetry provides important, real-time physiologic data and is the standard
noninvasive measure of arterial saturation. It is now widely considered one of the
standard measurements in patient vital signs. Continuous monitoring is indicated for
any patient at risk or in the midst of acute cardiopulmonary decompensation. Reliable
continuous oximetry is mandatory for patients requiring airway management and
should be a component of each preintubation checklist. If placed on an extremity, the
probe is preferably placed on the opposite side of the blood pressure cuff to avoid
interruptions in Sao, readings during cuff inflation.

Limitations and Precautions

Pulse oximeters have a number of important physiologic and technical limitations that
influence bedside use and interpretation (Table 8-1).

Signal Reliability

Proper pulse oximetry requires pulse detection to distinguish light absorption from
arterial blood relative to the background of other tissues. Abnormal peripheral
circulation as a consequence of shock, vasoconstriction, or hypothermia may prevent
pulsatile flow detection. Heart rate and plethysmographic waveform display verify
arterial sensing, and Spo, should be considered inaccurate unless corroborated by

these markers. Varying pulse amplitude is easily recognized on the monitor and



represents the measure of arterial pulsatility at the sampled vascular bed.
Quantification in the form of perfusion index is being incorporated into some
software to verify signal reliability and gauge microvascular flow.

Etiology and Examples of Unreliable Pulse
Oximetry

Etiology Examples

Sensor location Critical illness (forehead probe is best)
Extraneous light exposure
Motion artifact Exercise
Cardiopulmonary resuscitation (CPR)
Seizure
Shivering/tremor
Prehospital transport
Signal degradation Hypothermia
Hypotension/shock
Hypoperfusion
Vasoconstriction
Nail polish/synthetic nails
Physiologic range Increasingly inaccurate when systolic BP < 80 mm Hg

Increasingly inaccurate when Sao, < 75%

Severe anemia
Sickle cell anemia

Dyshemoglobinemia CO-Hgb (overestimates Spo,)

Met-Hgb (variable response)
Intravenous dye Methylene blue

Indocyanine green



Even with verified signal detection, measurement bias limits Spo, reliability

during physiologic extremes. Reliability deteriorates with progressive hypotension
below systolic BP of 80 mm Hg, and in these patients, readings generally
underestimate true Sao,. Severe hypoxemia with Sao, < 75% is also associated with

increased measurement error as comparisons to reference standards are limited
below this value. However, patients with this severity of hypoxemia are typically
receiving maximized intervention, and closer discrimination in this range rarely
imparts new information that alters management.

A number of physical factors affect pulse oximetry accuracy. Signal reliability is
influenced by sensor exposure to extraneous light, excessive movement, synthetic
fingernails, nail polish, intravenous dyes, severe anemia, and abnormal hemoglobin
species. Diligent probe placement and shielding the probe from extraneous light
should be routine. Surface extremity warming may improve local perfusion to enable
arterial pulse sensing, but Spo, accuracy using this technique is not confirmed.

Dyshemoglobinemias such as carboxyhemoglobin (CO-Hgb) and methemoglobin
(Met-Hgb) absorb light at different wavelengths and may affect the accuracy of
oximetry readings. Co-oximeters (and some new generation pulse oximeters) use four
wavelengths of light stimulus to selectively discriminate these species. However,
CO-Hgb absorbance is close to oxyhemoglobin such that most conventional pulse
oximeters sum up their measurement and give artifactually high Spo, readings. Met-

Hgb produces variable error, depending on the true oxy- and Met-Hgb levels. Spo,
classically approximates 85% in severe toxicity.

Response Time

Pulse oximetry readings lag the patient’s physiologic state; signal averaging of 4 to
20 seconds is typical of most monitors. Delay because of sensor anatomical location
and abnormal cardiac performance compound the lag relative to central Sao,.

Forehead and ear probes are closer to the heart and respond more quickly than distal
extremity probes. Response difference compared to central Sao, is also compounded

by hypoxemia (i.e., starting on the steep portion of the oxyhemoglobin dissociation
curve) and slower peripheral circulation such as low cardiac output states. As such,
forehead reflectance probes are often preferred in critically ill patients. All of these
response delays become more clinically important during rapid desaturation such as
that which may occur during airway management and is the basis for our general
recommendation to abort most intubation attempts when the Spo, falls below 93%.



Physiologic Insight and Limitations

Hemoglobin saturation is just one part of the assessment of systemic oxygenation.
Although monitoring is continuous, Sp0O, provides momentary information on arterial
saturation without true insight into systemic oxygenation and respiratory reserve. The
physiologic context of oximetry is critical for appropriate interpretation and assists
estimation of a patient’s cardiopulmonary reserve for planning and execution of an
airway management plan.

Oximetry measures arterial hemoglobin saturation but not the arterial oxygen
tension or oxygen content of blood. The oxyhemoglobin dissociation curve (see
Chapters 5 and 20) describes the relationship of oxygen partial pressure (Pao,) and
saturation (Sa0,). Its sigmoidal shape hinges on varying hemoglobin affinity with
successive oxygen binding. It is important to note that Spo, provides poor correlation
with Pao, in the normal range. Normal Sao, is associated with a wide range of Pao,
(80 to 400 mm Hg), which includes two extremes of oxygen reserve. Similarly,
oximetry is insensitive at detecting progressive hypoxemia in patients with high-
baseline Pao,. Correlation is established in the hypoxemic range at and below the
upper inflection point of the oxyhemoglobin curve (Pao, < 60 mm Hg approximating
Sao, 90% at normal pH) where desaturation is rapid with declining Pao..

Hemoglobin saturation must also be interpreted in the context of inspired oxygen
fraction (F10,) to provide insight into gas exchange and physiologic reserve. Simple
observation at the bedside provides qualitative assessment. More formal calculation
of the Spo,/F10, (SF) ratio is advocated. For the same reasons discussed earlier, SF
ratio correlates with Pao,/Fi0, (PF) ratio in the hypoxemic range (Spo, < 90%) but
not in the normal range. As such, observation of the patient’s condition before
supplemental oxygen escalation or preoxygenation provides more insight into the
physiologic state. Correct interpretation of Spo, relative to Fio, is also important in
assessing for failure of noninvasive ventilation. Hypoxemia and/or requirement of
oxygen escalation above Fi0, > 70% leaves a thin margin of physiologic reserve for
preoxygenation and execution of safe, uncomplicated endotracheal intubation.

Although Pao, (with or without conscious calculation of PF ratio) is a
traditional and reliable gauge of pulmonary gas exchange and reserve, measurement
of Pao, through arterial blood gas sampling before airway management is not
generally helpful. The aim to maximize preoxygenation in all patients supersedes this
strategy. However, knowledge of these principles and relationships provides insight
into physiologic events and the fallibility of current technology during the
management of critical illness.



The context of cardiac performance is also vital to interpretation of oximetry
data. Although saturated hemoglobin accounts for the majority of blood oxygen
content, systemic oxygen delivery is largely regulated (and limited) by cardiac
performance. Pertinent to airway management, rapid desaturation and delayed
response to pulmonary oxygenation should be anticipated in the setting of low cardiac
output.

Finally, oxygen saturation is an unreliable gauge of ventilation, Paco, level, or

acid—base status. Normal arterial saturation does not ensure appropriate ventilation.
Oxygenation often is adequate with minimal volume of gas exchange, whereas carbon
dioxide (CO,) removal relies on pulmonary ventilation. Arterial blood gas analysis

is the traditional means to measure Paco,, but alternative noninvasive CO,
monitoring provides additional insight.

CO, 1s a normal byproduct of systemic metabolism. The quantity of expired CO, is

dependent on three factors: metabolic production, venous return and pulmonary
circulation to deliver CO, to the lungs, and alveolar ventilation. Capnography,

therefore, provides insight into each of these factors. The corollary is that
interpretation of exhaled CO, is not always straightforward as a consequence of its

dependence on these three functions.

Basics of CO, Monitoring

CO, monitors measure the partial pressure of CO, (in millimeters of mercury) in

expired gas. A variety of methods and devices are available. Qualitative (or
semiquantitative) colorimetric monitors simply detect expired CO, above a threshold

concentration. Quantitative devices include nonwaveform capnometers and waveform
capnographers, which display the partial pressure of CO, in each breath. When

measured at the end of expiration, this i1s referred to as end-tidal CO, (ETCO,),
which approximates alveolar CO,. Waveform capnographers display a continuous
waveform, representing exhaled CO, concentration over time and therein provide the
most comprehensive data on ventilation, metabolism, and perfusion.

Colorimetric CO, Detectors



Colorimetric CO, detectors use pH-sensitive filter paper impregnated with
metacresol purple, which changes color from purple (<4 mm Hg CO,) to tan (4 to 15
mm Hg CO») to yellow (>20 mm Hg CO,), depending on the concentration of exhaled
CO,. The indicator, housed in a plastic casing, is typically interposed between the
endotracheal tube (ETT) and ventilator bag. Qualitative colorimetric detectors are
inexpensive and easy to use, making them an excellent choice for ETT confirmation.
One important limitation of qualitative colorimetric detectors is that they have a 25%
false-negative rate (no color change with correct intubation) in the setting of (usually
prolonged) cardiac arrest resulting from the absence of circulatory distribution of
CO, to the lungs.

° FIGURE 8-1. waveform Capnographer. Display showing the ETCO, value (<) with each

breath and a waveform (<) representing exhaled CO, concentration over time.

Quantitative CO, Monitors

Quantitative monitors include nonwaveform capnometers, which display ETCO, of
each breath, and waveform capnographers, which display ETCO, and a continuous
waveform representing exhaled CO, over time (Fig. 8-1). Most of these devices use
an infrared sensor, which measures the amount of infrared light absorbed by CO, in

the exhaled gases.

There are two types of capnographers: sidestream monitors withdraw gas
samples from the airway with a thin tube, and mainstream monitors sample gas with
an in-line sensor. Both types can be used for intubated patients. Nonintubated patients



undergoing sedation are usually monitored with a sidestream capnographer through a
nasal cannula. Capnography face masks that use both sidestream and mainstream
technology are also available for monitoring nonintubated patients.

Capnography Interpretation

In healthy patients, a close correlation exists between ETCO, and arterial CO,
(Paco,) such that ETCO, is approximately 2 to 5 mm Hg less than Paco, (normal
ETCO, is 35 to 45 mm Hg). Unfortunately, changes in ventilation and perfusion alter
the alveolar to arterial gradient such that absolute Paco, can be difficult to predict
based on capnography. This does not detract from the utility of capnographic
waveform and trend analysis (Table 8-2).

Capnography monitors can display at a high-recording rate, which allows
assessment of individual waveforms, or a low-recording rate, which allows a better
assessment of trends (Figs. 8-2 and 8-3). A normal waveform has a characteristic
rectangular shape and should start from 0 mm Hg and return to 0 mm Hg. Elevation of
the baseline above zero implies CO, rebreathing or hypoventilation. The upstroke

should be rapid and almost vertical. A slurred upstroke occurs with expiratory
obstruction caused by bronchospasm, chronic lung disease, or a kinked ETT. The
plateau tends to slope gently upward to the end of expiration where the ETCO, value

is measured. Beginning with inspiration, there is a rapid vertical drop back to the
baseline.

Clinical Utility of Quantitative Capnometry and
Capnography

Confirmation of ETT Placement and Detection of Accidental Extubation

Continuous waveform capnography and nonwaveform capnometry are the most
accurate methods for confirming ETT placement. Esophageal intubation results in an
absent or abnormal ETCO, value or waveform after the first few breaths (Fig. 8-4).
Correct ETT placement results in a reasonable ETCO, value and a characteristic
rectangular waveform. The ETCO, value and waveform can be continuously
monitored during prehospital and intrahospital transport. Sudden waveform loss is
the earliest sign of accidental extubation and may precede oxygen desaturation by
minutes.



Abnormal ETCO, Values

ETCO, Physiology

Increased Decreased CO, clearance

Increased circulation

Increased CO, production

Decreased Increased CO, clearance

Zero

CO, (mmHg)

Lack of CO, in gas
Sample decreased circulation

Decreased CO, production

No ventilation

No circulation

Clinical Condition

Classic hypoventilation

Return of spontaneous circulation in cardiac arrest
Increased metabolism (fever and seizure)
Hyperventilation

Hypopneic hypoventilation

Low cardiac output
Pulmonary embolism
Decreased metabolism (hypothermia)

Esophageal intubation

Accidental extubation

Apnea

Cardiac arrest

High recording rate waveform

Time



° FIGURE 8-2. Normal capnography waveform at a high-recording rate (12.5 mm per second)

with a characteristic rectangular shape. The upstroke and downstroke are nearly vertical, the plateau
rises slightly throughout expiration, and the ETCO, value (about 40 mm Hg) is measured at the end of
expiration (arrow).

Low recording rate waveform

CO, (mmHg)

Time

° FIGURE 8-3. nNormal capnography waveform at a low-recording rate (25 mm per minute).

The low-recording rate is useful for monitoring ETCO, trends, not waveform shape.

Capnography during Cardiopulmonary Resuscitation

Capnography is a sensitive indicator of cardiovascular status. Exhaled CO, is
dependent on pulmonary circulation, which 1s absent during untreated cardiac arrest.
The 2015 American Heart Association (AHA) guidelines encourage the use of
continuous waveform capnography to optimize chest compressions during CPR.
Effective chest compressions lead to an immediate rise in ETCO, as a result of
effective pulmonary circulation (Fig. 8-5). ETCO, < 10 mm Hg signals ineffective
circulation despite CPR or a prolonged arrest with poor prognosis. Return of
spontaneous circulation (ROSC) is unlikely if ETCO, persists <10 mm Hg after
correct ETT placement and optimal CPR. An abrupt increase in ETCO, to normal
values (>30 mm Hg) during CPR is an early indicator of ROSC and often precedes
other clinical signs. Be aware that intravenous bicarbonate administration liberates
CO, and causes a transient rise in ETCO,, which should not be misinterpreted as
optimized CPR or ROSC.
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° FIGURE 8-4. ks ophageal Intubation. Note that there is a minimal abnormal waveform that

disappears within five to six breaths.
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° FIGURE 8-5. Capnography waveform during CPR displayed at a low-recording speed for

trend analysis. ETCO, values during CPR are closely correlated with circulation. This trend waveform
shows an increase in ETCO, with improved chest compressions (arrow). ROSC also results in an abrupt
rise in ETCO,.

Monitoring Ventilation during Procedural Sedation

In the setting of procedural sedation, capnography is the most sensitive indicator of
hypoventilation and apnea. Several studies show that patients undergoing procedural
sedation have a high rate of acute respiratory events including hypoventilation and



apnea, and clinical assessment of chest rise is not sensitive for detecting these events.
Oxygen desaturation is a late finding in hypoventilation, especially in patients
receiving supplemental oxygen. Addition of capnography to standard monitoring
provides advanced warning and reduces hypoxic events.

When using capnography to assess for respiratory depression, it is important to
understand that hypoventilation can result in an increase or decrease in ETCO.,.

Capnographic evidence of respiratory depression includes ETCO, > 50 mm Hg, a
change of ETCO, of 10% from baseline (or absolute change of 10 mm Hg), or loss of

waveform. Bradypneic (classic) hypoventilation results in a waveform of increased
amplitude and width (Fig. 8-6). Hypopneic hypoventilation (shallow ineffective
breathing) results in a low-amplitude waveform, despite rising alveolar CO, (Fig. 8-

7). In this case, the measured ETCO, value will decline because of the relative
decrease in the volume of exhaled gas relative to the fixed volume of dead-space gas,
thus diluting the CO, in the sample as indicated.

Analogous to its use in procedural sedation, capnography can be used to gauge
adequacy of spontaneous ventilation whenever there is a concern for respiratory

depression, similar to that in patients with depressed mental status caused by disease,
trauma, or pharmacologic agents.

CO, (mmHg)

Time

° FlGU RE 8-6 Bradypneic (Classic) Hypoventilation. Note that the waveform is wide and

has increased amplitude, with an ETCO, > 50 mm Hg.



CO, (mmHg)

Time

° FIGURE 8-7. Hypopneic Hypoventilation. Very shallow breathing results in a low-

amplitude waveform and a low ETCO,, despite a rising alveolar CO,.

Surveillance and Monitoring of Mechanically Ventilated Patients

Capnography is useful for determining adequacy of ventilation in mechanically
ventilated patients. Although ETCO, can be an unreliable gauge of Paco, because of

variation in alveolar-arterial gradient, ETCO, can be incorporated as a surrogate for
Paco, to minimize routine blood gas analysis. An initial arterial blood gas sample
allows comparison of Paco, and ETCO, and establishes calibration so that ETCO,
monitoring provides a continuous gauge of Paco,, assuming no major clinical change

in patient condition. This is especially helpful for maintaining normocapnia in
intubated patients who may be harmed by hypercapnea or hyperventilation, such as
those with intracranial hypertension or brain injury.

Assessment and Monitoring of Patients in Respiratory Distress

Capnography can be useful for monitoring patients presenting with respiratory
distress. A large pulmonary embolism can cause a decrease in ETCO, because of a
lack of pulmonary perfusion, but most patients with severe respiratory distress are
hypercapnic. Chronic obstructive lung disease and bronchospasm display a
characteristic waveform with a slurred upstroke. The waveform shape may normalize
with treatment of the underlying disease. Increasing ETCO, usually indicates
worsening of respiratory distress, and decreasing ETCO, usually indicates
improvement of respiratory distress. ETCO, values and waveform trends may help



guide management decisions, such as endotracheal intubation or intensive care
observation, in patients with respiratory distress from any etiology.

e What key points of pulse oximetry monitoring are particularly pertinent
during emergency airway management? Rapid change in arterial saturation
i1s common during airway management. Although pulse oximetry is continuous,
there is a delay in peripheral cutaneous oximetry relative to central Sao,.

Monitor averaging, probe location, circulatory and oxygenation status, and rate
of desaturation all contribute to the degree of correlation. Sensor anatomical
location is an easily modifiable factor: Forehead probes are closer to the heart
and respond more quickly than distal extremity probes. Although most sensors
lose reliability during hypotension, hypoperfusion, and hypothermia, forehead
reflectance probes maintain reliability during these conditions in most
patients.!=3 As such, they are often preferred in the management of critically ill
patients.*>

e Is there evidence for the use of capnography in emergency settings? The
2015 AHA ACLS guidelines recommend the use of capnography for
confirmation of correct ETT placement, monitoring CPR quality, and indicating
ROSC. Continuous waveform capnography is recommended, in addition to
clinical assessment, as the most reliable method of confirming and monitoring
correct placement of an ETT.¢ If continuous waveform capnometry is not
available, a nonwaveform CO, detector is a reasonable alternative.6

Colorimetric detectors are less accurate for confirming correct ETT placement
during cardiac arrest. However, colorimetric and nonwaveform capnometers
are nearly 100% accurate for confirming correct ETT placement in patients
with circulation.” AHA guidelines also recommend waveform capnography to
optimize CPR performance.® ROSC is unlikely when ETCO, values are

persistently less than 10 mm Hg in intubated patients receiving good quality
CPR.% A sudden increase in ETCO, to normal values (>30 mm Hg) during CPR

is an early indication of ROSC.?9 The use of waveform capnography during
procedural sedation is well accepted and recommended as a standard for the
safe practice of anesthesia worldwide.l0 Although it is not used in some
emergency departments (EDs), there is good evidence that waveform
capnography is the most sensitive early indicator of hypoventilation and apnea,
and its use has been shown to decrease the incidence of hypoxia during ED
procedural sedation.!1-14
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Chapter

Bag-Mask Ventilation

Steven C. Carleton, Robert F. Reardon, and Calvin A. Brown ll|

Bag-mask ventilation (BMV) is a foundational skill in airway management and a
consideration in every airway intervention. Evaluation for potential difficulty in
bagging is a fundamental component of every airway assessment. Effective BMV
reduces both the urgency to intubate and the anxiety that accompanies challenging
laryngoscopy and intubation, buying time as one works through potential solutions for
a difficult or failed airway. The confident application of BMV is particularly critical
when muscle relaxants are used to facilitate intubation; confidence with BMV should
be considered a prerequisite to using paralytic agents. The ability to oxygenate and
ventilate a patient with a bag and mask effectively eliminates the “can’t oxygenate”
portion of the can’t intubate, can’t oxygenate scenario (see Chapter 2), leaving three
unsuccessful attempts at intubation, or a failed best attempt in the “forced to act”
scenario, as the only pathways to a failed airway.

In spite of its importance, there is a paucity of literature that adequately
describes effective BMV. Most health care providers mistakenly think that they are
proficient at it, and it is given less attention in training for airway management than
more glamorous, but less frequently applied, airway techniques. Nonetheless, BMV
is among the most difficult airway skills to master, requiring a clear understanding of
functional airway obstruction, familiarity with the required equipment, mechanical
skill, teamwork, and an organized approach when initial efforts are suboptimal.

Successful BMV depends on three factors: (1) a patent airway, (2) an adequate
mask seal, and (3) proper ventilation. A patent airway permits the delivery of
appropriate tidal volumes with the least possible positive pressure. Basic methods
for opening the airway include patient positioning, and the chin lift and jaw thrust



maneuvers. Creating an adequate mask seal requires an understanding of the design
features of the mask, the anatomy of the patient’s face, and the interrelationship
between the two. Proper ventilation involves delivering an appropriate volume at a
rate and force that minimize gastric insufflation and the potential for breath stacking
and barotrauma.

The specific type of bag used is critically important. Self-inflating bags are the
most useful in the emergency situation because of their low cost, simplicity, and
broad availability. Resuscitation bags vary in volume depending on their intended
use, with adult bags typically having a volume of 1,500 mL, whereas those for
children and infants have volumes of 500 and 250 mL, respectively. Bags that
minimize dead space, incorporate unidirectional inspiratory and expiratory airflow
valves, and have an oxygen reservoir are essential to optimize oxygenation during
BMV (see Chapter 5). Bags with a pop-off pressure valve minimize the potential for
barotrauma; most with this feature allow the valve to be manually disabled when high
ventilation pressures are required.

° FIGURE 9-1. race masks of various types in sizes from infant to large adult.

Face masks for BMV in the emergency department and prehospital setting are
usually disposable, plastic models. Three sizes (small, medium, and large) are



sufficient to accommodate most adults and school-aged children. Choice of size is
empiric. Smaller masks are available for use in toddlers, infants, and newborns. A
selection of face masks is shown in Figure 9-1. Note that it is generally easier to
establish an adequate mask seal if the mask 1s too large than if it is too small because
the mask must cover both the mouth and nose. A typical mask consists of three
components:

¢ A round orifice that fits over the standard 22-mm outside diameter connector on
the bag assembly

e A hard shell or body; this is often clear, to allow continuous monitoring of the
patient’s mouth and nose for regurgitation

e A circumferential cushion or inflatable cuff to evenly distribute downward
pressure onto the patient’s face, filling irregular contours and promoting an
effective seal

Although newer, ergonomically designed face masks may be more effective in
reducing mask leaks than standard, disposable masks; such masks are not widely
available and have yet to be evaluated in the emergency setting.

The airway should be opened before placing the mask on the face. Functional
occlusion of the airway is common in supine, obtunded patients, particularly when
neuromuscular blocking agents have been given. Occlusion results from posterior
displacement of the tongue onto the posterior oropharynx wall as the genioglossus,
geniohyoid, and hyoglossus muscles relax. Airway closure also may result from
occlusion of the hypopharynx by the epiglottis, or by circumferential collapse of the
hypopharynx when airway tone is lost. Airway collapse is exacerbated by flexion of
the head on the neck and by widely opening the mouth. Maneuvers to open the airway
are directed at counteracting these conditions by anterior distraction of the mandible
and hyoid. The head tilt/chin lift is an initial maneuver that may be used in any patient
in whom cervical spine injury is not a concern. In this technique, the clinician applies
downward pressure to the patient’s forehead with one hand while the index and
middle fingers of the second hand lift the mandible at the chin, pulling the tongue from
the posterior pharynx, and slightly extending the head on the neck. Airway caliber
may be augmented by coupling atlanto-occipital extension with slight flexion of the
lower cervical spine (i.e., the “sniffing position”) similar to optimal positioning for
direct laryngoscopy (see Chapter 13). Although chin lift may be sufficient in some



patients, the jaw thrust maneuver is more effective in displacing the mandible, hyoid,
and tongue anteriorly. The jaw thrust is achieved by forcibly and fully opening the
mouth to translate the condyles of the mandible out of the temporomandibular joints,
then pulling the mandible forward (Fig. 9-2A—D). This is most easily accomplished
from the head of the bed, by placing the fingers of both hands on the body, angle, and
ramus of the mandible with the thumbs on the mental processes. The forward position
of the mandible can be maintained, and anterior traction on the hyoid and tongue can
be increased, by closing the mandible on an oropharyngeal airway (OPA). It is useful
to think of the jaw thrust maneuver as “creating an underbite” with the bottom incisors
placed anterior to the upper incisors. The fingers maintain this position while the
mask is applied to the face. The jaw thrust is the safest first approach to opening the
airway of a patient with a potential cervical spine injury; if properly performed, it
can be accomplished without moving the head or neck.
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° FIGURE 9-2. Relieving upper airway obstruction by “creating an underbite” with the jaw

thrust maneuver. This is the most important technique for opening and maintaining the airway. A: From
the head of the bed, the closed mandible is grasped between the thumbs and fingers of both hands. B:
The mandble is widely opened. C: The open mandible is displaced anteriorly out of the
temporomandibular joint. D: The mandible is closed on the bite block of an OPA to maintain the jaw



thrust with the lower teeth in front of the upper teeth.

Once an open airway has been established, it must be maintained. OPAs and
nasopharyngeal airways (NPAs) are necessary adjuncts in achieving this goal.
Rescue bag-and-mask ventilation in a supine, unresponsive patient is ineffective
without either an OPA or a NPA. Both prevent the tongue from falling back and
occluding the airway and provide an open conduit for ventilation. OPAs are
available in a variety of lengths, measured in centimeters (Fig. 9-3A). They are
intended to extend from the central incisors to just short of the epiglottis and posterior
pharyngeal wall. The appropriate size can be estimated by choosing an OPA that
extends from the lips to just beyond the angle of the mandible when held alongside the
face. Sizes from 8 to 10 cm suffice for the majority of adults. Two methods of
insertion are in common use. In one, the OPA is inserted into the open mouth in an
inverted position with its tip sliding along the palate. As the insertion is completed,
the OPA is rotated 180° into its final position with the flange resting against the lips.
This method 1s designed to minimize the likelihood of the OPA impinging the tongue
and displacing it posteriorly. In the second method, the tongue is pulled forward
manually, and the OPA is inserted with its curve paralleling that of the airway until
the flange rests against the lips. The latter technique has less potential for causing
trauma to oropharyngeal structures. NPAs are available in various sizes based on
internal luminal diameter (Fig. 9-3B). Sizes from 6 to 8 mm accommodate most adult
patients. The appropriate size is commonly stated as the diameter of the patient’s
small finger, or 0.5 to 1.0 mm smaller than the endotracheal tube size for the patient,
but neither method of estimation has been validated. For the purpose of augmenting
BMV while minimizing the potential for nasal trauma, the smallest effective tube
should be used; generally, this is 6 mm in adult females and 7 mm in adult males.
When time permits, the larger nostril should be chosen based on inspection and
decongested with oxymetazoline or neosynephrine spray. Topical anesthetics such as
4% aqueous lidocaine or 2% lidocaine jelly also can be applied. A generously
lubricated NPA is then inserted through the inferior nasal meatus parallel to the
palate until the flange rests at the nostril. When introducing a NPA, the recommended
position is with the point of the nasal trumpet away from the anterior nasal septum
(bevel side facing medially) in order to reduce injury to Kiesselbach’s plexus and
reduce the risk of epistaxis. A slight rotatory motion during insertion may facilitate
passage. If resistance is met, the tube should either be downsized, or insertion should
be attempted through the contralateral nostril. An NPA should never be forced when



resistance 1s encountered, because bleeding will inevitably result. Relative
contraindications to NPA insertion should be observed, including bleeding diathesis
and suspected basilar skull fracture.

° FIGU RE 9'3 A: Guedel (left) and Berman (right) OPAs. B: NPAs. C: OPA and two

NPAs in place within the body of the mask to optimize airway maintenance.

OPAs generally facilitate airway maintenance more reliably than NPAs, but
OPAs are tolerated poorly in patients with intact gag and cough reflexes. Use of an
NPA, particularly when time permits topical anesthesia of the nose, may be tolerated
in this circumstance. When airway patency during BMV is difficult to maintain with
an OPA alone, it can be supplemented by one or two NPAs ( Fig. 9-3C). The
following cannot be stated strongly enough: an adjunctive airway should always be
used to maintain airway patency when bagging a patient for his or her life.

POSITIONING AND HOLDING THE MASK

Once the airway is opened, the mask is placed to obtain a seal on the face. This
should be accomplished with the mask detached from the bag to permit optimal



positioning free from the unbalanced weight and bulk of the complete assembly. The
cuff on the mask is intended to seat on the bridge of the nose, the malar eminences of
the maxillae, the maxillary and mandibular teeth, the anterior body of the mandible,
and the groove between the chin and alveolar ridge of the mandible. This ensures that
the mouth and nose will be covered entirely and that the cuff will be supported by
bony structures. In general, the seal between the mask and face is least secure
laterally over the cheeks. This is particularly true in edentulous patients where the
unsupported soft tissue of the cheeks may incompletely contact the cuff. In this
circumstance, adequate facial support for the cuff can be maintained by leaving
dentures in place during BMV, or restored by packing gauze rolls into the cheeks.
Medial compression of the soft tissue of the face against the outside margins of the
cuff can also mitigate leakage. Shifting the mask such that the caudal edge of the cuft
rests inside the lower lip may improve the seal between the mask and face in
edentulous patients (Fig. 9-4).

Optimal placement of the mask is facilitated by grasping its body between the
thumbs of both hands and then spreading the cuff with the fingers (Fig. 9-5). Initially,
the nasal part of the mask is placed on the bridge of the nose, and the mask is adjusted
superiorly or inferiorly to optimize coverage. The body of the mask is then lowered
onto the patient’s face, and the cuff is released once in firm contact with the skin. This
effectively pulls the soft tissue of the face into the body of the mask, improving the
mask seal. In masks with inflatable cuffs, the cuff volume can be adjusted with a
syringe to further augment the seal if leakage 1s encountered. Once the mask is in full
contact with the face, the fingers can be released and used to pull the lower face
upward into the mask as the grip on the mask is maintained with the thumbs. The bag
is then attached, and ventilation is initiated. The tendency to rest the hands or the cuff
on the orbits should be avoided during BMV. Compression of the eyes may cause
injury or a vagal response.



° FIGURE 9-4. Lower-lip positioning of the mask. This position may improve the mask seal in

edentulous patients. (Photograph courtesy of Tobias D. Barker, MD.)

° FIGU RE 9-5. Spreading the cuff of the mask before seating it on the face to improve the

mask seal.

With proper technique, the mask is not pushed down onto the patient’s face
during BMV. Rather, the patient’s face is pulled upward into the mask. This has



significant implications on the most effective method of holding the mask after the
initial seal is obtained. As discussed in the following section, whenever possible, a
two-handed and two-person technique employing a thenar mask grip should be used.

Single-Handed Mask Hold

Securing the mask to the face using one hand may be necessary when personnel are
limited, but this should be a very rare scenario. Single-handed BMV can be
successful in selected, unchallenging patients, particularly when the operator’s hands
are large and strong enough to maintain a robust seal for extended periods of time.
However, when it is difficult to achieve or maintain a good mask seal, two-person,
two-handed technique is used. In the one-handed technique, the operator’s dominant
hand is used to hold and compress the bag, while the nondominant hand is placed on
the mask with the thumb and the index finger partially encircling the mask connector,
as 1f making an “OK” sign. This grip is also referred to as the “EC grip,” because the
third through fifth fingers form the letter “E” and the thumb and index finger form the
letter “C” while grasping the mask. The grasping hand and mask are then rocked from
side to side to achieve the best seal. The ring finger and little finger are typically
used to pull the body of the mandible upward toward the mask (Fig. 9-6A) while the
tip of the long finger is placed beneath the point of the chin to maintain the chin lift.
When the operator’s hands are of sufficient size, the pad of the little finger can be
placed posterior to the angle of the mandible to augment chin lift with a degree of jaw
thrust. Fingers grasping the mandible should contact only its bony margin to avoid
pressure on the submandibular and submental soft tissues, which may occlude the
airway. When holding the mask with one hand, it may be necessary to gather the
cheek with the ulnar aspect of the grasping hand and compress it against the mask cuff
to establish a more effective seal. One-handed bagging can be extremely fatiguing. A
common tendency, especially during difficult bagging or with operator fatigue, is to
deform the body of the mask by squeezing it between the thumb and index finger. This
may create or worsen a mask leak.



° FIGURE 9-6. a: Single-handed mask hold with the “OK” or “EC” grip. B: Two-handed

mask hold with the conventional, double “OK™ grip.

Two-Handed Mask Hold

The two-handed mask hold is the most effective method of opening the airway while
achieving and maintaining an adequate mask seal. It is the method of choice in the
emergency situation, whenever two operators are available. The two-handed, two-
person technique mandates that one operator’s sole responsibility is to ensure proper
placement of the mask, an effective mask seal, and a patent airway. Usually, the more
experienced member should handle the mask. The other member provides bag
ventilation.

The operator’s hands may be placed on the mask in one of two ways. The
traditional method involves placing the index fingers and thumbs of each hand on the
body of the mask in an identical fashion to that of one-hand, “OK” mask grip (Fig. 9-
6B). The tips of the remaining three fingers of each hand are used to capture the
mandible and perform a chin lift and a partial jaw thrust, opening the airway, pulling
the face upward into the mask, and creating a mask seal. This method provides a
more effective seal than the one-handed technique but is still subject to hand fatigue it
bagging is difficult or prolonged. In the second method, both thenar eminences are
positioned on the body of the mask, parallel to one another, with the thumbs pointing
caudally. The cuff of the mask is placed on the bridge of the nose, and the remainder
of the mask is lowered onto the face (Fig. 9-7A). The index, long, ring, and small
fingers of each hand grasp the body, angle, and ramus of the mandible and pull the
mandible forward into the mask to produce a seal. The jaw thrust maneuver produced
in this manner is much more effective than that produced with the conventional two-
handed grip, and the mask seal i1s more robust than in either alternative technique



described. Recent evidence has shown that the thenar grip results in fewer ventilation
failures and larger ventilation volumes than other mask holds. In addition, the two-
handed, thenar mask hold 1s also more comfortable and less tiring compared with the
other methods. When extremely difficult BMV is encountered, a more aggressive
version of the thenar grasp may be useful. Here, the operator stands on a stool, or has
the bed lowered until the arms are straight, with the second to fifth fingers pointing
straight toward the floor as the thenar grip on the mask is maintained. The fingers of
each hand are shifted posteriorly to grasp the mandible by the angle and ramus to
perform a more robust jaw thrust.

If clinical circumstances require that the operator perform BMV from a position
facing the patient, the thenar mask grip, reversed so that the thumbs point cephalad, is
the best method. This grip can also be applied successfully in seated patients (Fig. 9-
7B). In circumstances where there is a lone rescuer and difficulty is encountered in
obtaining a mask seal, the care provider can free both hands for the two-hand, thenar
mask grip and still provide ventilation by compressing the bag between their elbow
and lateral torso if standing, or between their knees 1f kneeling on the floor. When the
prospective assessment for difficult bagging is highly unfavorable, or a single rescuer
anticipates insurmountable difficulty performing one-person technique, consideration
should be given to bypassing BMV in favor of placing an extraglottic device as the
initial means of ventilation (see Chapters 10 and 11).

° FIGU RE 9-7. a: Two-handed, thenar mask grip. This grip provides a superior face seal,

better airway maintenance, and is less fatiguing than the alternative methods. B: The two-handed, thenar
mask grip applied from the side in a semi-seated patient.

VENTILATING THE PATIENT




Once the airway is opened and an optimal mask seal is obtained, the bag is connected
to the mask, and ventilation is initiated. The entire volume of the self-inflating
resuscitation bag cannot, and should not, be delivered. Overzealous volume delivery
may exceed the opening pressures of the upper and lower esophageal sphincters
(approximately 20 to 25 cm H,O pressure), insufflating gas into the stomach and

increasing the risks of regurgitation and aspiration. It also may result in breath
stacking leading to pulmonary barotrauma, and loss of functional residual capacity as
the abdomen distends and compresses the diaphragms. The goal for effective
oxygenation and ventilation without excessive inspiratory pressure is to deliver 10 to
12 reduced tidal volume breaths (5 to 7 mL per kg; approximately 500 mL in an
average adult) per minute over 1 to 2 seconds each. Factors that increase peak
inspiratory pressures include shorter inspiratory times, larger tidal volumes,
incomplete airway opening, increased airway resistance, and decreased lung or chest
compliance. Several of these factors are controllable, and attention should be paid by
the clinician to maintenance of airway patency, delivery of inspiration over a 1- to 2-
second period, and limiting tidal volume to that sufficient to produce visible chest
rise.

During BMV, studies demonstrate that application of Sellick maneuver (see Chapter
20) may reduce gastric insufflation. If resources permit, we recommend applying
Sellick maneuver during bag ventilation of an unresponsive patient. Sellick maneuver
involves pressing the cricoid cartilage posteriorly, attempting to occlude the cervical
esophagus against the anterior vertebral bodies. Two errors are commonly
committed. The first is to apply pressure to the thyroid cartilage instead of the cricoid
cartilage, failing to compress the esophagus and potentially occluding the airway. The
second is to press too hard resulting in distortion of the airway and more difficult
ventilation.

BMV is a dynamic process. The patency of the airway, position of the mask, and
adequacy of gas exchange must be assessed continually. Listening and feeling for
mask leaks, monitoring the compliance of the bag during delivery of breaths, and
observing the rise and fall of the chest are crucial to success. The most important role



falls to the person holding the mask, but coordination of the efforts of this individual,
the person ventilating with the bag, and the person performing Sellick maneuver are
essential to optimal BMV. Two-handed technique with the thenar mask grip is the
preferred method for maintaining both airway patency and the mask seal. In addition
to optimizing the jaw thrust and mask seal, this grip allows a lateral mask leak to be
felt by the provider’s hands. Compression of the cheek into the lateral mask cuff may
occlude the leak. Note that it may be necessary to periodically rock the mask upward,
downward, or from side to side to reacquire the best seal. It also may be necessary to
reapply the jaw thrust maneuver to reestablish airway patency because of the
tendency of the mandible to fall back into the temporomandibular joints. When
delivering tidal volumes with the bag, the operator should simultaneously feel for the
resistance of the bag to compression, and observe the patient’s chest for rise and fall
during ventilation. This feedback can provide clues about the patient’s lung and chest
wall compliance and can influence bagging technique in response. Other important
signs of satisfactory ventilation are maintenance of adequate oxygen saturation and
the appearance of an appropriate waveform on end-tidal CO, capnography.

Occasionally after a breath is delivered, passive expiration fails to occur. This
generally indicates closure of the airway because of an inadequate jaw thrust.
Removal of the mask from the face and reapplication of a vigorous jaw thrust will
generally relieve the blockage and permit expiration.

Whenever BMV fails to establish or maintain adequate oxygen saturation, the
bag-and-mask technique must be adjusted to compensate. Simply stated, when
bagging fails, bag better. Bagging better requires a systematic reappraisal of the
adequacy of airway opening, the mask seal, and the mechanics of ventilation with the
bag. If a single-handed mask hold is being used by a lone provider, the mask grip
should immediately shift to two-handed thenar technique, and the bag should be
compressed by one of the alternative methods described earlier. If two providers are
available, two-person, two-handed thenar technique should be used, and the
providers should focus on the following questions:

1. Does the jaw thrust maneuver need to be redone to more effectively open the
airway? Optimal jaw thrust is facilitated by positioning the person holding the
mask at the head of the bead, with the bed at a height that allows the provider to
shift the fingers posteriorly to grasp the angle and ramus of the mandible, and
comfortably maintain the upward pull required to open the airway. Jaw thrust is
easier when performed by an individual with large hands; if an experienced
operator with large hands is available, they must be recruited for this task.

2. Is the mask seal optimal? If not, the seal may be improved by applying an
occlusive plastic membrane to a beard, by reinserting dentures or packing fluffed



gauze inside the cheeks of an edentulous patient, by gathering and compressing both
cheeks inside the body of the mask, by ensuring that the entire mouth and nose are
within the body of the mask, by rocking the mask to reestablish cuff contact with
the face, or by considering lower-lip mask positioning in the edentulous patient.
Positioning a morbidly obese patient in a semi-seated position during BMV may
improve pulmonary dynamics and ease difficult bagging. This may require the
person holding the mask to use a stool or to move to a position facing the patient,
and adjust their mask grip accordingly.

3. Are airway adjuncts being used? A common error in BMV is failure to use OPAs
and NPAs. A minimum of one of these adjuncts should always be used during
BMYV of an unresponsive patient. An OPA and two NPAs should be used in cases
where persistent difficulty is encountered in delivering adequate ventilation and
oxygenation.

4. Does a more experienced person need to be recruited to optimize efforts at BMV?
The learning curve for proficiency with BMV is long. Novice providers may fail to
achieve the most effective possible ventilation and should be replaced by the most
experienced available operator when difficult bagging fails to respond to simple
countermeasures.

1. What is the best method for maintaining a mask seal during BMV? Simulation
studies suggest that two-handed mask techniques facilitate delivery of greater tidal
volumes and peak airway pressures than the one-handed technique in both child
and adult manikin models.12 The traditional two-handed and two-handed thenar
mask grips yielded similar results in the adult study, but fatigue with prolonged
bagging was not evaluated. A clinical trial comparing the two-handed grip where
the mask was grasped with the thumbs and standard one-handed technique clearly
document the superiority of the two-handed thenar grip in delivering greater tidal
volumes in apneic patients.3 In another trial, the thenar grip was also found to be
more effective than the two-handed “E-C grip” when performed by novice
practitioners.* Mask seal in edentulous patients may be improved by modifying
placement of the caudal margin of the mask cuff to a position inside of the lower
lip, bearing on the alveolar ridge.> Further, in edentulous patients with dentures,
ventilation and gas flow during BMV are facilitated by leaving the dentures in
place during bagging.® Newer, ergonomically designed masks improve the mask
seal with the face in comparison to standard, disposable masks with inflatable
cuffs during simulated BMV.7

2. What is the optimal technique to ventilate the patient during BMV? The



10.

primary goal 1s oxygenation without gastric inflation. This is best accomplished by
avoiding high airway pressures during BMV (e.g., longer inspiratory times,
smaller tidal volume, and optimal airway opening).8° The recommended adult
tidal volume of approximately 500 mL is best achieved by squeezing the bag with
the hands, rather than compressing it between the arm and torso. !0

. Should Sellick maneuver be performed during BMV? If the necessary personnel

are available, it may be helpful to use this technique during prolonged BMV.
Proper application of cricoid pressure does appear to reduce the volume of air
entering the stomach when BMYV is performed with low to moderate inspiratory
pressures.!! Other cross-sectional radiology studies indicate that this technique
may not reliably occlude the esophagus or may impair ventilation by partially
obstructing the airway. 2,13 Furthermore, there is evidence to suggest that Sellick
maneuver may either improve or worsen laryngoscopic view of the glottis.14-16

. How easily can competence in BMV be achieved? An evaluation of the number

of repetitions required for novice physicians to achieve a success rate of 80% for
BMYV found that 25 training runs were necessary.!7 It should be noted that an 80%
success rate is an insufficiently rigorous goal for a frequently applied, life-
sustaining procedure, highlighting the necessity for frequent, scrupulous training in
BMV.
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Chapter

Extraglottic Devices: Supraglottic
Type

Michael F. Murphy and Jennifer L. Avegno

The terminology related to airway management devices that are inserted into the
hypopharynx and upper esophagus is not standardized. We will employ the term
extraglottic devices (EGDs) to refer to this collection of devices. Those that sit on
top of the larynx are supraglottic devices (SGDs), and those that are blindly inserted
into the upper esophagus are retroglottic devices (RGDs). This latter group might
also be referred to as an infraglottic devices (IGDs). RGDs such as the Combitube,
King LT airway, and EasyTube are covered in the following chapter. Most EGDs are
single-use, but some are available in reusable variants.

EGDs differ from face mask gas delivery apparatus in that they are inserted
through the mouth to a position where they provide a direct conduit for air to flow
through the glottis and into the lungs. They vary in size and shape, and most have
balloons or cuffs that, when inflated, provide a reasonably tight seal in the upper
airway to permit positive-pressure ventilation with variable limits of peak airway
pressure. This chapter deals with SGDs such as the LMA family of devices, Cook
ILA and Air Q, Ambu Aura family, and the 1-gel.

The SGD Class is further divided into first generation (no gastric drainage
lumen) and second generation (possessing a gastric drainage tube).



Although bag-mask ventilation (BMV) is relatively simple in concept, it is difficult or
impossible to perform in selected patients (see Chapter 9), even in the hands of
experts. Use of an EGD is a more easily acquired skill than BMV for the nonexpert
airway practitioner. Similarly, tracheal intubation is the “gold standard” for effective
ventilation and airway protection from aspiration, but the skill is not easily mastered
or maintained. EGDs are a viable alternative to tracheal intubation in many
emergency settings, particularly in prehospital care.

Finally, airway management difficulty and failure are associated with significant
morbidity and mortality. EGDs have a potential role in managing or rescuing both the
difficult and failed airway (see Chapters 2 and 3).

The indications for these devices have expanded over the past three decades and
include potential for use as:

e Anairway rescue device when BMV is difficult and intubation has failed;

e A “single attempt” rescue device performed simultaneously with preparation
for cricothyrotomy in the “can’t intubate, can’t oxygenate” (CICO) failed
airway (see Chapter 3);

e An easier and more effective alternative to BMV in the hands of basic life
support providers or nonmedical rescue personnel;

e Analternative to endotracheal intubation by advanced life support providers;

¢ An alternative to endotracheal intubation for elective airway management in the
operating room (OR) for appropriately selected patients; and

e A conduit to facilitate endotracheal intubation (certain types of intubating
SGDs).

The Laryngeal Mask Company developed the original SGD, the LMA Classic (Fig.
10-1), which serves as the prototype for much of the supraglottic class, although other
designs exist. The company also makes several other versions of the LMA, including
both reusable and nonreusable (disposable) devices as follows:

LMA Unique (disposable variant of the LMA Classic)

LMA Flexible (reinforced tube variant of the LMA Classic)

LMA ProSeal (reusable) (Fig. 10-2)

LMA Supreme (disposable) (Fig. 10-3)

Fastrach or intubating LMA (ILMA) (reusable and disposable) (Fig. 10-4)

Other companies also make SGDs, both LMA type and non-LMA type, including



A variety of disposable LMA Classic type designs (e.g., Portex and Solus);
Ambu LMA (ALMA) family of devices (AuraOnce, Aura Straight, Aura-i;
disposable and reusable) (Fig. 10-5);

Cookgas ILA (reusable) and Air Q (disposable) (Fig. 10-6A and B); and

1-gel (Fig. 10-7).

° FIG URE 10-1. LMA Classic. Note the aperture bars at the end of the plastic tube intended

to limit the ability of the epiglottis to herniate into this opening.



° FIGU RE 10-2. LMA ProSeal. Note the drain tube and distal orifice to permit gastric tube

passage and drainage.

° FIGURE 10-3.LmaA Supreme. The rigid construction of the tube and the curvature of the

device enhance insertion characteristics and the immediacy of the seal obtained once inflated.



° FIGU RE 10-4 LMA Fastrach or ILMA. Both the reusable (bottom) and disposable

(top) variants are pictured. The most unique feature of this device that confers a particular advantage is
the handle to permit positioning in the hypopharynx to improve airway seal and the capacity for adequate
gas exchange. This factor may be crucial in rescuing a failed airway.






PY FIGU RE 10'5 A: Range of sizes of the Ambu AuraOnce LMA. B: Ambu Aura-i LMA,

specifically designed to be used with the Ambu A Scope for endoscopic intubation.

The LMA Company (now owned by Teleflex) has recently introduced two new
single-use devices that have novel features: The LMA Protector (Fig. 10-8) is a
second-generation silicone single-use device that is available with both a gastric
drainage tube and a vent (second-generation SGA) that incorporates Cuff Pilot
technology, a pilot balloon pressure indicator. The device bears similarity to the
LMA Supreme, but is easier to intubate through. It is also similar in feel and shape to
the Fastrach LMA, although it lacks the handle and endotracheal tube ramp.

The single-use Unique EVO (Fig. 10-9) is a successor to the LMA Unique, with
a couple of design modifications: a more robust cuff design meant to produce better
seal characteristics and Cuff Pilot technology.

These devices are easy to use, generally well tolerated, produce little in the way
of adverse hemodynamic responses on insertion, and play a significant role in rescue
emergency airway management. Ventilation success rates near 100% have been
reported in OR series, although patients with difficult airways were excluded. It is
likely that emergency airway ventilation success rates are somewhat lower.
Intubation success rates through the ILMA are as high as 95% after three attempts,
comparable to success rates with flexible endoscopic intubation and significantly
better than through the standard LMA (See evidence section). However, an LMA
does not constitute definitive airway management, defined as a protected airway (i.e.,
a cuffed endotracheal tube [ETT] in the trachea). Although they do not reliably
prevent the gastric insufflation or the regurgitation and aspiration of gastric contents,
LMAs confer some protection of the airway from aspiration of blood and saliva from
the mouth and pharynx.



° FIGU RE 10-6. A: The reusable Cookgas ILA. B: The disposable Air Q variant.



° FIG U RE 1 0'7 The i-gel Device. Note the esophageal drainage tube.
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PY FIG U RE 1 0'8 Correct method of deflating the LMA Cuff.

Maximal success is only achievable when the patient has effective topical
airway anesthesia (see Chapter 23) or is significantly obtunded (e.g., by rapid
sequence intubation medications) to tolerate insertion of these devices.

LARYNGEAL MASK COMPANY DEVICES

Standard, Non-ILMAs

The original LMA, now called the LMA Classic, was introduced into clinical
practice in 1981 and looks like an ETT equipped with an inflatable, elliptical,
silicone rubber collar (laryngeal mask) at the distal end (Fig. 10-1). The laryngeal
mask component 1s designed to surround and cover the supraglottic area, providing
upper airway continuity. Two rubber bars cross the tube opening at the mask end to
prevent herniation of the epiglottis into the tube portion of the LMA.

The LMA Classic is a multiuse (reusable) device. The disposable and much less
expensive variety of this device is called the LMA Unique. A similar product, the
LMA Flexible, incorporates wire reinforcement in the tube portion of the device to
prevent kinking as the tube warms. We do not recommend the LMA Flexible for
management of the emergency airway.



The reusable LMA ProSeal incorporates an additional lumen through which one
can pass a suction catheter into the esophagus or stomach. In addition to the standard
perilaryngeal cuff, it also has a “directional sealing cuff” dorsally. This design
modification results in higher sealing pressure capacity than the LMA Classic (28 vs.
24 cm H,0), theoretically conferring an advantage for ventilating patients requiring

higher airway pressures, although the difference may not be clinically significant.
Because of its expense, relative difficulty with insertion characteristics, and marginal
benefit in the emergency situation, the LMA ProSeal does not currently have a place
in emergency airway management.

A disposable device similar to the LMA Classic called the LMA Supreme has
compelling design characteristics that may make it a good rescue device for
emergency airway management. It is easy to insert, seals readily, has higher leak
pressures than do earlier LMA iterations, has a built-in bite block, and contains a
channel through which a gastric tube can be passed. This device can be considered as
a replacement for BMV in the hands of nonexpert airway managers or when rescue
BMV is expected to be prolonged. It is the preferred device for emergency airway
management if a nonintubating style of LMA is desired.

Intubating LMAS

The LMA Fastrach, also called the [LMA, is the most important version of the LMA
for emergency airway management because it combines the high insertion and
ventilation success rate of the other LMAs with specially designed features to
facilitate blind intubation. It has an epiglottic elevating bar and a rigid guide channel
that directs an ETT in a superior direction into the larynx, enhancing the success rate
when passed blindly. The LMA Fastrach device is a substantial advancement in
airway management, particularly as a rapidly inserted rescue device in the CICO
situation while preparations for cricothyrotomy are underway. It is supplied in both
reusable and disposable forms.

Indications and Contraindications

The LMA and LMA Fastrach have two principal roles in rescue emergency airway
management: (1) as a rescue device in a “can’t intubate, can oxygenate” situation, and
(2) as a single attempt to effect gas exchange in the CICO failed airway as one
concurrently prepares to perform a cricothyrotomy (see Chapter 3). The success rate
of LMA-facilitated ventilation in the difficult airway may be eroded if multiple
preceding intubation attempts have traumatized the upper airway.



The handle of the LMA Fastrach enhances its insertion characteristics and
allows for manipulation to achieve optimum seal once the cuff is inflated. The LMA
Fastrach can be used as a rescue device for a CICO airway when upper airway
anatomy is believed to be normal, thus allowing for a proper “seat.” LMAs have been
used successfully in pediatrics, by novice intubators, during cardiopulmonary
resuscitation (CPR), and in emergency medical services (EMS).

Technique: LMA Classic, LMA Unique, and LMA
Supreme

The LMA Classic, Unique, and Supreme can all be rapidly inserted as primary
airway management devices, but most often will be used in emergency airway
management to rescue a failed airway. First, the appropriate size of LMA should be
selected based on patient characteristics. The LMA Classic and Unique come in sizes
1 to 6 (ranging from neonates < 5 kg to adults > 100 kg); the Supreme sizes range
from 1 to 5. For adults, the simplest sizing formula is weight-based, regardless of
patient size: size 3, 30 to 50 kg; size 4, 50 to 70 kg; and size 5, >70 kg. For patients
on the borderline between one mask size and another, it i1s generally advisable to
select the larger mask because it provides a better seal.

1. Place the device such that the collar is on a flat surface, and then inflate; then
deflate the mask by aspirating the pilot balloon (Fig. 10-8). Completely deflate the
cuff and ensure that it is not folded. Inflating the mask and then deflating it while
pressing the ventral surface of the inflatable collar firmly against a flat surface
produces a smoother and “flipped-back” leading edge, enhancing insertion
characteristics. The collar is designed to flip backward so that the epiglottis is not
trapped between the collar and the glottic opening and to minimize “tip roll.”
Curling of the mask tip can also be mitigated by adding 5 mL of air into the cuff,
creating enough “body” within the mask to prevent this phenomenon. Lubricate
both sides of the LMA with water-soluble lubricant to facilitate insertion.

2. Open the airway by using a head tilt as one would in basic airway management, if
possible. Some, including the device inventor, recommend that a jaw lift be
performed with the nondevice insertion hand to aid insertion.

3. Insert the LMA into the mouth with the laryngeal surface directed caudally and the
tip of your index or long finger resting against the cuff-tube junction (Fig. 10-9).
Press the device onto the hard palate (Fig. 10-10), and advance it over the back of
the tongue as far as the length of your index or long finger will allow (Fig. 10-11).
Then use your other hand to push the device to its final seated position (Fig. 10-
12), allowing the natural curve of the device to follow the natural curve of the oro-



and hypopharynx to facilitate its falling into position over the larynx. The
dimensions and design of the device allow it to wedge into the esophagus with
gentle caudad pressure and to stop in the appropriate position over the larynx.

. Inflate the collar with air—20 mL, no. 3; 30 mL, no. 4; and 40 mL, no. 5—or until
there is no leak with bag ventilation (Fig. 10-13). If a leak persists, ensure that the
tube of the LMA emerges from the mouth in the midline, ensure that the head and
neck are in anatomical alignment (i.e., neither flexed nor extended), withdraw the
device approximately 6 cm with the cuff inflated, readvance it (the “up—down”
maneuver, intended to free a folded or trapped epiglottis), reinsert the device, or
go to the next larger size.

RWWilliams

° FIGURE 10-9. correct position of the fingers for LMA Insertion.
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° FIG URE 10-10. Starting insertion position for the LMA Classic and LMA Unique.
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° FIG URE 10-11. insert the LMA to the limit of your finger length.
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° FIGU RE 10-12. Complete the insertion by pushing the LMA in the remainder of the way

with your other hand.
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PY FIGURE 1 0'1 3 Inflate the collar of the LMA.

Technique: LMA Fastrach

Although the aforementioned LMA devices enjoy ventilation success rates
comparable to that of the LMA Fastrach, they are not as effective as the LMA
Fastrach for facilitating intubation. In fact, the LMA Fastrach is often easier to insert
because of the handle and metal tube design. The LMA Fastrach comes in three sizes:
no. 3, no. 4, and no. 5, with corresponding ETT sizes of 6.0 to 8.0. The no. 3 will fit
a normal-size 10- to 12-year-old child and small adults, and sizing is as
recommended earlier. There are no neonatal, infant, or toddler ILMA sizes.






° FIGU RE 1 0'1 4. A-C: Insertion of the LMA Fastrach. Note that only a short segment of

the tubular portion of the device extends beyond the lips. This metal tube accepts a bag-mask device
fitting to enable BMV.

The intention is to rescue a patent airway initially and recover the oxygen

saturations by ventilating through the LMA Fastrach device. Once the saturations are
adequate, the operator intubates through the device using the manufacturer-supplied
silicone-tipped ETT (although conventional ETTs can be used as well). Intubation
can be done blindly or by using a flexible endoscope.

1.

Select the appropriate-sized LMA Fastrach. Deflate the cuff of the mask (Fig. 10-
8), and apply a water-soluble lubricant to the anterior and posterior surfaces and
the greater curvature of the bend of the rigid “stem.” Hold the device in the
dominant hand by the metal handle, and open the airway. Insert the collar in the
mouth, ensuring that the curved tube portion of the device is in contact with the chin
and the mask tip is flat against the palate before rotation (Fig. 10-14A).

Rotate the mask into place with a circular motion, maintaining firm pressure
against the palate and posterior pharynx (Fig. 10-14B and C). Insert the device
until resistance is felt and only the proximal end of the tube protrudes from the
airway.

. Inflate the cuff of the LMA Fastrach, and hold the metal handle firmly in the

dominant hand, using a “frying pan” grip. Ventilate the patient through the device.
While ventilating, manipulate the mask with the dominant hand by a lifting motion
in a direction similar to that used for direct laryngoscopy (i.e., toward the ceiling
over the patient’s feet, Fig. 10-15). This may enhance mask seal and intubation
success. Best mask positioning will be identified by essentially noiseless
ventilation, almost as if the patient is being ventilated through a cuffed ETT.

. Visually inspect and test the cuff of the silicone-tipped ETT that is supplied with

the LMA Fastrach. Fully deflate the cuff (important), lubricate the length of the
ETT liberally, and pass it through the LMA Fastrach. With the black vertical line
on the ETT facing the operator (indicates that the leading edge of the bevel will
advance through the cords in an A—P orientation), insert the ETT to the 15-cm-deep
marker, which corresponds to the transverse black line on the silicone-tipped ETT.
This indicates that the silicone tip of the tube is about to emerge from the LMA
Fastrach, pushing the epiglottic elevating bar up to lift the epiglottis. Use the
handle to gently lift the LMA Fastrach as the ETT is advanced (Fig. 10-16).
Carefully advance the ETT until intubation is complete. Do not use force of the
ETT. Inflate the ETT cuff, and confirm intubation. Then deflate the cuff on the
LMA Fastrach.



5. After intubation, the LMA Fastrach can be removed fairly easily, leaving just the
ETT in place. The key to successful removal of the mask is to remember that one is
attempting to keep the ETT precisely in place and to remove the mask over it. First
remove the 15-mm connector from the ETT. Then immobilize the ETT with one
hand, and gently ease the deflated LMA Fastrach out over the ETT with a rotating
motion until the proximal end of the mask channel reaches the proximal end of the
ETT. Use the stabilizer rod provided with the device to hold the ETT in position
as the LMA Fastrach is withdrawn over the tube (Fig. 10-17). Remove the
stabilizer rod from the LMA Fastrach, and grasp the ETT at the level of the
incisors (Fig. 10-17) . The stabilizer bar must be removed to allow the pilot
balloon of the ETT to pass through the LMA Fastrach (Fig. 10-18). Failure to do
so may result in the pilot balloon being avulsed from the ETT, rendering the
balloon incompetent and necessitating reintubation, preferably over an ETT
changer.

‘l
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° FIGU RE 10-15. Lift the handle of the LMA Fastrach as the ETT is about to pass into the

larynx to improve the success rate of intubation. This is called the Chandy maneuver, after Dr. Archie



Brain’s associate Dr. Chandy Vergese.

* ‘/—\

>

m-/ . /
Stabilizer

j_:\f!
f )

-~

rRWWilliams

° FIG URE 10-16. Use of the stabilizer rod to ensure the ETT is not mnadvertently dragged out

of the trachea as the LMA Fastrach is removed.
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° FIG U RE 1 0'1 7 . The stabilizer rod is removed from the LMA Fastrach to permit the pilot

balloon of the ETT to go through the LMA Fastrach and prevent it from being avulsed from the ETT.
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° FIGURE 10-18. Tne pilot balloon of the ETT emerges from the end of the LMA Fastrach

mtact.

Complications and Limitations

Unfortunately, the distal collar tip of the Laryngeal Mask Company Limited devices
can “roll up” on insertion, creating a partial “insertion block” hindering optimal
placement. This feature also likely contributes to pharyngeal abrasion and bleeding
that 1s sometimes seen with these devices. Some authorities recommend partial
inflation of the cuff to minimize tip roll, although there is little evidence that this
helps; others suggest the up/down maneuver (see above). Insertion of the LMA
Classic and LMA Unique “upside down,” and rotating into place once in the
hypopharynx, has also been described and is preferred by some. Our preferred
method is as described earlier.

Achieving a seal sufficient to enable positive-pressure ventilation with an LMA
may be difficult. Keeping the tube portion of the device in the midline and altering the
position of the head and neck from flexion (more usual) to neutral or extension may
be of help. Overall, ventilation success rates are very high with all LMA-type



devices. Optimal positioning improves ventilatory effectiveness and, in the case of
the LMA Fastrach, facilitates intubation.

It is not known to what extent the LMA protects the airway against the aspiration
of gastric contents; so the device is considered a temporizing measure only. This
limits its usefulness in prehospital and emergency airway care, except when the LMA
Fastrach is used to achieve intubation.

Disposable LMA-Type Designs

Several manufacturers produce disposable devices that appear almost identical to the
LMA Classic. Although they do not incorporate the vertical bars intended to prevent
epiglottic intrusion as are present in the LMA Classic and LMA Unique, the effect of
this absence is not clear. These devices have the same indications, contraindications,
insertion techniques, and complications as similar Laryngeal Mask Company Limited
devices.

The Ambu LMA (Fig. 10-5A) devices have several unique design features that
may confer particular insertion and seal advantages:

e The device is semi-inflated in the package. This feature provides an
“immediate seal” once inserted, minimizing the inflation step and speeding the
time to ventilation.

e The leading tip of the inflatable collar is reinforced and “spatulated” to
minimize tip roll and improve insertion characteristics.

e The AuraOnce LMA incorporates a tube that is flexible at the curved portion
and more rigid proximally to improve insertion characteristics. In a recent
design modification, the plastic in the curved portion of the tube was softened
in response to concerns that this portion of the tube might compress the
hypopharyngeal mucous membrane and lead to ischemia. Evidence suggests that
this device and the LMA Supreme are the most easily inserted and rapid to seal
of the disposable nonintubating LMA-type devices.

Ambu has recently introduced the Ambu Aura-1 (Fig. 10-5B). This device is
single-use, virtually identical in design to the Ambu AuraOnce, and is specifically
modified to be used with the Ambu A Scope System, a disposable intubating
endoscope (see Chapter 16).



Cookgas ILA and Air Q

Like the LMA Fastrach, the Cookgas ILA device (Fig. 10-6A) is a supraglottic
ventilatory device that also permits endotracheal intubation. Conventional ETTs (size
5.0 to 8.5) are used for intubation as opposed to a unique ETT as is supplied with the
LMA Fastrach. The Air Q (Fig. 10-6B) is a disposable version of the Cookgas ILA.
Like the Fastrach, the Cookgas device may be removed over the ETT (once ETT
placement is confirmed) with use of a special stabilizing rod.

I-Gel Airways

The i-gel family of devices (Fig. 10-8) all contain preshaped, noninflatable masks
made of a soft, gel-like substance that theoretically reduces insertion trauma. They
include an integral bite block and gastric channel, and are available in a range of
sizes from small infant to large adult. Advantages include ease of insertion without a
cuff inflation step and decreased minor adverse effects; however, the preformed sizes
may make an exact fit more difficult than other SGDs. It has been used with success in
emergency medicine and EMS.

o Is the LMA effective in emergency, difficult, and failed airway
management? There is ample evidence that LMAs are useful in emergency
airway management, both for the management of the difficult airway and rescue
of the failed airway.!-5 SGAs that optimize first-pass success, high seal
pressure, and an ability to permit ETI are generally preferred. Furthermore,
numerous studies have demonstrated that the LMA is at least as effective as
other methods of airway management for patients requiring CPR.6-8

e What success rates have been achieved intubating through the ILMAs
(Fastrach and Cookgas)? Success rates for blind intubation through these
devices range from 70% to 99%.1.9.10 Techniques that employ a fiberscope to
aid in ETI through devices have success rates routinely over 90%.11,12

o Is the LMA effective in the pediatric population? There is ample evidence
that the traditional LMA are appropriate and widely accepted as rescue
devices in children.!3.14 Some authors have described guidelines for selecting
the appropriate size in children, and the manufacturer provides a pocket card to
guide clinicians. There i1s also evidence to support the use of ILMAs in both
routine and difficult pediatric airway management.



e How easy is it for nonexperts to successfully use these LMA devices? A
variety of authors have described successful insertion and use of both classic
and newer devices by minimally trained rescuer nonmedical personnel,
prehospital care providers, nurses, and respiratory therapists and naive airway
managers.16.17 Some of the EMS literature has questioned the ease of use of the
device as a primary method of airway management in EMS,? although analysis
has shown that training is key to its successful use.!8

e What complications with short-term use of the LMA might I expect? The
incidence of difficult ventilation or major airway adverse events with an LMA
is quite low and is thought to be significantly less than standard tracheal
intubation or Bag Mask Ventilation.!® The LMA may fail to provide a seal
sufficient to permit adequate ventilation, often attributed to the sensitivity of the
seal to head and neck position.20.21 Insufflation of the stomach may occur.
Although SGDs may not offer total protection from the aspiration of
regurgitated gastric contents, they protect the aspiration of material produced
above the device with varying degrees of success.?2 Cricoid pressure may or
may not interfere with proper functioning of an LMA, although in practice each
case is evaluated individually.23 Negative-pressure pulmonary edema
(mentioned previously) is caused by a patient sucking hard to inspire against an
obstruction, where fluid is sucked into the alveolar spaces. This complication
has been reported with patients biting down on the LMA and can be prevented
by placing folded gauze flats between the molar teeth on either side.24

e How do the preformed cuffless devices compare to more traditional cuffed
LMAs? The I-Gel has compared favorably in most aspects to other LMA
products. Compared to the LMA Classic/Unique, physiologic response to
insertion is equivalent or improved, and there is less gastric insufflation and
increased leak pressures in both children and adults.!.2526 Evidence 1s mixed
regarding ease of insertion and first-pass success, and the I-Gel seal adequacy
has been found to be nonsuperior compared with some of the LMA devices.27-28

e How do the ILMA devices compare to one another? Both the Cookgas and
LMA Fastrach devices have been shown to have excellent insertion success
rates and ventilatory function as an SGD; however, the blind endotracheal
intubation rates are consistently >90% for the Fastrach only.!.29
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Chapter

Extraglottic Devices: Retroglottic
Type

Erik G. Laurin, Leslie V. Simon, Darren A. Braude, and Michael F.
Murphy

The term extraglottic device (EGD) is divided into two main subclasses: supraglottic
devices and retroglottic devices. Supraglottic devices are defined and discussed in
Chapter 10, along with general indications and contraindications. This chapter
focuses on the retroglottic EGDs (rEGD). Since these devices sit posterior to the
glottis in the proximal esophagus, they are contraindicated in patients with known
esophageal disease such as strictures and presumed esophageal disease as in caustic
ingestions; otherwise, they share the same indications and contraindications as the
supraglottic EGDs.

Retroglottic devices such as the Esophageal Obturator Airway and the
Esophageal Gastric Tube Airway were among the first extraglottic airways to be put
into practice, back in the 1970s, but no longer have a role in emergency airway
management. Modern rEGDs represent a dramatic improvement over these early
devices and have demonstrated their effectiveness and safety in rapidly establishing
oxygenation and ventilation in a variety of emergency situations.

To many practitioners, the most familiar and prototypical EGD is the Esophageal-
Tracheal Combitube (ETC) (Fig. 11-1) (Tyco-Healthcare-Kendall-Sheridan,



Mansfield, MA). It has been in use since 1987 and has substantial evidence and
experience supporting its use. It is generally easier to use and more effective for
novices than is BMV and easier to place than an endotracheal tube (ETT). The
success of the ETC has spawned the development of devices based on the same
principles, attempting to replicate or improve on its safety, ease of use, and ability to
facilitate oxygenation and ventilation. These most common of these devices, and the
two examples discussed in this chapter, include the Rusch EasyTube ( Fig. 11-2) and
the King Laryngeal Tube (King L'T) (Ambu Inc. USA Columbia, MD) variants ( Fig.
11-3).

All of these devices share the design feature of two high-volume, low-pressure
balloons. The proximal balloon seals the oropharynx, whereas the distal balloon
seals the esophagus, with gas exiting and entering the device and the laryngeal inlet
between the two. The ETC and the EasyTube use two separate inflation ports to
enable independent balloon inflation; the King LT has a single inflation port that
inflates both the upper and lower portions of the balloon with a single bolus of air.
The advantage of the latter is simplicity, but during tube device exchange it is
beneficial to be able to maintain esophageal occlusion while deflating the upper
balloon for laryngoscopy. The ETC and EasyTube both have dual lumens that allow
for ventilation whether the device ends up in the proximal esophagus as intended or
in the trachea; the King LT has a single lumen based on the reality that placement of
these devices almost always results in esophageal positioning.



° FlGU RE 11-1. The Combitube Inserted and Seated. Note how the laryngeal aperture is

trapped between the two balloons.



° FIGU RE 1 1 -2. Rusch EasyTube.

In common practice these devices are all inserted blindly, but there is a strong
literature base supporting direct visualization for placement of the ETC when the
equipment and expertise exists, which can be extrapolated to the EasyTube and
possibly even the King LT. Such placement technique may mitigate some of the
common issues encountered with these devices during insertion, particularly trauma
to the posterior pharynx.
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° FIGURE 11-3. The King LT Airway. Note that there is only one inflation port to inflate

both balloons.

When compared with SGDs, retroglottic EGDs typically have a tighter seal,
resulting in higher cuff leak pressures (up to 35 to 40 cm H,O compared with 25 to
30 cm H,O), which may be advantageous in patients with intrinsic high airway
resistance requiring high peak airway pressures (asthma and obesity) or if glottic
anatomy is distorted from hematoma, infection, or mass, requiring increased inflation
pressure. These devices may also provide some tamponade effect for upper airway
bleeding. There is some concern that these devices exert more pressure on the carotid
vessels than do SGDs. This might increase vagal tone and impede resuscitation
efforts, leading some to advocate for SGDs over rEGDs as the airway device of
choice during cardiac arrest. This concern arose largely from animal (swine) study
and has been countered in a small human case series.

Combitube

The ETC (Fig. 11-1) has been in clinical use for a much longer period of time than
any of the other EGDs and therefore it has accumulated the largest body of evidence



describing its indications, contraindications, benefits, and risks. As discussed above,
the ETC is a dual-lumen, dual-cuff, disposable rEGD intended to be inserted into the
esophagus, although it may rarely enter the trachea on insertion (generally <5% of
insertions) and is designed to function adequately in either position. The ETC is
supplied in two sizes: 37F catheter SA (small adult) and 41F catheter Regular,
which, according to the package insert, are to be used for patients 4 ft (1.22 m) to 5 ft
6 in (1.67 m) tall and more than 5 ft 6 in tall, respectively. However, postmarketing
research has demonstrated that the small adult size should be used all the way up to 6
ft tall. There 1s no ETC suitable for use in children or patients <4 ft tall. Due to its
large robust balloons, the ETC can generate some of the highest peak ventilation
pressures before leak occurs (up to 40 cm H,O) and may be the EGD of choice when

ventilation is predicted to be challenging.

The Combitube has been shown to be an easy and effective primary airway,
particularly in the prehospital setting, and rescue airway in the event of a failed
intubation. Like any EGD, it does not provide optimum protection against aspiration,
although the protection provided is substantial and reports of aspiration are
infrequent. The relative merit of the ETC compared with all the available newer
retroglottic and supraglottic devices is not well established.

Insertion Technique

Insertion of the Combitube is typically a blind technique intended for providers that
do not have training in laryngoscopy; however, a laryngoscope can and should be
used when available to lift the tongue and permit direct visualization of esophageal
placement, as was done in all the preliminary trials in the operative setting. Although
the Combitube has been inserted in almost every conceivable patient position, the
technique described here assumes the patient is in the supine position and the
provider does not have a laryngoscope available or cannot perform laryngoscopy
within their scope of practice.



° FIGURE 11-4. Lipp maneuver.

. First perform a Lipp maneuver to gently preshape the device to pass easily around
the tongue (Fig. 11-4).

. With the patient supine and the head and neck in a neutral position, lift the tongue
and jaw upward (jaw lift) with the nondominant hand.

. Insert the preshaped device in the midline, allowing the curve of the device to
follow the natural curve of the airway around the tongue, and advance the device
until the upper incisors (or alveolar ridge if the patient is edentulous) lie between
the imprinted black circular bands on the device. Minimal force is required to
enable the device to pass through the pharyngeal constrictor muscles into the
esophagus; resistance should prompt the operator to withdraw, reassess patient
positioning and device shape, consider use of a laryngoscope, and gently
readvance. Using the syringe provided, inflate the proximal large oropharyngeal



balloon with 100 mL of air (Regular) or 85 mL of air (SA) through the blue pilot
balloon port labeled no. 1.

4. Inflate the distal small balloon with 15 mL of air (Regular) or 12 mL of air (SA)
through the white pilot balloon port labeled no. 2. This presumes the device is
sitting in the distensible upper esophageal tissues.

5. Begin ventilation using the longer blue connecting tube (labeled no. 1), which will
deliver air out the ventilation holes on the side of the device between the proximal
and distal balloons. The presence of air entry into the lung, the detection of end-
tidal carbon dioxide, and the absence of gastric insufflation by auscultation all
indicate that the Combitube is situated in the esophagus, which occurs with nearly
every insertion. With the Combitube in this position, aspiration and continuous
suctioning of gastric contents is possible by passing the provided suction catheter
or any 12F catheter or smaller catheter through the clear connecting tube (labeled
no. 2) into the stomach.

6. If ventilation using the longer blue tube no. 1 does not result in breath sounds and
end-tidal carbon dioxide detection, then the Combitube may have ended up in the
trachea and ventilation should be attempted through the shorter clear connection
tube no. 2. In this case, air should be withdrawn carefully from the distal balloon
until an air leak is just heard and then just enough added back to overcome the leak
to avoid pressure injury in the trachea. In this tracheal position, gastric
decompression through the device is not possible.

7. The absence of end-tidal CO, and any sounds on auscultation while ventilating

both ports may indicate severe patient pathology, incorrect sizing, or that the
device has been inserted too far and should be withdrawn carefully.

Complications

Complications are rare, but occasionally very serious and likely underreported, with
most related to upper airway and esophageal trauma from overly aggressive insertion
or balloon overinflation. These include hematomas, mucosal lacerations, pyriform
sinus perforation, and perforation of the esophagus. Most complications can be
overcome with proper training and technique. Other issues are related to potential
mucosal ischemic injury and possible impairment of carotid blood flow as discussed
above. Finally, it should be noted that the pharyngeal balloon on the Combitube (as
opposed to the Rusch EasyTube or the King LT airway) is made of latex and should
be avoided in patients with this allergy.

Rusch EasyTube



The Rusch EasyTube (Fig. 11-2) is a dual-lumen tube designed for difficult or
emergency airway intubation and ventilation. Like the Combitube, the EasyTube can
be placed either in the trachea or in the esophagus and creates a viable airway in
either position. When placed in the esophagus, the EasyTube allows the passage of a
flexible endoscope, a suction catheter, or a tracheal tube introducer through the
proximally terminating ventilation lumen. This distinguishes it from the Combitube,
which does not permit passage of a tube exchanger to potentially establish a
definitive airway through the device. If placed in the trachea, the size and shape of the
distal tip are similar to a standard ETT. It is suggested by the manufacturer that the
risk of tracheal trauma relative to the Combitube is reduced because of the smaller
diameter of EasyTube device at the distal tip.

The EasyTube is latex free and supplied in two sizes, 28F catheter and 41F
catheter. As for the Combitube, the manufacturer claims that the smaller size can be
used in older children. There is minimal evidence from human studies to demonstrate
the relative success rate of the EasyTube versus the LMA, Combitube, or King LT,
although initial data appear promising. Multiple manikin studies show that it is
similar to a Combitube in speed of insertion, successful ventilations, and skill
retention. More data are needed to determine its role in emergency airway
management.

The Laryngeal Tube Airway

The Laryngeal Tube airway (known as King Airway or King [T in North America)
(Fig. 11-3) is a newer latex-free silicon single-lumen retroglottic device that is built
on the presumption that blind insertion will virtually always result in esophageal
placement. The two balloons are inflated simultaneously via a single port. It is
supplied in blind distal tip (King LT, LI-D) and open distal tip (King LTS, LTS-D)
variants, the latter to permit gastric decompression. Approximate interdental distance
of 20 mm is required for insertion, comparable to the ETC. Sizing of the Laryngeal
Tube 1s primarily height based, like the ETC, though there are weight-based sizing
guidelines provided as well for children. A full size range from newborn to adult is
available in some parts of the world; the smallest size in North America is currently a
size #2 to be used for patients down to 12 kg. A new iLI-D version to facilitate
intubation and gastric access for adults recently became available in parts of the
world and should be available soon in the United States. There is not sufficient data
available yet to evaluate this product.

The King LT 1is inserted through the pharynx and blindly into the esophagus in a
similar fashion as the ETC except there is less reported experience using a



laryngoscope and the Lipp maneuver is not recommended. There have been rare
published reports of unanticipated tracheal placements with this technique. The King
LT is advanced until the 15/22-mm bag connector flange touches the incisors, unless
resistance is encountered. The balloons should be inflated through the single port
with the recommended amount of air. Ventilation is then attempted while the device is
slowly withdrawn, monitoring carefully until unrestricted ventilation and chest rise is
noted along with capnography and equal lung sounds. It i1s common for providers to
stop withdrawal when the very first sign of ventilation is noted, which may leave the
distal ventilation outlets too deep such that they may be delivering air to the stomach
and not the lungs. We suggest withdrawing about 1 or 2 cm (less for smaller pediatric
sizes and more for large adult sizes) past the point when ventilation first occurs and
halting when ventilation becomes most prominent and easy to accomplish. This
ensures all ventilation is directed to the lungs.

If a properly sized device is unable to ventilate, it is most commonly
overinserted. Once correctly positioned, the King LT works in a fashion that is very
similar to that of the ETC with similar ventilation and oxygenation capabilities and
aspiration protection. Although there have not been extensive reports of
complications, airway trauma has been reported. Clinically significant tongue
swelling has also been reported, in one case occurring as early as 45 minutes post
insertion, but such cases seem rare. Still, prolonged insertion of any rEGD is not
recommended and exchange for an ETT is encouraged within 2-4 hours when it can
be done safely. Because of concerns about possible effects on the cerebral perfusion,
it is advisable to use a manometer to check balloon pressures, when possible, instead
of relying on suggested volumes.

e What is the role of the Combitube as a rescue airway device? The
Combitube has been identified as a rescue airway device for the failed airway
by authoritative bodies in the United States and Canada.l? Its use is well
described in the anesthesia, resuscitation, emergency medicine, and emergency
medical services (EMS) literature both as a first-line device and as a device to
be used in the face of a difficult or failed airway.3-9 Several authors have
identified the Combitube as a valuable adjunct in cardiopulmonary
resuscitation,!0-12 performing as well as or better than the LMA and bag-mask
ventilation.

e What kind of airway management success rates have been reported with
the Combitube? Success rates of 98% to 100% are regularly reported in these



studies. The ease of insertion!3-17 and adequacy of ventilation by physicians
and nonphysician providers is well established.!8-20

Has the Combitube been successful in the management of the difficult or
failed airway? The device is useful in the management of the difficult airway?!
and in rescuing a failed airway?2-24 while one prepares to undertake a
cricothyrotomy.

Has the Combitube been used in any unusual situations? It has been
demonstrated to protect the airway, control bleeding, and permit ventilation in
a case of craniofacial trauma associated with oropharyngeal severe bleeding?>
and to secure an airway in a case of severe facial burns preventing intubation.26
What precautions should I be aware of with this device? It is unclear
whether the Combitube provides protection against the aspiration of gastric
contents.2’ The downside of the Combitube includes reports of potentially
serious complications related to its use, particularly pyriform sinus
perforation?8-32 and esophageal perforation.33-37 Mucosal pressures exerted by
the inflated balloons may exceed mucosal perfusion pressure, leading to
mucosal ischemia, and the degree of balloon inflation should be deliberate and
closely monitored.38

Has the King LT airway been demonstrated to be similarly effective in
nonemergency airway management as the LMA and Combitube? Simple
handling, possible aspiration protection, and availability in newborn to adult
sizes are considered to be advantages of this airway device.39-42

Does the King LT have a place in EMS as an airway management device?
There is some evidence that this device is easily learned by EMS personnel
and provides more effective ventilation than bag-mask devices.43-45

Is the King LT airway useful as an emergency airway adjunct? The
evidence that the King LT is useful as a rescue airway or in patients where
intubation has failed is limited and for the most part is based on case
reports.46-48 However, a recent publication provides compelling evidence that
this device may well be of use in the difficult and failed airway.*

Are there potential problems that I ought to be aware of with this device?
As with the Combitube, mucosal compression by the inflated balloons may lead
to mucosal ischemic injury.38.50

Is the King LT useful in pediatric patients? Manikin studies suggest that the
pediatric Kings LT can be placed more rapidly and with a greater degree of
success compared with endotracheal intubation by prehospital providers.51,52
The very low rate of advanced airway management in pediatric patients in the
prehospital setting limits meaningful data on pediatric use.>3

The EasyTube looks as though it would be easier to insert in an emergency
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than the Combitube. Is there evidence to that effect? Perhaps, but at this
point, the available evidence is relatively thin.3854-68 Much of the published
information is from simulated patients or manikins,5455,62.65 an operating
theater,58.00.,64 or is based on opinion.57.60 However, there is sufficient evidence
to suggest that this device 1s at least competitive with the Combitube and King
LT to be a consideration for prehospital airway management.

e Is there evidence to support the use of the iLTS-D? A preliminary study on
the 1LTS-D suggests a high rate of success for both initial placement and
subsequent intubation under direct visualization using flexible bronchoscopy on
30 ENT patients with apparently normal airways.® A manikin-based study
suggests similar timing and intubation success rates between the iL’TS-D and
the LMA-Fastrach.%9 Further studies are needed before this device can be
recommended for routine use.
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Chapter

Managing the Patient with an
Extraglottic Device in Place

Darren A. Braude, Michael T. Steuerwald, and Eli Torgeson

Extraglottic devices (EGDs) are being used increasingly often in emergency settings,
especially in the prehospital environment, as many emergency medical service
(EMS) companies are promoting them as the principal mode of airway management.
Because most EGDs need to be converted to a definitive airway, providers must be
comfortable assessing and managing a patient once an EGD is in place, whether
placed in the emergency department (ED) or before arrival. An EGD may have been
used as a primary airway without prior attempts at intubation or secondarily in the
event of a failed intubation, which can have important clinical implications. Hospital-
based providers should become familiar with devices used within their
agency/institution and by EMS agencies in their catchment area. This should include
hands-on practice whenever possible. Intensive care units (ICUs), EDs, and critical
care transport agencies should consider keeping samples of devices on hand for rapid
reference. In-depth knowledge of the various EGDs in use will improve patient care
and facilitate further management.

Although EGDs are not definitive airways—they are not cuffed tubes that exist within
the tracheal lumen—they are reliable conduits for oxygenation and ventilation and
offer variable degrees of aspiration protection. Therefore, the provider’s initial



thought process should focus on confirming and optimizing gas exchange rather than
on immediate exchange for an endotracheal tube (ETT). Most critically ill or injured
patients with an EGD in situ have other competing priorities; if further airway
interventions can be safely deferred for even a few minutes, it will allow the

provider to address these other issues. We provide Figure 12-1 to help think through
the process.
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° FIG U RE 12-1. Management Algorithm for an in situ EGD.

Assessment

Rapid assessment of gas exchange (both ventilation and oxygenation) should be the
first step. Adequate gas exchange is confirmed in the same way as for an ETT.
Clinical observations such as breath sounds, chest rise, and gastric distension are
important, but waveform capnography is paramount (Fig. 12-2). If the provider
concludes that ventilation is taking place, then oxygenation should next be considered.
Simultaneously, the provider should visually assess whether or not the device
appears to be sized correctly and is sitting in a grossly appropriate position, whether
or not the pilot balloon pressures seem appropriate (if present), and whether or not a
substantial air leak is present. Any correctable issues should be rapidly addressed,
such as repositioning the device or adding/removing air from inflatable cuffs. If any
major issues that cannot be quickly corrected are present, the device should be
removed and rescue bag mask ventilation (BMV) initiated (Chapter 9).

° FIGURE 12-2. ventiiator tubing as well as waveform capnography equipment attached to

an EGD, specifically the King LTS-D (seated in mannequin). The device has been secured with a
commercially available tube holder.



Optimization

Once general function has been assessed and assured, the provider can focus on
optimizing the situation. Ventilators may be employed just as if the patient were
intubated. A ventilator will free up hands and assure consistent, lung protective
ventilation as appropriate for the patient’s condition; tens of thousands of patients are
managed in this fashion in the operating room every day. Reassessment for air leak
should take place after any changes in ventilator parameters. Patients should receive
appropriate analgesia and sedation, and occasionally neuromuscular blockade, just as
if they were intubated with an ETT. Patients should be routinely monitored for
common complications of any positive pressure ventilation, such as pneumothorax. If
not already present, a gastric tube should be inserted if a conduit exists. All “second-
generation” EGDs facilitate gastric tube placement, but not all EMS providers that
place these devices are allowed to perform gastric decompression or stock the
appropriate-sized gastric tubes, especially in pediatrics. Bite blocks should be used
for spontaneously breathing patients if the EGD does not have one built-in.

If ventilation is adequate but oxygenation is poor, hypoxemia is more likely on
account of patient pathology than device failure. The provider should seek to
intervene by increasing positive end expiratory pressure if not contraindicated,
increasing the F10,, adding sedation and analgesia and possibly neuromuscular

blockade, and treating pneumothorax if present. If such maneuvers are successful,
semielective exchange can be considered. If such maneuvers are unsuccessful, then
the provider should err on the side of rapid exchange to ensure that the device was
not contributing to oxygenation failure. An option for this type of exchange is rapid
sequence intubation (RSI) with a “double setup” for surgical airway. After induction
and neuromuscular blockade, the EGD can be pulled and one best attempt at
laryngoscopy made before moving to a cricothyrotomy because rescue with another
EGD is assumed to be unreliable. Another option in this situation is to continue
ventilating via the EGD to oxygenate as well as possible while performing a surgical
airway with the EGD in situ.

If ventilation is inadequate in the setting of a well-sized and positioned EGD,
the next task is to determine whether the problem is intrinsic to the patient or the
device. Patient issues that can be rapidly corrected include tension pneumothorax,
mucus plugging, and bronchospasm. Device issues that may be rapidly addressed



include obstructing secretion or blood clots or herniation of the epiglottis into the
outlet of the supraglottic airway; both will become apparent and possibly solved with
passage of a suction catheter. If these maneuvers improve air movement, then
oxygenation can be addressed as described above. If these maneuvers do not improve
air movement, the device should be immediately removed, BMV commenced, and
definitive airway management performed according to the Difficult and Failed
Airway Algorithms (see Chapter 3).

When a device is clearly not working and troubleshooting, as discussed earlier, is
unsuccessful, the decision to remove it is easy. However, the decision to remove a
functioning EGD (1.e., a semi-elective exchange) 1s much more challenging. Semi-
elective exchange for an ETT is not without risk and is a decision that should not be
taken lightly.

The reason the device was initially placed should be considered. If the EGD
was placed as a matter of protocol, then a routine airway assessment should be
performed using the LEMON, ROMAN, and SMART mnemonics (see Chapter 2). It
the EGD was placed by an experienced provider after a failed intubation, then the
airway should be considered difficult regardless of other predictors.

The expected clinical course for the patient must also be considered. If the
patient requires urgent imaging or a critical procedure, these should not be delayed it
the device is functioning and adequate gas exchange is taking place. If the patient has
a deteriorating upper airway condition, such as a thermal inhalation injury that is
anticipated to eventually preclude EGD functioning, then the EGD should be
exchanged as soon as possible. If the patient is headed emergently to the operating
room, then 1t may be reasonable to defer exchange to anesthesia providers. If, on the
other hand, the patient is going to the interventional radiology suite or the cardiac
catheterization lab, then the threshold to exchange for an ETT should probably be
lowered. These are all decisions that should be made in consultation with the
providers accepting the patient.

Finally, if the patient is being transferred between institutions, the threshold for
intubation is also lowered, although it is very reasonable to transfer a patient with a
well-functioning EGD in place if: (1) the exchange is predicted to be difficult; (2) the
clinical condition is not likely to change over the course of transport such that the
EGD would no longer be expected to provide effective oxygenation and ventilation;
and (3) it is expected the device would remain in place no longer than 4 hours, after



which the risk of ischemic mucosal injury (even with properly inflated devices)
increases. This decision should be made in conjunction with the receiving hospital,
transport team, and transport agency medical director whenever possible.

We strongly discourage rushing to remove an EGD until the airway is thoroughly
assessed and device-specific plans can be made. The techniques available for
exchange will vary according to the attributes of each device (Table 12-1), available
equipment, expertise, and the clinical situation.

Removal with Routine Intubation via Direct/Video
Laryngoscopy

An EGD can always be deflated and removed. This approach may be utilized with
any EGD when a difficult airway is not anticipated, patient physiology is favorable,
and sufficient equipment for a more secure exchange is not available. It is advisable
to decompress the stomach first when possible. The patient should be appropriately
sedated and paralyzed as during an RSI procedure. Reinsertion of the same EGD is a
consideration if intubation proves difficult or impossible, provided that it was not
damaged when removed. Reinsertion does not guarantee success, however, with a
number of anecdotes and case reports describing both intubation difficulty and
subsequent EGD use after removal.

Attributes of Common EGDs and Selected
Exchange Techniques

Blind Use of
Passage Visualized Passage th_e
of ETT Aintree
th h of ETT through Cathet
E(;gug Lumen Using foar eter
E
Device Type Lumen ndoscope or Exchange

Intubating Stylet



Combitube Dual Not possible Not possible Not possible
balloon
Dual lumen
Retroglottic
King Dual Not possible Not possible Possible
Larygneal balloon
Tube Single
lumen
Retroglottic
King iLT-D Dual Possible Possible Possible
balloon Reliability not
Single established
lumen
Retroglottic
LMA Unique  Supraglottic Not reliable Possible Possible
LMA Supraglottic Not possible Not possible Difficult
Supreme
LMA Supraglottic Reliable Possible (flexible endoscope only)  Possible
Fastrach
Intersurgical Supraglottic Not reliable Possible Possible
i-gel
CookGas Supraglottic Not reliable Possible Possible
air-Q
Ambu Supraglottic Not reliable Possible Possible
AuraGain

Working around the Device and Performing Intubation
with Direct/Video Laryngoscopy

This approach is particularly useful in situations where a retroglottic EGD such as
the Combitube or King LT is in place. In these cases, leaving the device in place
effectively blocks the esophagus, limiting the potential for tube misplacement.
Specifically, with the Combitube the proximal balloon may be deflated while the
distal balloon is left inflated to minimize regurgitation; with the King LT both
balloons must be deflated simultaneously. Because all second-generation EGDs have
integrated channels for passage of an orogastric tube, gastric decompression should
take place whenever possible before airway manipulation. All of these devices may
be swept far to the left side of the mouth to allow for laryngoscopy and tube passage;
use of an ETT introducer may be helpful here with either direct or video



laryngoscopy because the working space that remains is often tight; use of video
laryngoscopy and a bougie has been specifically recommended (Figs. 12-3A and 12-
3B). If this strategy proves challenging, the device may either be drawn back partially
or removed entirely to allow for more working space or rapidly reinflated to allow
for further ventilation and oxygenation.

Blind Exchange

The only EGD that has proven to reliably and safely facilitate blind intubation
without any adjuncts is the LMA Fastrach, using the techniques described in Chapter
10. It may be possible to blindly intubate through other devices such as the Cookgas
air-Q, Aura-i, or King iLI-D, but the reported success rates thus far are either lower
or not yet known. Another approach to blind intubation through an EGD is to pass a
bougie through the device and hope it passes into the trachea. If this passage occurs,
as noted by the typical tactile feedback, the EGD may be removed and an ETT
railroaded over the bougie in the usual fashion. A major safety concern described in
the literature is airway perforation. Therefore, we do not recommend this approach.

° FIGU RE 12-3. A: A standard geometry video laryngoscope (Macintosh shape) being used

to visualize the glottis while an EGD, specifically the King LTS-D, is in place. B: A tracheal tube
introducer (e.g., bougie) has been used to access the trachea.

Endoscopic Exchange

Endoscopic exchange is the ideal approach when the necessary equipment is
available. Because such exchanges are usually undertaken only when the EGD is



functioning well, the ventilation orifice is likely sitting directly in front of the glottic
opening, which makes the procedure simple and highly successful.

Those EGDs that can accommodate an ETT can be simply exchanged once an
endoscope or intubating stylet has been used to visualize the trachea. Most of these
EGDs indicate the appropriate-sized tube to use directly on the side of the device.
We recommend first loading the well-lubricated ETT into the EGD until the cuff is
within the lumen, followed by inflating the balloon with just enough air to secure it
there (usually about 2 to 3 mL). Ideally, an endoscopic port adapter (i.e., “bronch
adapter” or “bronch elbow”) will be placed on the end of the ETT during these
maneuvers to allow for continuous ventilation and oxygenation while the endoscope
is advanced. The lubricated endoscope is then advanced through the ETT and EGD
lumen and visually guided into the trachea (Fig. 12-4). At this point, the cuff of the
ETT can be deflated to permit its passage into the trachea. After the patient has been
intubated, the endoscope may be removed. The soon to be available retroglottic
“intubating King Airway,” the King iLI-D, should be able to accomplish these steps
as well.

For those EGDs that do not have a large enough bore to accommodate an ETT,
an Aintree Catheter (Fig. 12-5) or other airway exchange kit such as the Arndt
Airway Exchange Catheter Kit is required. The Aintree catheter is a device that
resembles a hollow bougie designed to fit over a flexible pediatric endoscope yet
still allowing the scope to exit the distal end and be maneuvered. After this has been
done, the scope can be driven down the lumen of the EGD into the airway. After the
scope and EGD are carefully removed, the Aintree remains within the trachea and
can be used like a bougie to guide an ETT into position. A standard Macintosh
laryngoscope should be inserted to displace the tongue forward into the mandibular
fossa in order to keep pressure off the Aintree, which can cause it to bend backward
in the pharynx and hinder tube passage. Of note, the catheter itself can be used to
rescue oxygenate a patient if delay in passing the ETT 1s encountered. This is done
using a custom 15 mm connector (Fig. 12-6) that comes with the device and can
quickly be attached to its end.

Exchange kits utilize similar principles. The Arndt Airway Exchange Catheter
Set works by passing a wire through the working channel of the endoscope to
facilitate passage of the catheter overtop after scope removal. This technique is
rarely used in the ED.



° FIGURE 12-4. AnETT has been preloaded into an EGD, namely the Cookgas air-Q, which

has been placed in a mannequin; 2 to 3 mL of air was delivered to the ETT cuff to secure it there, and to
provide a seal. An endoscopic port adapter is being used to maintain the ventilation circuit. A video
endoscope scope is being driven through the port, through the ETT and EGD, and into the trachea with
ease while maintaining oxygenation and ventilation. After the trachea has been accessed with the scope,

the ETT can simply be advanced over it.



° FIGU RE 12-5 The Aintree Catheter. Pictured are the catheter, an included endoscopic

port adapter, and a specialized 15 mm connector that can be affixed to the end to provide rescue
oxygenation.

° FIGU RE 12'6 A Specialized 15 mm Connector Attached to the Aintree Catheter.



This can be attached for the provision of rescue oxygenation.

Lastly, if other options do not exist, and the provider has a disposable Ambu A-
scope available but not a compatible Aintree Catheter, it is possible to use the A-
scope wand “as the bougie.” In other words, after the A-scope is driven into the
airway under visualization, the wand may be cut from the head with trauma shears (or
a large pocket knife) and used as a bougie; the wand is disposable, and there is no
power running through it. Once this is done, the capability for further visualization is
of course lost. Although this has not been rigorously studied, it has been successful in
our experience in a limited number of cases, but challenging because we have found
the wand to be short and not as stiff as most modern tracheal tube introducers.

Removal after Intubation

Removal of an EGD after an ETT has been passed through its lumen is anxiety
provoking and introduces the risk of accidentally extubating the patient. It is our
prediction that this is why some providers prefer an Aintree Catheter to other
methods, even though its use may require more specialized steps.

If this exchange was performed in the setting of a predicted difficult airway, it 1s
our recommendation that any inflatable cuffs on the EGD be deflated, and the device
left in place until additional resources are available, which may require transfer to
the ICU, operating room, or another facility. If, for some other reason, it is deemed
imperative to remove the EGD after it has been used as a conduit for intubation, the
central tenet of the removal is simply to maintain the position of the ETT regardless
of what other maneuvers are being made. Commercially produced tube exchange
devices are available for the LMA Fastrach and the Cookgas air-Q. If a commercially
available device is not available, a smaller ETT can be used to “extend” the length of
the ETT already in place, making it possible to keep a hold on it (Fig. 12-7). Making
sure that the pilot balloon of the ETT does not become pinned inside the EGD by the
tube exchange device or second ETT is imperative.

Surgical Airway

The final means of “exchange” is to perform a surgical airway while continuing to
ventilate through the EGD. This is a reasonable approach when the EGD is providing
some degree of oxygenation, very difficult intubating conditions are expected, and the
time, equipment, and/or expertise for an endoscopic exchange is not available (or a
device such as a Combitube that does not permit endoscopic passage is in situ).



Although high-level evidence for this approach is lacking, it intuitively makes sense,
and the authors have utilized this approach under rare circumstances and found it to
be very effective.

° FIGURE 12-7. A size 7.0 ID ETT being “extended” by a size 6.5 ID ETT.

CAN A PATIENT BE PRONOUNCED DEAD WITH AN EGD IN
PLACE?

The question often arises regarding whether or not it is permissible to pronounce a
patient in cardiac arrest dead after cardiopulmonary resuscitation if the airway
management strategy during the care has been done entirely with an EGD, or,
alternatively, if a “gold standard” ETT must be placed first. The authors suggest that
as long as the EGD is ventilating the patient, it is a very reasonable decision to not
exchange the device for an ETT before terminating resuscitative efforts if they are
deemed futile.



e Have paradigm shifts in prehospital care led to more patients presenting to
EDs with EGDs in place? There has been a prehospital airway management
practice shift in many communities over the past 10 years de-emphasizing
endotracheal intubation, especially for patients in cardiac arrest. Many EMS
providers now place EGDs as their initial airway strategy, whereas in other
communities EGDs are utilized as back-up devices, although the threshold for
moving to a back-up has dropped considerably.!.2 Thus, emergency physicians
(EPs) are likely to manage patients who arrive with an EGD in place. This can
pose a challenge if the EGD is not functioning appropriately or the EP is not
familiar with the device itself.

e Is the traditional role of the EGD expanding in ED patients? The traditional
role of the EGD in EMS was to “rescue” failed intubation. This traditional role
was later extended to allow providers not trained in ETI to obtain a “more
advanced” and “more efficacious” airway than using BMV alone. These roles
have yet again been further extended in many EMS systems to include primary
use in out-of-hospital cardiac arrest situations. In advanced prehospital care
systems and in the ED, primary use of EGDs in medication-facilitated airway
management, termed Rapid Sequence Airway (RSA), has also been advocated
by some authors and is used by some EMS systems.3 EGDs designed to
facilitate intubation may be placed in the ED to manage difficult and failed
airway situations, often averting surgical airway placement. The effect of video
laryngoscopy on the need for EGD rescue is unclear. EGDs may also be placed
to assist with preoxygenation, potentially as part of an RSA.4>

e How long can a functioning EGD safely be left in place? Authors have
reported use of the LMA-Supreme without complication for 9 hours.3 On the
other hand, complications with some other similar devices have been reported
after much less time.¢ In a report by Gaither et al., massive tongue engorgement
was noted after a King LTS-D was in place for 3 hours.”? Although experience
1s limited, and there are likely differences in tolerability between devices, it
would seem reasonable to leave most EGDs in place for no more than 4 hours
if that time facilitates transfer for, or arrival of, consultants to assist with
exchange in a predicted very difficult airway. This duration can likely be
longer if the device is deflated after having been used as an intubation conduit,
but this has not been extensively evaluated to our knowledge.

e Is an endoscopic exchange of EGDs for ETTs superior to the blind
approach when all the necessary equipment is available? Several studies
have demonstrated the viability of visualized exchange, while the only EGD
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11.

that has proven to reliably and safely facilitate blind intubation is the LMA
Fastrach: the first pass success rate utilizing the recommended technique is
over 90%, and success within three attempts is over 97%, regardless of
obesity, secretions, or cervical precautions.®-18 It has also been shown that
visualized endoscopic exchange through an EGD is a skill that both novice and
expert providers can perform at an equally high level.!9 Several studies have
demonstrated the worth of the Aintree Catheter in EGD exchange
procedures.20-25 The worth of the Arndt Airway Exchange Catheter Set to
maintain airway control during exchange of an EGD, specifically the King LT,
for an ETT has also been documented.26 Lastly, if an endoscope is not
available, authors have demonstrated that a retroglottic EGD can be “intubated
around” using a standard geometry video laryngoscope and a tracheal tube
introducer.2”

e Is blind passage of an ETT introducer, such as a bougie, through an EGD
recommended? The question of safety exists as airway perforation was noted
in a cadaver study examining this procedure through a King L'T. The same risk
would be present with any EGD.
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Chapter

Direct Laryngoscopy

Robert F. Reardon and Steven C. Carleton

Although video laryngoscopy (VL) has become the device of choice for many
emergency physicians, direct laryngoscopy (DL) is still a common technique for
tracheal intubation in the emergency setting. In experienced hands, DL has a high
success rate, and the equipment is inexpensive, reliable, and widely available.
However, DL requires significant experience to gain proficiency and has inherent
limitations that manifest when factors such as decreased cervical mobility, a large
tongue, a receding chin, or prominent incisors are present.

The concept of DL is simple—to create a straight line of sight from the mouth to the
larynx in order to visualize the vocal cords. The tongue is the greatest obstacle to
laryngoscopy. The laryngoscope is used to control the tongue and displace it out of
the line of sight. A laryngoscope consists of a handle, a blade, and a light source. It is
used as a left-handed instrument regardless of the operator’s handedness. In general,
DL blades are either curved (Macintosh) or straight (Miller) (Fig. 13-1). Both blades
come in a variety of sizes from newborn to large adult, and sizes 3 and 4 are
commonly used in adults. Macintosh blades have a gentle curve, a vertical flange for
displacing the tongue, and a relatively wide square tip with an obvious knob.
Variations of the original Macintosh blade design, which include a smaller vertical
flange and a shorter light-to-tip distance, have also been manufactured. The vertical
flange height of the size 3 and 4 blades is similar, making it reasonable to start with



the longer size 4 blade in all adults. Curved blades are intended to be advanced into
the vallecula, and when the knob on the tip makes contact and depresses the
hyoepiglottic ligament, the epiglottis elevates, exposing the vocal cords (Fig. 13-2).

Miller blades have a narrower and shorter flange and a slightly curved tip
without a knob. The smaller flange may be advantageous when there is less mouth
opening, but makes tongue control more difficult and decreases the area of
displacement for visualization and tube placement. Size 3 and 4 Miller blades are
nearly identical except for length, so it may be reasonable to start with the longer size
4 blade in most adults. Miller blades are intended to be passed posterior to the
epiglottis, to lift it directly in order to expose the vocal cords (Fig. 13-3). Most
operators prefer the curved Macintosh blade because it is wider and allows better
control of the tongue; however, the straight Miller blade may provide better
visualization of the glottis when there is limited cervical movement, prominent upper
incisors, a large tongue, limited mouth opening, or a large and floppy epiglottis, so it
is important to master both techniques.

° FIGURE 13-1. Macintosh (top) and Miller (bottom) Laryngoscope Blades. The

curved blade is a size 4 German Macintosh, which is a good blade for routine use in adults, unlke the
American design, which has a taller flange height. The straight blade is a size 3 Miller, for normal sized
adults. Most Miller blades have the light on the left side (as shown here), which can embed in the tongue,



but better designs place the light on the right side of the blade.

&

° FIGU RE 13-2. pirect Laryngoscopy with a Macintosh Blade. Note that the tip of the

blade is properly placed into the base of the vallecula and elevates the epiglottis by pushing against the
hyoepiglottic ligament.



° FIGURE 13-3. pirect Laryngoscopy with a Miller Blade. The tip of the blade is used to

lift the epiglottis directly.

ANATOMY FOR DIRECT LARYNGOSCOPY

Recognition of anatomic landmarks is critical to DL success (see Figs. 13-4). For
laryngoscopy, the most important laryngeal structures are the epiglottis, the posterior
arytenoid cartilages, interarytenoid notch, and the vocal cords. Tracheal intubation is
accomplished by passing the endotracheal tube (ETT) through the vocal cords.
Success 1s more likely if the vocal cords are well visualized and a near certainty if a
full view is obtained; however, tracheal intubation does not always require
visualization of the vocal cords. If only the posterior cartilages are visible, the tube
can be passed anterior to these structures in the midline and will usually enter the
trachea (Fig. 13-4B). Furthermore, intubation can often be accomplished when the



only visible structure is the epiglottis (Fig. 13-4C), especially if an ETT introducer
(ETI or “bougie”) is used. If the epiglottis cannot be identified, the likelihood of
successful tracheal intubation is very low (Fig. 13-4D).

Before embarking on the intubation attempt, the airway manager must ensure that the
following are available:

Established IV and monitoring systems.

Oxygen saturation and cardiac monitoring.

All required equipment and medications.

Laryngoscope blade and handle, ETT and backup ETT of a smaller size, 10 mL
syringe, lubrication, working suction, and rapid sequence intubation drugs.

ETI (disposable or reusable bougie, see page 150).

Adequate suction.

Trained assistant standing on the patient’s right.

The assistant should be prepared to do the following:

Pass equipment as needed to the airway manager.
Hold the head in a position as stipulated.
Perform laryngeal manipulation as instructed.
Retract the corner of the mouth during intubation.
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° FIGU RE 13-4. Laryngoscopic Views (Correlating with the Cormack—Lehane system). A:

Full view of the vocal cords (grade 1). B: Only the posterior glottic structures/cartilages are visible
(grade 2). C: Only the epiglottis is visible (grade 3). D: Neither the epiglottis nor the glottic structures are
visible, only the soft palate (grade 4).

PREINTUBATION ASSESSMENT AND EQUIPMENT CHOICE

Preintubation assessment of the patient’s airway is essential and must, when time
allows, be performed on every patient before administration of neuromuscular
blockers. In the mnemonic LEMON, discussed in Chapter 2, the M stands for
Mallampati, serving as a reminder to examine the oral cavity to assess the relative
size of the tongue in relationship to the oropharynx and the mandibular space (see
Chapters 2 and 4). The laryngoscope blade is the tool that controls and maneuvers the
tongue. Fundamental to successful laryngoscopy is blade selection, curved or straight,
that will be wide and long enough to capture the tongue during laryngoscopy, sweep it
leftward and then forward into the mandibular space out of the visual field, and
permit direct visualization of the airway. The larger flange of the curved Macintosh
blade usually provides better tongue control than the thinner blade of the straight



Miller blade. Many operators prefer a size 4 Macintosh blade for most emergency
airways to assure adequate blade length. However, choice of a laryngoscope blade
and the technique used to facilitate intubation is best guided by personal choice and
experience. The literature suggests that straight blades improve laryngoscopic view
(increased exposure of the vocal cords), whereas curved blades provide better
intubating conditions (continuous visualization of the vocal cords during ETT
passage). Using an ETI (bougie) improves intubation success rates with the straight-
blade technique.

The laryngoscope should be held low on the handle, so the proximal end of the blade
pushes into the thenar or hypothenar eminence of the left hand. This grip will
encourage lifting from the shoulder, keeping the elbow low, and keeping the wrist
stiff during laryngoscopy. The operator should be in an upright position with his or
her arms and hands at a comfortable working height, rather than stooping or straining
to reach the patient. The patient’s bed should be elevated and the operator should step
back from the patient so that his or her back is relatively straight during laryngoscopy.

Optimal head and neck positioning for DL is often described as the “sniffing
position”: lower cervical flexion and atlanto-occipital extension. The sniffing
position attempts to align the oral, pharyngeal, and laryngeal axes of the upper airway
(Fig. 13-5). Absent contraindications, alignment of these axes is important for
optimizing the laryngoscopic view. The optimal degree of lower cervical flexion
brings the external auditory meatus to the level of the sternal notch or anterior surface
of the shoulder. In adult patients of normal body habitus, a 4 to 6 cm pad beneath the
occiput usually suffices for this purpose. Alternatively, the operator can extend and
lift the head with his or her right hand during laryngoscopy to determine the optimal
position empirically. The head can then be supported by an assistant standing on the
right side of the patient while the operator intubates or performs external laryngeal
manipulation. In morbidly obese patients, optimal positioning will often require a
ramp to be constructed from linens or pads placed beneath the upper torso, shoulders,
neck, and occiput in order to align the ear canal with the sternal angle of Louis (see



Fig. 40-1). Airway ramps are also commercially available for this purpose. In small
children with a protuberant occiput, the torso may need to be raised to allow the
external meatus to fall back to the desired plane (see Fig. 25-2). Because of
individual variations in anatomy, the optimal head and neck position is often
unpredictable, and may require empiric adjustment during the intubation attempt. It is
critically important that some means of adjusting the patient’s position be available
before initiating the procedure. Understanding optimal head and neck positioning will
help operators appreciate the difficulty of performing DL on trauma patients and
others who must be intubated in a fixed position.

This is the standard technique used with both curved and straight blades.

e Open the mouth as widely as possible.

e Insert the blade in the right lingual gutter along the inside of the mandibular
molars and sweep the tongue to the lefi.

e Use a “look as you go” approach—that is, advance the tip of the blade down
the tongue in a careful step-by-step manner, lifting intermittently to ascertain the
location of the tip in relation to anatomic structures, until the epiglottis is
located. The epiglottis is the main anatomic landmark because the glottis can be
consistently found just posterior and inferior to it.

o Lift the epiglottis. When using the curved blade, displace the epiglottis
indirectly by pressing against the hyoepiglottic ligament at the base of the
vallecula (Figs. 13-2 and 13-6). When using the straight blade, lift the
epiglottis directly with the tip of the blade (Figs. 13-3 and 13-7).

e Identify the posterior cartilages and interarytenoid notch. These structures make
up the posterior border of the glottis and separate the tracheal inlet from the
esophagus. Tracheal intubation can be accomplished by passing the tube
anterior to these structures, even when the vocal cords cannot be seen.

e Visualize the vocal cords, if possible.

e Pass the tube through the vocal cords and into the trachea.



Head Elevated on Pad

Head on Bed
Neutral Position

Neutral Position

Head Elevated on Pad
Head Extended on Neck

° FIGURE 13-5. A: Anatomical neutral position. The oral axis (OA), pharyngeal axis (PA),

and laryngeal axis (LA) are not aligned. B: Head, still in neutral position, has been lifted by a pillow
flexing the lower cervical spine and aligning the PA and LA. C: The head has been extended on the
cervical spine, aligning the OA with the PA and LA, creating the optimum sniffing position for intubation.

PARAGLOSSAL (RETROMOLAR) STRAIGHT-BLADE
TECHNIQUE

This is an alternative technique that may be useful when standard DL is unexpectedly
difficult because of prominent upper incisors, a large tongue, or limited mouth

opening.



° FIGURE 13-6. pirect Laryngoscopy with a Macintosh Blade. The mouth is opened

wide, and the tongue is well controlled and kept entirely to the left by the large flange of the Macintosh
blade. The epiglottis is visualized, and the tip of the blade is pushed into the vallecula to elevate the
epiglottis and expose the vocal cords. Force is applied by lifting the entire blade upward, not by tilting the

butt of the blade toward the upper incisors.

e Insert the Miller blade into the right corner of the mouth.
e Pass the blade along the groove between the tongue and the tonsil.



e Sweep the tongue to the left and maintain it to the left of the blade.

e Advance the tip of the blade toward the midline, keeping the back of the blade
to the right side of the mouth adjacent to the molars (Fig. 13-8).

o Identify the epiglottis and lift its tip to expose the vocal cords.

e Have an assistant retract the right corner of the mouth.

e Pass the tube through the vocal cords and into the trachea. Often, one needs to
use an ETI (bougie) down the channel of the scope with this approach because
of limited space preventing ETT advancement. The ETI was specifically
designed for this purpose.

This is an alternative technique often used in neonates, infants, and small children
using a straight blade, or in adults when other techniques are predicted to be difficult
or have failed. There are two phases to this method: (1) blind insertion of the tip of
the laryngoscope blade beyond the glottic inlet and into the esophagus, and (2)
visualization of the glottis during withdrawal. The potential for esophageal and
tracheal injury or regurgitation resulting from opening the upper esophageal sphincter
during blind insertion of the blade has not been studied.



° FIGURE 13-7. pirect Laryngoscopy with a Miller Blade. The mouth is opened wide,

and the tongue is difficult to control with the small flange of the Miller blade, but it is kept entirely to the
left. The epiglottis is identified and then lifted with the tip of the blade (so it is no longer visible here) to
expose the vocal cords. Force is applied by lifting the entire blade upward, not by tilting the butt of the

blade toward the upper incisors.

e Place the blade into the right side of the mouth and maintain the tongue to the

left.
e Hold the laryngoscope with the fingertips and gently advance the entire length



of the blade blindly toward the midline, past the base of the tongue, posterior to
the glottis, and into the proximal esophagus. If there is any resistance, stop and
withdraw slightly, then realign and advance completely.

e While looking into the airway, lift the blade and then slowly and deliberately
withdraw until the glottis drops down into view. If the epiglottis also drops
into view, lift it with the tip of the blade to expose the vocal cords.

e Pass the tube through the vocal cords and into the trachea.

If the glottis 1s directly visualized, it is usually easy to pass a tube into the trachea.
However, even with excellent glottic exposure, it is possible to block the line of sight
with the ETT during the intubation attempt. This possibility can be minimized by
inserting the tube from the extreme right-hand corner of the mouth while an assistant
retracts the lip, and by keeping the tube below the line of sight while advancing it
toward the glottis, raising it over the posterior landmarks only during the terminal
phase of insertion. Tube shape can also influence the ease of visualization during
intubation. Using a malleable stylet to produce a straight tube with a single “hockey
stick” bend of <35° just proximal to the balloon facilitates cord visualization during
passage, by keeping the tube out of the line of sight until it passes the cords (Fig. 13-
9). As the tube approaches the depth of the glottis, it is raised up over the posterior
landmarks and passed through the vocal cords. A banana-shaped tube tends to cross
the visual axis twice in the course of insertion and may interfere with visual guidance
during placement.



° FIGURE 13-8. Paraglossal (Retromolar) Straight-Blade Technique. The Miller blade

enters the right corner of the mouth, and the tip advances toward the midline while the proximal blade
remains in the right side of the mouth. Note that the tongue is entirely to the left of the blade. This
technique may improve glottic visualization in difficult situations but does not leave much room for
passage of the ETT. Have an assistant retract the lip to create more room as shown.

TROUBLESHOOTING DIFFICULT DIRECT LARYNGOSCOPY

Paralysis



Neuromuscular blockade greatly facilitates DL. The reflexes and muscle tone of the
upper airway are difficult to overcome in patients who are sedated but not paralyzed.
Airway managers should understand the indications for, and use of, neuromuscular
blocking agents (see Chapters 2, 3, and 22).

° FIGU RE 13-9. Optimal ETT/Stylet Shape. A relatively straight ETT with a “hockey

stick” shape, with a bend angle <35°. This shape allows passage of the ETT without blocking the line of
sight.

External Manipulation by the Laryngoscopist versus an
Assistant or Instructor

Bimanual laryngoscopy involves external manipulation of the thyroid cartilage with
the laryngoscopist’s right hand (Fig. 13-10). Backward, upward (cephalad), and
rightward pressure (BURP) on the thyroid cartilage, by an assistant, has been shown
to significantly improve glottic visualization during laryngoscopy. However, optimal
external laryngeal manipulation (OELM) by the laryngoscopist is better than BURP
by an assistant because the operator gets immediate feedback and can quickly
determine which movements provide an optimal view. These movements might
include BURP, but can also involve any movement that improves visualization of the
glottis. Firm downward pressure on the thyroid cartilage moves the vocal cords
posteriorly into the line of sight of the laryngoscopist. Also, during curved blade
laryngoscopy, downward pressure on the thyroid cartilage helps to drive the tip of the
laryngoscope into the hyoepiglottic ligament, further lifting the epiglottis out of the
visual axis. When the laryngoscopist finds the best view, an assistant can hold the
thyroid cartilage in the optimal position while the ETT is placed. Bimanual
laryngoscopy should not be confused with cricoid pressure (Sellick’s maneuver),
which is performed during BMV to avoid regurgitation. In teaching situations, it may



beneficial for an instructor to apply external manipulation (downward pressure on the
thyroid cartilage) and/or perform a mandibular advancement (jaw thrust) maneuver to
help the operator obtain the best laryngeal view during DL. Using a device that
allows simultaneous DL and VL, like the C-MAC, or the GlideScope teaching blade,
allows an assistant or instructor to help optimize the laryngeal view. This is
especially important in teaching institutions where relatively inexperienced operators
may be intubating critically 11l or injured patients while still learning the finer points
of DL (see Evidence section).

° FIGURE 13-10. Bimanual Laryngoscopy. The laryngoscopist uses his/her right hand to

manipulate the thyroid cartilage. Optimal external manipulation often involves firm pressure on the thyroid
cartilage and movement to the right (backward, upward [cephalad], and rightward pressure). The
advantage of the laryngoscopist performing this maneuver (not an assistant) is that he/she gets immediate
visual feedback and can quickly determine what constitutes optimal external manipulation.

Endotracheal Tube Introducer



An ETI or bougie is a simple, inexpensive adjunct that can improve intubation
success when visualization of the glottis is difficult (Fig. 13-11). It is most helpful
when the epiglottis is visualized, but the vocal cords and posterior cartilages cannot
be seen. The ETI is a long (60 cm), narrow (5 mm), flexible plastic (SunMed Bougie,
Largo, FL) or spun nylon (Eschmann Bougie/Guide, Smiths Medical-Portex, St. Paul,
MN) device with a fixed 40° bend at the distal end (Coudé tip). Insertion is often
facilitated by making a 60° anterior bend approximately 10 to 15 cm from the distal
tip (Fig. 13-11, inset). The ETI is held with the tip pointing upward. Under visual
guidance with a laryngoscope, it is passed just under the epiglottis and upward into
the tracheal inlet (Fig. 13-12). Tracheal placement results in palpable vibrations of
the introducer as the Coudé tip bumps against the tracheal rings during insertion.
Alternatively, tracheal placement can be confirmed by a hard stop at about 40 cm of
insertion. Placement in the esophagus provides no such hard stop. The ETT i1s placed
over the ETI by an assistant until the proximal end of the ETI is grasped while the
operator keeps the laryngoscope in place, continuing to displace the tongue into the
mandibular fossa. This is a critical, and often neglected, point. The operator then
passes the ETT distally. As the tip of the ETT passes the glottis, the laryngoscopist
should rotate it counterclockwise to facilitate passage through the vocal cords (Fig.
13-13A-C).

° FIGURE 13-11. Endotracheal Tube Introducers (Bougies). The classic gum elastic



bougies (yellow) are reusable, 60 to 70 cm long, and available with straight and Coudé tip designs. A
reusable (blue) polyethylene introducer is available with a Coudé tip and is 60 cm in length. Adult
tracheal tube introducers are 5 mm in diameter. A thinner pediatric introducer can accommodate a 4.0-
mm ETT. The lower right inset demonstrates the 60° optimal curve for attempting intubation when none
of the glottic structures (only the epiglottis) can be visualized with laryngoscopy.

° FIGURE 13-12. Endotracheal tube introducer (bougie) facilitating intubation with difficult

(grade 3—*“epiglottis only” view) laryngoscopy. The disposable blue introducer is passed beneath the
epiglottis and then anteriorly and caudally through the glottic inlet. The operator can immediately confirm
tracheal placement by feeling the introducer against the tracheal rings or feeling a hard stop as the
mtroducer enters a bronchus.

Failed Laryngoscopy and Intubation

When tracheal intubation is unsuccessful, the patient should be ventilated with BMV
and high-flow oxygen if the saturations are <90%. During this reoxygenation time, the
laryngoscopist should systematically analyze the likely causes of failure (Table 13-
1). It makes no sense to attempt a second laryngoscopy without changing some aspect
of the technique to improve chances for success. The following questions should be

addressed:

e [s the patient in the optimum position for laryngoscopy and intubation? If the
patient was placed in the sniffing position initially and the larynx still appears
quite anterior, reducing the degree of head extension could be helpful. It may
occasionally help to elevate and flex the patient’s head and neck with the



laryngoscopist’s free right hand while performing laryngoscopy to create a
better view of a true anterior airway.

Would a different blade provide a better view? If the initial attempt at
laryngoscopy was done with a curved blade, it may be advisable to change to a
straight blade, and vice versa. Alternatively, a different size blade of either
type might be helpful.

Is the patient adequately relaxed? Appropriate neuromuscular blockade can
improve the view of laryngoscopy one full Cormack—Lehane grade.
Laryngoscopy may have been attemptedtoo soon after administering
succinylcholine, or an inadequate dose of succinylcholine may have been
administered. If the total time of paralysis has been such that the effect of
succinylcholine is dissipating, then administration of a second full paralyzing
dose of succinylcholine is advisable. Atropine should be available to treat
bradycardia that occasionally accompanies repeat dosing of succinylcholine.
Would external laryngeal manipulation be helpful? Manipulation of the thyroid
cartilage by the laryngoscopist or the assistant, as described above, often
improves the laryngeal view by one full Cormack—Lehane grade.

Is a more experienced laryngoscopist available? If so, a call for help may be in
order.

If DL has been maximized, 1s a VL available? If so, recourse to VL should be
considered early.




° FlG URE 1 3'1 3 Counterclockwise rotation of the endotracheal tube (ETT) during insertion

over an introducer. A: The tip of the ETT is hung up on the glottis, which is common. B: The ETT is
withdrawn 1 to 2 cm and then rotated 90° counterclockwise. C: With the bevel facing posteriorly, the
ETT passes smoothly through the glottis.

TABLE
1 3_1 Errors Associated with Failed Laryngoscopy

Rushed/frantic If the patient is rapidly desaturating, do not try to intubate hurriedly. Use BMV to improve
laryngoscopy  oxygenation and then perform relaxed, methodical laryngoscopy

Laryngoscopy Do not just insert the blade and hope that the vocal cords appear. This will usually result

without a plan  in advancing the blade too deeply, missing anatomic landmarks. Use a methodical
approach with progressive visualization of anatomic structures—follow the tongue to the
epiglottis and then the epiglottis to the vocal cords



Poor tongue No tongue should be visible on the right side of the blade during properly performed

control laryngoscopy. This will prevent good visualization of the glottis and passage of the ETT
Poor Holding the laryngoscope incorrectly, bending over in an awkward position, resting your
ergonomics elbow on the patient or the bed, and positioning your eyes too close to the procedure are

recipes for failure

Once the ETT has been placed, it is imperative to confirm that it is in the trachea. The
current standard is the detection of end-tidal carbon dioxide (ETCO,). Both

qualitative colorimetric detectors and quantitative capnography are nearly 100%
accurate for confirming tracheal tube placement in patients who are not in cardiac
arrest. In the setting of cardiac arrest, continuous waveform capnography is the most
reliable method for confirming correct ETT placement. Colorimetric ETCO,

detectors quickly change from purple (“poor”) to yellow (“yes”) when ETCO, is

detected. This color change should occur within a few breaths after tracheal
intubation, and a lack of color change indicates an esophageal intubation.
Uncommonly, CO, from the stomach can create a color change to yellow, but this will

revert to purple within six breaths. With proper tracheal intubation, the color should
continue to change from purple to yellow with each breath. A color change to tan,
rather than bright yellow, may indicate esophageal or supraglottic misplacement. In
cardiac arrest, colorimetric detectors are of limited value because the ETCO, may be

less than the detectable limit for color change (usually 5% CO, in exhaled gas), so

capnography or suction esophageal detection devices (see below) should be used.
When waveform capnography is used, tracheal intubation is confirmed by
visualization of a square waveform that persists for at least six breaths. Absence of a
waveform confirms esophageal placement. In cardiac arrest, the presence of a
waveform confirms endotracheal intubation, whereas the lack of a waveform is
indeterminate, requiring use of an alternative detection method. There are two types
of suction esophageal detecting devices (EDDs): the piston syringe and the self-
inflating bulb. Studies have shown that the sensitivity of the self-inflating bulb is
greater than that of the piston syringe. The principle behind these devices is simple:
releasing the deflated bulb or pulling back on the piston creates a negative pressure at
the tip of the device. The negative pressure causes the esophagus to collapse around
the tip of the device in an esophageal intubation, preventing the bulb from reinflating
or the syringe plunger from being pulled back easily. The trachea does not collapse
easily with negative pressure, so tracheal placement is confirmed if the bulb



reinflates or the piston is easily pulled back. These devices are quite sensitive and
specific, but are not perfect, so they should be used in combination with other
confirmation methods, such as visualizing the ETT passing through the vocal cords.
Bronchoscopic confirmation of tracheal intubation i1s helpful when other methods ot
confirmation are confusing, especially in cardiac arrest. Auscultation is important for
detecting mainstem intubation and pulmonary pathology, but is unreliable for
confirming tracheal tube placement. Chest x-rays should not be used to differentiate
whether the ETT is in the trachea or the esophagus, but only to assess proper ETT
depth and to evaluate for mainstem intubation. Fogging (condensation) of the ETT is a
completely unreliable method of confirming tracheal intubation and should not be
used.

e What is the safest way to teach DL in the emergency setting? A minimum
of 50 intubations are needed to become proficient at DL in the elective setting. !
It is more difficult to teach and learn DL in the emergency setting, and the
number of intubations needed to gain proficiency in difficult emergency
airways 1is likely much higher than 50. Teaching DL with a traditional
laryngoscope in the emergency setting can be challenging for both trainees and
the instructors given that only one person can view the airway directly.?2 The
rate of complications increases dramatically when there are multiple intubation
attempts, so the goal should be first pass success.3# VL has been shown to
increase intubation success even in difficult airways; however, many do not
recreate DL mechanics.>-7 Despite its drawbacks, DL remains an important
skill that trainees should master. Today, several VLs allow DL and VL
simultaneously for both adult and pediatric patients.8-10 There is subjective and
objective evidence that these devices shorten the learning curve for DL.8-11 [n a
small randomized trial of 198 patients intubated with either the C-MAC or a
DL, first attempt success was higher with VL (92% vs. 86%), although the
small sample size kept this from being statistically significant.12 Eight patients
(8%) failed DL intubation on the first attempt, and all were successfully
intubated using VL on the second attempt. Interestingly, the residents involved
in this study learned DL using the C-MAC, and this is the first ED-based study
demonstrating the effectiveness of learning and performing DL with a
Macintosh shaped VL.

e How should the head and neck be best positioned for laryngoscopy?
Cormack and Lehane devised the most widely accepted system of categorizing



the view of the larynx achieved with an orally placed laryngoscope.!3 The
sniffing position (head extension and neck flexion) has been widely accepted as
the optimum position for orotracheal intubation. However, there is conflicting
evidence that increased head elevation (increased neck flexion) or just simple
extension (head extension and neck extension) may be better than the sniffing
position.!415 Although the question of optimal head positioning remains, it is
likely that it will vary from patient to patient. This highlights the importance of
a two-handed technique for intubation, allowing for individualized adjustments
during laryngoscopy. Morbidly obese patients should be placed in a “ramped”
position, with significant elevation of the shoulders, neck, and head such that a
horizontal line can be drawn from the tragus of the ear to the sternal notch.16-18

What is the utility of external laryngeal manipulation during DL? It has
been clearly shown that external laryngeal manipulation, one example of which
is BURP, improves laryngeal view by one full grade, on average. In addition,
one recent study demonstrated the importance of operator-directed laryngeal
manipulation (as opposed to assistant-directed manipulation) in maximizing
visualization of the glottic structures.!® The importance of laryngoscopy being a
bimanual technique is emphasized regardless of which direction the thyroid
cartilage is displaced. In addition, one OR-based study showed that mandibular
elevation (a jaw thrust) in addition to BURP improved the glottic view during
DL by inexperienced laryngoscopists.20

Is an ETI or bougie truly helpful? The literature clearly supports the use of
ETIs to enhance success rates of intubation, particularly with grade 3
views.21-24 In one study, the success rate improved from 66% to 96% when an
ETI was used. When using an ETI, it is important to continue laryngoscopy
while the ETT is placed over the ETI and rotate the ETT counterclockwise as
it passes through the larynx. Also, it may help to release cricoid pressure as the
ETT is passed over the ETL.25

Does it matter which laryngoscopic blade I use? It is generally believed that
one’s choice of a laryngoscope blade and the technique used to facilitate
intubation is best guided by personal choice and experience.2027 The literature
suggests that straight blades improve laryngoscopic view (increased exposure
of the vocal cords), whereas curved blades provide better intubating conditions
(continuous visualization of the vocal cords during ETT passage).26

What are the best methods for confirming correct ETT placement? No
confirmation method is perfect, so providers should always use a combination
of clinical assessment and detection devices. Continuous waveform
capnography is recommended by the American Heart Association as the most
reliable method for confirming and monitoring correct placement of an ETT.28
Waveform capnographers provide a quantitative measure of ETCO, as well as



a distinct repeating waveform that facilitates continuous monitoring of ETT
position, even in most cases of cardiac arrest.2829 An ETCO, waveform may
be absent in cases of prolonged cardiac arrest or monitor malfunction, but good
chest compressions and a viable patient will usually produce a detectible
waveform. Colorimetric and nonwaveform exhaled CO, detectors are not as
useful in cardiac arrest but are nearly 100% accurate for confirming correct
ETT placement in patients who are not in cardiac arrest. Soft drinks in the
stomach containing CO, may mimic the exhaled CO, from the lungs for a few
breaths, the so-called Cola complication; this confounding result ought not to
persist beyond six breaths.

There are several types of EDDs that detect esophageal intubation by
creating negative pressure in the ETT, causing the walls of the esophagus to
collapse around the tip of the ETT. Although these devices detect about 99% of
esophageal intubations, and are better in cases of prolonged cardiac arrest, they
are generally less accurate than ETCO, devices.

It would be reasonable to believe that visualization of the ETT entering
the larynx is a reliable method of verifying correct ETT position, but has been
shown that additional confirmation methods are necessary, even when
experienced providers place the ETT. Auscultation of the chest for breath
sounds and of the epigastrium for absence of air entry into the stomach and
observation of chest motion during ventilation are common but notoriously
inaccurate methods of confirming correct ETT placement. Looking for
condensation inside the ETT is a completely unreliable method for confirming
correct placement.

None of these techniques alone guarantee correct placement, and as many
of them as possible should be used in every case.
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Chapter

Video Laryngoscopy

John C. Sakles and Aaron E. Bair

Historically, direct laryngoscopy (DL) has been the primary method of performing
tracheal intubation in the emergency department (ED). When utilizing DL, the goal is
to compress and distract the tissues of the upper airway so that a direct line of sight
can be achieved between the operator’s eye and the laryngeal inlet. Due to anatomic
limitations, this can technically be very difficult and is simply not possible in some
patients. Therefore, laryngoscopes were developed which could allow intubation to
be completed by looking around the obstructing tissues rather than relying on their
displacement. The introduction of fiber-optics into medicine helped to spur the
development of rigid fiber-optic laryngoscopes such as the Bullard laryngoscope.
These devices were essentially rigid laryngoscopes that incorporated a fiber-optic
bundle and an eyepiece that allowed the operator to effectively see around the tongue.
These fiber-optic laryngoscopes were clever in their design but required significant
operator expertise to use them effectively. The inherent limitations of fiber-optics,
such as their small field of view, requirement of an ocular eyepiece, lens fogging, and
easy contamination, restricted their widespread use. When video cameras became
miniaturized to the point where they could be placed onto a laryngoscope blade, new
opportunities for laryngoscopy developed. Dr. John A. Pacey developed the first
commercially available video laryngoscope (VL), the GlideScope, which has been in
clinical use since 2001. The GlideScope incorporated a micro-video camera on the
distal portion of the blade that connected to an external monitor via a cable. The
video camera provided an indirect view of the airway and allowed intubation to be
performed by using the video monitor. Since that time, numerous VLs have been
developed and are in clinical practice. These devices differ considerably in their



design. Some use conventional Macintosh curved blades, whereas others use
hyperangulated blades. Some require freehand delivery of the tube by the operator,
whereas others have a built-in channel guide for tube placement. Some have an
external monitor connected to the laryngoscope by a cable, whereas others have a
monitor attached directly to the laryngoscope handle. Some use disposable single-use
blades, whereas others use reusable blades that can undergo high-level disinfection.
What they all have in common is that they provide an indirect view of the laryngeal
inlet, displaying the relevant anatomy on a video monitor allowing intubation to be
performed without having to move any of the obstructing tissue out of the way.
Additionally, the viewing angle is greatly increased over what is usually experienced
with DL (10° vs. 60° with VL). Due to the many differences in design, a general
overview of the use of VLs will be presented, followed by specific information for
each device.

The wide array of VLs can be fundamentally classified as standard geometry
Macintosh blades and hyperangulated blades. Further, the hyperangulated blades can
be further divided into those that have a tube guide and those that do not (see Table
14-1).

VLs have many advantages over DL:

Obviate the need for direct line of sight to airway

Magnify the view of the airway

Require less force to intubate

Allow assistants to see and help with the procedure

Allow supervising practitioners to supervise procedure (even remotely)

Allow for recording of photos and videos which can be used for documentation
and teaching

SIS

Classification of VLs



Standard
Geometry

Macintosh
Blade

C-MAC

GVL Titanium MAC

GVL Direct

McGRATH MAC

Venner AP
Advance

Blade Attached
Sizes Screen

Mac 2, 3, 4
Miller O, 1

MAC T3,

T4

MAC S3,

S4

Mac 3.5
Mac 2, 3, 4

Mac 3, 4

Yes (requires
special module)

No

No
Yes

Yes

Hyperangulated Blade

Channeled
King Vision
Pentax AWS

Venner AP
Advance

Vividtrac
Unchanneled
GVL Titanium T3,
T4

GVL Titanium S3,
S4

C-MAC D-blade

McGRATH MAC X-
blade

CoPilot VL

Adult
Adult

Adult

Adult

T3, T4
S3, S4

Adult

Adult

Adult

Yes

Yes

Yes

No

No

No

Yes

No

Pediatr

Reusable/Disposable Versior

R and D

Yes

No

No

No

No

No

No

No

Yes

No

No



VL in general requires a different technique than DL. There are three important
aspects to understanding VL. The following points apply generally to the technique of
VL.

Visualization

With VLs, in contrast to DLs, the operator does not need to displace the tongue, but
instead can look around it. Thus, there is no need to use the blade to sweep the tongue
to the left as with DL. Instead the operator must use a midline approach. The VL
should be inserted directly down the midline and advanced slowly while curling it
around the base of the tongue. When introducing the blade it should be kept high and
pressed against the tongue to avoid dipping the tip into the posterior oropharynx
where it can get contaminated from pooled secretions. Once the epiglottis is
identified, the tip of the blade should be advanced into the vallecula and a gentle
lifting/rocking (primarily rocking) motion applied. The goal is to see the larynx in the
top half of the screen. This leaves the bottom half of the screen available for
visualizing the advancement of the endotracheal tube (ETT). A common mistake is to
continue advancing the VL once an adequate view of the larynx is achieved. The
problem that this creates is that it lifts the larynx higher and tilts it as well, making
tube delivery much more difficult, and sometimes impossible.

Tube Delivery

Once an appropriate view of the larynx is achieved, the next goal is to direct the tube
to the vocal cords. Since the tongue is not being displaced, the operator must direct
the tube around the curve to reach what is being seen on the screen. An angulated
stylet is needed for this. It is recommended to conform the styletted tube to match the
curvature of the blade. Verathon makes a proprietary stylet called the GlideRite that
is a rigid, curved stylet similar to the acute angle of the GlideScope blade. It is
recommended that this stylet be used for any hyperangulated VLs. When it is time to
introduce the tube into the patient’s mouth, the operator must take their attention away
from the monitor and look at the patient. The tube is inserted into the patient’s mouth
under direct observation. If the operator is still looking at the screen and not
observing tube introduction directly, there is risk of damaging the structures of the
upper airway such as the soft palate, tonsillar pillars, or posterior pharyngeal wall.
After the tube is introduced under direct vision, the operator can then turn their
attention back to the screen to see the tube as it enters from the right-hand side on the



video monitor. At this point, the operator should begin to orient the tip of the tube so
it points at the glottic opening. This should be done early and can be accomplished by
rotating the tube to a vertical position and thereby making the angle at the end of the
ETT point upward at the glottic inlet. The operator can continue to advance the tube
to the laryngeal inlet by using the screen as a guide. The operator should attempt to
pass the tube through the vocal cords as far as initially possible. Typically, some
resistance will be encountered as the tip of the tube hits the anterior tracheal wall.

Tube Advancement

Once the tube passes the vocal cords and enters the trachea, the highly curved
styletted tube will impinge on the anterior tracheal wall. At this point the stylet must
be partially withdrawn by the operator or assistant so the tip of the tube will
straighten out. The operator’s thumb can be used to withdraw the stylet a few
centimeters back. The GlideRite stylet has a specially designed tab on it to facilitate
this maneuver. It is important to recognize that the GlideRite stylet cannot be pulled
straight out like a conventional malleable stylet. If this is attempted it will likely pull
the tube out with it. The GlideRite stylet has an extreme curve and is very rigid and
thus must be withdrawn from the tube in an arc over the patient’s chest to match its
natural curvature.

When used properly, VLs are very safe and effective devices. Improper use,
however, can result in untoward complications. For example, if the operator does not
look at the patient while inserting the tube it is possible to traumatize the upper
airway and even perforate some of these structures. When using a VL it can
sometimes take longer to intubate because of difficulty directing the tube to what is
being seen on the screen. This can be remedied by having the VL blade at the
appropriate depth in the patient and using an appropriately shaped stylet.

The GlideScope was the first VL introduced into clinical practice and has undergone
many modifications, with multiple units now available. The following is a
description of the currently available units (Figs. 14.1A and B).



GlideScope AVL

The original GlideScope video laryngoscope (GVL) consists of a micro-video
camera encased within a sharply angulated blade, a rechargeable video liquid crystal
display (LCD) monitor, and a video cable that transmits the image. The monitor can
be mounted on a mobile stand or attached to any available pole with a C-clamp. The
laryngoscope portion of the GVL consists of a combined handle and laryngoscope
blade that are made from durable medical-grade plastic. The video camera is placed
in a recess midway along the undersurface of the laryngoscope blade, partially
protecting it from contamination from bodily secretions. In addition, the GVL
incorporates an antifog mechanism that heats the lens around the video camera,
thereby decreasing condensation during laryngoscopy. There are four blade sizes for
the GVL (GVL-2 through GVL-5). The GVL-2 is designed for small children (2 to 10
kg), whereas the GVL-5 is meant to overcome anatomic challenges seen with
morbidly obese patients. The GVL size 3 and 4 blades are appropriate for small
adults and large adults, respectively. Additionally, neonatal sizes are available with
the single-use, Cobalt version. Because the GVL does not incorporate an ETT guide
or stylet connected to the device, ETTs of any size can be used.

The laryngoscope attaches to a portable LCD monitor through a video cable that
also carries power to light-emitting diodes (LEDs) mounted alongside the video
camera. The monitor has a video-out port that requires a proprietary cable to connect
to the composite video input, allowing the image to be transmitted to another monitor
or recording device. The monitor can be rotated to the optimal viewing angle, and the
cradle rests on a mobile telescoping pole that allows easy adjustment of the height of
the monitor. The unit is powered by standard alternating current or its backup
rechargeable lithium battery. The battery can provide 90 minutes of continuous use
and has a low-battery indicator light to warn the operator that the unit must be
plugged in.

GlideScope Ranger

The GlideScope Ranger is a rugged, portable, battery-operated GlideScope unit
designed for field use. It is operational in a wide variety of temperatures, humidity,
and altitudes and weighs roughly 2 1b (0.9 kg), making it very portable. It uses a 3.5-
in (9 cm) LCD screen that allows good image clarity even when used outdoors. The
Ranger can be used with a reusable blade or disposable Cobalt blades. The
rechargeable lithium polymer battery provides 90 minutes of continuous use. The
GlideScope Ranger is contained within a soft neoprene case for protection.



° FIGU RE 14-1. ciide Scope. A: The GlideScope Titanium series showing both the reusable

hyperangulated T3 and T4 blades, and the reusable standard geometry Mac T3 and Mac T4 blades. B:



The portable GlideScope Ranger.

GlideScope Cobalt

The GlideScope Cobalt is a disposable single-use version of the original
GlideScope. The Cobalt consists of a flexible video baton that houses the micro-
video camera that inserts into a disposable clear plastic protective blade, called the
Stat. The Cobalt video baton may connect to either of two different video displays.
The original Cobalt used the same color video LCD monitor as the GVL; however,
this has largely been replaced by a newer version, the Cobalt Advanced Video
Laryngoscope, which uses a high-definition video baton and digital video display.
The monitor has similar dimensions to the original unit but has the benefit of a built-in
tutorial as well as image and video clip acquisition that can be stored on a removable
memory card. Currently, there are two baton sizes and five blade sizes available. The
small baton works with Stat sizes 0, 1, and 2, and the large baton works with size 3
and 4 blades. The primary advantage of the Cobalt is its single-use design—
eliminating logistic problems, costs, risks, and downtime associated with high-level
disinfection of the traditional GlideScope.

GlideScope Direct Intubation Trainer

The GlideScope Direct Intubation Trainer, as its name implies, was developed to
help teach practitioners DL. There is a single reusable metal blade available, size
Mac 3.5. The operator can perform DL with this device while a supervisor uses the
screen to help guide them.

GlideScope Titanium

The GlideScope Titanium is the newest product line introduced in the GlideScope
series and consists of several different VLs. The GlideScope Titanium is a
lightweight, low-profile GlideScope that is made of titanium. It comes in two
varieties. There is the Titanium LoPro T3 and T4 which are based upon the
hyperangulated GlideScope design and are in fact made of titanium. They are suitable
for small and large adults, respectively. In addition, there are conventionally shaped
Macintosh versions called the MAC T3 and MAC T4. Although they are shaped liked
a conventional Mac blade to give them a more comfortable feel, they are designed to
only be used as a VL. They are not intended to be used as DL blades because the
camera on the undersurface partially obstructs the direct view that is necessary to



perform DL with them. At the time of this writing, however, the manufacturer is
developing a Macintosh combo VL/DL blade. All four titanium blades are also
available in plastic single-use versions. These are called the LoPro S3 and S4 and
MAC S3 and MAC S4. They are identical in design to their reusable counterparts,
with the exception that they are composed of disposable plastic. A “smart cable”
available from the manufacturer is required to connect the disposable blades to the
GlideScope monitor.

Using a GlideScope

The GlideScope is intended as an everyday device for routine intubation and can also
be considered as an alternative airway device for difficult or failed airways. The
distal angulation makes it ideally suited to visualize and intubate an anterior larynx
where DL has proven unsuccessful. Because the handle has a narrow profile and does
not require direct visualization of the larynx through the mouth, it is useful when
cervical mobility or mouth opening is limited. Patients in whom it is desirable to
minimize movement of the neck are excellent candidates because little force is
needed to expose the glottis with the laryngoscope blade. The GlideScope generally
performs well in the presence of secretions, blood, and vomitus, and thus is a good
choice even in these circumstances.

The GlideScope is used in the following manner to perform tracheal intubation
(Fig. 14-2). The handle is grasped with the left hand, in the same fashion as a
conventional laryngoscope, and the tip of the laryngoscope blade is gently inserted
into the mouth, in the midline, under direct vision. The critical point here is to keep
the handle in the midline as you enter further into the mouth, noting key midline
structures, such as the uvula, as you advance. There is no sweeping of the tongue to
the left as is done with conventional laryngoscopy. It is difficult to identify landmarks
if the blade is off the midline. As soon as the tip of the laryngoscope blade passes the
teeth, the operator should direct his or her attention to the video monitor and use the
landmarks on the video screen to navigate to the glottic aperture. As mentioned
earlier, the uvula will be seen if the blade is correctly situated in the midline. The
operator should then continue to gently advance the blade down the tongue and past
the uvula, with a slight elevating motion until the epiglottis is seen. At that point, it is
best to continue advancing the blade into the vallecula, with some gentle upward
force, to indirectly lift the epiglottis out of the way. The blade should ultimately be
seated in the vallecula, much in the same way that a Macintosh blade is used. The
intubator should be cautious not to place the blade too close to the glottic aperture.
Although this may result in a larger, more obvious view of the target, it ultimately



makes ETT passage more challenging. The best view to complete intubation is one
where the airway is seen somewhat “off in the distance” with the epiglottis visualized
on the monitor. If the glottic view is insufficient, often a gentle tilt of the handle will
expose it fully, in contrast to the lifting motion with a conventional laryngoscope. If
the glottic aperture still cannot be exposed, the blade can be withdrawn slightly,
placed under the epiglottis, and used like a Miller blade to physically displace the
epiglottis up and out of the way. This motion can tilt the larynx more sharply, making
advancement of the tube into the trachea technically more challenging. When an
optimal glottic view is obtained, the operator again looks into the mouth, to insert the
ETT with a stylet curved to match the curve of the GVL blade, alongside the blade.
When the tube is placed where desired, the operator again views the video monitor to
guide advancement of the tube into the glottis. Thus, intubation with the GlideScope
can be thought of as occurring in four steps. For two of these steps, the operator
views the video monitor; for the other two, the operator looks into the patient’s
mouth.

° FIGU RE 14-2. ciide Scope in Clinical Use. The standard reusable GlideScope being used

to intubate a blunt trauma patient in the emergency department. The front of the cervical collar has been
removed and an assistant is maintaining in-line cervical stabilization. An excellent view of the laryngeal
inlet has been achieved, but the operator has inserted the blade too far, causing elevation and tilting of the
larynx which will make tube delivery much more difficult.



Identifying and exposing the glottis generally is easy using the GlideScope.
However, advancing the ETT toward the image of the glottis displayed on the video
screen can still be challenging. Negotiating the oropharynx and traversing the glottis
with an acutely shaped ETT can be technically difficult for two reasons. First, the
GlideScope blade is angulated at 60°, and thus, the angle of attack of the tube is quite
steep. The second issue is that using the screen to navigate to the glottis requires a
form of hand—eye coordination that is different from traditional DL. The critical
factor in getting the tube to enter the trachea is configuring the ETT into a shape that
conforms to that of the GlideScope blade so that the ETT is able to follow the same
trajectory as the blade. Under direct vision, the operator places the tip of the ETT in
the corner of the right side of the patient’s mouth with the tube nearly parallel to the
ground (operator’s hand at the 2- to 3-o’clock position) and advances the tube into
position alongside the GVL blade. When the tube is felt to be well positioned, that is,
vertically oriented and parallel to the blade handle, the operator looks at the screen
and advances the tube along its curved axis to guide it into the laryngeal inlet, with
the curvature heading anteriorly toward the airway. The manufacturer has developed
a preformed rigid reusable ETT stylet (GlideRite Rigid Stylet) that is intended to
provide an optimal curve and angle of approach to the glottis. If this stylet is not
available, a malleable stylet can be shaped into a similar 60° curve. When the glottis
is entered, the stylet is withdrawn several centimeters to reduce the rigidity of the
sharply angulated distal tip of the tube, facilitating advancement into the trachea.
Withdrawal of the stylet may be done by an assistant or by the intubator, particularly
if using the proprietary stylet as it has a flange designed to be actuated by the
operator’s thumb. If the tube continues to impinge on the anterior trachea, the
GlideScope can be withdrawn about 2 cm, causing the larynx to drop down, lessening
the angle of approach and thus facilitating further advancement of the tube.
Additionally, the ETT can sometimes become engaged on the arytenoids or the
anterior tracheal wall because of the steep anterior angle through the glottis. Using a
soft tapered tip ETT, such as the proprietary Parker ETT, can help overcome this
issue and facilitate intubation by easing entry of the tube through the glottic inlet.

The only absolute contraindication to use of the GlideScope is restricted mouth
opening less than the thickness of the blade or inaccessible oral access such as can be
seen with severe angioedema of the tongue.

The GlideScope GVL laryngoscope blade/handle unit must be cleaned and
disinfected after each use. Gross contaminants and large debris can be scrubbed off
with a surgical scrub brush or enzymatically removed with a proteolytic compound
such as Medzyme. Laryngoscope blades must undergo high-level disinfection. This
can be accomplished with Steris, Sterrad, ethylene oxide, or Cidex solutions,



containing glutaraldehyde. On older models the electrical connector cap should be
placed over the contact port on the laryngoscope handle to prevent corrosion of the
contacts. On the newer GlideScope models this is not necessary and the connector
can be left open during sterilization. The only method of sterilization that is
absolutely contraindicated is autoclaving, which involves exposure of the device to
very high temperatures that will damage the electronic components of the video
camera.

The C-MAC VL system (Karl Storz, Tuttlingen, Germany) uses a complementary
metal-oxide semiconductor (CMOS) micro-video camera, which provides an
enhanced field of view and resists fogging. The device also incorporates a video
recording system, with controls on the handle, which supports both teaching and
quality control. The C-MAC is powered by a rechargeable lithium battery, permitting
90 minutes of operation without a power source. The system comprises a variety of
blades that accommodate the video camera, which connects through a single cable to
a 7-in (17.8 cm) video screen, with straightforward controls (Figs. 14-3A and B).
The monitor supports removable memory that allows capture and storage of both still
images and video clips. One series of the C-MAC blades maintains standard
Macintosh geometry and can be used for DL as well as VL. Since more traditional
laryngoscopic mechanics are used, the trajectory from the mouth to the glottic opening
1s fairly straight and thus a rigid preformed stylet is not required. Tube insertion tends
to be easier with the C-MAC than with the GlideScope because the stylet is shaped
as for conventional laryngoscopy, thus permitting more direct insertion and avoiding
the 1mpingement on the anterior trachea that occurs with the GlideScope. In fact,
when using the C-MAC, the operator can direct the tube along the curvature of the
blade, using the flange as a guide, without obstructing the view of the airway.
Currently, there are several blades available. The standard C-MAC blades are
available in Macintosh size 2, 3, and 4 and Miller size 0 and 1. A difficult airway
blade called the D-blade is also available (in both adult and pediatric sizes), with a
hyperangulated curve and narrow profile similar to the GlideScope. This is intended
to improve glottic visualization in difficult laryngoscopy situations where there are
limitations with the standard geometry of Macintosh-based curvatures. The C-MAC
system also has a range of disposable blades. This system utilizes a video baton in
which clear plastic blades are placed.

The C-MAC monitor is portable and can be placed on any flat surface near the



bedside, but 1s likely most useful when mounted on a pole and used in conjunction
with a mobile stand. A compact version of the C-MAC (the pocket monitor) has a
2.4-in monitor directly attached to the handle, thus eliminating cables and external.
As 1s the case for other VLs, the C-MAC blades cannot be autoclaved because this
will damage the electronic circuitry of the micro-video camera. However, most other
types of high-level disinfection such as Steris, Sterrad, and Cidex are acceptable.






° FIGURE 14-3. c-MAC. A: The C-MAC system with both a rigid Mac blade and a flexible

scope attached. B: The portable C-MAC pocket monitor (PM).

Using a C-MAC

The C-MAC can be plugged into any wall outlet, or can be used cordless if the
battery is charged. The video cartridge slides into the laryngoscope handle and the
video cable plugs into the back of the monitor. There is a power switch on the
monitor. The image autofocuses and image clarity is automatically maximized.
Antifog is not required once the device has warmed for 90 seconds. The blade can be
inserted like a traditional Macintosh blade when being used as a teaching device, but
for VL, it is inserted in the midline because the placement of the video camera makes
the traditional tongue sweep unnecessary. The operator inserts the blade until the
distal tip 1s past the uvula, and then advances in the midline while observing the
screen until the epiglottis comes into view. The blade tip is placed within the
vallecula (usual) or under the epiglottis (alternative) to provide visualization of the
glottic inlet (Fig. 14-4). The angle of attack is less acute than with the GlideScope,
and the tube is curved in a shape similar to that used for conventional DL.




° FIGURE 14-4. c-MAC in Clinical Use. The C-MAC being used to intubate a patient with

penetrating trauma in the emergency department.

Summary

As is the case for the GlideScope, the Storz C-MAC is another dramatic improvement
over DL. The system is simple to learn and use, has autofocus and antifogging
capabilities, and provides a wide field of view for intubation. The system is useful as
a primary VL for routine and difficult intubations, the latter being facilitated by the D-
blade, and also as a training aid, with the trainee performing a conventional DL and
the instructor viewing the image on the screen.

A newer version of the McGRATH VL, called the McGRATH MAUC, is based on the
original McGRATH Series 5, but has several important differences (Fig. 14-5).
Foremost, rather than using a highly angulated blade, the McGRATH MAC, as its
name implies, uses a curvature akin to the Macintosh blade. The McGRATH MAC,
therefore, can be used to perform DL. As for the Series 5, the McGRATH MAC uses
a camera stick, onto which disposable plastic blades, which are provided in sizes 2,
3, and 4, are placed. There is no heat-based antifogging system on the McGRATH
MAC, but the blades have a hydrophilic polymer optical surface that resists
condensation. The screen on the McGRATH MAC is a 2.5-in (6.3 cm), vertically
oriented monitor, and the system uses a proprietary 3.6-V lithium disposable battery.
The battery has a runtime of 250 continuous minutes, and an indicator on the bottom
of the video monitor image counts down the exact number of minutes left on the
battery.



e FIGURE 14-5. side profile of the McGRATH MAC VL.

Using a McGRATH MAC

There is little setup needed for the McGRATH MAC, and once the disposable blade
is placed on the camera stick and the device turned on, it is ready for use (Fig. 14-6).
Similar to the other VLs, the McGRATH MAC is inserted into the patient’s mouth in
the midline. The tip of the blade is then guided into the vallecula and tilted to lift the
epiglottis anteriorly, similar to a conventional Macintosh blade. Once a clear view of
the airway appears on the LCD screen, the operator looks back into the mouth to
insert the acutely curved styletted tube. The tube is advanced into the trachea while
visualizing the process on the video screen. After intubation, the disposable blade is



removed and discarded while the handle is cleaned with an antiseptic wipe. When
using the X-blade the technique must be modified to that used with other
hyperangulated blades. Use of a hyperangulated stylet such as the GlideRite is
recommended.

e FIGURE 14-6. McGRATH MAC in Clinical Use. The McGRATH MAC being used to

intubate a patient with an overdose in the emergency department. There is no video-out port on the
device so the photograph of the attached monitor was taken. An excellent view of the larynx is obtained
with the epiglottis, vocal cords, and arytenoids visible.

Summary

The McGRATH is a compact, easy-to-use, intuitive device. The device is
comfortable in the operator’s hand and does not require prolonged setup time.
However, the blade is narrower than the other devices, and for patients with large
tongues, this can hinder the operator’s view. Without the application of antifogging
solution, the blade sometimes fogs during laryngoscopy.

KING VISION

The King Vision video laryngoscope (KVL) from King Systems is another option in
the VL field (Fig. 14-7). This is a unique integrated blade and display device with a



2.4-in (6.1 cm) diagonal reusable high-definition color organic LED screen that sits
atop a plastic staff, onto which a variety of single-use blades can be mounted. The
screen has antiglare properties and a high refresh rate for smooth image motion,
provides autowhite balancing, and offers a 160° field of view. Additionally, the
monitor maintains an upright image regardless of whether the blade is held upright or
upside down. Blades with and without an integrated tube channel are available and
are made of high-quality polycarbonate plastic. Both house a CMOS microcamera
and LED light source and are disposable. A new disposable version is now available
that contains a central flexible video wand that fits into a single-use clear plastic
blade cover. At this time the sizes of the blades are all intended for use in adults. The
device is battery operated, lightweight, water resistant, and ultraportable. With three
fresh alkaline AAA batteries, it can operate for 90 minutes, and a warning light
informs the operator that power is low. Additionally an integrated power
management system with auto-shutoff helps preserve battery life. There 1s a video-out
port on the device that can be connected to a proprietary video cable that terminates
in a composite plug. Thus the display can be outputted to a larger video monitor or
recorded on a video recording device.

° FIGURE 14-7. King Vision. The King Vision video laryngoscope showing both the

disposable channeled (left) and unchanneled blades and the reusable monitor.

Using a King Vision



The intubator should select a blade, either with or without a tube channel, and plug
the reusable screen into the top of the blade. The KVL is rather long, and in some
patients it will be difficult to insert the device into the mouth because the video
screen impinges on the chest wall as it is rotated forward during insertion. There are
two options to overcome this problem. One is to insert only the blade into the mouth
initially, and then plug the video screen into it after the insertion. The other option is
to insert the KVL into the mouth while the whole unit is rotated 90° clockwise. Then
after insertion, the device 1s rotated back 90° counterclockwise so that it is in the
patient’s midline. If a blade with tube channel is used, a lubricated ETT should be
preloaded into the device before insertion. After power up, the KVL is inserted into
the midline of the mouth, similar to others in this class of devices, and advanced
gently with only slight lifting force used to visualize the laryngeal inlet (Fig. 14-8).
Once the vocal cords are visualized, the tube 1s advanced forward, down the channel,
and into the airway. It is critical to rotate the ETT counterclockwise in the channel as
you advance it toward the glottic inlet. This will prevent the ETT from engaging and
getting blocked by the right arytenoid. If a nonchanneled blade is used, then a
standard ETT with a preformed curved, malleable stylet or the GlideRite stylet can
be used and inserted in a similar fashion to a GlideScope intubation. Again, when
inserting the tube into the mouth, the operator should be looking at the patient, not at
the video screen. The tube should enter the right corner of the patient’s mouth and is
rotated counterclockwise until it is well proximated to the scope. The operator then
looks at the video screen to identify the tip of the tube, and the tube is advanced
through the glottis. Once the intubation is complete, the blade is discarded and the
reusable screen can be cleaned with an aseptic wipe.



° FIGURE 14-8. King Vision in Clinical Use. The unchanneled King Vision being used to

intubate a patient with altered mental status in the emergency department.

Summary

The KVL is a lightweight, device that incorporates CMOS chip technology into a
disposable blade design. The two blade configurations (channeled and unchanneled)
give the device a great deal of flexibility as operators with different skill sets can
choose the blade that works best for them. The cost of this device is considerably

less than the other VLs on the market.

PENTAX AIRWAY SCOPE

The Pentax Airway Scope (AWS) is a compact, portable VL that has a screen
attached to it. Two versions are currently available: the original Pentax AWS-100
and a newer modified version called the Pentax AWS-200. The Pentax AWS consists
of two components. The first is an unconventional handle with a more linear design
that encompasses a monitor screen, power button, battery compartment, video-out
port, locking connection ring for the disposable blade, and a flexible cable that



houses the light source and charge-coupled device (CCD) micro-video camera that
provides 90° of visualization. There is a disposable sleeve available that covers and
protects the reusable handle from contamination. The second component is a
polycarbonate Lexan disposable blade (P-Blade) that incorporates an ETT channel
and 12F suction port. The blade does not feature a heat-based antifogging mechanism,
but the optical portion of the blade is coated with a chemical to prevent fogging.
When initially released, only a single adult size blade was available, but now there
are four different blades that can be used with the Pentax AWS. There are two adult
blades, a standard profile blade called the ITL-S and a low-profile blade called the
ITL-L. There are also two pediatric blades available, ITL-P which can be used in
children and the ITL-N which can be used in neonates. The ETT can be preloaded
alongside the disposable blade with clips that hold the tube in place. The AWS has a
green targeting reticle that can be displayed on the LCD screen to guide the user into
the correct position for ETT placement. This targeting reticle is sometimes helpful as
the side-mounted ETT does not advance into the true center of the field of view. The
2.4-in (6.1 cm) color LCD monitor is attached to the handle and can be tilted into
various positions to allow easier viewing. The AWS has video output capabilities,
allowing the 1mage to be transmitted to an external video monitor or recording
device. Two AA 1.5-V batteries provide approximately 60 minutes of continuous
operation. A low-battery indicator flashes to alert the operator when 5 minutes of
battery life remains. The AWS has a protective soft carrying case with preformed
foam compartments to house the scope, video cables, and extra batteries.

The AWS is solidly built of strong plastic and stainless steel. It is somewhat
bulkier than the three devices discussed earlier in this chapter. The unit is water
resistant and portable, making it a reasonable option for prehospital use.

Using the Pentax AWS

There is little setup necessary for the AWS. A disposable blade is locked onto the
video cable, a lubricated ETT is loaded, the optional plastic sheath is secured, and
the device is turned on and ready for use (Fig. 14-9). The operator may activate the
targeting reticle on the LCD by pressing the on—off button. Antifog solution is
recommended for use because the Lexan plastic resists fogging but does not eliminate
it. The device is inserted into the mouth and advanced in the midline along the
posterior pharyngeal wall, resulting in elevation of the epiglottis (Fig. 14-10). Unlike
some of the other VLs, the blade of the AWS must be used to lift the epiglottis
directly. This requires tilting the tip of the blade downward, which risks
contamination of the optics because of pooled secretions in the oropharynx. If the tip



of the blade is placed in the vallecula, the tube will engage the epiglottis as it
emerges from the channel and the intubation will not be successful. The reticle is
“aimed” at the vocal cords for appropriate position. The reduction in ETT
maneuverability requires the AWS to be positioned correctly in front of the glottic
inlet and decreases the operator flexibility to manipulate the ETT and the
laryngoscope independently. Therefore, the operator does not use a stylet or provide
manual control over the distal portion of the ETT. The ETT 1s advanced from the
channel through the vocal cords. If there is difficulty advancing the tube into the
laryngeal inlet, a bougie can be advanced through the tube into the larynx and then
used as a guide to facilitate tube passage. The AWS has the option of recording the
intubation through the video output port and a proprietary RCA cable. This feature
allows recording of the entire intubation for later viewing and teaching purposes. The
AWS can be rinsed in water without submersion and wiped clean. The protective
sheath and disposable blade make the AWS easy to clean and quickly ready for
another intubation.



e FIGURE 14-9. rentax AWS s-100.



e FIGURE 14-10. pentax AWS in Clinical Use. The Pentax AWS being used to intubate a

patient with respiratory failure in the emergency department. Note that the tip of the blade is lifting up the
epiglottis, which is necessary so that tube delivery down the guide is successful. The green reticle is
slightly off center from the laryngeal inlet and the scope should be rotated to left slightly prior to
attempting to advance the tube. A lubricated, unstyletted tube is being advanced down the guide and is
about to pass between the vocal cords, which are not fully abducted.

Summary

The Pentax AWS i1s a lightweight, integrated device that incorporates CCD chip
technology into a disposable blade design.

OTHER VLs

The VL market is growing at an explosive rate, with new VLs being introduced all the
time (Intubrite, Vividtrac, CoPilot VL, Venner AP Advance). There is currently
insufficient research available to evaluate their effectiveness for emergency
intubation, but their general characteristics are listed in Table 14-1.

CONCLUSION



The technology fundamental to VLs is progressing at a rapid pace, and VL provides a
superior glottic view with less force than does DL. VL is a first-line technique for
both routine and difficult airways. The video-assisted laryngoscopes outperform
conventional laryngoscopes, especially in those patients with reduced mouth opening,
cervical spine immobility, and head and facial trauma. Most users report that only a
handful of VLs are necessary before they adopt VL as their everyday device, and this
has been confirmed by research studies that have demonstrated a more rapid learning
curve for VL than DL. Several models have disposable versions that greatly reduce
cleaning time and the potential spread of infectious agents. Additional areas where
these devices are particularly helpful include confirmation of ETT placement for
patients in whom tube location is in question, visualization of upper airway
obstructions and foreign material, and aiding in difficult tube exchanges. Most
important, all video-assisted laryngoscopes allow real-time feedback for assistance
or airway management education. The instructor can provide advice for successful
intubation while allowing the operator to maintain control of the scope.

DL for the purpose of endotracheal intubation was introduced into clinical
medicine almost a century ago. Since then, little has changed in its application and
performance. The development of VLs over the last decade is a significant
advancement in the field of laryngoscopy and intubation. Based upon the current
literature, VLs appear to be more effective tools than DL for emergency intubations.
They are associated with enhanced laryngeal views, high first pass success, low
esophageal intubation rates, and low complication rates. All airway managers should
be familiar with and comfortable using video laryngoscopy.

Always use a midline approach

Stay high in the mouth to avoid contamination from the posterior pharynx
Avoid advancing the blade too close to the larynx

Use an appropriately curved, rigid stylet

Back out the stylet slowly as the tube is being advanced down the trachea

What is known about the role of VLs in the ED? The literature comparing



VL to DL in the ED has consistently shown that VL is superior to, or at least
equal to DL for emergency intubation. A randomized trial by Driver et al. !
found that the first pass success was 92% for the C-MAC and 86% for DL,
although this difference did not achieve statistical significance. In an
observational study by Sakles et al.,2 the C-MAC was shown to have a higher
first pass success and overall success than the Macintosh DL. In patients with
difficult airway characteristics in the ED, Sakles et al.3 found that use of the
GlideScope or C-MAC resulted in a higher first pass success than DL. Sakles4
also found that in patients with a failed first intubation attempt in the ED, the C-
MAC was superior to the DL in achieving successful intubation on the second
attempt. When used by emergency medicine residents, VL resulted in
significantly fewer esophageal intubations than DL (1% vs. 5%).> Sakles et al.
also found that the learning curve for VL was much better than that for DL, with
emergency medicine residents increasing their first pass success with
GlideScope by 16% (from 74% to 90%) over a 3-year training period but only
by 4% (69% to 73%) with the DL.6 VL use is increasing over time. Results
from the National Emergency Airway Registry covering 10 years of ED airway
management and more than 17,500 adult intubations showed that VL is now
used in approximately half of all ED intubation first attempts.”

What is known about the role of VLs in the intensive care unit (ICU)? The
literature on ICU patients suggests that VLs are superior to DL for intubation of
the critically ill. In a randomized study, Silverberg et al. compared the
GlideScope to DL for intubation of critically ill patients by pulmonary
fellows.8 Rapid-sequence intubation was not used during this study, arguably
affected DL performance more than VL, however the authors reported a first
pass success with the GlideScope of 74% compared to 40% with the DL.
There were no esophageal intubations in the GlideScope group but 7% in the
DL group. Hypes et al. have performed the largest study on VL use in the ICU
and their propensity score analysis demonstrated that VL was associated with a
higher first pass success, lower incidence of oxygen desaturation, and a lower
incidence of esophageal intubation.”

What is known about the role of VLs in the prehospital setting? There are
limited data on VL use in the prehospital setting, but the existing literature is
very supportive. Wayne et al. 10 compared the GlideScope to DL in an urban
EMS system and found that paramedics were able to intubate successfully with
fewer attempts when using the GlideScope. Jarvis et al.ll performed a study
comparing the King Vision to DL in their EMS system. They found an increased
first pass success when the King Vision was used compared to DL (74% vs.
44%), as well as an increased overall success with the King Vision (92% vs.
65%). Boehringer et al.l? found that when the C-MAC pocket monitor was
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from 75% to 95% and overall success improved from 95% to 99%.
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Chapter

Optical and Light-Guided Devices

Julie A. Slick

Traditional laryngoscopes require the operator to achieve a direct line of site of the
glottis by aligning the oral, pharyngeal, and laryngeal axes (Chapter 13). Video
laryngoscopes capitalize on a video camera, which is mounted on a rigid blade, to
circumvent the need for a straight line of sight, while providing superior views of the
glottis and surrounding spaces (Chapter 14). Optically enhanced devices are those
laryngoscopes that allow the operator to visualize the glottis without creating a
straight line of sight, but without using video or fiber-optic technology. The glottic
view is obtained by the use of less expensive optics consisting of combinations of
prisms, mirrors, and lenses. The relatively inexpensive cost of the technology is one
of the major benefits of these devices when compared with the more expensive fiber-
optic and video devices. Many of these devices also offer video capability through
attachable video cameras. The addition of video capability provides a magnified
view of the glottis, and enhances education by allowing other providers to visualize
what the airway manager is observing. There are only two true optical devices of
relevance to emergency airway management, the Airtraq and the Truview.

Airtraq

Components



The Airtraq is a single-use, disposable laryngoscope system that provides the
operator with a magnified view of the glottic structures. The Airtraq is now available
in two models: the single-use, all-in-one, ready-to-use Airtraq SP and the two-piece
Airtraq Avant with reusable optics and single-use blade. The Airtraq SP comes in
four sizes for conventional orotracheal intubations, with two additional special
application devices. The conventional devices begin with size 0/Infant, using
endotracheal tube (ETT) sizes 2.5 to 3.5, up through size 3/Regular, using ETT sizes
7.0 to 8.5 (Fig. 15-1). Both of the Avant blades and the conventional orotracheal SP
devices have an ETT channel in which the ETT is preloaded before insertion. The
channel guides the ETT directly toward the glottic opening (Fig. 15-2). Airtraq also
offers Airtraq SP Nasotracheal that lacks the ETT channel and is intended for use
during nasotracheal intubation. This device is inserted through the mouth to facilitate
nasotracheal intubations with the assistance of glottic visualization. An additional
specialty device, the Airtraq SP Double Lumen has a larger channel that will
accommodate double-lumen endobronchial tubes. The Airtraq devices have a
relatively narrow profile. The minimal mouth opening required is 16 mm for the
Airtraq size 3 and 15 mm for the Airtraq size 2.

° FlGU RE 15-1. Airtraq SP Devices. Sizes range from Infant/size 0, the gray-colored blade

in the background, to Regular/size 4, the light blue device in the foreground. The orange device is the
nasotracheal intubation device that lacks the tube channel, and the pale yellow device is the double-lumen
device with the larger endobronchial tube channel.

All of the Airtrag SP devices are made of plastic and are designed for single



use. They cannot be cleaned or sterilized, and they will not function properly if this is
attempted. This single-use attribute makes the Airtraq SP particularly suitable for
field use by both emergency medical services (EMS) and military personnel. The
devices are powered by three AAA batteries, which will provide approximately 90
minutes of operating time. The shelf life is approximately 2 years. The Airtraq SP is
turned on by pressing a button on the top of the unit that illuminates a low-heat light-
emitting diode. The device has a built-in antifog mechanism. A rubber eyepiece is
connected to the optical channel. This rubber eyepiece can be removed and replaced
with an optional video composite unit that will allow transmission of the optical
image to a wired or wireless video monitor.

° FIGURE 15-2. Airtraq SP Size 1/Pediatric. This device with the ETT channel accepts

tube sizes 4.0 to 5.5.



° FIGU RE 15-3. Airtraq Avant including the reusable optic device and the disposable blade

and eyepiece.

The Airtraq Avant offers an alternative option with essentially the same
operation. The Avant employs a reusable, articulated optic component that is paired
with a disposable blade (Fig. 15-3). The optical component has a rechargeable
battery with a service life of approximately 100 minutes of continuous on time. This
equates to roughly 40 to 50 intubations (Fig. 15-4). The Airtraq SP battery life is
approximately 40 minutes, with the shelf life of the self-contained unit being 3 years.
The Airtraq Avant reusable optics component is placed in a docking station for
charging and storage, where the number of remaining uses is displayed. The display
will also show an error code if the optics have become damaged. The Airtraq Avant
has two disposable blade sizes that can be used in conjunction with the reusable
optics. The blades are size 2 and size 3 and are identical in size to the number 2 and
3 blades of the fully disposable Airtraq SP units. The mouth opening required for
both Avant blades is slightly larger at 17 mm.

Operation



Both Airtraq devices require very little setup time. The Airtraq SP is simply removed
from its protective packaging and turned on. The light will begin blinking while the
antifog warms up the lens. The light will glow steady after about 30 seconds when the
device is ready for use. The Airtraq Avant blade is similarly removed from its
protective packaging and then placed over the reusable optic unit that has been
removed from the docking station. When the optics are inserted into the blade the
light will start blinking, and will glow steady when the device is fully operational.
The Airtraq SP comes fully ready to use with the eyecup attached. The Avant blade is
packaged with a disposable eyecup that is placed over the proximal end of the optics
once inserted into the blade. A separate rechargeable Wi-Fi camera head can be
purchased for use with the adult sizes of both the SP and the Avant. If the Wi-Fi
camera is used, it supplants the eyecup on both devices. The ETT should be lightly
lubricated and preloaded into the ETT channel. No stylet is used. The anterior
surface of the Airtraq blade, which will come in contact with the tongue, can be
lubricated to help facilitate passing the device around the tongue. The Airtraq should
be placed into the mouth using a midline approach. Gentle outward traction may be
applied to the tongue using the operator’s free hand, if necessary, to ensure that the
tongue 1s not pushed into the hypopharynx. As with all optical and video devices,
gentle and thorough suctioning of secretions is recommended before insertion of the
device. The device should be kept high in the oropharynx, opposed to the surface of
the tongue, to avoid contacting any pooled secretions posteriorly. As the Airtraq is
advanced, the operator visualizes the epiglottis through the eyepiece and continues to
move the device forward into the vallecula. When the vallecula i1s entered, the
Airtraq is lifted in the vertical plane to elevate the epiglottis and align the vocal
cords within the center of the optical field (Fig. 15-5). The ETT is slowly advanced
through the vocal cords and then disengaged from the device and the Airtraq is
removed. If the ETT is obstructed by the epiglottis or arytenoids, the entire device is
manipulated to better align the ETT position with the glottic entrance. The Airtraq
can be pulled back slightly and rotated along its longitudinal axis to help align the
glottic structures. Alternatively, the epiglottis can be lifted directly by the Airtraq
blade through a straight blade approach to appropriately align the glottic structures.
However, this technique can somewhat distort the anatomy and is not the
recommended approach.



° FIGURE 15-4. Airtraq Avant Optics Docking Station. Battery charge and remaining

service life are easily visualized.

If the Wi-Fi camera head is used in lieu of the eyecup, the operator will be
provided a larger view of the anatomical structures, while maintaining a safe distance
from the patient (Fig. 15-5). The Wi-Fi camera can also share real-time images with
enabled Apple and Android devices. Airtraq additionally offers a phone adapter that



can be used instead of the eyecup or Wi-Fi camera head for visualization of the
airway. The phone adapter is compatible with most smartphones. The standard
eyecups are also compatible with most endoscopy camera heads, offering another
alternative for visualization.

° FIGURE 15-5. Airtraq Avant with the optional Airtraq Wi-Fi camera head in place of the

eyepiece.



Summary

The Airtraq optical laryngoscope is a lightweight, inexpensive device that may have
very practical applications in emergency airway management. Two models of this
device are now offered, along with several viewing options. These devices require
very little setup, making them extremely portable and offering added benefits for field
and other “out of the department” applications. The optical device with the eyecup
alone offers a clear image of the glottis. The addition of the video capability provides
a magnified image with greater detail for improved visualization and obvious
educational benefits. Although significantly different from standard direct
laryngoscopes, the device is reasonably easy to learn and use in the emergency and
difficult airway settings.

Truphatek Truview Laryngoscopes

Components

Truphatek manufactures two optical laryngoscopes, each with video capabilities. The
Truview EVO?2 is the older of the two devices; it has now essentially been replaced
by the Truview PCD that was introduced in 2010. The Truview uses a conventional
laryngoscope handle, which gives the device a familiar feel. The blades are the more
unique parts of these devices. The blades are markedly angled near their midpoint
and incorporate a telescope-like device with an angulated, prism-like, distal lens to
provide the view of the difficult anterior airway (Fig.15-6). The blades are available
in five sizes, allowing intubation from neonate to the morbidly obese adult. The low-
profile blades require minimal mouth opening. They are made of stainless steel and
can be easily cleaned and sterilized.



° FIGU RE 15-6. The Truview PCD optical laryngoscope with video camera attached to the

eyepiece of one of the blades.

The device can be awkward to use, as the eyepiece is designed to be viewed
with the operator’s eye at a distance of 2 ft (0.6 m) from the lens. Although this can
provide a clear view of the glottic structures, the image appears small and distant
when viewed in this manner. The system is much more capable when an optional
video camera is affixed to the proximal lens of the telescope. A proprietary high-
definition camera feeds to a 5-in (12.7 cm) digital liquid crystal display screen.
Additionally, the eyepiece will also accept universal 32-mm endoscopic camera
heads to be viewed on a nonproprietary external monitor. Either of the methods
provides a significantly better image than is obtained without video enhancement, and
allows for other providers to see what the operator sees.

The Truview blades also incorporate oxygen ports through which oxygen can be
delivered at 5 L per minute. The oxygen flow is directed at the distal portion of the
optical system to potentially clear secretions from the lens and to prevent fogging.
This apneic diffusion oxygenation may provide for longer time to desaturation in the
truly difficult airway (see Chapters 5 and 20). Patients who may experience rapid
desaturation such as young children, pregnant women, obese patients, and those with
acute or chronic respiratory illness might benefit from this feature. The device also
comes with a preformed OptiShape stylet that mimics the blade shape to facilitate
ETT placement, but a standard stylet may also be used.



Operation

The setup time is for the device 1s minimal. The blade is connected to the handle, and
oxygen tubing 1s connected to the oxygen port. Oxygen flow rate should be set at 5 L
per minute. Antifog solution may be applied to the distal lens to minimize fogging.
The operator should either use the preformed OptiShape stylet or configure the
standard stylet to the shape of the Truview blade. The blade is placed in the midline
of the patient’s mouth and advanced until the handle is 2 to 3 cm from the patient’s
lips. Very little or no neck manipulation is required. The operator then looks through
the eyepiece at a comfortable standing position to visualize the glottic structures.
Small adjustments may be made to optimize the view. If the video attachment is used,
the operator will look at the monitor to visualize the magnified glottic inlet. The
technique for insertion of the ETT is similar to that for the GlideScope. The ETT 1is
inserted at the right corner of the patient’s mouth in a horizontal plane. It is then
rotated clockwise 90° toward midline during advancement to place the tip of the ETT
at the glottic inlet. The ETT is advanced through the vocal cords. The stylet and the
laryngoscope are then removed, and tube placement 1s confirmed.

Summary

The Truview PCD provides a unique, inexpensive option for difficult airway
management. This third-generation optical laryngoscope offers definite improvements
over its predecessors, particularly with the addition of enhanced video capabilities.
Visualization can be difficult without the optional video camera. Magnified video
images eliminate the difficulty of navigating toward the glottic structures with such a
small field of view. The addition of the oxygen port may add benefit to this device for
those patients prone to rapid desaturation.

The Airtraq and the Truview PCD offer good glottic views without the need to obtain
a direct line of sight. They do so more economically than their video or fiber-optic
competitors by using simple optics with prisms and mirrors, but do so at the cost of
some reduction in performance and image quality. The Airtraq device functions very
well without the need for video enhancement, but the Truview PCD is difficult to use
without the attached video system. Both devices have been subjected to several
clinical trials (see evidence below), and have fared well in these limited studies.
From a visualization perspective, the Airtraq provides generally better images than



the Truview PCD, but each device has its strengths and weaknesses. Further study is
required to clarify the roles for these devices in routine and difficult airway
management.

o Is the Airtraq device better than a direct laryngoscope for patients
predicted to be difficult intubations? There have been several trials over the
past few years that have evaluated the success of intubations in elective
surgical patients using the Airtraq device versus the conventional Macintosh
laryngoscope. A study by Koh et al.! placed surgical patients into Philadelphia
cervical collars to simulate patients with cervical spine injury. The patients
were randomized to the Airtraq group or the Macintosh group and compared
regarding the ease of intubation and hemodynamic stability. The Airtraq proved
to be superior with a 96% success rate on first intubation attempt versus 40%
in the Macintosh group.

A study by Ndoko et al. looked at intubation success rates in morbidly
obese surgical patients in a similar comparison of the two devices. This study
showed less time to intubation with the Airtraq than with the Macintosh
laryngoscope at 24 and 56 seconds, respectively. Consequently, Spo, was

better maintained in the Airtraq group than in the Macintosh laryngoscope
group, with one and nine patients, respectively, demonstrating decline of Spo,

to 92% or less.2

e Is it easy to learn how to use the Airtraq? In a study by DiMarco et al.,3
first-year residents with no intubating experience attempted intubation on at
least six patients with the Airtraq and an equal number of patients with the
Macintosh. A more rapid acquisition of skills was observed in the Airtraq
group as evidenced by time to intubation. The device was also judged to be
easier to use by the residents.

e How does the Airtraq perform in the prehospital setting? Trimmel et al.4
studied 212 patients requiring intubation in a prehospital setting.
Anesthesiologists or emergency physicians responding with EMS intubated the
patients. When the Airtraq was used as first-line airway device (n = 106)
versus direct laryngoscopy (n = 106), success rate was 47% versus 99%,
respectively (p <0.001). The reasons for failed Airtraq intubation were related
to the optical characteristic of the device (i.e., impaired sight resulting from
blood and vomitus,n = 11) or to presumed handling problems (i.e., cuff
damage, tube misplacement, or inappropriate visualization of the glottis, n =



24). This European study stands alone in its finding of a high failure rate using
the Airtraq.

e Does the Truview improve glottic view as compared to the Macintosh
laryngoscope? In a random crossover study by Li et al.,> 120 elective surgical
patients in China underwent laryngoscopy with either a Macintosh or the
Truview and assigned a Cormack—Lehane (C—L) grade by the intubator. They
then underwent laryngoscopy with the other device and were intubated. Time to
intubation was recorded for the second device used. The results showed that
the Truview improved the glottic view of 87.5% of patients with a C—L view
grade >1 by direct laryngoscopy. Another study by Miceli et al.¢ using
mannequins to simulate patients with tongue swelling and neck stiffness also
showed that a better C—L view was obtained with the Truview.

e How does the time to intubation with the Truview compare to times seen
with the Macintosh laryngoscope? The study by Li et al.5 showed that the
time to intubation in the Truview group was longer by an average of 17
seconds, which likely is of no clinical significance. The mannequin study by
Miceli et al.6 also showed no significant difference in time to intubation or ease
of tracheal tube placement.
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