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Preface

Airway management is a critical component of emergency medicine, as it is essential
to maintain oxygenation and prevent complications related to respiratory distress

or failure. The dynamic character of an emergency and the lack of time for proper
clinical evaluation and obtaining a complete medical history create unique challenges,
even for the most experienced professionals. In addition, emergencies in limited-
resource (regarding staff and equipment) environments further complicate the situa-
tion. And though many airway talks start at intubation, immediate intubation is rarely
the first step in resuscitation. Proper assessment and basic airway maneuvers are also
essential. Judicious utilization of pre- and apneic oxygenation is evenly important as is
the choice of medications to facilitate intubation in this at-risk population.

The interest in airway management was further boosted by the COVID-19 pandemic and
has continued to advance at a fast pace. Advances in video laryngoscopy, flexible intuba-
tion scopes, jet ventilation, and non-invasive ventilation measures such as high-flow
nasal cannula apnoeic oxygenation and ventilation and nasal continuous positive airway
pressure masks, have now reached every clinical specialty. Handheld point-of-care
ultrasound facilitates rapid screening for difficult laryngoscopy, identification of the
cricothyroid membrane for potential cricothyroidotomy, and assessment of increased
aspiration risk, as well as confirmation of proper endotracheal tube positioning.

New concepts in the physiology of difficult airway, simulation training, as well as
checklists and guidelines to identify patients with high-risk features (such as severe
metabolic acidosis, shock and hypotension, obstructive lung disease, pulmonary
hypertension, right ventricle failure, pulmonary embolism, and severe hypoxemia)
and enhance patient safety, are now evolving.

This book provides comprehensive information on airway management in emergency
situations, serving as a valuable guide for those involved in the management of
similar cases.

Theodoros Aslanidis

Intensive Care Unit and Anesthesia Department,
“Agios Pavlos” General Hospital,

Thessaloniki, Greece

Carlos Darcy Alves Bersot
Anesthesia Department,
Hospital for the Heart,

S3o Paulo, Brazil






Chapter1

Introductory Chapter:
Pharmacology of Airway
Management in Emergency
Medicine

Theodoros Aslanidis, Vinicius Barvos
and Carlos Darcy A. Bersot

1. Introduction

Definite airway management in the majority of emergency cases means tracheal
intubation. Yet, both laryngoscopy and intubation can provoke a series of physiologi-
cal reflex responses due to posterior pharynx’s afferent receptors (innervated by IX
and X cerebral nerve). Central nervous system (CNS), cardiovascular system, and
respiratory system responses to these stimuli vary in intensity; thus, it may potentially
negatively affect patients’ outcome.

Anesthesia is used to attenuate those responds and ease the procedure. A combina-
tion of different drugs and dosage regimens is used. Knowledge of efficacy, toxicity,
therapeutic ratio, and special consideration of those drugs is essential in order to
achieve optimal conditions in any given case [1].

2. Hypnosis
2.1 General considerations

An ideal induction anesthetic induction agent should be acting rapidly, yet
smoothly without or with minimal respiratory and cardiovascular depression, and
act protectively for brain circulation. Recovery should be rapid, with minimal or zero
adverse effects and absence of any pain on injection.

Despite the tremendous progress in pharmacology development, we are still far
from such a drug. Thus, the advantages and the limitation of the available drugs, in
combination with the status of the patient, will determine the final choice [2].

2.1.1 Etomidate
Since its introduction in clinical practice in 1970, etomidate remains a valuable

choice for emergency airway management due to its fast onset of action and minimal
cardiovascular effects. It is mainly used in cases of hemodynamically fragile patients.
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Its main drawbacks are nausea and prolonged suppression of adrenocortical steroid
synthesis. Like propofol, etomidate interacts with GABA A receptors in a stereoselec-
tive way. Of all intravenous anesthetics used clinically, etomidate shows the greatest
selectivity for GABA A receptors and has the fewest number of ionic interactions.

After intravenous injection, etomidate is tightly bound to plasma proteins such as
albumin; plasmatic levels of cortisol, cortisone, and aldosterone are reduced, while
those of 11-deoxycorticosterone, 11-deoxycortisol, and 17-hydroxyprogesterone are
increased. Free drug is highly lipophilic, rapidly penetrating the blood-brain barrier;
peak brain levels are reached 2 minutes after injection. Etomidate undergoes a hepatic
metabolism (ester hydrolysis) to an inactive metabolite.

Etomidate central nervous system’s effects are alike to those of propofol and
barbiturates. During unconsciousness transmission (induction), loss of cortical inhi-
bition may provoke myoclonus (that can be confused with generalized tonic-clonic
seizures). Etomidate has anticonvulsant activity in several experimental models, yet
smaller than propofol and thiopental. Despite its favorable hemodynamic profile, it
should be noted that patients with elevated sympathetic tone, such as those suffer-
ing from shock, intoxication, or drug withdrawal, may experience an abrupt drop in
blood pressure, even when the drug is used only to induce anesthesia [3, 4].

2.1.2 Thiopental

Thiopental is a thiobarbiturate that facilitates the GABA (an inhibitory neu-
rotransmitter) transmission, thus causing reticular activating system depression. It is
supplied as a sodium salt that requires preparation to solution before use. It is non-
compatible with acidic solution (e.g., pancuronium or rocuronium—it will precipi-
tate), and accidentally intra-arterial injection can cause less water solubility (forming
crystals in the arterioles) leading to tissue necrosis.

Induction dose depends to volemic status (3 to 5 mg/kg in healthy euvolemic adults,
1to 3 mg/kg in cases of hypovolemia). Onset is fast (30 seconds), and the duration of
effectis 5 to 10 minutes. It is an ideal choice for patients with increased intracranial
pressure (ICP), since it results a dose-dependent decrease in cerebral metabolic rate
and cerebral blood flow. However, it has no analgesic effects, can induce bronchospasm
(histamine release), has negative intropic effects, and may precipitate hypotention and
venodilatation, thus making it a poor choice in sepsis. It has been shown to suppress
white blood cell recruitment, activation, and activity iz vitro and in vivo, but there are no
reports of increased mortality in septic patients receiving a thiopental induction [5, 6].

2.1.3 Ketamine

Clinical effects observed after ketamine administration include elevations in blood
pressure and muscle tone, eye opening (often accompanied by nystagmus), increased
myocardial oxygen consumption, and minimal respiratory depression. Ketamine has no
effect on laryngeal or pharyngeal reflexes, so the airways of the patient remain intact. It
is also a potent bronchodilator and can be used to treat refractory bronchospasm.

The commercially available preparation is a racemic mixture. The S+ isomer has
more potent anesthetic and analgesic properties, which reflects a fourfold higher
affinity for N-methyl-D-aspartate (NMDA) receptor binding sites. Hepatic bio-
transformation of the S+ isomer is faster, contributing to a faster return of cognitive
function.
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Ketamine produces dose-dependent depression in the CNS, leading to the situa-
tion known as the “dissociative anesthetic state,” which is characterized by inhibition
of the thalamocortical system (deep analgesia and amnesia) and activation of the
limbic system (delusional dreams).

Its use is recommended for induction of anesthesia in patients with asthma
because of its ability to produce bronchodilation.

The renewed interest in ketamine is related to the use of lower doses (100-200 pg/
kg) as an adjunct to anesthesia. Subanesthetic doses (0.1-0.5 mg/kg IV) produce
analgesic effects. Ketamine’s anesthetic (sedative) and opioid analgesic-sparing
effects reduce ventilatory depression. Unlike barbiturates, which act on the reticular
activating system in the brainstem, ketamine acts on receptors in the cortex and
limbic system. The activity on NMDA receptors may be responsible for the analgesic
action as well as the psychiatric effects (psychosis). Ketamine also has sympathomi-
metic activity, which results in tachycardia, hypertension, increased myocardial and
cerebral oxygen consumption, cerebral blood flow, and intracranial and intraocular
pressure.

Ketamine has a distribution phase about 45 minutes (highly perfused
tissues>muscle>peripheral tissue>fat) and easily crosses the placenta. Ketamine’s
half-life is about 2 hours to 3 hours and has a primarily renal metabolism—kidneys
(90%) and feces (5%), with 4% of an administered dose excreted unchanged in the
urine.

When ketamine is administered intravenously, a sensation of dissociation is seen
within 15 seconds, and anesthesia occurs within 30 seconds. Anesthesia lasts from
5 minutes to 10 minutes for intravenous administration. Ketamine’s analgesic effects
last from 20 minutes to 45 minutes. Anesthetic effects are eliminated by a combina-
tion of redistribution and hepatic biotransformation to a metabolite with only 30% of
its activity.

Usage for anesthesia is 1 to 4.5 mg/kg of ketamine infused over approximately
60 seconds. On average, 2 mg/kg will produce 5 minutes to 10 minutes of surgical
anesthesia. If a longer effect is desired, additional increments can be administered to
maintain anesthesia without producing significant cumulative effects [7].

2.1.4 Propofol

Propofol (1,3-diisopropylphenol) is a non-barbiturate intravenous anesthetic
that is chemically unrelated to other intravenous anesthetics. It is used to induce and
maintain anesthesia and can be infused continuously until the end of the proce-
dure. When administered into small-caliber peripheral veins, it causes pain in most
patients.

Anesthesia with propofol has a rapid induction, similar to thiopental, but emer-
gence from anesthesia is 10 times faster and is associated with minimal confusion
postoperative. Only desflurane has a faster recovery time than propofol, but it is
associated with nausea/vomiting.

The initial distribution half-life is 2 minutes to 4 minutes, and the elimination
half-life is 1 hour to 3 hours. For a tricompartmental model, the initial distribution
half-life is from 1 minute to 8 minutes and the slow distribution half-life is from
30 minutes to 70 minutes. The elimination half-life is dependent on the drug infusion
time and ranges from 2 hours to 24 hours. Despite this long elimination half-life, the
context-sensitive half-life of propofol is 40 minutes for infusions longer than 8 hours.
Propofol is metabolized by the liver, forming inactive compounds, and is eliminated
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by the kidneys. Because it has a clearance greater than hepatic blood flow, it is
believed to have other sites of metabolism in addition to the liver, possibly the lungs.
The induction dose in adults is 1.5 to 2.5 mg/kg, and the plasma levels to reach uncon-
sciousness are 2 to 6 pg/ml. The dose is higher in children and lower in the elderly

and in patients with comorbidities. It will also be reduced with the administration

of adjuvant drugs and/or opioids. The infusion rate for the maintenance of hypnosis
ranges from 100 to 200 pg and for sedation from 25 to 75 pg/kg/min, at plasma
concentrations of 1 to 1.5 pg/ml, usually when the plasma concentration drops by 50%
of the initial one [8].

3. Analgesia
3.1 Opioids

Although it is not recommended as part of the classic rapid sequence induction
technique, use of opioids will attenuate the cardiovascular responses to laryngoscopy
and intubation. This may be particularly valuable if intracranial pressure is raised or
the patient has a history of coronary artery disease. Usually, opioid administration
decreases the dose of an induction agent.

In case of apnea due to respiratory depression and a “cannot intubate” situation,
reversal with naloxone may be required.

Fentanyl is a potent (100 times more potent than morphine) synthetic opioid with
arelatively fast onset (2-5 min), short duration of action (30-60 min after a single
dose), and minimal cardiovascular effects (still, a chance of bradycardia exists). A
usual dose of 2-3 pg/kg IV will usually reduce the rise in blood and intracranial pres-
sure, triggered by laryngoscopy and intubation. Alfentanil (usual dose 10-20 pg/kg
iv) reaches its peak action after just 90 seconds (duration: 5-10 minutes), which make
ita good alternative to fentanyl. Finally, remifentanil is even more potent opioid that
can be used either as alternative to fentanyl (doses 0.5-1 pg/kg) or even as alterna-
tive to rapid-onset paralytic agents (succinylcholine or rocuronium) in higher doses
(3-4 pg/kg) for rapid sequence intubation. Morphine, on the other hand, may be used
in addition to, or instead of midazolam, ketamine or etomidate in cases of ventila-
tory difficulty secondary to combativeness in already intubated patients; yet it is not
considered a useful agent for emergency airway management.

4. Neuromuscular blocking drugs (NMBs)
4.1 Suxamethonium (or succinylcholine)

Suxamethonium (1.5-2 mg/kg) is the only depolarizing agent in use, with
fast onset (starting at 15 seconds and complete block in 45-60 sec, short dura-
tion (4-6 minutes), and high potency. It still—after more than 50 years since its
introduction into clinical practice—remains the drug of choice for neuromuscular
blockade during rapid sequence intubation (RSI), though rocuronium is gain-
ing more and more popularity. It is metabolized by plasma pseudocholinesterase
(T1/,—47 sec) to succinylmonocholine and choline. Its main drawbacks are the side
effects it may provoke:
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* Hyperkalemia that increase by up to 0.5 mmol/l even in normal subjects. This
increase in potassium concentration may be greatly in patients with certain
pathological conditions, particularly demyelinating conditions, desquamating
skin conditions, major trauma, burns, and several other pathologies (muscle
myopathies) where loss of muscle excitation secondary to denervation, immobi-
lization, or inflammation leads to up-regulation of immature acetylcholine (Ach)
receptors throughout the whole muscle membrane.

* Bradycardia, which is especially if large or repeated doses are given, children
are most at risk. Thus, atropine should be ready for administration. Children do
not need to be pretreated with atropine routinely but draw up the correct dose
(0.02 mg kg™) and be ready to give it whenever a child is anesthetized.

* Muscle fasciculation that can increase intracranial, intraocular, and intragastric
pressure. The effect could be attenuated when proper dose of induction drug is
given concurrently.

* Muscle pain that likely to occur 12-24 hours after giving suxamethonium to fit
young patients and those who mobilize quickly after anesthesia.

* Histamine release that may cause significant hypotension in some patients

* Prolonged neuromuscular block, which is in patients with low or abnormal
pseudocholinesterase activity or in cases with repeated doses of suxametho-
nium, paralysis may be prolonged. The action of suxamethonium may also be
prolonged in the presence of organophosphate poisoning or cocaine use, when
neuromuscular blockade may last from 20 to 30 minutes.

4.2 Non-depolarizing muscle relaxants (ndNMB)

ndNMB agents have several properties that may affect airway function (Table1)
There are two major categories: steroidal (rocuronium, vecuronium and pancuronium)
and benzylisoquinolinium (cisatracurium, atracurium, and mivacurium). Though
there are a lot of available ndNMB, the vast majority of them is used only for cases with
no airway emergency. Of note also is the fact that these agents pose various effects, with
the diaphragm and the adductor muscles of the larynx being more resistant to paralysis
than some of the muscles affecting upper airway patency. The most common side effect
is histamine release, which clinically includes hemodynamic instability (tachycardia
and hypotension), bronchospasm, and urticaria. Several drug interactions should also
be in mind when using ndNMB: drug-like antibiotics (aminoglycosides, clindamycin,
and tetracycline), antiarrhythmics (quinidine and calcium channel blockers), dan-
trolene, ketamine, local and inhaled anesthetics, and magnesium sulfate augment their
action, while anticonvulsants (phenytoin, valproic acid, and carbamazepine), cholin-
esterase inhibitors (neostigmine and pyridostigmine) inhibit their potency.

Contraindications include cerebral palsy, burn injuries, hemiplegia, peripheral
nerve injury, and severe chronic infections of botulism or tetani that induce resistance
and conditions like advanced life support (ALS), autoimmune disorders, Guillain-
Barre, Duchenne type muscular dystrophy, or myasthenia gravis which trigger
hypersensitivity.
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Muscle Type Typical induction Time to onset Duration to 25%
relaxants dose (mg/kg) (minutes) recovery
Succinylcholine Depolarizer 1-15 1-15 6-8
Rocuronium Nondepolarizer 0.9-12 1-15 30-40
Vecuronium Nondepolarizer 0.08-12 3-4 35-45
Cisatracurium Nondepolarizer 0.1-0.15 5-7 30-45
Pancuronium Nondepolarizer 0.08-0.12 2-4 60-120

* Typical times to onset and recovery, and induction doses of common muscle relaxants are compared. Recovery time is
defined as the time to regain 25% of baseline movement elicited by electrical stimulation.

Table 1.
Commonly used non-depolarizing neuromuscular blockers [1].

The only nNMB that is gaining interest and popularity for airway emergencies
is rocuronium and 1.0-1.2 mg kg ™' of rocuronium can be used for modified rapid
sequence induction, and will enable intubation after 60 seconds, with duration of
45-60 min. Its use was further boosted with the introduction of suggamadex (see
below). Yet, even then RSI is best performed by senior staff, and with an acceptance
that timely progression to surgical airway may be required.

4.3 Sugammadex

Sugammadex is a steroidal nNMB binder, a cyclodextrin that works by binding
NMB molecules in a 1:1 ratio and has designed to reverse steroidal ndNMBs, while the
neostigmine/glycopyrrolate combination is still in use for the reversal of benzyliso-
quinolinium ndNMB. The complex formed is excreted by kidneys.

Usual dosing in 4-8 mg/kg (causing reversal in about 3 min) yet immediate rever-
sal of rocuronium after RSI requires a large dose of sugammadex (i.e., 16 mg/kg).

In the obese patient, the dose should be based on actual body weight. If decision of
reintubation is made then a 30-min waiting time after sugammadex reversal appeared
to be the cutoff to decrease the onset time to less than 2 min if an RSI dose of 1.2 mg/
kg for rocuronium is used. Otherwise, benzylisoquinolinium ndNMB or succinylcho-
line should be used.

Sugammadex is costly, and its side effects include hypersensitivity, effects on
hemostasis (with an increased risk of bleeding in some patient groups), and brady-
cardia. Furthermore, the use of sugammadex for immediate reversal of rocuronium in
children and adolescents has not been investigated.

5. Others
5.1 Esmolol

Esmolol is a short-acting cardioselective beta-1 receptor antagonist effective
in reducing the adrenergic response to various perioperative stimuli, including
laryngoscopy for tracheal intubation and tracheal extubation. Several studies have
demonstrated the beneficial effects of esmolol on analgesia, but the mechanism has
not yet been fully elucidated. One hypothesis is that under physiological conditions,
nociceptors are not activated by sympathetic stimulation. With inflammation after
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surgery, catecholamines sensitize nociceptors and modulate neurogenic inflamma-
tory responses, important in primary and secondary hyperalgesia. Beta-adrenergic
antagonists are possible blockers of the excitatory effects of noradrenaline [9]. Beta-
adrenergic antagonists can also modulate central adrenergic activity and calcium and
potassium channels in the central nervous system, generating some types of central
analgesia [10-12]. During laryngoscopy for orotracheal intubation, the beneficial
effects are more restricted to the attenuation of undesirable hemodynamic effects.

Studies have shown that esmolol, when used in continuous infusion, is effective
in reducing undesirable hemodynamic effects such as hypertension and tachycardia
during laryngoscopy maneuvers for orotacheal intubation [13-15]. Esmolol was also
associated with lower intraoperative opioid consumption [16, 17].

Esmolol can also be a safe drug to be used at the time of extubation, especially
in patients sensitive to hemodynamic effects such as tachycardia and hypertension.
Mendonga et al. in 2021 demonstrated that in patients undergoing surgery during the
extubation maneuver, esmolol was effective in attenuating these effects by not delay-
ing extubation [15].

In this context, esmolol can be a safe option, sparing opioids, to be used both in
orotracheal intubation, intraoperatively and postoperatively for most patients, and
its short half-life brings yet another advantage, as it increases safety even more of this
medication.

6. Regional and topical anesthesia of the airway

Though there are a lot of regional and topical techniques that may in reality
provide conditions for awake endotracheal intubation (application techniques such as
the McKenzie technique that uses a 20-gauge cannula attached to oxygen bubble tub-
ing via a three-way tap or a mucosal atomization device for spraying local anesthetic,
and glossopharyngeal nerve or superior laryngeal nerve or recurrent laryngeal or

translaryngeal block), they are time-consuming, thus limiting their use in emergency
situations.
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Chapter 2

A Panoramic View of Airway
Management in Emergency
Medicine

Gaurav Dhir, Mayank Dhir and Garima Jain

Abstract

Airway management is a fundamental skill for emergency medical professionals
like paramedics, EMTs, and emergency physicians. It involves quickly evaluating and
addressing airway obstructions or breathing difficulties, often in high-stress, life-
threatening situations. Proficiency requires a deep understanding of airway anatomy,
physiology, and interventions, along with adaptability and rapid decision-making.
This chapter summarizes evidence on key aspects, including assessing difficult air-
ways, positioning, oxygenation, intubation methods, medications, devices, and rescue
strategies, across various patient groups. Effective airway management is crucial for
enhancing patient outcomes and reducing mortality in emergencies.

Keywords: airway management, difficult airway, airway devices, supra glottic airway
devices, direct laryngoscopy, video assisted laryngoscopy, eFONA, airway
pharmacology

1. Introduction

Emergency airway management is critical in emergency medicine, with securing the
airway as the top priority for critically unstable patients. Around 0.5-1% of ED visitors
require intubation due to conditions like respiratory failure, cardiac arrest, and altered
mental state. ED intubation presents unique challenges, including vomiting, facial/neck
injuries, cervical spine immobilization, and chest compressions. These factors impact
intubation success, emphasizing the need for ED physicians to understand current
evidence. Evidence underscores achieving first-pass intubation success, discouraging
multiple attempts, which elevate risks like adverse events, higher failure rates, reduced
chances of ROSC, and prolonged resuscitation times. Adequate preparation and assessing
difficult airways are crucial for successful intubation. This chapter explores first-pass
success, airway management algorithms, and systematic rescue intubation strategies.

2. Applied anatomy

The pharynx, connecting nasal and oral cavities to the larynx and esophagus, com-
prises the nasopharynx, oropharynx, and laryngopharynx. Obesity and a receding
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mandible can alter the airway, with excess fat affecting pharyngeal muscles and
obstructing it. Enlarged tongues in obese individuals can pose challenges in mask ventila-
tion. Negative intrathoracic pressure in obesity can further constrict the pharyngeal
airway, worsening mask ventilation. The larynx, consisting of membranes, cartilage, and
muscles, connects the respiratory and digestive tracts, safeguarding the airway and
enabling speech. It includes nine cartilages, such as paired (arytenoid, corniculate, cune-
iform) and unpaired (thyroid, cricoid, epiglottis). The thyroid cartilage forms the Adam’s
apple, while the cricoid cartilage lies below it, both crucial for airway procedures and
nerve blocks.

The cricothyroid membrane, located between the cricoid and thyroid cartilages in
the neck, plays a significant role in anatomy and clinical practice. In emergencies with
compromised upper airways, cricothyroidotomy becomes essential, involving an inci-
sion in the cricothyroid membrane to establish a temporary airway, serving as a life-
saving intervention when conventional methods fail [1-5].

The tracheobronchial tree, responsible for gas transport from the trachea to the
lung’s gas exchange units (acini), features a complex branching system. The trachea,
extending from the C6 level to the carina, divides into the right and left main bronchi
at the carina. The right main bronchus takes a more direct path and divides into
smaller branches earlier, increasing the risk of inadvertent right endobronchial intu-
bation during intubation.

3. Secured airway

A secured airway encompasses all necessary measures to establish and sustain an
unobstructed air passage, ensure effective patient ventilation, and maintain oxygena-
tion levels above 94%. This comprehensive approach encompasses the utilization of
positioning techniques and a variety of airway adjunct tools, both basic and advanced,
to ensure optimal patient respiratory function and safety (Figure 1) [6].

3.1 Signs of blocked airway

Recognizing signs of a blocked airway is crucial for prompt intervention. These
indicators include mild tachypnea, visible retractions in the suprasternal and
supraclavicular areas, nasal flaring, alterations in voice such as hoarseness or a barking
cough, the presence of inspiratory stridor, limited chest expansion, reduced air entry
during auscultation, and the emergence of cyanosis, excessive drooling, or persistent

Open asirway Blocked sirway

Figure 1.
Open airway vs. blocked airway.
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coughing. Identifying these symptoms allows for timely action to ensure adequate
airflow and prevent potentially life-threatening respiratory complications.

3.2 Techniques of securing an airway

Securing an airway aims to establish and maintain an open path for air to enter and
exit the lungs. The approach varies based on severity and patient condition. Endotracheal
intubation, inserting a tube into the trachea via mouth or nose, is a common method
ensuring a protected airway with ventilation control. When intubation is not possible,
supraglottic airway devices or bag-mask ventilation serve as viable alternatives.

3.3 Basic airway maneuvers

Basic airway maneuvers play a critical role in managing airway obstructions. The
primary causes of blockage often involve the tongue or epiglottis displacement. Tech-
niques like head tilt-chin lift and jaw thrust help establish a clear airway by
repositioning the tongue and soft tissues. It’s essential to exercise caution when
employing these maneuvers, especially if there’s a suspicion of cervical spine injury, as
they can exacerbate the condition. For head tilt-chin lift, gently tilt the head back by
pressing down on the forehead while lifting the chin with the index and middle fingers.
For jaw thrust, place your palms on the temples, with fingers under the jaw, and lift the
mandible upward to elevate the tongue. In children, a modified approach is used, with
head tilt-chin lift without overextension and jaw thrust with just the index finger on the
lower jaw. Combining head tilt, jaw thrust, and mouth opening creates the Triple
airway maneuver, further enhancing airway clearance and maintenance.

3.4 Non definitive and definitive airway

The Non-Definitive airway category encompasses airway management techniques
and devices that are positioned above the laryngeal inlet. Examples include oropha-
ryngeal airways, nasopharyngeal airways, and supraglottic airway devices like the
Combitube, Laryngeal tube, and LMA (Laryngeal Mask Airway). These tools and
techniques are employed to establish and maintain a patent airway, particularly when
definitive airway management may not be immediately necessary or feasible [7].

The Definitive airway category encompasses techniques and devices positioned
below the laryngeal inlet, ensuring a secure and reliable airway. Examples include
endotracheal tubes (both nasotracheal and orotracheal), tracheostomy, and
cricothyroidotomy. These methods are utilized when there is a critical need to estab-
lish a secure and long-term airway, such as in cases of prolonged ventilation, surgical
access, or severe upper airway obstruction.

3.5 Non definitive airway
3.5.1 Oropharyngeal aivway (OPA, Guedel’s airway)

An oropharyngeal airway is an airway adjunct used to maintain or open the airway
by stopping the tongue from covering the epiglottis. It can potentially bypass airway
obstruction caused by any of the oral structures like tonsillar hypertrophy, or falling
back of tongue into the posterior pharynx in the supine position. The tip of the OPA
should lie just above the epiglottis at correct insertion depth.
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Figure 2.
Oropharyngeal and nasopharyngeal airway.

Its primary indication lies in its use for unconscious patients who struggle to
maintain an open airway despite attempted airway maneuvers. However, it’s essential
to note that there are contraindications to its usage, namely conscious patients or
those with an intact gag reflex, for whom alternative airway management methods
should be considered. While the oropharyngeal airway can be lifesaving, it’s not
without potential complications. If improperly sized, it may induce gagging, retching,
or even laryngospasm. Moreover, using an OPA that is too small might exacerbate
airway obstruction by pushing the tongue backward (Figure 2).

3.5.2 Nasopharyngeal airway (NPA)

Nasopharyngeal airways are plastic hollow or soft rubber tubes can be utilized to
aid difficult bag valve mask ventilation. They are passed through the nose to the
posterior pharynx. The direction of insertion should be straight back towards the
occiput and along the nasal floor rather than cephalad, with the concave side facing
down to allow it to pass into the posterior pharynx behind the tongue.

Nasopharyngeal airways are typically indicated for awake or semi-conscious
patients who possess an intact gag reflex, individuals with limited mouth opening due
to conditions like trismus or angioedema, and those with fragile dentition. However,
there are clear contraindications that should be adhered to, including patients with
basilar skull fractures, facial trauma, or disruption of the midface, nasopharynx, or
roof of the mouth, as well as individuals with coagulopathies or those taking antico-
agulants due to an elevated risk of bleeding. Large nasal polyps and a history of recent
nasal surgery also stand as contraindications. As with any medical procedure, poten-
tial complications must be considered, which can encompass trauma to nasal mucosa
or adenoids leading to epistaxis, as well as the risk of gastric distension and vomiting if
an excessively long device is employed (Figures 3 and 4).

3.5.3 Supraglottic airway devices (also known as extraglottic or periglottic devices)

Supraglottic Airway Devices (SGD) are devices that ventilate patients by deliver-
ing oxygen above the level of the vocal cords. The chief advantage of the supraglottic
airway devices in emergency airway management include ease of placement by both
experienced and inexperienced personal and hands free airway. As a rescue airway in
difficult airway, failed intubation and cannot ventilate cannot intubate (CVCI) situa-
tions. There are many ways to classify SGD and one of them is according to there
sealing mechanism (functional classification) [8].
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Figure 3.
Correct size assessment: The flange of the airway should be approximated,externally, to where it is abutting the
lips, and the tip should be able to reach the angle of the mandible/ tragus of the ear.

Figure 4.
Correct sige assessment can be done placing flange at nasal opening and orienting the device towards the angle of the
mandible/tragus of the ear.

* Cuffed perilaryngeal sealer
o Non-directional non esophageal Sealers- cLMA, Flexible LMA, LMA unique.
o Directional Non-esophageal sealing- Fastrach LMA, ALMA.
o Directional esophageal sealing- Proseal LMA, Supreme LMA.
* Cuffed pharyngeal sealer
o Without esophageal sealing: COPA, PAX.
o With esophageal sealing: Combitube, Laryngeal tube, LTS.
* Cuff less preshaped sealer
o With esophageal sealing- Baska mask, i-gel.

o Without esophageal sealing- SLIPA, AirQ-ILA.

This chapter will provide a brief description of the top five supraglottic devices
commonly utilized in emergency departments: cLMA, LMA Fastrach, Air Q ILA, i-gel,
and Esophageal Combitube.
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3.5.3.1 LMA classic (cLMA)

The Classic Laryngeal Mask Airway (LMA) is a widely used medical device
designed to establish a secure and effective airway during various surgical and medical
procedures. It features an inflatable cuff that, when properly positioned, seals the
laryngeal inlet, allowing for ventilation and oxygenation (Figure 5).

3.5.3.2 Insertion technique

Inserting the Classic LMA is a relatively straightforward procedure. Hold the
device like a pen, positioning your index finger at the junction of the cuff and airway
tube. Gently press the cuff’s tip upward against the hard palate while maintaining
visual guidance, ensuring it flattens against the palate. With your index finger, press
the cuff backward towards the occiput, advancing the device into the hypopharynx.
Continue the insertion until your finger reaches its fullest extent within the oral
cavity, taking care to stop before encountering resistance.

3.5.3.3 LMA Fastrach

LMA Fastrach has proven to be an effective airway device both within and outside
the emergency room. Effective ventilation is rapidly and successfully established in
nearly all cases and blind intubation is possible in majority of cases if optimal tech-
nique is used. Adjunct such as fiber optic bronchoscope or light wand may be used
occasionally (Figure 6).

3.5.3.4 Insertion technique

Gently insert the LMA Fastrach into the patient’s mouth, following the natural
curvature of the tongue. Avoid using excessive force, as this can cause trauma. As you
insert the LMA Fastrach, advance it gently until resistance is felt. Then, slightly rotate
it 90 degrees, which helps align the tip with the laryngeal inlet.

Chandy’s maneuver: It involves a series of precise steps for blind intubation via LMA
Fastrach. The first step, the 1st Chandy’s maneuver, focuses on optimizing ventilation
by directing the airway aperture towards the glottis, ensuring efficient airflow. Follow-
ing this, the 2nd Chandy’s maneuver involves lifting the device vertically for proper
positioning. Next, a well-lubricated wire-reinforced tube, with the black line oriented
towards the patient’s nose, is passed through. The cuff is then inflated, and placement is
confirmed by monitoring end-tidal CO, levels. To secure the endotracheal tube (ETT),

Figure 5.
Classic LMA.
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Figure 6.
LMA Fastrach.

the obturator rod is used for stabilization. Finally, the Laryngeal Mask Airway (LMA) is
deflated and carefully removed, completing the Chandy’s maneuver, a meticulous pro-
cess critical for successful airway management [9].

3.5.3.5 Air-Q intubating laryngeal airway

Air -Q ILA was introduced by Daniel Cook in 2005 as an aid for airway mainte-
nance and as a conduit for endotracheal intubation during general anesthesia. In case
of intubation failure AirQ ILA can be used as a definitive airway (Figure 7).

3.5.3.6 Insertion technique

Hold the Air-Q LMA like a pen, with your index finger at the junction of the cuff
and airway tube. Gently insert the device into the patient’s mouth, following the
natural curvature of the tongue. Aim to place the device so that the cuff sits within the
hypopharynx and the airway tube is aligned with the laryngeal inlet.

To intubate via Air-Q LMA, first, disconnect the connector, and then introduce an
appropriately sized and well-lubricated endotracheal tube (ETT). This can be accom-
plished either through blind insertion or with the assistance of a fiberoptic bronchoscope

Figure 7.
Air-Q ILA.
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for precision. Once the ETT is securely in place, deflate the cuff of the Air-Q ILA, use the
AIR-Q removal stylet to stabilize the ETT, and subsequently remove the AIR-Q ILA from
the patient’s airway. This sequence of steps ensures a smooth and controlled transition
from the Air-Q ILA to the ETT while maintaining optimal airway management.

3.5.3.7 1 gel

I gel is made from a medical grade thermoelastic polymer, it has been designed to
create a non inflatable anatomical seal of the pharyngeal, laryngeal and perilaryngeal
structures while avoiding compression trauma. It houses separate airway tubing and
gastric channels. The gastric channel allows suction of gastric contents and passage of
a gastric tube (Figure 8).

3.5.3.8 Insertion technique

Grasp the device along the integral bite block and introduce into the mouth
towards the hard palate, gliding downwards and backwards along the palate until a
definite resistance is felt.

3.5.3.9 Esophageal combitube

The combitube is now primarily used for emergency airway management in
prehospital settings as well as in CVCI situations in the hospital setting. It differs from
other supraglottic airway devices in being designed for blind placement in either the
trachea or the esophagus. It is a double lumen tube with2 cuffs, with one lumen
opening beyond the distal cuff, while the other ending between the 2 cuffs with only
side openings. The proximal high volume (blue) pharyngeal cuff is inflated with
85-100 ml air while the distal (white) with12-15 ml. The proximal cuff occludes the
hypopharynx while the distal occludes either the trachea or the esophagus (Figure 9).

3.5.3.10 Insertion technique

To ensure proper placement of the airway device, maintain the patient’s head in a
neutral position and gently insert the device into the mouth in a downward curving
motion until the teeth or gum line align with the two black lines on the device.
Following insertion, inflate both cuffs with the appropriate volumes. Verify

Recommended
weight range

Recommended
insertion depth

Figure 8.
I-gel.

18



A Panoramic View of Airway Management in Emergency Medicine
DOI: http://dx.doi.org/10.5772 /intechopen.1002360

Figure 9.
Esophageal Combitube.

ventilation using the blue lumen: in the correct esophageal position, no gurgling
should be audible over the epigastrium, and breath sounds should be detectable in the
lung fields. If the distal cuff is in the trachea, gurgling will be heard in the epigastrium,
and chest auscultation will reveal an absence of breath sounds. If neither breath
sounds nor gurgling is present, it indicates that the tube has been inserted too far into
the esophagus. To confirm tracheal placement, check ventilation using the clear
lumen: if the distal cuff is in the trachea, there should be no gurgling, and breath
sounds should be audible in the lung fields. Continue ventilation through the appro-
priate lumen that allows for effective ventilation.

3.6 Definitive airway

Endotracheal intubation is a common method used to create a definitive airway.
This technique involves the insertion of a tube into the trachea, either through the
mouth or nose, to maintain an open air passage. Intubation allows for precise control
of ventilation and protects the airway from potential obstructions. Other approach to
achieve a definitive airway in emergency care include cricothyroidotomy, which
involves making an emergency incision in the cricothyroid membrane to access the
airway. In the following discussion, we will explore various aids and techniques that
assist in achieving a successful intubation procedure.

3.6.1 Endotracheal intubation aids

Endotracheal intubation may be achieved by any of the following airway aids
depending upon the situation, device availability and operator expertise

* Direct laryngoscopy and intubation
* Bougie/Stylet guided intubation

* Lightwand guided intubation

* Video laryngoscopy and intubation

* Fibreoptic bronchscope guided intubation

* Supraglotic airway guided intubation
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3.6.2 Direct laryngoscopy

Laryngoscope blades are essential instruments used during endotracheal intuba-
tion procedures to visualize the larynx and facilitate the insertion of an endotracheal
tube. There are several different types of laryngoscope blades, each with its own
unique design and purpose. The most commonly used blades include,

Macintosh: This curved blade is the traditional choice for laryngoscopy. It has a
smooth, curved tip that allows the blade to lift the epiglottis and visualize the
vocal cords.

Miller: The Miller blade is straight and has a flatter profile compared to the
Macintosh blade. It is often used in pediatric cases or in patients with limited
neck mobility. The straight design helps lift the epiglottis directly, providing a
clear view of the vocal cords [10].

Mac Coy: Hinged tip helps in elevating the epiglottis leading to an increased
increased view of the larynx, useful in patients with anterior larynx

Polio Blade: Very useful in intubating patients with breast hypertrophy, obese
patients, patients with short neck and with restricted neck mobility [11].

Video Laryngoscope: Unlike traditional direct laryngoscopy, which relies
on a direct line of sight, video laryngoscopes incorporate a small camera at
the tip of the blade or handle. This camera captures a real-time video
image of the airway, which is displayed on a screen, allowing direct
visualization of the larynx and guide the insertion of the endotracheal tube
(Figures 10-12).

Pushing this ...flexes the tip
lever forward... of the blade

Figure 10.
McCoy laryngoscope blade.
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Figure 11.
Miller laryngoscope blade.

Figure 12.
Macintosh laryngoscope blade.

3.6.3 Bougie and stylets

When the larynx is only partially visualized or hidden behind the epiglottis at
direct laryngoscopy, and may be difficult to reach with the normal curvature of an
endotracheal tube, intubation may then be accomplished by either (Figures 13-16).

* Altering the curvature of the ETT using a malleable plastic coated metal Stylet.

* Inserting a long thin Gum Elastic Bougie (GEB) and using this as a guide over
which the tube may be railroaded into the trachea.

Figure 13.
Polio Macintosh laryngoscope.
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Figure 14.
Video laryngoscope.

Figure 15.
Intubating stylets of different sizes(Fr).

Figure 16.
Gum elastic Bougie.

3.6.4 Lightwand

It is an illuminated stylet which is introduced into the ETT and the tip of the tube is
directed into the trachea guided by transillumination of neck tissues.
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Lighwand tracheal intubation is a suitable method for difficult intubation in
patients with

* Restricted cervical spine movement
* Limited mouth opening
* Orofacial distortion

* Unexpected failed intubation

3.6.5 Fibreoptic bronchoscope guided intubation

Fiberoptic bronchoscopes are currently used to facilitate endotracheal intubation
via either the nasal or oral route (Figure 17). In clinical scenarios in which tracheal
intubation is deemed necessary and mask or supraglottic ventilation (e.g., via a laryn-
geal mask airway [LMA]) is unlikely to be successful or poses an aspiration risk,
awake FOI is a standard approach. FOI remains the accepted standard in emergency
airway management of a patient with an anticipated difficult airway. FOI is ideally
suited in such patients because intubation can be performed prior to the induction of
anesthesia with its attendant risks of inadequate ventilation and oxygenation, loss of
upper airway patency, and failed intubation. This FOI technique also safeguards
against the risk of the cannot intubate/cannot ventilate scenario (Figure 18) [12].

Figure 17.
Lightwand.

Figure 18.
AMBU fiberoptic bronchoscope.
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Figure 19.
Intubation via LMA Fastrach(above) and AIR-Q LMA (below).

3.6.6 Supraglotic airway guided intubation

Supraglottic device aids intubation by establishing initial airway, then guides
endotracheal tube. Ensures clear, protected ventilation passage. Useful in challenging
laryngoscopy or difficult airways. Effective alternative for secure intubation in clinical
scenarios (Figure 19) [13].

4. Indications for securing a definitive airway

Broadly, the indications for intubating a patient can be remembered and catego-
rized by the mnemonic:

A. Airway Compromise. When other methods fail to maintain a clear airway, and
there is a risk of airway obstruction or compromise. This may occur in cases of
inhalation injury, facial fractures, or retropharyngeal haematoma. In cases of
dynamic airway early intubation is the key point.

¢ Bullets: Neck trauma

* Bites: Anaphylaxis/Angioedema
* Burns: Thermal and caustic airway injury

B. Breathing. Inadequate Oxygenation or Ventilation: When the patient cannot
achieve sufficient oxygenation through the use of a face mask and supplemental
oxygen, or when there is apnea (cessation of breathing).

C. Circulation. Inadequate Circulation & Cerebral Hypoperfusion: To enhance
tissue oxygen delivery by relieving the respiratory muscles. This is necessary
when the patient is experiencing decreased mental status or combativeness due
to reduced blood flow to the brain.
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D.Disability. CNS Depression due to any reason like Head Injury, CNS catastrophes,
etc. In cases where the patient has a Glasgow Coma Scale (GCS) score of 8 or less,
indicating severe obtundation resulting from a head injury. This may also be
necessary in situations of prolonged seizure activity, neuromuscular weakness, or
to protect the airway from aspiration of blood or vomit.

E. Expected course. Anticipated deterioration in the patient’s condition or transfer
to radiology or another institution.

F. Feral. The need for immediate aggressive sedation to protect the patient/others.

5. Algorithms for airway management

Algorithms are there for managing the airway, they provide a basic pathway for
different intubation scenarios. It is vital that all clinicians who attempt intubation
be familiar with the equipment and techniques necessary for successful intubation
(Figures 20-22).

Failed Airway Algorithm

Supraglottic
Aeway?

l.«m

Able to
maentain
SpO. >S0%

Figure 20.
Failed airway algorithm.

Patients needs

Intubation

I o
Unresponsive? Predicted Failure to

oo maintain
Near Death? difficult airway | eygenation?
Crash Airway Failed Airway
2 Yes No 5
Algorithm Algorithm
¥
Difficult Airway Rapid Sequence
Algorithm Intubation(RSI)

Figure 21.
Basic pathway for different intubation scenarios.
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Difficult Alrway Algorithm
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Figure 22.
Difficult airway algorithm.

6. Rapid sequence intubation (RSI)

It is a technique of intubation where in the airway is secured quickly and safely
while reducing the risk of aspiration. Rapid sequence intubation is the standard
method in emergency airway management for patients without an anticipated diffi-
cult airway.

Classic Rapid Sequence Intubation (RSI) and Modified RSI are two approaches to
securing the airway in emergency and critical care settings. In Classic RSI, a stan-
dardized drug sequence, typically involving a rapid-acting induction agent followed
by succinylcholine, is used, often with the application of cricoid pressure. In contrast,
Modified RSI is more flexible, allowing for variations in drug choices and their order
based on the patient’s condition and provider’s judgment. It may include positive
pressure ventilation before paralysis and may avoid cricoid pressure. The choice of
paralytic agents can also differ, with non-depolarizing agents like rocuronium some-
times preferred. Modified RSI emphasizes individualized care and adaptability to the
clinical context, while Classic RSI follows a more standardized protocol. The approach
chosen depends on factors such as patient condition, clinician expertise, and local
protocols.

6.1 Conduct of RSI
* Preparation
* Pre oxygenation
¢ Intravenous anesthesia induction

* Cricoid pressure/Sellick’s maneuver (The esophagus is blocked in an extended
neck by pressing the cricoid cartilage against the 5th cervical vertebra.

26



A Panoramic View of Airway Management in Emergency Medicine
DOI: http://dx.doi.org/10.5772 /intechopen.1002360

Apply 10-40 N (1-4 kg) pressure using thumb and index finger post-induction
until intubation and cuff inflation. Contraindicated in patients suspected with
cervical spine injury or laryngeal injury [14]).

* Laryngoscopy followed by intubation after the requisite time has elapsed or by
observing fasciculations.

* Confirmation of correct tube placement by 4 phase capnography waveform for at
least 5 breaths or auscultation of chest.

7. Delayed sequence intubation

Delayed Sequence Intubation (DSI) is a specialized airway management technique
used in emergency medicine and critical care when traditional rapid sequence intuba-
tion (RSI) may not be immediately feasible or safe. DSI is employed to optimize the
patient’s oxygenation and ventilation before initiating RSI. It is typically employed in
cases where the patient presents with severe respiratory distress, hypoxemia, or
impending respiratory failure. These situations may include agitated or combative
patients who cannot cooperate with the standard RSI procedure (Figure 23) [15].

8. Crash intubation

Crash airway refers to patients in cardiopulmonary arrest, deep coma or near death
who cannot maintain their ventilation and oxygenation (Figures 24-26).

Identify agitated patient requiring intubation

Position the patient head up(30%)

Intravenous ketaminelmg/kg slowly to maintain spontaneous respiration
and avoid apnoea (additional 0.5mg/kg can be given if required)

Apply oxygen with nasal canula at 15 I/ minute

Apply Preoxygenation device as below

Preoxygenate for at least 3 minutes
Administer neuromuscular blocker succinylcholine 1.5mg/kg intravenous
or rocuronium 1.2mg/kg intravenous

Figure 23.
Delayed sequence intubation technique.

Proceed to
laryngoscopy and
intubation rapidly

Bag valve mask

Identify crash airway ventilation

Figure 24.
Crash intubation.
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9. Pre intubation preparation
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Face mask
Fibreoprtic intubartion
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intubation sedative/ paralytic Does anyone have
Allergies? guestions or concerns:
Figure 25.

Preintubation prepration.

10. Predictors of a difficult airway

Difficult Bag and mask

( MOANS)
Difficult laryngoscopy & Intubation

(LEMON)

Mask Seal- Busty beard ,
crusted blood on face,
or disruption of lower
facial continuity

Difficult extraglotic devices
(RODS)

Look externally- Use

clinical gestait, evidence Difficult cricothyrotomy

Age > 55years

Mouth opening 3 fingers

Disrupted or

Obesity, Obstruction- of lower facial SHORT

Pregnancy, disruption, bleeding, .

Angioedema, Ludwigs small mouth, agitated Restr}cted mouth Suree

Angina, Upper airway patient. opening gery )
abscess, epiglottitis Evaluate- Use 3-3-2 Rule || Obstruction Hematoma( includes

infection & abscess)

: . . Obesil
No teeth - Consider Mandibular space Chin Distorted airway R d-titv distorsi
leaving dentures in for to hyoid 3 fingers Stiff lung, cervical Aadon distarsion
edentulous patients . : = (& otherdeformity)
. Glottic space 2 fingers Spine spine
Sleep apnea, Stiff lung- Tumor

Mallampati Score Class
(1-4)

Obesity, Obstruction
Neck Immobility

COPD astma, ARDS

Figure 26.
Predictors of a difficult airway.

11. Preintubation positioning

Before performing intubation, it is crucial to position your patient correctly. Unless
your patient is undergoing chest compressions due to cardiac arrest, optimizing the
positioning prior to intubation is essential. Improved positioning enhances your view
and increases the likelihood of a successful intubation on the first attempt, minimizing
the risk of complications. Elevate the patient to the operator’s xiphoid level for optimal
positioning. While ventilation and intubation are typically done with the patient lying
flat on their back, aligning the external ear with the sternal notch may enhance the
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visibility of the glottis. Avoid using padding under the shoulders or neck as this
position is not ideal for facilitating emergency intubation. The goal of laryngoscopy is
to align the oral, pharyngeal, and laryngeal axes to achieve a clear and unobstructed
view of the glottis, enabling the passage of the endotracheal tube (ETT) between the
vocal cords.

11.1 Scenario 1: Normal body position and the sniffing position

Positioning theory is centered on aligning three axes: the oral axis (OA), pharyngeal
axis (PA), and laryngeal axis (LA). When a patient lies flat, their OA guides your line of
sight to the oropharynx. In the sniffing position, achieved by using towels or blankets to
flex the cervical spine and align the external auditory meatus with the sternal angle,
these three axes come into alignment. This reduces the force needed to clear the glottis
opening during intubation (Figure 27) [16].

11.2 Scenario 2: the overweight patient and the ramp

Overweight patients need special positioning attention, especially for the sniffing
position due to excessive force for pharyngeal tissue displacement. Their heavier chest
wall poses ventilation challenges and shortens safe apnea time. Elevating the torso
with a ramp, using linens or pillows, helps slide chest wall tissues, improving
preoxygenation and extending desaturation time. The ramped position, with the head
at a 30-degree angle and the ear canal level with the sternum, benefits obese patients
during intubation, as research shows advantages regardless of body mass index (BMI)
(Figure 28) [17].

Head on Bed - Head Elevated on Pad
Neutral Position Meutral Position

Head Elevated on Pad
Head Extended on Neck

Figure 27.
Normal body position and the sniffing position.
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Figure 28.
The ramp position.

12. Pre intubation optimisation of oxygenation

When oxygen falls below 70%, it raises risks like dysrhythmias, decompensation,
and cardiac arrest (Table 1). Pre-oxygenation removes alveolar nitrogen, creating an
oxygen reserve, preventing hypoxia. In healthy patients, it extends safe apnea time
to 8 minutes, but it’s shorter for critically ill patients. Start preoxygenation before
intubation, administering 100% oxygen for >3 mins at >15 L/min. Adjust the
regulator to maximum “flush” for 90-97% oxygen at 40-60 L/min. Use tidal
volume breathing with a proper seal. If >95% O2 is not achieved, consider bag-valve-
mask ventilation, PEEP valves, or CPAP. Tilting the head 20-30 degrees upward
enhances preoxygenation. For agitated patients, consider sedation or induction
agents. During laryngoscopy, high-flow oxygen maintains airflow from the pharynx
to the lungs [18].

Device % Fio, Obtained Flow (L/min)

1 Nasal Cannula 24-40% 1-6

2 Face mask 35-60% 5-10

3 Oxymizer 24-45% 1-15

4 Venturi mask 24-50% 2-15

5 Non-rebreather mask 50-90% 10-15

6 High flow nasal cannula 30-100% 15-60

7 BIPAP 35-100%

8 Endotracheal Intubation 35-100%

Table 1.

Various oxygenation delivery devices.
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Figure 29.
Single rescuer bag mask ventilation (E-C).

12.1 Bag valve mask ventilation

Bag-valve mask ventilation is essential for airway management by various medical
professionals. Techniques like denture retention, beard lubrication, and airway
adjuncts aid in challenging situations. It delivers positive pressure ventilation to
patients with inadequate breaths, excluding those with total airway obstruction or
aspiration risk. Perform with the patient supine and the head in a sniffing position
(except for cervical spine injury). Two techniques:

One-person: Seal the mask to the patient’s face using the E-C method.

Two-person: One squeezes the bag, and the other maintains the mask seal, avoiding
neck compression and ensuring pressure on bony points. Proper positioning matters;
larger masks improve the seal, while smaller ones may leak. Complications can include
gastric insufflation leading to vomiting and aspiration (Figures 29 and 30).

13. Vortex approach

The Vortex approach to airway management has been designed to assist decision
making during airway crisis (Figure 31). It follows the principle that if the non-
surgical methods (tracheal intubation, SAD, and facemask ventilation) for achieving
alveolar oxygenation fail, there is diminishing time and options available before crit-
ical hypoxaemia occurs. If a best effort at any of these is unsuccessful, the ‘CICO
status’ is initiated and preparation for eFONA starts, and failure of the best effort in all
three should initiate eFONA [19].

14. Emergency front of neck access [eFONA]/surgical airway

About 3% of intubation attempts are challenging, necessitating consideration of a
surgical airway when endotracheal intubation fails. In these emergencies, securing the
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Figure 30.
Two rescuer bag mask ventilation.

FACE
MASK

Figure 31.
Use of vortex during failed RSI.

airway is crucial for saving lives. Accessing the airway through the front of the neck
typically involves cricothyrotomy (needle, scalpel-bougie, transtracheal catheter, or
surgical) or tracheostomy (surgical or percutaneous), with an emphasis on the
cricothyroid membrane. This approach is recommended and included in the difficult
airway algorithm for situations where other airway management methods have failed,
such as “can’t intubate, can’t oxygenate” (CICO) scenarios. It can also be performed
electively before anesthesia induction in awake patients with upper airway obstruc-
tion, severe injuries, or high CICO risk (Figure 32) [19].
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Figure 32.
Approaches for eFONA.

14.1 Scalpel cricothyroidotomy

Using a ‘scalpel-bougie-tube’ technique is recommended by Difficult Airway Soci-
ety as the first line technique for eFONA and employs a number 10 blade scalpel, a
size 6.0 mm cuffed tracheal tube and a bougie for the same. A ‘scalpel-bougie-tube’
technique with a horizontal stab incision of the CTM, followed by bougie insertion
and rail roading of ETT through the CTM into the trachea is recommended if the CTM
is palpable. If this fails, or the CTM is impalpable, then a 8-10 cm vertical incision
followed by a ‘scalpel-finger-bougie-tube’ technique is recommended, wherein blunt
dissection with fingers is carried out after skin incision until the CTM is reached,
followed by bougie and ETT.

14.2 Needle/seldinger technique

In needle/seldinger technique the trachea is entered with a needle (from commer-
cially available sets) connected to a 5 ml syringe containing 2 ml saline with continu-
ous aspiration, a guidewire passed through it and the cricothyrotomy cannula with its
dilator then railroaded over it.

14.3 Surgical technique

The surgical technique involves blunt or scalpel dissection till the CTM, followed
by its horizontal incision and passage of the cricothyrotomy cannula (commercially
available sets).

14.4 Transtracheal catheter technique

The transtracheal catheter technique similarly involves entering the cricothyroid
membrane with a cannula and advancing the transtracheal catheter after needle
removal.

Cannulas for these techniques can be narrow bore (ID <2 mm) or wide bore (ID
>4 mm). Narrow bore cricothyroidotomy requires high-pressure ventilation for
transtracheal jet ventilation (TTJV) and has drawbacks like misplacement, kinking,
and barotrauma. It lacks a tracheal cuff and requires conversion to a definitive airway
for aspiration protection and PEEP application. Wide bore cricothyroidotomy’s main
advantage is enabling conventional ventilation. In the absence of commercial sets, a
14G cannula, a 2 cc syringe barrel, and an 8 mm ETT connector assembly can be used,
which can be connected to a breathing circuit or TTJV (Figure 33).
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Figure 33.
Transtracheal cricothyrotomy catheter using a 14G cannula,2 cc syringe and 8 mm ETT connector.

15. Airway pharmacology

Airway management, especially endotracheal intubation, requires a deep under-
standing of airway pharmacology. This procedure can provoke significant physiolog-
ical responses, like hypertension, tachycardia, increased ICP, and
bronchoconstriction. These reactions are usually short-lived but can harm certain
patients, such as those with heart disease, cerebral aneurysms, aortic issues, or high
blood pressure. Stimulation of the upper airway activates both branches of the auto-
nomic nervous system. In adults, the sympathetic response dominates, increasing
catecholamine levels. However, in young children and some adults, it may trigger a
vagal response, causing bradycardia. Sedative and hypnotic agents are commonly
used to achieve various levels of sedation or anesthesia based on the dose
administered [20-22].

The pharmacology of drugs commonly used in emergency airway management are
categorized as:

1.Sedative/Hypnotic/Induction agents

2.Muscle Relaxants (Depolarizing and Non-depolarizing Relaxants)
3. Adjunctive Agents

4.Rescue drugs (vasopressors and ionotropes)

5.Neuromuscular Blockade Reversal Agents

16. Post intubation assessment and endotracheal tube care

Confirming endotracheal tube placement traditionally relies on potentially
unreliable methods like chest and stomach auscultation (Table 2). To ensure reliabil-
ity, it’s recommended to use at least two confirmation methods. The primary choice is
ETCO2 detectors, with anteroposterior chest radiography as another option.
Fiberoptic bronchoscopy provides a “gold standard” view of tracheal rings, and
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ultrasound can detect tracheal placement and potential unilateral bronchial intuba-
tion. Proper endotracheal tube care involves securing it to prevent displacement,
maintaining cuff pressure at 25-30 cm H20O to prevent aspiration and air leaks without
injuring the airway mucosa, and regular or as-needed suctioning to prevent mucus
blockage.

17. Post intubation hypotension (PIH)

Post-intubation hypotension (PIH) is defined as a decrease in systolic blood pres-
sure (SBP) to <90 mmHg, a drop of >20% from baseline SBP, a decrease in mean
arterial pressure (MAP) to <65 mmHg, or initiation of vasopressors within 30 minutes
post-intubation. Risk factors for PIH include a high pre-intubation shock index,
chronic renal disease history, intubation for acute respiratory failure, advanced age,
lower MAP before intubation, neuromuscular blockers use, or complications during
emergent intubation. To reduce PIH risk, preload with a fluid bolus pre-intubation,
use hemodynamically stable drugs like ketamine or reduced-dose etomidate, avoid
pretreatment drugs like fentanyl and lidocaine that blunt sympathetic tone, set tidal
volume at 6-8 ml/kg with low PEEP, insert a nasogastric tube for stomach decom-
pression, and administer vasopressors before intubation [23].

18. Post intubation cardiac arrest (PICA)

Cardiac arrest within 60 minutes of intubation is a severe complication, alongside
failed intubation, esophageal intubation, aspiration, hypoxia, and post-intubation
hypotension (PIH). It occurs in about 4% of ER cases with high in-hospital mortality,
even after achieving spontaneous circulation. Risk factors include multiple intubation
attempts, a high intubation-related shock index (>0.9), neuromuscular blockers use,
and pre-intubation vasopressors. Patients may struggle with reduced preload and
venous return due to increased intrathoracic pressure during positive pressure venti-
lation. Additionally, physiological changes in severe diseases like acidosis can worsen
with intubation and positive pressure ventilation, while sedatives and neuromuscular
blockers inhibit stress-induced catecholamine secretion [23].

19. Special circumstances
19.1 Children

Pediatric airways differ significantly from adults, being narrower, softer, and more
prone to obstruction due to smaller anatomy and a different larynx position. Children
have a higher risk of rapid desaturation and complications like laryngospasm. To
manage their airways effectively, careful assessment, specialized equipment, and
techniques are essential. Microcuff endotracheal tubes and length-based resuscitation
tapes help determine proper equipment sizes. Children’s increased oxygen demand
and lower reserve make them vulnerable to rapid hypoxia, especially the younger
ones. Avoiding multiple intubation attempts is crucial, and while rapid sequence
intubation is effective, awake intubation with retained spontaneous respiration is
common in children [24].
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19.2 Pregnancy

Airway management in pregnant women is complex due to physiological and ana-
tomical changes that occur during pregnancy (Table 3). These changes affect both the
technical and physiological aspects of airway management. Laryngoscopy becomes more
challenging, and there may be a need for smaller-sized endotracheal tubes. The risks of
airway bleeding, desaturation, and aspiration increase. It is crucial to optimize all factors
involved to ensure success on the first attempt. The use of a short handle direct laryngo-
scope may be preferred, and the consideration of a bougie is recommended.
Preoxygenation, positioning with a 20-to-30-degree head-up tilt, and apneic oxygenation
can help further reduce the risk of desaturation. Additionally, uterine displacement
through left lateral tilt can be beneficial in preventing supine hypotension syndrome [25].

19.3 Obesity

Obesity affects airway control by reducing space in the pharyngeal tissues and
increasing upper airway resistance. It also leads to restrictive lung disease with
decreased functional residual capacity (FRC), lung compliance, and alveolar
hypoventilation. To manage obese patients’ airways effectively, it’s essential to posi-
tion them with an elevated head before intubation, promoting lung expansion,
increasing FRC, and oxygen reserve. For obese patients with obstructive sleep
apnea undergoing bariatric surgery, the sitting position is recommended for
preoxygenation. Due to their heightened risk of rapid desaturation after anesthesia
induction, non-invasive positive pressure ventilation (NIPPV) can be used to enhance
preoxygenation and extend desaturation time. Implementing head-elevated
preoxygenation is crucial for optimal results [11].

19.4 Elevated intracranial pressure

In patients with suspected elevated intracranial pressure (ICP), improper airway
management can lead to secondary brain injury and poor neurological outcomes. To

Pediatric Adult
Tongue Relatively larger Relatively smaller
Larynx Opposite 2nd & 3rd cervical vertebrae Opposite 4th & 5th cervical vertebrae
Epiglottis “U” shaped and short Spade shaped, flat,erect,flexible
Hyoid/ Thyroid sepration Very close Further apart
Glottis 5 cartilage Y4 cartilage
Arytenoids Inclined inferiorly Horizontal
Vocal cords Concave Horizontal
Cricoid Plate forms funnel Plate and vertical
Smaller diameter Cricoid ring Vocal cord aperture
Consistency of cartilage  Soft Firm
Shape of head Pronounced occiput Flatter occiput

Table 3.
Differences between pediatric and adult airway.
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mitigate ICP increase, rapid sequence intubation (RSI) should prioritize normocapnia,
oxygenation, and blood pressure control. Proper choice of induction agents, sedatives,
and analgesia is crucial. Maintain a target partial pressure of carbon dioxide (PaCO2)
between 35 and 45 mmHg to avoid cerebral vasodilation and elevated ICP. End-tidal
CO2 (ETCO2) can guide normocapnia and prevent hypo- or hyperventilation. Hyper-
ventilation is a last resort for acute ICP rise. Preoxygenation and bag valve mask
ventilation should aim for oxygen saturation above 94%. Lowering the bed’s head
should be minimal and brief, with post-intubation elevation to at least 30° to aid
cerebral venous drainage. Etomidate is suitable for brain injury due to minimal
hemodynamic effects, and opioid fentanyl pretreatment helps prevent sympathetic
responses. Propofol reduces ICP but can cause hypotension, while ketamine is now
considered safe with favorable hemodynamics. Succinylcholine and rocuronium

are common neuromuscular blockers; succinylcholine’s ICP increase is no longer
significant, offering rapid onset and shorter duration, facilitating quicker
neurological evaluation. Rocuronium, ideal in hyperkalemia risk, has no known ICP
effects [26].

20. Role of ultrasound in airway management

Upper airway ultrasound, as a valuable and noninvasive point-of-care ultrasound
(POCUS) technique, offers simplicity, portability, and usefulness in evaluating airway
management, even in cases where the anatomy is distorted by pathology or trauma.
By visualizing important structures such as the thyroid cartilage, epiglottis, cricoid
cartilage, cricothyroid membrane, tracheal cartilages, and esophagus, clinicians gain a
better understanding of the applied sonoanatomy. This empowers them to utilize
ultrasound for various purposes, including assessing difficult intubation, determining
appropriate depths for endotracheal tube (ETT) and laryngeal mask airway (LMA)
placement, evaluating airway size, guiding invasive procedures like percutaneous
needle cricothyroidotomy and tracheostomy, predicting postextubation stridor,
determining the appropriate size for left double-lumen bronchial tubes, and detecting
upper airway pathologies [27].

21. Conclusion

In conclusion, airway management is a vital aspect of emergency care that
saves lives and minimizes complications. This chapter emphasized a systematic
approach to assess airway issues through signs, symptoms, patient history, and
examination. It highlighted various intervention techniques, from basic maneuvers
to advanced procedures, ensuring a clear airway and adequate oxygenation.
Equipment selection, including laryngoscopes, tubes, and adjuncts, was discussed
with a focus on understanding their indications and limitations. Continuous training
and practice are crucial for maintaining proficiency. This chapter offers a compre-
hensive overview, equipping professionals with the knowledge and skills to
approach emergencies confidently. In summary, airway management is a dynamic
field requiring a multidisciplinary approach and strong understanding of assessment,
intervention techniques, and equipment use, ultimately improving emergency care
and patient outcomes.
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Author details

Gaurav Dhir®, Mayank Dhir? and Garima ];;1in3

1 Marengo Asia Hospitals, Faridabad, India

2 Emergency Medicine, MNR Medical College, Telangana, India
3 Fortis Hospital, Mohali, India

*Address all correspondence to: gauravdhir2003@gmail.com

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

42



A Panoramic View of Airway Management in Emergency Medicine

DOI: http://dx.doi.org/10.5772 /intechopen.1002360

References

[1] Goto T, Goto Y, Hagiwara Y,
Okamoto H, Watase H, Hasegawa K.
Advancing emergency airway
management practice and research.
Acute Medicine & Surgery. 2019;6(4):
336-351. DOI: 10.1002/ams2.428

[2] Chou HC, Wu TL. Large
hypopharyngeal tongue: A shared
anatomic abnormality for difficult mask
ventilation, difficult intubation, and

obstructive sleep apnea? Anesthesiology.
2001;94:936-937

(3] Benumof JL. Obstructive sleep apnea
in the adult obese patient: Implications
for airway management. Anesthesiology
Clinics of North America. 2002;20:
789-811

[4] Isono S. Obesity and obstructive sleep
apnoea: Mechanisms for increased
collapsibility of the passive pharyngeal
airway. Respirology. 2012;17:32-42

[5] Weibel ER. Geometry and dimensions
of airways of conductive and transitory
zones. In: Morphometry of the Human
Lung. Berlin, Heidelberg: Springer; 1963.
pp. 110-135

[6] Myatra SN, Shah A, Kundra P,

Patwa A, Ramkumar V, Divatia JV, et al.
All India difficult airway association
2016 guidelines for the management of
unanticipated difficult tracheal
intubation in adults. Indian Journal of
Anaesthesia. 2016;60(12):885-898.

DOI: 10.4103/0019-5049.195481

[7]1 Khan RM, Sharma PK, Kaul N.
Airway management in trauma. Indian
Journal of Anaesthesia. 2011;55(5):
463-469. DOI: 10.4103/
0019-5049.89870

[8] Rosenberg MB, Phero JC, Becker DE.
Essentials of airway management,

43

oxygenation, and ventilation: Part 2:
Advanced airway devices: Supraglottic
airways. Anesthesia Progress. 2014 Fall;
61(3):113-118. DOI: 10.2344/0003-3006-
61.3.113

[9] Gerstein N, Braude D, Hung O,
Sanders J, Murphy M. The Fastrach
(TM) intubating laryngeal mask airway
(R): An overview and update. Canadian
Journal of Anaesthesia = Journal
Canadien D'anesthésie. 2010;57:588-601.
DOI: 10.1007/s12630-010-9272-x

[10] Passi Y, Sathyamoorthy M,

Lerman J, Heard C, Marino M.
Comparison of the laryngoscopy views
with the size 1 miller and Macintosh
laryngoscope blades lifting the epiglottis
or the base of the tongue in infants and
children <2 yr of aget. British Journal of
Anaesthesia. 2014;113:869-874.

DOI: 10.1093/bja/aeu228

[11] Lotia S, Bellamy MC. Anaesthesia
and morbid obesity. Continuing
Education in Anaesthesia Critical Care &
Pain. 2008;8(5):151-156. DOI: 10.1093/
bjaceaccp/mkn030

[12] Ramkumar V. Preparation of the
patient and the airway for awake
intubation. Indian Journal of
Anaesthesia. 2011;55(5):442-447.
DOI: 10.4103/0019-5049.89863

[13] Wong DT, Yang JJ, Mak HY,
Jagannathan N. Use of intubation
introducers through a supraglottic
airway to facilitate tracheal intubation: A
brief review. Canadian Journal of
Anaesthesia. 2012;59(7):704-715.

DOI: 10.1007/s12630-012-9714-8 Epub
2012 Jun 1

[14] Ehrenfeld JM, Cassedy EA,
Forbes VE, Mercaldo ND, Sandberg WS.
Modified rapid sequence induction and



Airway Management in Emergency Medicine

intubation: A survey of United States
current practice. Anesthesia and
Analgesia. 2012;115(1):95-101.

DOI: 10.1213/ANE.0b013e31822dac35
Epub 2011 Oct 24

[15] Weingart SD. Preoxygenation,
reoxygenation, and delayed sequence
intubation in the emergency
department. The Journal of Emergency
Medicine. 2011;40(6):661-667.

DOI: 10.1016/j.jemermed.2010.02.014
Epub 2010 Apr 8

[16] Sahay N, Samaddar DP,

Chatterjee A, Sahay A, Kant S, Ranjan A.
Sniff to see. Comparing sniffing position
versus simple head extension position
for glottic exposure - a prospective,
randomized cross over study. Journal of
Health Specialties. 2016;4:212.

DOI: 10.4103/2468-6360.186503

[17] Hassan EA, Baraka AAE. The effect
of reverse Trendelenburg position versus
semi-recumbent position on respiratory
parameters of obese critically ill patients:
A randomised controlled trial. Journal of
Clinical Nursing. 2021;30(7-8):
995-1002. DOI: 10.1111/jocn.15645 Epub
2021 Jan 25

[18] Chiang TL, Tam KW, Chen JT, et al.
Non-invasive ventilation for
preoxygenation before general
anesthesia: A systematic review and
meta-analysis of randomized controlled
trials. BMC Anesthesiology. 2022;22:306.
DOI: 10.1186/512871-022-01842-y

[19] Price TM, McCoy EP. Emergency
front of neck access in airway
management. BJA Education. 2019;
19(8):246-253. DOI: 10.1016/j.
bjae.2019.04.002 Epub 2019 Jun 14

[20] Consilvio C, Kuschner W,

Lighthall G. The pharmacology of airway
management in critical care. Journal of
Intensive Care Medicine. 2011;27:

44

298-305. DOI: 10.1177/
0885066611402154

[21] Lindsay S, Benger J. Pharmacology of
emergency airway drugs. In:

Burtenshaw A, Benger ], Nolan J, editors.
Emergency Airway Management.
Cambridge: Cambridge University

Press; 2015. pp. 63-79. DOI: 10.1017/
CB09781107707542.009

[22] Ghatehorde NK, Regunath H.
Intubation Endotracheal Tube
Medications. Treasure Island (FL):
StatPearls Publishing; 2023 Available
from: https://www.ncbi.nlm.nih.gov/b
ooks/NBK459276/

[23] Althunayyan SM. Shock index as a
predictor of post-intubation hypotension
and cardiac arrest; a review of the current
evidence. Bull Emerg Trauma. 2019;7(1):
21-27. DOL: 10.29252/beat-070103

[24] Harless J, Ramaiah R, Bhananker SM.
Pediatric airway management.
International Journal of Critical Illness and
Injury Science. 2014;4(1):65-70.

DOI: 10.4103/2229-5151.128015

[25] Tolga Saracoglu K, Cakmak G,
Saracoglu A. Airway management
during pregnancy and labor. In: Special
Considerations in Human Airway
Management. London, UK: IntechOpen;
2021. DOI: 10.5772/intechopen.96476

[26] Khandelwal A, Bithal PK, Rath GP.
Anesthetic considerations for
extracranial injuries in patients with
associated brain trauma. Journal of
Anaesthesiology Clinical Pharmacology.
2019;35(3):302-311. DOI: 10.4103/joacp.
JOACP_278_18

[27] Osman A, Sum KM. Role of upper
airway ultrasound in airway
management. Journal of Intensive Care.
2016;4:52. DOI: 10.1186/5s40560-016-
0174-z



Chapter 3

Difficult Airway and Its
Management

Nigar Kangarli and Asim Esen

Abstract

In the emergency unit, there may not be enough time for proper airway evalua-
tion of a patient with respiratory distress. However, albeit fast, evaluation of head
and neck mobility, lower jaw position, condition of teeth, mouth opening, mouth
anatomy, and jaw-thyroid distance can contribute significantly to the correct manage-
ment of the process. Based on these results, a decision can be made on how to manage
the airway and how to proceed. If there is a finding of a difficult airway, a call for help
should not be delayed. Ready-to-use “emergency airway management kit” is impor-
tant. Determining whether the condition is a “difficult airway” is important because
the “anticipated difficult airway” and “unanticipated difficult airway” approaches are
different. There are numerous options for providing respiratory support to patients,
and conservative approaches should be prioritized. Definitely, in addition to respira-
tory support with bag-masks, supraglottic airway devices, endotracheal tubes, and
tracheostomy approach may also be processed without delay, in case of need. The aim
of all procedures is to provide the patient with oxygen, which is indispensable for life.
It should not be forgotten to avoid oxygen neglection during selecting the method,
which requires least interventions and guarantees airway security. Consequently, in
semi-urgent states, a more detailed evaluation of the patient is more appropriate.

Keywords: difficult airway, airway management, emergency medicine, ‘can’t intubate
can’t oxygenate) airway ultrasound

1. Introduction

Secured airway is the cornerstone of effective resuscitation at life-threating states.
Emergency practitioners are at the frontline for resuscitation of complex situations
when airway management is far different from that in elective conditions. The short-
age of time for decision-making and diagnosing the pathologic state also contributes
to management failure.

It is important for practitioners to be aware and prepared for complicated intuba-
tion situations to reduce unpleasant outcomes and to provide high-quality healthcare.
This chapter is aimed to discuss difficult airway prediction and the most used airway
management devices and offers easy-to-understand descriptions of instrumentation
techniques. Among the predictive difficult airway parameters, this chapter covers a
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brief explanation of ultrasound guided methods to foresee the airway complexity.
The manuscript also contains revised guidelines for difficult airway management,
accepted worldwide, and includes suggestions for specific complicated airway
circumstances. We hope this chapter’s content would be helpful for airway managers
in complicated circumstances and beneficial to improve the outcomes.

2. Definitions

Difficult airway (DA) is one of the most frightening situations, which may pos-
sibly be faced by practitioners in emergency, intensive care departments, and operat-
ing rooms. Inability to secure airway increases mortality associated with hypoxic
brain injury and cardiopulmonary arrest. The core definition of DA was adopted by
The American Society of Anesthesiologists (ASA) as the clinical situation in which a
conventionally trained anesthesiologist has trouble with face mask ventilation of the
upper airway, difficulty with tracheal intubation, or both [1]. Both these definitions
may be uncovered and classified further into separate variations. Here, we encounter
the most common variations of difficult airway conditions.

2.1 Difficult face mask ventilation

Authors define this condition as the inability of an experienced specialist (inten-
sivist or anesthesiologist) to maintain oxygen saturation above 90% with a 100%
FiO2 face mask [2]. The condition occurs generally as a consequence of inadequate
mask seal, excessive gas leak (both are seen mainly in patients with complicated face
anatomy, obesity, age over 65, “no teeth,” and beard and/or mustache), or excessive
resistance to gas inflow and outflow (seen in cases with “stiff lungs” or foreign body
in the airways).

2.2 Difficult supraglottic airway ventilation

Difficult supraglottic airway ventilation is defined the same as difficult face mask
ventilation and occurs in the same circumstances.

2.3 Difficult supraglottic airway placement

Difficult supraglottic airway placement encounters the inability to place supraglot-
tic device after multiple attempts in the presence or absence of tracheal pathology.

2.4 Difficult tracheal intubation

Difficult tracheal intubation is a state of unsuccessful tracheal tube placement
after three or more attempts or time elapse more than 10 minutes spent to perform
tracheal tube placement by due to presence or absence of tracheal pathology. Difficult
tracheal intubation (orotracheal, nasotracheal, or transtracheal) may occur as the
consequence of difficult laryngoscopy (inability to visualize any portion of vocal
cords after multiple attempts) or failed intubation (incorrect placement of the
intubation tube after multiple attempts).
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2.5 Difficult surgical transtracheal intubation

Difficult surgical transtracheal intubation covers the terms of unsuccess-
ful cricothyrotomy or tracheotomy after multiple attempts processed by skilled
practitioner [2, 3].

3. Prediction

Proper physical examination and medical history of a patients may provide clues
for prediction of DA. It is important for practitioners to be aware and prepared for
complicated intubation situations to reduce unpleasant outcomes and to provide
high-quality healthcare. Depending on whether the cases are predicted to be difficult
or not, airways are classified into anticipated and unanticipated. As a common rule,
not all anticipated difficult airways appear problematic at performance. Emergency
department practitioners do not generally have enough time for detailed physical
examination of a patient with the risk of respiratory collapse. However, a quick look
on patient’s overall appearance may be profitable. Examination in elective circum-
stances starts with head and neck assessment and includes:

3.1 The jaw opening

In general, it is about 4 cm, which could be easily measured by three finger
breadths between upper and lower incisors. The jaw opening lesser that three fingers
is considered as limited mouth opening and complicates laryngoscope blade position-
ing in the mouth.

3.2 Size of the tongue

It is usually examined during the evaluation of Mallampati score. Extremely large
tongues in contrast to mouth diameter are also predisposed to DA.

3.3 Abnormal teeth or lack of teeth

Incomplete frontal dentition, presence of loose teeth or prosthesis, inappropriate
prognation (inability to protrude the mandible so that the lower incisors are anterior
to the upper incisors), and too prominent upper incisors.

3.4 Abnormal congenital or acquired mandibular anatomy

Micrognathia (small size of mandible) and retrognathia (abnormally posterior
location of mandible compared to maxilla) are two main structural abnormalities
of mandibular shape, which are predisposed to DA. These rare conditions occur 1 in
1500 live births worldwide [4, 5] and are generally associated with inborn genetic
errors, for instance, Pierre Robin sequence, Treacher Collins syndrome, branchio-
oculo-facial syndrome, cri du chat syndrome, trisomy 13 and trisomy 18, and so
on [6]. Acquired mandibular or maxilla pathologies are commonly associated with
maxillofacial traumas and burns.
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3.5 Head and neck mobility

Cervical range of motion decreases with age. Cervical spine arthritis, ankylosing
spondylitis, previous cervical surgery, and neck collar presence due to traumatic
accident may lead to restricted neck extension, which complicates the positioning of
head for successful intubation.

3.6 Neck circumference

Normal values are <37 cm in males and < 34 cm in females. Obesity, thyroid gland
diseases, obstructive sleep apnea syndrome, and pregnancy are among the most
common reasons of increased neck circumference.

3.7 Presence of facial hair, beard

The presence of beard or moustache predisposes to difficulties with mask sealing
during ventilation and air leak through facial hair.

3.8 Mallampati classification

It was described in 1985 as a test to predict difficult laryngoscopy and involves the
assessment of how far the tongue size restricts pharyngeal view.

* Class I: Tonsillar pillars, uvula, and hard and soft palates are easily visualized.
* Class II: Partial uvula and soft palate are visualized.

* Class III: Only the soft palate is visualized.

* Class IV: No uvula or soft palate is visualized.

3.9 Cormack-Lehane (CL) score

It was described in 1984. This score, unfortunately, has little correlation with
Mallampati score, so it is impossible to predict the CL grade by simple physical exami-
nation of the patient. CL is assessed only after direct laryngoscopy has been pro-
ceeded and is expressed as the degree of glottis aperture visualization. The updated
CL description is as follows:

* Grade 1: A full view of glottis including arytenoid cartilages, vocal cords, and
epiglottis.

* Grade 2a: Only posterior laryngeal aperture is visualized and includes part of
vocal cords, arytenoids, and epiglottis.

* Grade 2b: Posterior aperture and vocal cords are not visualized; only arytenoids
are defined.

* Grade 3: Only epiglottis is visualized (no vocal cords, no arytenoids).

* Grade 4: No glottis structure is visualized (no epiglottis, no vocal cords, no
arytenoids).
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Both Mallampati and CL scores > 3 are considered as difficult laryngoscopy and
intubation circumstances and require difficult airway preparation.

3.10 Upper lip bite test (ULBT)

Sensitivity of ULBT in prediction of DA is more than 70%. Specificity for ULBT
is >85% [7]. Upper lip bite test evaluates mandibular movement, which is important
during tongue root elevation with laryngoscope blade. To measure the mandibular
joint mobility, the patients are asked to bite their upper lip with lower incisors as high
as they can [8].

* Class I: Lower incisors can bite above the vermilion border of the upper lip.
* Class II: Lower incisors cannot reach vermillion border.
¢ Class III: Lower incisor cannot bite upper lip.

3.11 Thyromental distance

It is the distance between thyroid notch and chin tip. Normal range is fluctuative,
depending on the age and gender, but measurements <6.5 cm (3 finger breadths)
indicate anticipated DA.

3.12 Hyomental distance

It is the distance between hyoid bone and chin tip. Normal range is equal or more
than 4 cm (2 finger breadths). Distance less than two fingers is predisposed to DA.

3.133-3-2rule

It is a simple tool for difficult intubation prediction, which combines three
distinct measurements: three finger breadths between upper and lower incisors, three
finger breadths between thyroid notch and chin, and two finger breadths between
hyoid cartilage and chin. The distances should not be measured in head-extended
position!

3.14 LEMON

It is an abbreviation of another difficult intubation prediction tool, which is
extremely useful and quick. The higher the score, the harder is the intubation. This
method was first developed by Scottish emergency department practitioners after
evaluating data from patients diagnosed with anticipated difficult airways, between
June 2002 and September 2003 [9].

L-look externally:

facial trauma 1 point
large incisors 1 point
beard or mustache 1 point
large tongue 1 point
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E-evaluate the 3-3-2 rule:

interincisor distance 3 finger breadths 1 point
thyromental distance 3 finger breadths 1 point
hyomental distance 2 finger breadths 1 point
M-Mallampati score > 3 1 point.
O-obstruction (may be quickly suspected if stridor is present)/obesity 1 point
N-neck mobility (asking the patient for cervical extension and flexion/ 1 point

presence of collar or any other evident neck immobility feature)

3.15 Six features have been identified as likely to cause difficulty with bag mask
ventilation (BMV)

* Presence of beard
¢ Lack of teeth

* Age>55

BMI > 30

* History of snoring

* Inability to protrude mandible
3.16 MOANS

The potential DA predictive features were further incorporated into MOANS
mnemonic by American Emergency Airway Course:

* M-mask seal (ineffective due to presence of beard, blood, trauma)

* O-obesity/obstruction

* A-age

* N-no teeth

* S-stiff lungs

No single tool or assessment method was identified as consistently being more
predictive than another, and multivariate measures intended to predict difficult
airway were too few and diverse among the studies to determine a common list of
predictors [3]. Experience confirms that a better way to judge on the severity of

airway difficulty of a patient is to interpret the anatomical and physiological features
in combination, naturally in the presence of sufficient time interval.
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4. Using ultrasound guidance (USG) for evaluation

Even after using multiple clinical screening tests, a significant incidence of
unanticipated difficult laryngoscopy (1-8%) has been observed [10]. In addition,
the clinical assessment tools play a limited role in unconscious and uncooperative
individuals [11]. So, in addition to general data, based on facial features, anatomical
landmarks, and measurements, we would like to share a brief overview of measure-
ments obtained from ultrasonography inspection of a patient. There are plenty of
distance measurements between significant head and neck landmarks that provide
foresight concerning the degree of being at loss of airway management. Ultrasound
usage in all departments and among practitioners has become extremely widespread,
and there seems to be no obstacle for emergency doctors to evaluate several features
in elective circumstances. According to the 2022 ASA Practice Guideline Difficult
Airway Management, measuring the skin-to-hyoid distance, skin-to-epiglottis
distance, and tongue volume by USG is the simplest, fastest, and most sufficient way
to decide whether the airway is complicated or not.

4.1 Skin-to-epiglottis distance (DSE)

In the absence of front neck adipose tissue, this distance is the same as skin-to-
thyrohyoid membrane distance (DST). This distance is the most predictive and
trusted among USG measurements. The distance may be measured in parasagittal or
mid-transverse plane. Is also measured with linear probe placed sagittal (Figure 1) or
transversely (Figure 2) over the midway between hyoid bone and thyroid cartilage

Figure 1.
Parasagittal USG view of DSE. Blue star: hyoid bone, red star: thyroid cartilage, green star: thyrohyoid
membrane, yellow stay: tongue root, white arrow: epiglottis, blue arrow: DSE. Copyright belongs to the authors.
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Figure 2.
Transverse USG view of DSE. Green star: pre-epiglottic space, white stays: sternocleidomastoid muscles, black
star: epiglottis, blue star: glottis, black arrow: DSE. Copyright belongs to the authors.

(at the level of the epiglottis). Epiglottis is identified as a curvilinear hypoechoic
structure with a bright posterior air mucosal interface and hyperechoic pre-epiglottic
space. It is important to mention that this distance shows variations in men and
women, so there is no clearly defined value. According to Guan et al. [12], a cutoff
value of 2.36 cm was optimized for DSE and proved to be more powerful predictive
value than other USG indicators for predicting a difficult laryngoscopy. This research
points on high sensitivity of 95% and specificity of 95% of DSE as an independent
predictive feature. Pinto et al. [13] evaluated the use of the USG measured distance
from the skin to epiglottis in the transverse plane and demonstrated that a cutoff
value of 2.75 cm was effective for classifying easy versus difficult laryngoscopies.
Falcetta et al. [14] also measured this same distance and found that a cutoff value of
2.54 cm was the most effective. The larynx is usually higher in males than in females;
on the other hand, laryngoscopy during intubation leads to manual elevation of
epiglottis, and consequently, the distance measured prior to instrumentation now
becomes shorter. To abolish doubts on eligibility and accuracy of DSE measurement,
the parasagittal measurement is recommended, as it avoids the effect of a high larynx
and can clearly visualize the adjoining relationship with the various larynx struc-
tures. Another research on DSE, conducted by Chabbra et al. [15] in 2022, defines
the cutoff value of > 1.67 cm to predict difficult laryngoscopy (the study encounters
measurements in mid-transverse plane at the level of vocal cords) but with lower
sensitivity (64.71%) and specificity (78.45%). Resuming all the mentioned above, the
approximate cutoff >2.36 cm is strongly associated with CL > grade 3 during parasag-
ittal measurements; a cutoff >1.67 cm is suspicious of CL > grade 2 during transverse
measurements.
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4.2 Skin-to-hyoid distance (DSH)

It is measured by placing the linear high-frequency US probe transversely over the
hyoid cartilage. The hyoid cartilage is visualized as a curved echogenic lining with
posterior acoustic shadow (Figure 3). According to Wu et al. [16], the distance more
than 1.28 cm predicts a difficult laryngoscopy.

4.3 Tongue volume

It is measured by a low-frequency convex probe with the patient in supine posi-
tion with head extended, mouth closed, and tongue slightly touching the incisors
(Figure 4). The probe is placed under the chin in the median sagittal plane and
adjusted to obtain the entire tongue outline clearly on the screen. The maximal verti-
cal dimension from the tongue surface to the skin is measured as the tongue thickness.
Although no clear data on cutoff value of tongue thickness exists, significant study
was conducted by Andruskiewicz’s et al. [17], and tongue volumes >12 cm show cor-
relation with difficult laryngoscopy and difficult intubation.

5. Preparation and equipment

The main goal during management of anticipated or unanticipated difficult
airway cases is to provide sufficient oxygenation. Time losses on decision-making,
unsuccessful attempts, or equipment supply should not cause an interruption in
the oxygen supply to the tissues. Remember, the goal is to provide ventilation, for
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Figure 3.
Transverse US view of DSH. Black star: Epiglottis, blue arrow: Hyoid bone, green arrow: DSH. Copyright belongs
to the authors.
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Figure 4.
Tongue volume USG measurement. Black star: tongue, black arrow: tongue volume, blue star: hyoid bone.
Copyright belongs to the authors.

example, inflow and outflow of fresh gas in order to sustain tissue metabolism. It is
not exactly intubation or any other invasive airway access that saves the lives. As it is
known, oxygenation is of vital importance. In cases when laryngoscopy and endo-
tracheal intubation seems difficult, and BMV provides necessary oxygenation, it is
wiser to simply ventilate the victim in spite of losing time on unsuccessful intubation
attempts. If DA is known or strongly suspected:
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Ensure the presence of difficult airway cart or emergency trolley with difficult
airway equipment.

Call for help as soon as possible. Do not struggle on DA or pursue intubation
rather than calling for assistance or maintaining oxygenation.

Airway management should be performed by the most skilled practitioner in the
field.

Make sure to provide the most proper position that will ease instrumentation and
ventilation.

Capnography should be used wherever airway performance is undertaken to
confirm correct airway device placement. If there is CO2 in the exhaled air, the
endotracheal tube (ETT) is in the trachea, and capnography is considered the
“gold standard” in this respect. Do not forget: “no Trace=wrong Place” [18].

Strictly administer supplemental oxygen before initiating airway management,
and keep delivering whenever feasible throughout the whole process.
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¢ If CICO (“can’t intubate can’t oxygenate”-the situation when failed intubation is
compounded by the inability to maintain adequate oxygen saturation with BMV)
diagnosed, surgical airway must be performed immediately.

Where difficult airways are anticipated, management includes the following basic
attitudes and interventions:

5.1 Airway maneuvers

The most commonly used airway manipulation is backward-upward rightward
pressure (BURP) adjustment on the larynx, performed externally by reposition-
ing thyroid cartilage, and the best laryngeal view is obtained to assist intubation.
Another maneuver is external cricoid pressure (Sellick maneuver), used for proper
visualization of vocal cords. Appropriate head and neck position is also important
for successful airway management. The aim of Sniffing position, which is broadly
used among anesthesiologists and emergency practitioners, is to bring the laryn-
geal and pharyngeal axes as close as possible to the oral axis. The position is easily
given after placement of 10 cm pillow under patient’s occipital bone and involves
cervical flexion and head extension. The “jaw thrust chin lift” is a principal and
extremely trusted maneuver practiced among anesthesiologist. The simultane-
ous chin protrusion and elevation, achieved by mandibular angle manipulation
with dominant single hand or both hands, mostly requires a second person and
improves BMV in almost all cases.

5.2 Noninvasive airway management devices

In case of anticipated DA, it is important to adequately preoxygenate the patient,
to earn extra time during airway management attempts. Preoxygenation increases
oxygen reserves (saturation of forced reserve lung capacity is especially important
in pediatric cases, who are extremely predisposed to desaturation after even subtle
apnea period) and delays the onset of hypoxia, and this way allows time for rescue
instrumentations. In anesthesiology practice, we prefer the term denitrogenation as a
synonym for preoxygenation, as not only oxygen reserve is fulfilled but also nitrogen
present in the residual and reserve lung volumes is replaced with oxygen. Classically,
preoxygenation is considered as 3-5 minutes of FiO2 = 100% patient ventilation
at the tidal volumes. This time lag is enough to remove nitrogen from respiratory
system. The ASA suggests other versions of preoxygenation. In a case of spontane-
ously breathing patient (preoxygenation prior to awake intubation), 4-12 breaths at
forced vital capacity in 1 minute or shortest time lag with FiO2 = 100% is enough to
avoid desaturation. If FiO2 is possible to be measured (in cases of emergency room air
BMV), 3 minutes of oxygen administration to reach an end-tidal oxygen concentra-
tion of 0.90 or higher (EtO2 > 0.9) is considered an appropriate preoxygenation [3].
The duration of apnea without desaturation can also be prolonged by passive oxygen-
ation (which means the patient shows no spontaneous breathing) during the apneic
period. This issue is called apneic oxygenation and can be achieved by administering
up to 15 L/min oxygen through nasal cannula [2]. High-flow ventilation devices are
used for this purpose and are widely administered for awake intubation, which will be
described later. Any healthcare practitioner should be familiar with the basic equip-
ment required for airway management:
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5.2.1 Rigid laryngoscopic blades

Macintosh (curved) and Miller (straight) blades are available in sizes from
neonatal (No. 0) to large adult (No. 4). The aim of a blade is to remove oral
anatomical structures to provide the vision of the glottis. Levering of blades
(using shorter or longer blade during intubation attempts) has shown to rise the
intubation success rate [3]. As a common rule, straight blades are used for infant
intubation, while curved blades are more practicable for adult and pediatric
instrumentations.

5.2.2 Adjuncts

Bougies are rubber, elastic, 50-60 cm long wires with 30 degrees angulated tips.
They are usually indicated in cases of CL grade 3-4, and the practitioner inserts the
bougie just below the epiglottis without seeing the vocal cords. After that, endotra-
cheal tube is inserted over the bougie. Some of them may have lumen and fenestrated
tips, so oxygenation may be allowed while providing necessary airway manipulation
resources or conducting surgical airway. Some of these devices are equipped with a
video or fiber-optic display element at the distal end. Light wands allow the practitio-
ner to view the glottis from outside the mouth; at the same time, the progression of
the device through the vocal cords results in light transillumination in the midline of
the neck, which confirms proper positioning.

5.2.3 Supraglottic airway devices (SAD)

Laryngeal Mask airways, or so-called LMAs, were first described in 1983 by
Archie Brain [2] and are considered one of the milestones of airway management.
Additionally, SAD" is indicated for CL grade 3—4 cases and difficult BMV situa-
tions. Being placed blindly, none of SADs directly intubate the patient but seal
around and above the glottis. Thus, they carry the risk of aspiration. Another
disadvantage of using LMA is its instability and displacement risk during transpor-
tation, even if accurately secured and fixed. The diversity of LMA modifications is
now present. Intubating laryngeal mask airway (ILMA), or so-called FASTRACH,
has a handle and is used for blind intubations. The sealing mechanism is the same
as for classic LMA, whereas FASTRACH has its own special endotracheal tube.
Despite blind insertion of the tube, proper tracheal intubation rates are extremely
high. The Air-Q Intubating Laryngeal Airway (ILA) was first introduced by Daniel
Cook in 2005. It is available in distinct sizes, in both disposable and reusable forms.
The only difference from FASTRACH is the absence of a handle. A special intuba-
tion tube is inserted, as in the case of ILMA, blindly through the Air-Q. I-Gel LMA
is different from mentioned devices in the way its hypopharyngeal part (the part
that seals onto the larynx) has a preshaped soft thermoplastic elastomer and has
no inflatable cuff, so easier insertion and less trauma is encountered. Except this
advantages, I-Gels have gastric channel for aspiration. Recommended insertion
depth and size, correlated with weight, are shown on the outer surface of the
device.

! The SAD are briefly described in this chapter, without detailing, as they are the scope of another chapter.
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5.2.4 Retroglottic airway devices (RAD)

Combitube is a double lumen tube, advocated for blind intubations. The tube has
two separate lumens: one for esophageal intubation, with single pore at its tip (clear)
and another, with multiple fenestrations on both sides, for air entrance into supraglot-
tic area (blue). Esophageal lumen is inflated with 10-15 ml of air and the supraglottic
one with 80-100 ml of air. This device is not used in pediatric patients and is present
only in two sizes. 37F size is appropriate for patients <170 cm height, and 41F is
indicated for patients >170 cm height. The recommended maximum duration for
Combitube persistence in the airway is 8 hours. In some cases, blind insertion of
Combitube may accidentally intubate trachea, which is not fatal but even beneficial.
In this case, just inflating the cuff of the esophageal lumen is enough, just as with
ETTs. However, the cases of tracheal intubation with Combitube should definitely be
recognized, as the cuff inflation with 10-15 is hazardous for tracheal wall. Separate
ventilation of every lumen in combination with midaxillary line lung auscultation
is the simplest way to differentiate whether esophagus or trachea is intubated. If
respiratory sounds are achieved during ventilation through esophageal lumen (clear
one), tracheal intubation should be suspected.

5.2.5 King laryngeal tube (King LT)

It differs from Combitube by having a single pilot balloon for both cuff inflations.
This device also has two lumens, both ending up in two apertures: the shorter one
beveled anteriorly and the longer one beveled posteriorly. The posteriorly beveled
tip of the longer lumen escapes tracheal insertion. This tip should enter esophagus
with its smaller cuff preventing regurgitation. Beveled tip allows aspiration catheter
insertion through the device and gastric matter aspiration if needed. The shorter
lumen has no side fenestrations (in contrast to Combitube), and its anteriorly beveled
tip remains just superior to glottis, thus providing laryngopharyngeal ventilation.
Esophageal lumen cuff (the smaller one) is inflated inside the esophagus, while the
larger supraglottic cuff separates pharynx from larynx just beneath the root of the
tongue. As mentioned, both cuffs are inflated by single pilot balloon with 60-100 ml
of air, depending on the device size. The size and required air inflation volumes are
indicated on the outer side of the tube and accord to patients’ height. King LT maxi-
mum airway persistence period is the same as for Combitube and is also not recom-
mended for use in children.

The contraindications for Combitube and King LT include obstructive masses
or foreign bodies in laryngopharynx, known lesions of esophagus and larynx (as
cuff inflation may lead to perforation) and patients with preserved gag reflex. In
contrast to supraglottic devices, these ones reduce the risk of airway aspiration and
regurgitation.

5.2.6 Videolaryngoscopes

These are preferred in cases when direct laryngoscopy does not provide neces-
sary visualization of glottis. It has more angled blades, a camera built into the blade
tip, and a screen. The screen is located on the handle in some and as a separate unit
in others. The more angulated blade curvature, in combination with localization of
optic camera on the tip of the videolaryngoscope blade, improves the view of glottis
aperture. Besides this, ETT insertion and progression in patients with micrognathia
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or incomplete mouth opening is comforted, as tube passage through the airway is
visualized from outside the mouth. Videolaryngoscopes improve Cormack-Lehane
views of the larynx by one to two grades [19]. This device should be preferred as
first—to pass in high aspiration risk patients. There are two types of videolaryngo-
scopes: channeled-guided (examples include Airtraq, King Vision, and Pentax) and
non-channeled-guided (Glidescope, C-MAC, and McGrath). The difference is that
channeled ones are more angulated at the curvature and also have a conduit for ETT
guidance (which is beneficial in patients with immobile cervical spine) [19].

5.2.7 Fiberoptic (FBO) intubation and awake airway management

Visualization of airway passage is possible with a flexible endoscope with an
optic fiber inside it. The tip of the device is manipulated by a handle from outside the
airway. The endotracheal tube is seated along the scope. After proper glottis visual-
ization, the ETT is forwarded to the trachea; then, the fiber optic guide is removed.
Insertion of fiberscope may be through nostrils (inferior concha) or through the oral
cavity. This technique is appropriate for awake or mildly sedated patients. The reason
for this is necessity of tongue and airway wall tonus to be preserved, as fiberscope
advancement through collapsed airway restricts reaching the trachea. Awake patient
intubation is a complicated but, at the same time, a very safe method to be tracked at
elective anticipated difficult airway circumstances. This method is of little practice
in emergency departments but anyway deserves a brief discussion. The indications
for awake fiberoptic airway intubation include: patients with previously recorded
difficult intubation or difficult ventilation history (known CICO cases), predicted
difficult airways due to inability to access pre-cricoid or pre-thyroid region, known
aspiration risk, and cervical spine immobility.

At the other end, definite contraindications are present:

* Impending airway obstruction (epiglottitis or any other upper airway infection
or abscess that may rupture or progress).

* Blood, infection or fragile tumoral tissue in the upper airways (due to potential
contamination of lower airways).

* Patient refusal or uncooperative patient.

* Penetrating eye injuries.

* Fractured skull base (accidental fiberoptic device insertion into brain).
* Absence of skilled practitioner.

An important step in the preparation for awake intubation is topical anesthesia.
Topical anesthesia can be provided either through surface analgesia or using appro-
priate nerve blocks [20]. The average dose necessary for topical anesthesia is 8-9 mg/
kg lignocaine. It is important to anesthetize oral cavity (or nasal cavity in cases of
nasal intubation), pharynx, and larynx. Lignocaine sprays for oral cavity and swabs
lubricated with lignocaine for nasal cavity require 5-10 minutes for the top numb-
ness to be achieved. Pharynx is anesthetizes by introducing lignocaine swabs into
palatoglossal and palatopharyngeal folds or, simply, by asking the patient to gargle
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2% viscous lignocaine. To anesthetize the laryngeal region, injection of lignocaine
through cricothyroid membrane in caudad orientation at the end of patient’s deep
inspiration. This approach causes cough reflex, which ultimately improves the disper-
sion of local anesthetic. It is important to provide oxygen supply (the most preferred
method is high-flow oxygen cannula) during the whole process of topicalization and
fiberoscope advancement. The performer may also use the “spray and go” technique:
when local anesthetic is injected through fiberoscope’s suction canal and oxygen
supply is attached to the canal simultaneously. This provides both, oxygenation and
topicalization. Successful topicalization may not always be achieved and, besides,
takes a little longer time, so practitioners prefer to combine local anesthetic infiltra-
tion with light sedation, without neuromuscular blocker addition, as mentioned
above, to secure airway tonus for scope fibers progression.

5.3 Invasive airway management techniques
5.3.1 Retrograde wire-guided intubation

This technique includes endotracheal tube progression along a wire, inserted
retrograde from the larynx up to the oral cavity. The approach may be considered
in cases of oral, pharyngeal, or laryngeal tumors (impossibility of glottis visualiza-
tion); patients with stiff laryngeal wall (unable to be elevated with laryngoscope
blade); unsuccessful intubation attempts; patients with immobile cervical spine due
to variety of reasons (ankylosing spondylitis, cervical collar etc.); and especially
patients with maxillofacial trauma and burns. A 16-20 G needle is used to puncture
the cricothyroid membrane. Care should be taken to avoid thyroid gland, cricothyroid
artery, and posterior laryngeal wall damage during puncture. The needle is initially
approached 90 degrees to the skin, and negative pressure applied by the syringe. Air
rush into the syringe informs that needle is inside the larynx, and at this step, the
needle should be redirected 45 degrees cephalad. The guide-wires incorporated into
central vein catheterization kits are most commonly used for retrograde intubation.
The guide wire is introduced through the needle until it appears out of the mouth or
nostrils. Endotracheal intubation tube exchanger (ETT exchanger) is then advanced
upon the guide wire, until resistance is felt as anterior laryngeal wall is contacted.
At this step, the cephalad end of the guide is exerted with simultaneous advance of
ETT exchanger, which consequently passes through vocal cords. The next step is the
progression of appropriate sized intubation tube along the exchanger and final draw-
ing out of the ETT exchanger. Do not hesitate BMV, passive oxygenation, or high-flow
nasal cannula ventilation of the patient during retrograde airway management! In the
case of absence of ETT exchanger, intubation tube may be simply advanced through
wire guide, but this method carries risk of tube dislodgement into esophagus or
tube clinging at any level throughout the passageway (as the guide wire is too thin to
properly route the tube, bigger than self-diameter).

5.3.2 Front-of-neck percutaneous needle cricothyrotomy

The technique resembles the retrograde intubation, except the guide wire is
protruded downward into the trachea instead of upwards. Ready kits are present to
perform cricothyrotomy. The main goal is to perform a tiny longitudinal incision
on the cricothyroid membrane. Then, a needle is inserted into the airway through
the incision (again with a negative pressure syringe, and stop advancing as air fills
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the syringe). The kit needle usually has a plastic catheter over it. Taking care not to
puncture the opposite laryngeal wall, the needle is then removed with simultane-
ous pushing the catheter in caudad direction. A guide wire is introduced; then, the
plastic apparatus is removed. Special dilatator present in the kit is slid along the
guide with rotational manipulations, again, with care not to harm the opposite wall.
After the dilatator is removed, the cannula is introduced through the guide, and the
guide finally removed. Both retrograde intubation and cricothyrotomy (as well as
tracheotomy) necessitate immobility of thyroid cartilage and laryngeal structures
during needle insertion. This is best achieved by fixating the thyroid cartilage with
nondominant hand in the following matter: the thumb and middle finger grasp the
thyroid cartilage at both sides, thus stabilizing it and preventing movement. Index
finger is placed on the cricothyroid membrane, exactly at the point where the needle
is inserted (this fixation method is called laryngeal handshake).

5.3.3 Front-of-neck scalpel cricothyrotomy

This method is preferred in cases when no crycothyrotomy kit is available.
Depending on whether the cricothyroid membrane is palpable or not (cases of
irradiated neck, when the tough front neck tissues are impossible to differentiate),
two methods are described in literature. If cricothyroid membrane is easily identi-
fied by laryngeal handshake motion, a transverse 4 cm incision is made; blind finger
dissection of subcutaneous tissues is performed until the cricothyroid membrane is
palpated or visualized. Then, another horizontal incision is made over the membrane
itself. Finger palpation of cricoid cartilage and tracheal lumen, together with the
incised aperture dilatation, assists the bougie (or 6.0 mm ETT tube) insertion in cau-
dad orientation at the depth less than 10 cm (carina is reached at that depth). Then,
the 6.0 mm ETT is slid along the bougie into the airways. If cricothyroid membrane
is not palpated properly, a vertical incision is preferred. It may extend upward until
mandibula or downward until sternum in order to anatomically define the membrane.

5.3.4 Front-of-neck percutaneous tracheostomy

Out of scope of emergency airway management.

6. Guidelines

The steps, which should be followed in cases of difficult airway, were described by
American Association of Anesthesiology (ASA) and Difficult Airway Society (DAS)
[21]. First DAS guideline was adopted in 2015, and the recommendations are repeat-
edly updated and revised. Here, we submit 2022 difficult intubation guideline, as the
simplest way to decide on which action to choose (Figures 5 and 6).

During Plan A, if the laryngoscopy is unsuccessful, return back to ventilation and
suggest which maneuvers may challenge your laryngoscopy. Reposition patient’s head,
administer paralytic drug (in cases when vocal cords are visible, but intubation is made
impossible due to their closed state), use external maneuvers, discussed above, and try
laryngoscopy again. A max of 3 laryngoscopies may be attempted by the same practitio-
ner; then, the practitioner should be replaced and is permitted only 1 (max 2) attempt,
as further instrumentation may lead to airway damage and even harder intubation
conditions. If intubation is considered impossible after Plan A, the practitioner should
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Figure 5.

Reproduced from “Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation
in adults” C. Frerk, V. S. Mitchell, A. F. McNarry, C. Mendonca, R. Bhagrath, A. Patel, E. P. O’Sullivan, N. M.
Woodall, and I. Ahmad, Difficult Airway Society.

proceed to Plan B and use the supraglottic device. In case of successful Plan B, the patient
may be left with SAD, or the trachea may be intubated through the SAD. ILMA and ILA
are most commonly used intubating suraglottic devices and are discussed above. There
is still another method allowing ETT placement into trachea through SAD. A modified
Bailey’s maneuver may also be employed. The manipulation is described by incorpora-
tion of fiberoptic FASTRACH or Air-Q and then sliding the ETT (or ETT exchanger
tube) into trachea under direct glottis visualization.

If Plan B has also failed, the patient should be started on ventilation again and
woken up. If BMV is also unsuccessful, then switch to Plan C and perform immediate
cricothyrotomy without delay.

7. Difficult airway management in special cases

* Obese patients are prone to airway wall collapse that restricts BMV. Any obese
patient should be suspected to have difficult ventilation and difficult intubation.
It is recommended to have a ready-to-use videolaryngoscope and employ it after
the first unsuccessful intubation attempt. Do not forget that ramped head posi-
tion (achieved by raising the patient’s head with multiple pillows, to bring the
external ear meatus on the same line with the sternum) alleviates laryngoscopy.
At the other end, increased abdominal pressure and reduced lung reserve volume
prone the patient to quick desaturation and high risk of aspiration. It is advanta-
geous to ventilate the patient in Trendelenburg position, both to avoid aspiration
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»  Failed intubation, failed oxygenation in
the paralysed, anaesthetised patient
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2015

CALL FOR HELP

Continue 100% O,
Declare CICO

Plan D: Emergency front of neck access

Continue to give oxygen via upper airway
Ensure neuromuscular blockade
Position patient to extend neck

Scalpel cricothyroidotomy

Equipment: 1. Scalpel (number 10 blade)
2. Bougie
3. Tube (cuffed 6.0mm ID)

Laryngeal handshake to identify cricothyroid membrane

Palpable cricothyroid membrane
Transverse stab incision through cricothyroid membrane
Turn blade through 90° (sharp edge caudally)
Slide coude tip of bougie along blade into trachea
Railroad lubricated 6.0mm cuffed tracheal tube into trachea
Ventilate, inflate cuff and confirm position with capnography
Secure tube

Impalpable cricothyroid membrane
Make an 8-10cm vertical skin incision, caudad to cephalad
Use blunt dissection with fingers of both hands to separate tissues
Identify and stabilise the larynx
Proceed with technique for palpable cricothyroid membrane as above

Post-operative care and follow up
+ Poslpone surgery unless immediately life threatening
= Urgent surgical review of cricothyroidotomy site
+ Document and follow up as in main flow chart

This flowchart forms part of the DAS Guidelines for unanticipated difficult intubation in adults 2015 and should be used in conjunction with the text

Figure 6.

Reproduced from “Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation
in adults” C. Frerk, V. S. Mitchell, A. F. McNarry, C. Mendonca, R. Bhagrath, A. Patel, E. P. O’Sullivan, N. M.
Woodall, and 1. Ahmad, Difficult Airway Society.

and to sustain effective preoxygenation. Obese individuals pose difficulty at
cricothyrotomy too. Due to excessive front neck fat tissue, identification of
cricothyroid membrane is harder. Besides, the cricothyrotomy tube is usually
too short to be advanced into the trachea, so scalpel—bougie technique and ETT
insertion are preferred.

* Blunt or penetrating head and neck traumas, as well as blunt and penetrat-
ing direct airway traumas, burns are serious life threating conditions with
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concomitant difficult airway status. Neck fractures restrict cervical mobility and
acute bleeding harden laryngoscopy; presence of burns leads to tissue swell-

ing, and hematomas provide extra obstruction, all of which complicate airway
device insertion. In such cases, it is of vital importance to diagnose if the airway
obstruction is impending and manage airway protection before total failure
occurs. In cases with visible tracheal laceration, take precautions to prevent
tracheal retraction into airway. For this purpose, the trachea may be grasped
with a clamp and immediate front-of-neck tracheotomy, and ETT placement
should be performed. If there is no visible laceration of trachea, the practitioner
should diagnose if the obstruction of airway is above or beneath the larynx.

For cases with up-to-larynx obstruction and damage, steps for front-of-neck
techniques are the only options. For cases with down-the-larynx obstruction or
damage ‘double setup’ (simultaneous preparation for oral intubation and crico-
thyrotomy) or, even, ‘triple setup’ (simultaneous preparation for oral intubation,
nonsurgical rescue device, and cricothyrotomy).

* Angioedema is another common difficult airway scenario faced in emergency
departments. The goal is to evaluate how far the patient’s airway is swelled.
When diagnosing the patient, pay attention to uvula involvement. Asking the
patient to pronounce his/her name may provide a concept about vocal cord
involvement. If both uvula and vocal cords are suspected to be swelled, awake
fiberoptic intubation is the approach of choice. The chance for direct laryngo-
scope or videolaryngoscope intubation is extremely low. If the patient admits
with respiratory arrest, front-of-neck approach (may be combined with laryn-
goscopy attempt) should be undertaken immediately.

8. Conclusion

Although this chapter aimed to cover every single detail concerning difficult air-
way and its management, we still must mention that the final decision and approach
is the practitioner’s decision. In reality, the practitioners face very complicated situa-
tions and usually are obligated to manage combination of difficult airway contexts, so
the outcome is greatly influenced by the experience of the healthcare professional at
the injured one’s head.

Abbreviations

ASA American Society of Anesthesiology
BMV Bag mask ventilation

BURP Backward-upward-rightward-pressure
CICO Cannot intubate cannot oxygenate

CL Cormack-Lehane

DA Difficult airway

DAS Difficult Airway Society

DSE Skin-to-epiglottis distance

DSH Skin-to-hyoid distance

DST Skin-to-thyrohyoid membrane distance
ETT Endotracheal tube
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FBO Fiberoptic

ILA Intubating laryngeal airway
ILMA Intubating laryngeal mask device
King LT King laryngeal tube

LMA Laryngeal mask airway
RAD Retroglottic airway device
SAD Supraglottic airway device
ULBT Upper lip bite test

Us Ultrasound

USG Ultrasound guidance
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Chapter 4

Airway Disorders as Predictive

Factors of Exacerbations in Asthma
and COPD

Hiroaki Kume, Natsumi Watanabe and Yasuhito Suzuki

Abstract

Asthma and chronic obstructive pulmonary disease (COPD) are heterogenous
diseases in the respiratory system. Since wheezing, reduced FEV}, eosinophilic airway
inflammation, and airway hyperresponsiveness are observed in some patients with
COPD similar to asthma, differential diagnosis is sometimes difficult in subset of
these diseases. To advance the management and treatment of asthma and COPD, it is
necessary to accurately classify patients with these two diseases according to distinct
clinical phenotypes based on clinically meaningful outcomes such as symptoms,
exacerbations, response to therapy, and prognosis. However, since several phenotypes
are present in individual patients, a search for treatable traits needs to establish preci-
sion medicine for asthma and COPD. Since these diseases worsen with each repeated
exacerbation, the establishment of treatment to avoid exacerbations is the most
important goal of the long-term management of these diseases. Airway physiological
and pathological disorders, such as reversibility in FEV;, airway hyperresponsiveness,
airway eosinophilic inflammation, and upper respiratory infection, are probably con-
sidered as major predictors of exacerbations. This chapter states clinical phenotypes
related to acute exacerbation to establish treatable traits for asthma and COPD.

Keywords: airway eosinophilia, airway hyperresponsiveness, lung function,
phenotypes, treatable traits, precision medicine

1. Introduction

Not only bronchial asthma (asthma) but also chronic obstructive pulmonary
disease (COPD) is generally considered as a common, preventable, and treatable
disease, and these two diseases are complex and heterogeneous [1, 2]. Moreover, the
differential diagnosis between elderly asthma and COPD is sometimes difficult using
symptoms and lung function tests [3]. To indicate the complexity and heterogene-
ity concerning asthma and COPD, each patient with these two diseases should be
meaningfully divided into groups according to similar clinical characteristics (clini-
cal phenotypes). However, it has not been yet clinically established to identify and
classify patients with these two diseases into defined subtypes according to distinct
phenotypes. In these heterogenous diseases, individual patients can be stratified
according to clinical phenotypes [4, 5]. Stratified medicine for these diseases based on
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distinct phenotypes is essential to advance toward personalize (precision) medicine,
which is optimal medicine for these heterogenous and incurable diseases, such as
asthma and COPD [6-8].

In recent years, longitudinal cohort studies for asthma [9] and COPD [10] were
conducted to recognize the heterogeneity of these diseases. These cohort studies are
probably beneficial to research clinical phenotypes, which are multiple characteristics
in each disease, and for the development of treatable traits based on these distinct
phenotypes, leading to the establishment of precision medicine in these two diseases.
Each patient with these diseases can be grouped according to phenotypes, and these
groupings are proposed to determine clusters of patients with common characteris-
tics that relate to clinically meaningful outcomes such as symptoms, exacerbations,
response to therapy, and prognosis (stratified medicine) [5, 11]. Furthermore,
multifocal approaches to deal with diseases probably provide relevant information
that can classify different subtypes of these diseases. Hence, these heterogeneous
diseases should be assessed using multiple dimensions including clinical, physiologi-
cal, imaging, and endotyping [8, 12].

Since severe exacerbations are closely related to comorbidity, prevention of acute
exacerbations is a primary goal of management and therapy for asthma and COPD.
Symptoms of these diseases possibly become worse based on various factors including
upper airway infections, airway inflammation, comorbidities, and environmental
risks [13]. In exacerbations, these two diseases have similar symptoms such as dys-
pnea, wheezing, chest tightness due to airway obstruction, and mucus production
due to airway inflammation. Despite the present guideline-compliant therapy, acute
exacerbations are not completely prevented in some cases of these diseases. Mild—
moderate exacerbations require additional treatment such as rapid-acting bronchodi-
lators, corticosteroids, and antibiotics. Repeated exacerbations result in a significant
deterioration of lung function through airway remodeling [13, 14]. Accelerated loss of
lung function in turn brings about increased risk of recurrent exacerbations in these
patients, referred to as a vicious cycle. This phenomenon may cause the exacerbation-
prone subset of asthma and COPD as novel phenotypes of these diseases [14, 15].
Functional and morphological alterations in the airways probably are associated with
exacerbation triggers in these diseases.

Patients who are prone to exacerbations of asthma and COPD will deteriorate
quality of life because of emergency visits and hospitalizations. Therefore, to sta-
bilize symptoms related to these diseases in the future, it is necessary to search for
distinct predictors of exacerbations. Moreover, it is desirable that suitable therapy for
long-term management for these diseases should be established based on accurately
predictable factors for exacerbations as treatable traits [14, 16-20]. This chapter
states clinical phenotypes related to acute exacerbation to establish treatable traits for
asthma and COPD.

2. Asthma
2.1 Clinical features
Although asthma is a common disease, diagnosis criteria are not clearly stated

in the latest Global Initiative for Asthma (GINA) report [21]. Asthma is a hetero-
geneous and chronic respiratory disease, and airway inflammation and airway
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hyperresponsiveness are fundamentally pathophysiological features of this disease.
These characteristics are beneficial to diagnose asthma accurately but are not clini-
cally used much because the related methods of examinations such as sputum induc-
tion and methacholine provocation test are complicated. These characteristics are
usually persisted even when symptoms are absent, and lung function is within normal
limit. Moreover, it is quite difficult to return airway hyperresponsiveness to normal
using conventional treatment with corticosteroids. However, the latest GINA report
states that these two characteristics are not necessary and sufficient for the diagnosis
of asthma [21], although they are probably therapeutic targets for the cure of asthma.
This disease is generally diagnosed based on the history of respiratory symptoms
(wheezing, dyspnea, chest tightness, and cough) that vary in intensity over time
with variable expiratory airflow limitation (a reduction in forced expiratory volume
in 1 second: FEV;). These variations are often triggered by factors such as allergen
exposure, exercise, and viral airway infections. The reversibility of airflow limita-
tion is useful for the diagnosis of this disease, but this examination is probably low
diagnostic sensitivity to asthma. The reversibility of airflow limitation is sometimes
undetectable because lung function remains normal in many patients with asthma
during a stable period.

2.2 Clinical phenotypes

Asthma is grouped as phenotype classifications according to their relative
expression of symptoms and inflammation in primary care with predominantly
mild to moderate disease and in secondary care with refractory disease populations
[4]. Two groups, “early onset atopic” and “obese, noneosinophilic” is common and
concordant in both care populations. In contrast, marked discordance is observed
in secondary-care asthma between clusters “early onset symptom predominant”
and “late-onset inflammation predominant”, which is specific to refractory asthma
[4]. The reasons for this dissociation are unclear; however, measurement of airway
inflammation in these subgroups is probably beneficial to a reduction in exacer-
bation frequency in the inflammation-predominant group [4]. In another trial,
distinct clinical phenotypes of severe asthma are classified into five categories
using unsupervised hierarchical cluster analysis [22]: (1) early onset atopic asthma
with normal lung function, (2) early onset atopic asthma with preserved lung
function but increased medication requirements, (3) older obese women with late-
onset nonatopic asthma, and (4, 5) severe airflow obstruction (Cluster 4: %FEV1
more than and equal to 65, Cluster 5: %FEV1 less than 65) [22]. Recently, cluster
analysis for patients with asthma has been carried out based on a novel multidi-
mensional approach, such as Th2, non-Th2, and mixed inflammation in the natural
history of asthma [23, 24]. The risk factors (genetic variants and environmental
exposures) and the molecular mechanisms (endotypes) may interact in complex
manners in each patient, and they are shared by some, but not all, patients [20].
The latest GINA report states that phenotypes of asthma similarly are identified
in five clusters according to clinical and pathophysiological features, that is, (1)
allergic, (2) nonallergic, (3) adult-onset, (4) persistent airflow limitation, and (5)
obesity [21]. However, except in patients with severe asthma, relationships are not
clearly observed between the pathological characteristics and the clinical patterns
or response to treatment. More studies are needed to establish the clinical utilities
of phenotype classification in asthma [21].
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2.3 Exacerbations

Patients with exacerbation-prone asthma generally have reduced lung function,
such as forced expiratory volume in one second (FEV;)/forced volume capacity
(FVC), percent predicted FEVj, percent predicted FVC, compared with other patients
with asthma [25]. Exacerbations are generally considered to make symptoms and
lung function worse than the usual condition. Although there is no clear consensus
concerning asthma exacerbations, a severe exacerbation is defined as the need for
treatment with systemic corticosteroids, emergency visits, and hospital admissions
[26]. Environmental (respiratory virus, allergen, etc.) and personal factors (IgE,
eosinophils, etc.) are associated with worsening symptoms and lung function in
asthma [27]. Exacerbations are mostly triggered by viral infections in the upper
airway; and airway eosinophilic inflammation induced by Th, cytokines is also gener-
ally considered to enhance susceptibility to exacerbations [28]. Moreover, another
report has also indicated that regulation of Th, cytokine acts as phenotype/endotype-
specific therapeutic targets for severe asthma management [29]. However, asthma
exacerbations caused by low Th, phenotypes are difficult to distinguish physiologi-
cally and symptomatically from those caused by high Th, phenotypes [30]. It needs to
be further understood concerning low Th, phenotypes. Major predictors associated
with respiratory disorders for asthma exacerbations are shown in Figure 1.

2.3.1 Infection

Rhinoviruses mostly cause asthma exacerbations in children and adults. Infections
of upper airway epithelial cells with Rhinovirus cause the release of pro-inflamma-
tory cytokines and chemokines and the recruitment of inflammatory cells, such as
neutrophils, lymphocytes, and eosinophils. Rhinovirus types are classified into three

y Lung function b
decreased reversibility in FEV, \
decreased FEV,/FVC ,FEV . FVC \\
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Figure 1.

Major predictors of exacerbations associated with respiratory disorders include function, infection, and
inflammation in exacerbation-prone asthma. lllustrated based on Refs. [13, 25, 31, 32].
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species (Rhinovirus-A, -B, and -C). Rhinovirus-A and -C are more likely to cause
asthma exacerbations, and Rhinovirus-C infections in the upper airways are prob-
ably associated with severe asthma exacerbations and admission to intensive care for
respiratory compromise [13]. In contrast, bacterial infections may not be so closely
related to acute asthma exacerbations. However, respiratory virus infections in the
upper airways may impair the antibacterial defenses, resulting in emergence of bacte-
rial infections or changes in the microbiome.

2.3.2 Reversibility of airflow limitation

Reversibility of airway obstruction (airflow limitation) is proven by an increase of
FEV; of more than 12% and 200 mL from baseline after inhalation of a short-acting -
adrenergic agonist using spirometry, and this bronchodilator reversibility is considered
not only a recommended diagnostic criteria for asthma but also an indicator of stable
long-term management of this disease. The maximal post-bronchodilator reversibility is
associated with the frequency of asthma exacerbations [13, 25]. In contrast, other clinical
reports have indicated that reversibility of airflow limitation is not always associated with
asthma exacerbations [33], and that reduced bronchodilator reversibility is a risk factor
against sensitivity to asthma therapy and is related to future asthma exacerbations [34].
It remains controversial whether the reversibility of airflow limitation can be a predic-
tive factor for asthma exacerbations. A lack of reversibility in airflow limitation may be
observed in a deterioration of lung function (airway remodeling) due to poor long-term
management; in contrast, this phenomenon is also observed in an amelioration of lung
function due to good long-term management. Therefore, the reversibility of airflow limi-
tation may be insufficient to accurately evaluate long-term asthma management status.

2.3.3 Airway hyperresponsiveness

Airway hyperresponsiveness is a fundamental feature in the pathophysiology of
asthma. This characteristic pathophysiology is represented as increased reactivity
to muscarinic receptor agonists (acetylcholine and methacholine), histamine, and
mannitol in the airway. The inhalation provocation test using these contractile agonists
is clinically performed to examine airway hyperresponsiveness, which is diagnosed as
threshold values of 8 mg/mL in these agents when the cumulative dose curve causing
a20% reduction in FEV; (PCy) was calculated in the inhalation challenge test using
these agents [35, 36]. However, the latest GINA report states that airway hyperrespon-
siveness is not necessary to make the diagnosis of asthma [21]. Since airway hyper-
responsiveness is resistant to the currently recommended treatment using inhaled
corticosteroids, it is generally considered that asthma cannot be cured. The severity of
airway hyperresponsiveness may related to instability of symptoms or frequency of
exacerbations. However, the relationship between asthma exacerbations and airway
hyperresponsiveness still remains unclear. Although the inhalation provocation test
using these contractile agents has the highest sensitivity to diagnose asthma, this prov-
ocation test to detect airway hyperresponsiveness is not always performed routinely for
clinical diagnosis of asthma, probably because of its complexity. A recent clinical study
has demonstrated that tezepelumab, a human anti-thymic stromal lymphopoietin
(TSLP) monoclonal antibody, may reduce airway hyperresponsiveness to mannitol in
patients with refractory asthma [37]. In vitro studies have shown that hyperresponsive-
ness to muscarinic agonists (airway hyperresponsiveness) is inhibited through the
inactivation of Rho-kinase, a target molecule of RhoA (a monomeric GTP-binding
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protein) in airway smooth muscle [38, 39]. Since Rho-kinase, an inhibitor of myosin
phosphatase, contributes to contraction, cell migration, cell proliferation, and reor-
ganization of actin cytoskeleton through Ca®* sensitization, this molecule is probably
a therapeutic target for airflow limitation, airway hyperresponsiveness, eosinophil
recruitment, and airway remodeling, which are the major features of asthma [40, 41].

2.3.4 Airway eosinophilia

Eosinophilic airway inflammation (eosinophil recruitment to the airways) is also
a fundamental feature in the pathophysiology of asthma. However, the latest GINA
report also states that airway eosinophilia is not necessary or sufficient to make the
diagnosis of asthma [21]. Allergen challenges cause eosinophil recruitment to the
airways in a sensitized mouse model of asthma, and this phenomenon is attenuated
in the presence of Rho-kinase inhibitors [39]. Eosinophil recruitment to the airways
is also clinically observed not only in unstable asthma [31] but also in stable asthma
[42]. Eosinophilic airway inflammation is probably associated with symptoms and
exacerbations in unstable periods in asthma, but little is unknown about the meaning
of eosinophilic airway inflammation in stable periods in this disease. In pathological
findings using bronchoscope, eosinophil infiltration to the distal airways is associated
with nocturnal symptoms in patients with asthma [31]. Small airway eosinophilia
may be involved in asthma exacerbations [43]. However, since clinical examination
for small airways has not been established yet, details are unknown about it. Although
sputum examination is a minimally invasive and accurate method to evaluate air-
way inflammation, the cut-off value (a criterion value for clinical diagnosis) is not
established yet in quantitative analysis of sputum examination, but eosinophilic
airway inflammation is generally defined as eosinophil fraction more than 3% [32].
In contrast, blood tests and fractional exhaled nitric oxide (FeNO) are clinically used
widely, probably because of their convenience, but these values may be inaccurate
because of indirect measurements for airway inflammation. A previous clinical trial
has demonstrated that a treatment strategy due to normalization of sputum eosino-
phil count markedly reduces asthma exacerbations and admissions with the need for
additional anti-asthma agents, compared with a standard management strategy due
to guidelines [32]. Among four measures of Th,-related inflammation (eosinophil
counts in blood and sputum, FeNO, IgE), a reduction in the sputum eosinophils
markedly suppresses the frequency of asthma exacerbations; in contrast, other three
clinical examinations related to Th, inflammation are not associated with a reduction
in asthma exacerbations [26]. Therefore, the number of eosinophils in the sputum
examination is probably a predictor for asthma exacerbations as a future risk.

3.COPD
3.1 Clinical features

Chronic obstructive lung disease (COPD) is also generally considered a heterogenous,
preventable, and treatable disease that is defined as persistent respiratory symptoms
(shortness of breath, chronic cough, and sputum production) and persistent airway
obstruction (airflow limitation) that will not return to the normal range [44]. The
pathogenesis of COPD is brought about by chronic lung inflammation due to oxidative
stress through cigarette smoke and other environmental exposures (biomass fuel, air
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pollution, etc.) [45]. Responses to chronic lung inflammation caused by neutrophils

and macrophages are modified in patients with COPD, leading to emphysema and small
airway fibrosis (the pathological features of this disease). Since COPD is diagnosed

only based on persistent airflow limitation in spirometry, but because FEV;/FVC physi-
ologically decreases with age, the fixed cut-off point for FEV;/FVC ratio < 70% may be
inaccurate to use for diagnosis of COPD may result in overdiagnosis of COPD in older
adults. The airflow limitation is progressive, and a decline of FEV; varies in each patient
with COPD. The loss of alveolar attachment to the small airways causes not only airflow
limitation but also gas trapping, such as an increase in residual volume (RV) or a decrease
in inspiratory capacity (IC), other than airflow limitation due to the loss of alveolar
attachment to the small airways. Since COPD is associated with small airway and alveolar
damage [46], some cases of COPD develop a low lung diffusing capacity for carbon
monoxide (DL¢o). A reduction in FEV; is not always related to shortness of breath in
patients with COPD; in contrast, a reduction in IC and an increase in RV cause shortness
of breath through dynamic hyperinflation. Moreover, abnormities of DLco probably
cause shortness of breath through hypoxemia via a reduction in diffusion capacity during
exercise. It is generally considered that airflow limitation could be observed in a variety
of overlapping conditions among airway inflammatory diseases in patients with COPD
and asthma [47, 48]. Moreover, airway eosinophilia and airway hyperresponsiveness
probably develop in a subset of COPD as clinical phenotypes similar to asthma [3].

3.2 Clinical phenotypes

As the first phenotype classification, COPD was separated into two groups, such
as the “Pink Puffers” and the “Blue Bloaters” [49]. However, COPD has complexity
and heterogeneity in symptoms, progression, exacerbations, functional outcomes,
and response to treatment, pathogenesis, and pathology [5, 50]. Hence, it is desirable
to meaningfully identify and classify groups of patients with similar clinical charac-
teristics, referred to as clinical phenotypes. However, it has not been established to
classify patients with COPD into defined subtypes according to distinct phenotypes
for clinical use. Patients with this disease should be stratified according to clinical
phenotypes [5, 16, 51]. Stratified medicine is needed to assess multiple dimensions
that include clinical (symptoms, exacerbations, and comorbidity), physiologic
(airflow limitation, impaired diffusion, airway trapping, small airway dysfunction,
and airway hyperresponsiveness), imaging (emphysema and small airway narrow-
ing), and endotyping (inflammatory profiling) dimensions [5, 8, 11, 12], resulting in
classifications of patients to distinct prognostic and therapeutic subgroups for both
clinical and research purposes as a heterogeneous disease in COPD. However, clinical
characteristics is mixed in various proportions in individual patients with COPD.
Ever since 2011, the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
report states a multidimensional assessment of patients with COPD that includes
two new dimensions: symptoms experienced by the patient and the risk of future
exacerbations. Even though symptoms disappear through treatment for an exacerba-
tion, the severity of COPD may not be decreased. Since COPD gradually worsens with
each exacerbation, it is very important to know what characteristics patients prone
to exacerbations have. A group of subjects with 2 or more exacerbations per year is
considered as frequent exacerbator of COPD [14, 44]. Therefore, searches for pheno-
types in COPD prone to exacerbations are beneficial to advance the management and
treatment of COPD. Major predictors associated with respiratory disorders for COPD
exacerbations are shown in Figure 2.
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In exacerbation-prone COPD, major predictors of exacerbations arve associated with vespiratory disorders such
as function, hyperresponsiveness, infection, diseases, inflammation, and prior exacerbations. Illustrated based on

Refs. [3, 14, 52-58].
3.3 Exacerbations
3.3.1 Prior exacerbations

A longitudinal trial enrolled 2138 patients with COPD has been performed to evalu-
ate predictors of exacerbations over 3 years (the Evaluation of COPD Longitudinally
to Identify Predictive Surrogate Endpoints: ECLIPSE study) [14]. Exacerbations were
defined as additional treatments by antibiotics or corticosteroids and hospitalization
(severe exacerbations). This clinical study has indicated that the most reliable predictor
of exacerbations is a history of prior exacerbations, referred to as a frequent exacerba-
tion phenotype [14]. Recently, another clinical study has been performed to evaluate the
history of exacerbations and other factors as predictors over 1 year (the Acute COPD
Exacerbation Prediction Tool: ACCEPT) [59]. Predicted and observed exacerbation rates
in this study are similar to the results shown in the ECLIPSE study [59]. A literature review
has indicated that exacerbation history within the past year is also a reliable predictor of
future exacerbations [52], and there is a significant relationship between exacerbation his-
tory and risk of future moderate-to-severe exacerbations [52]. The late GOLD report states
that COPD is classified into four stages (Grade I-IV) based on the percentage predicted
FEV;. Modified Medical Research Council (mMRC) Dyspnea Scale and exacerbation
history are each divided into two to form four groups A-D [21]. This assessment approach
will guide more precise treatment toward individualized patients with COPD. However,
this classification is still insufficient to express the heterogeneity of COPD accurately.

3.3.2 Comorbidities

Many previous reports have indicated that comorbidities are associated with
the occurrence of moderate-to-severe exacerbations [52]. Comorbidities related to
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moderate-to-severe exacerbations include various diseases (malignancy, cardiovascu-
lar, respiratory comorbidities, etc.) [52]. Among these comorbidities, cardiovascular
diseases are most closely associated with COPD readmissions in the emergency room.
The number of comorbidities also augments the degree of risk for both moderate and
severe exacerbations. Chronic comorbidities frequently develop in COPD; 88% of
patients with COPD have at least one comorbidity, such as hypertension, coronary
heart disease, osteoarthritis, etc. [53]. Moreover, the comorbidities related to the great
risk of frequent exacerbations are pulmonary cancer, heart failure, and asthma [53].
Since airway disorders (infection, airflow limitation, hyperresponsiveness) overlap in
subset of asthma and COPD, asthma can be a predictor for COPD exacerbations.

3.3.3 Infections

When infections develop in patients with COPD, stable periods are sometimes
interrupted by acute worsening of respiratory symptoms, and additional treatments
are required (exacerbations). In acute COPD exacerbation periods, pathological
microorganisms (bacteria, viruses) are observed in the lower airway secretions with
arelatively high frequency [60]. Hemophilus influenzae, Streptococcus pneumoniae,
and Moraxella catarrhalis are the most common bacterial pathogens for exacerba-
tions [61]. However, viral infections in the upper respiratory system are more closely
related to COPD exacerbations. Rhinovirus is most frequently associated with
exacerbations [54], whereas Coronavirus, Parainfluenza, Adenovirus, and Influenza
viruses are less prevalent. In addition to these acute infections, persistent chronic
systemic inflammation can be attributed to the frequency of COPD exacerbations.
When patients with COPD are divided into low and high interleukin 6 (IL-6) groups,
more frequent exacerbations are observed in the high IL-6 group than in the low IL-6
group. The values of IL-6 (14.03 pg./mL or more) can be a predictor for two or more
COPD exacerbations in the following year [62].

3.3.4 Lung function

COPD with a normal lung function in early adulthood is related to a higher risk of
mortality than that with a reduced lung function already in early adulthood; however,
the clinical relevance of the attained FEV; trajectory to exacerbations is still unknown
in this report [63]. Many clinical trials have indicated that mean increases in trough
FEV;, cause significant decreases in exacerbations and hospitalizations [64], indicat-
ing that treatment effects on FEV1 can avoid the future risk of COPD. The annual
decline in FEV} is related to the annual exacerbation rate but not to mortality [55].
Furthermore, a literature review has demonstrated that there is a positive relationship
between the risk of future COPD exacerbations and lack of bronchodilator revers-
ibility in FEV; [52] and that four stages of (Grade I-1V) based on the percentage
predicted FEV] is not related to future COPD exacerbations [52]. Measurement of
DLco was not carried out in some large cohort studies, such as ECLIPSE, but a previ-
ous clinical study with a relatively small sample size has suggested that a reduction in
DLco is related to the frequency of COPD exacerbations [56]. In the meta-analysis,
DL¢o % predicted is significantly lower in the high exacerbation risk group in the
GOLD report (group C/D) than in the low exacerbation risk group in the GOLD
report (group A/B); and DL¢o % predicted is also lower in frequent exacerbators
than in nonexacerbators [65]. In analysis from the Genetic Epidemiology of COPD
(COPDGene) study, a reduction in DL¢o of 10% predicted to cause approximately
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14% higher rate of hospitalization for COPD exacerbations [57]. Moreover, impair-
ments in DLco (50% predicted or less) are independently associated with an
increased rate of severe exacerbations, and combined impairments in DLco and
FEV; (both 50% predicted or less) further increase the rate of severe exacerbations
[57]. A reduction in IC due to an increase in RV causes shortness of breath through
hyperinflation independent of hypoxemia. A clinical trial has indicated that the IC
percentage predicted is significantly reduced in COPD with frequent exacerbations,
and the Motley index (RV/total lung capacity (TLC) percentage) is also significantly
increased in these patients with COPD [58]. Therefore, FEV;, DLco, IC, and RV/TLC
can be predictors for COPD exacerbations.

3.3.5 Airway hyperresponsiveness

Airway hyperresponsiveness is conventionally considered a hallmark of asthma;
however, it has been recently proven that this pathophysiological feature is also
observed in approximately 45% of patients with COPD [3, 66]. Airway hyperrespon-
siveness in COPD is not related to eosinophil recruitment to the lung and complica-
tions of asthma [3]. The methods of the inhalation provocation test and diagnosis of
airway hyperresponsiveness are described in Section 2.3.3. Since FEV; is markedly
reduced in a subset of COPD, the inhalation provocation test should be performed in
the limited cases with FEV; 70% or more of predicted values to avoid the occurrence
of risk of respiratory failure and the production of false positive results [3]. A recent
clinical trial has demonstrated that COPD exacerbations occur much more frequently
in patients who have airway hyperresponsiveness than in patients who do not have
that, and airway hyperresponsiveness is considered a predictor for COPD exacerba-
tions and can be a treatable trait for this disease, similar to asthma [3]. Although
there is currently no treatment for airway hyperresponsiveness related to COPD,
tezepelumab (human anti-TSLP monoclonal antibody) and Rho-kinase inhibitors
may be effective for airway hyperresponsiveness related to COPD, similar to asthma,
as described in Section 2.3.3. [38, 40].

3.3.6 Airway eosinophilia

Eosinophilic airway inflammation is conventionally considered the essential
pathophysiology of asthma, as described in Section 2.3.4.; however, it has been
recently proven that eosinophil recruitment to the lung (3% or more of sputum
eosinophil) is also recognized in approximately 35% of patients with COPD inde-
pendent of asthma using sputum induction [3, 67]. Airway eosinophilia should be
evaluated using sputum eosinophil counts because blood eosinophil counts cannot
directly reflect airway conditions and cannot accurately evaluate eosinophilic airway
inflammation. Daily administration of inhaled corticosteroids is effective for these
patients with COPD who have higher values of sputum eosinophil, and few exacerba-
tions occurred in these cases after induction of the inhaled corticosteroid therapy
[3]. On the other hand, daily inhalation of corticosteroid was not administered to
patients with COPD who have less than 3% of sputum eosinophil because eosinophilic
airway inflammation is considered inactive. As a result, COPD exacerbation occurred
more frequently in the untreated patients with lower values of sputum eosinophil
counts than in the treated patients with higher values of sputum eosinophil count [3].
Although values of cutoff in sputum eosinophil counts are not established yet, less
than 3% of sputum eosinophil is probably meaningful to detect airway eosinophilia.
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Moreover, inhaled corticosteroids should be administered daily to patients with
COPD who have qualitatively eosinophils in the sputum. Therefore, eosinophilic
airway inflammation is considered a predictor for COPD exacerbations and can be a
treatable trait.

4, Conclusions

Impaired physiological function and enhanced inflammation in the airways
worsen symptoms (dyspnea, wheezing, and chest tightness) and require additional
therapy (systemic corticosteroids and antibiotics), leading to hospitalization in some
cases of asthma and COPD. Impaired lung function (decreases in FEVy, IC, and
DLco), decreased bronchodilation in response to f,-adrenergic agonists (reversibility
in FEV;), and increased bronchoconstriction in response to muscarinic agonists
(airway hyperresponsiveness) are probably predictors of acute exacerbations for
these diseases. Furthermore, eosinophil recruitment to the lung (airway eosinophilia)
and viral infections in the upper airways are also probably predictors of acute exac-
erbations for these diseases. These airway disorders can be treatable traits as clinical
phenotypes for exacerbations-prone asthma and COPD. Advances in therapy for
asthma and COPD need a search for distinct treatable traits for the prevention of
acute exacerbations based on these predictors.
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Chapter 5

Awake Tracheal Intubation in the
Emergency Department

Erick Dunkley-Pinnock

Abstract

Awake tracheal intubation is a valid and highly recommended option for any
situation where significant anticipated difficult intubation is expected. Despite expert
recommendations and available video assisted device it’s not a common practice and it
still underuse because it seems as a very complex procedure. With a well-structured
protocol, education and training, most health care personnel in the emergency
department could perform it in a matter of minute, without delaying urgent care and
maintaining a patent airway for adequate oxygenation.

Keywords: awake, tracheal, intubation, video-assisted devices, emergency, guidelines

1. Introduction
1.1 Awake tracheal intubation definition

Awake tracheal intubation (ATI) is define as a technique where the patient is
intubated without the need of sedative or paralytic agent, but instead with the use
of local anesthetics the airway is numb to maintain an adequate ventilation and
oxygenation [1, 2].

1.2 History and evolution throughout time

First described by Sir William MacEwen, a Scottish surgeon, in 1880 of a patient
suffering from obstruction of a tumor from the base of the tongue [3]. Soon after in
1881, ATI under topical anesthesia with cocaine, was first describe by Franz Kuhn, a
German surgeon. Since then, orotracheal intubation trough the mouth as suffered
several modifications, from external, digital palpation of the pharynx and upper
tracheal structure to the visualization of the vocal cords by direct laryngoscopy [4, 5].
In 1967 a year before the introduction of fiberoptic bronchoscopy (FOB) in clinical
practice by Kensuke Ikeda of Japan, an English anesthetist, Peter Murphy used it to
aid in the nasal intubation of a patient with Still’s disease [6]. Since the 90’s ATI with

83 IntechOpen



Airway Management in Emergency Medicine

FOB has been recognized as a standard of care by different airway society practice
guideline for the management of difficult airway, reporting a success rate of 88 to
100% in anticipated difficult airway patients [7].

1.3 Indications and contraindications

It is the standard of care for the management of anticipated airway in many
practice guidelines, and it is recommended anytime there is suspected difficult laryn-
goscopy or facemask ventilation [8]. But there are some specific pathologies that are
common practice for patient requiring ATI in the emergency department and are not
limited to morbid obesity with a body mass index (BMI) of 40 or higher, pathology of
the head and neck (large tumor, angioedema, obstructive sleep apnea) and a history of
difficult intubation in the past. The only valid contraindication is a patient not
accepting the procedure or not able to cooperative because of nonresponsive or altered
mental status.

1.4 Incidence and statistics (difficult intubation and awake tracheal intubation)

The incidence of ATI in the emergency department is low (0.4%) [9] and it is
lower than the incidence of difficult laryngoscopy in trauma patient in the emergency
(between 12 and 14%) [10]. Reports suggest lack of familiarity and experience are the
most common reasons.

1.5 Implementation in the emergency room settings. Controversies and
discussions

This cause underutilization in those emergency department where other
techniques like rapid sequence intubation (RSI) are more common [11]. This in
part because of a strong believe that patient will not accept the procedure if asked.
A qualitative, descriptive study in Sweden demonstrate that most patient
undergoing ATI when tailored information and breathing instruction are giving
during the procedure would not hesitate to undergo awake intubation again in
the future if needed. The information provided should not overwhelm the patient
with details about technical issues, instead it should cover basic knowledge of a
stepwise approach and anticipate expected event like the discomfort if the nasal
route if selected or possible complication like bleeding and how can it be
corrected [12].

1.6 Benefits of awake tracheal intubation

There are several benefits with ATI, mostly because it permit and secure a patent
airway to avoid the risk of low blood oxygen (hypoxemia) or high blood carbon
dioxide (hypercapnia) [11] or the risk of food aspiration in the bronchi because
protective laryngeal reflexes are preserved [8], and also to avoid the risk associated
with induction agent commonly use in RSI like low blood pressure (hypotension) and
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slow heart rate (bradycardia) that could impended hemodynamic stability and
increase morbidity and mortality.

2. Preparation
2.1 Patient selection

Selecting the right patient for ATI is the most difficult part. There is no evidence
that support any individual method developed specifically for ATI and overall diffi-
cult airway predictions methods are unreliable, making all intubations potentially
difficult in the emergency room [2, 13]. Despite these steps back emergency doctor
most perform in a timely manner an in-depth history, targeting past difficult airway
problem and how there were managed, followed by a thorough examination of the
airway.

2.2 Cognitive aids

The use of cognitive aid can accelerate this process and it is highly recommended
by difficult airway international guidelines [2]. Checklist and visual maps can help on
decision making in environment such as the emergency room, who needs a rapid
response, team collaboration and assurance that those who participate have a specific
set of tasks.

2.3 Clinical and physical evaluation

Sign and symptoms could help in the decision making when it comes to perform
intubation in a conscious patient with neck tumor or mass [14]. Some of these could
be and not limited to acute change in voice, history of difficult breathing (dyspnea),
difficult swallowing (dysphagia) with or without salivation, dyspnea not tolerated
when lying flat only in the seated position. A physical examination could reveal
difficult airway parameter (e. g. a Mallampati scale III or IV), large front of neck mass
or tracheal deviation by visualization or palpation.

2.4 Imaging analysis and labs test

In an environment like the emergency room imaging evaluation at the bedside
could facilitate airway assessment and safe time without the need for transporting
the patient to the MRI or CT scan room. Two techniques have demonstrated high
sensitivity and specificity and can be used for decision making. These are
ultrasound and transnasal endoscopy or nasopharyngoscopy [7, 15]. Ultrasound could
help in the assessment of tracheal deviation or obstruction in the presence of large
front of neck mass or tissue. Also, it has been used in the emergency room for
visualization of the cricoid membrane for urgent cricoidectomy to maintain ventila-
tion if needed [15].
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Difficulty Physical examination ~Hemodynamics and Recommended Probable
comorbidities position outcomes
* Mallampati scale I * O saturation > 95% * Lying down * Mild or no
* Mouth opening * No supplemental O, complications
>3 cm. * Neurologic integrity
* Thyromental intact
distance >6 cm ¢ Stable cardiovascular
* Normal neck range system
mobility
¢ Small mass tumor
¢ Tolerate decubitus
Low

position.

* Mallampati scale II or

¢ O, saturation 90-95%

¢ Semirecumbent

¢ Desaturation

111 ¢ Moderate position r or head ¢ Hypoxia
* Mouth opening < supplemental 02 up ata 30°angle e« Gastric
3 cm. * Neurologic integrity aspiration
* Thyromental intact
distance <6 cm. ¢ Stable cardiovascular
e Limited Neck system
mobility
* Medium size mass
(less than 50%
occlusion).
* Mallampati scale IV + O2 saturation < 90% ¢ Semirecumbent * Hypoxia

* Mouth opening less
than 3 cm.

* Thyromental
distance <5 cm

¢ Despite supplemental

oxygen therapy.
¢ Impaired Neurologic

integrity: drowsiness,

position or

completely seated.

* Hypercapnia
* Bradycardia

¢ Tachycardia

* Hypertension

Hi h ° No neck mobility o lethargic. * Hypotension
g used of neck ¢ Unstable ¢ Heart failure
immobilization. cardiovascular ¢ Death

* Large neck mass
(80% occlusion or
more)

¢ Salivation, stridor

¢ Cannot tolerate
decubitus.

 BMI > 45 kg/m’

system (hypotension,

bradycardic)

Table 1.
Cognitive aid for decision making for the selection of patient when considering awake tracheal intubation.

Above (Table 1) we use several patient characteristics to help guide clinicians in
the emergency room in decision making and patient selection in case of awake
tracheal intubation if needed.

3. Equipment and materials
3.1 Video assisted devices

Fiberoptic intubation (FOI) has been the standard method for many years in the
management of difficult airway and it is the mainstay in awake tracheal intubation,
either nasally or orally [16]. The advancement of the technology as incorporated high
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quality video recording, increase the suction power and single use disposable devices
which decrease the incidence of cross contamination, among others.

Videolaryngoscopy (VL) has gain in recent years more attention because it is more
available, easier, and safer to use than FOI [8]. Familiarity has increased his use in
non-operating room environment like the emergency area. The main limitations are
with patient with limited mouth opening and large obstructive tumors that impairs
visibility. The lack of a suction channel may cause difficulty in patient with increase
secretion or blood making it impossible to visualize supraglottic structure. There is no
evidence that show superiority over FOI [17].

Other devices like direct laryngoscopy and optical stylets have been used
and evidence has not shown significant differences in time and success rate,
therefore could also be considered as a valuable alternative [18]. One of the
mayors causes in selecting one device over a another may be familiarity and
availability [8, 17]. The use of cognitive aid like the table above (Table 1) could help
in selecting the right equipment. For example, in cases where the risk is low the
emergency physician could start with Videolaryngoscopy, direct laryngoscope or
flexible stylet, when the difficulty increases, and the risk is high the main choice
should be fully awake fiberoptic intubation in a seated position with a front of neck
approach.

3.2 Setup/arrangement

Ergonomics study the interaction of the environment and its impact on perfor-
mance and safety [2], when it comes to airway management in the emergency room,
time constraints and lack of adequate space could make it challenging to meet ade-
quate standard and performance. But still, we must maintain the same standard as in
the operating room (sterile gloves and gown, facemask, and continuous vital sign
monitoring) [7].

Several factors should be considered before starting the procedure and
everyone who is participating should be notify, these include patient position
(seated, semirecumbent or lying down), the route of tracheal intubation (oral or
nasal), visualization device (FOI or VL) and type of tracheal tube (reinforce or
standard) [2]. If intubation is in the seated position a front of neck approach is the
optimal choice, with the operator and assistant facing the patient, video monitor,
patient vital sign monitor must be separate and in an adequate visible site for
continuous monitoring. If the patient could tolerate lying down or
semirecumbent position the operating physician could stand at the head of the
patient and the assistant, other health personnel, video monitor and vital sign monitor
on the opposite side towards the patient extremities. This approach is helpful and
can be perform by the assistant in case head tilt or sniffing position it’s needed
because of obstruction from oversedation or increase secretion. We discussed
before which video assisted device is adequate base on patient characteristics and
underlying pathology (see above). Tracheal tube size is normally selected base on
patient age group (pediatric, adults) and internal diameter (ID) but in patient with
sign of important obstruction a smaller size or ID than needed should be selected.
Comparison of reinforce tube versus standard polyvinylchloride (PVC) tube as
shown that the first have superior outcome in terms of ease of tracheal intubation,
railroading (advancing the tracheal tube over the flexible bronchoscope) and decreas-
ing laryngeal impingement [2].
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3.3 Medications

The three main objectives of premedication are: (1) Airway preparation, (2) Aspi-
ration prophylaxis, (3) Anxiolysis and sedation. Airway preparation can be accom-
plished by application of antisialagogues, which are medication that decrease
secretion in the mouth, pharynx, and bronchi, the most used are the antimuscarinic,
and they also facilitate local anesthetics absorption allowing better absorption condi-
tions. Commonly used clinical practice are atropine, glycopyrrolate and scopolamine.
Table 2, summarize dosing regimen and principal characteristics of antimuscarinic
drugs [13, 19].

If planning on using the nasal route, risk of bleeding is high because of highly
vascular nasal mucosa and nasopharynx. Therefore, must be prepared with vasocon-
strictor nose spray such has Phenylephrine 0.5% and Oxymetazoline 0.05%, which are
applied topically 15 min before the procedure [13, 19].

Airway preparation with local anesthetics is a crucial part and an essential skill that
should be dominated by physicians in the emergency room. The most commonly use
drugs are lidocaine (2%) and tetracaine (1%) solutions or prepared canned spray [20].
Local anesthetics can be applied via topical or nerve block techniques. Topical admin-
istration could be applied by several ways, direct application using solution-soaked
sponge or gauze, spraying directly to the oropharynx, or nebulizing the entire airway
mucosa.

At our institution we prefer a combine technique that include nebulize local anes-
thetic with lidocaine 5% for 15-20 min beforehand and “spray as you-go” via the
Fiberoptic bronchoscope working channel once the supraglottic structures are visible
then wait another 1-3 min before intubation. This technique could be use via nasal or
oral route.

Nerve block is the fastest way to achieve adequate airway anesthesia if time is a
concern and it need smaller volume of local anesthetic. Using ultrasound guided
technique could accelerate even more the process and success rate but it is a technique
that need to be learned and master before trying it in the emergency room. Descrip-
tion of this technique it is beyond the objective of this chapter and can be available in
several books and publications.

The mayor risk of local anesthetic is systemic toxicity, and it could lead to cardio-
vascular or neurologic impairment that also could be affected in these patients. Some

Drug Dosing Onset Tachycardia Antisialagogue  Sedation
Atropine 0.4-0.6 mg 1 min (IV), R 4+ +
IV or IM 15-20 min (IM) Delirium
7 to (elderly)
10 pg/kg IV
Glycopyrrolate  0.2-0.3 mg IV 1-2 min (IV), et et —
or IM 20-30 min (IM)
7 to

10 pg/kg IV

Scopolamine 0.4 mgIV 5-10 min (IV), + e FHt
or IM 30-60 min (IM)

Abbreviation: 1V, intravascular; IM, intramuscular; Min, minutes.

Table 2.
Summary of commonly used antimuscarinic drugs and they principal characteristics.
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authors are limited the total dose to 9 mg kg [8] but we recommend that dose should
be kept between 3 and 5 mg ¢ kg, especially in the critically ill but with stable
conditions.

Gastric reflux is another mayor concern in these patients and can lead to bronchial
aspiration and pneumonitis [19]. Medications like Histamine H2 blocker, Proton
pump inhibitor and gastrointestinal tract (GI) pro-kinetics are commonly used. H2
receptor blocker routinely used are cimetidine 300 mg and ranitidine 50 mg and work
by decreasing gastric acidity and volume, with a peak effect within 30-60 min
[13, 19]. At our institution they have been stop used routinely because of side effect
like gynecomastia (cimetidine) or risk of gastric cancer (ranitidine). Proton pump
inhibitor such as omeprazole (40 mg iv) may have the same mechamism as H2
receptor blockers and has gain popularity and replace H2 receptor blocker at our
institution, GI track pro-kinetics increase gastric emptying by increasing motility and
can also increase lower esophageal sphincter tone, Metoclopramide 10 mg IV is the
drug of choice, the risk of extrapyramidal syndrome has limited is use in Parkinson
disease patients.

Sedation and hypnosis have become an essential part, same as local anesthetics in
the preparation of awake tracheal intubation. Allowing a less traumatic experience for
the patient by decreasing the level of stress also for the operator. Not all patients
would tolerate some of the recommended medication, even with smaller doses, and
could increase the incidence of undesirable side effects like bradycardia, hypoxia,
dyspnea and cardiac or ventilatory failure. It’s important to select the right patient and
start at the minimal required dose of the medication titrated to adequate condition
based on clinical signs [19]. These drugs are divided in several groups base on their
clinical effects, anxiolysis (decrease anxiety), hypnosis (causes sleep or sedation)
and analgesia (inhibit pain), they can be use alone or in combination. For anxiolysis
the drugs of choice are Benzodiazepines and are the most popular used one in the
emergency room, sometime there are the only medications used in preparation of
awake tracheal intubation. Midazolam 0.5-1 mg IV or 0.07-0.1 mg - kg IM [19] have a
rapid onset of time and shorter duration of action if administered intravascularly.
Diazepam and Lorazepam are other drugs commonly but have a slower onset time
and longer duration of action. Hypnosis could be accomplished by intravenous medi-
cation like Propofol and alpha 2 agonist like Dexmedetomidine. Propofol is a
GABAergic central hypnotic, mostly popular among anesthesiologist but less used in
other areas like the emergency department. Starting at a low bolus 30-50 mg and
repeatedly over a period of 3-5 min until clinical effect, when combine with
local anesthetic and analgesics and topicalization, could set the patient in good
intubating condition with out overdosing. This will depend on clinical status and it’s
does not recommend if patient is unstable cardiopulmonary. Ketamine is another
intravenous hypnotic and lately as gained popularity in emergency room awake
intubation because of some advantages over Propofol. It causes hypnosis, but also
increases blood pressure and heart rate by increasing blood catecholamines, it
also has analgesics effects. Despite all these effects, caution should be taken when
using this drug because of common side effect like increase intracranial pressure,
increased salivation and bronchi reactivity leading to airway closure laryngospasm
and bronchospasm [21]. Recommendations are to start with low dose boluses, 50 mg,
titrated to clinical effects, also in combination of antisialagogues, more potent
analgesics like opioids and bronchodilator like Salbutamol inhaled [2, 21]. We do not
recommend infusion dose of Ketamine because of increased risk of mentioned side
effects.
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Alpha 2 agonist like Dexmedetomidine an imidazole compound as become the
sedative/hypnotics of choice when performing an ATI outside the operating room in
ambulatory seatings [8]. This because in a couple of minutes could cause adequate
intubating conditions without compromising the respiratory system. It also has low
analgesics effect, and in combination of other analgesics could potentiate this effect.
Cautions should be taken because of reported severe bradycardia which has led to
cardiac arrest. Recommended doses are an initial boluses 0.7-1 mcg - kg over a period
of 10-15 min followed by a continuous infusion at a rate of 0.2-0.6 mcg - kg - h [8].

Opioids have been excellent adjuvant in controlling pain and anxiety during ATI,
they principal mechanism is blocking opioid receptors in the central and peripheral
nervous system [13]. Fentanyl and Remifentanyl are commonly used because of rapid
onset and shorter duration of action. Remifentanyl it is metabolized by nonspecific
plasma esterases, making it a good agent for continuous infusion during the procedure
[19]. Recommended regimes vary, a dosing strategy could be as fallow a bolus of
0.5 pg/kg followed by an infusion of 0.1 pg/kg/min then gradually titrated by 0.025 to
0.05 pg/kg/min. The authors favor target control infusion using the Minto or Eleveld
pharmacokinetics models, targeting a site effect concentration between of 0.15-

0.25 ng/mL [19].

Combination of various drug is a common practice; at our institution we use a
combination of Dexmedetomidine and ketamine. Finally, when selecting a drug
always consider it’s benefit base on patient individual clinical situation and hemody-
namics.

4. Step by step approach

Clinical practice guidelines are a set of expert’s recommendations and consensus
often divided in related topics. They are not recipes and are subject to be accepted,
modify, or rejected [22]. They must be adapted to local situation and available
resources. Checklists are step-by-step approach that accelerate and facilitate repetitive
processes, providing an outline for each participant.

The Difficult Airway Society guidelines for ATI are an excellent example [2], it
provides an evidence-based summary of some of the relevant topics mentioned above
in this chapter. It uses cognitive aid like visual aid infographic and pneumonic like the
sTOP technique, which consist of several steps define by letters.

The first letter, the “s” mean sedation and can use any of the drugs mentioned
earlier in the equipment and materials section of this chapter, it is written in lower
case because it is an “optional” step and can be avoided or use at any time before the
procedure.

The second letter * T “ stand for Topicalization and it’s the process of applying local
anesthetics to numb the airway mucosa and allow procedure with mild discomfort for
the patient. Most of the time we assess effectiveness based on patient report of
heaviness or numbness of the oropharynx, but guideline recommend introducing
object like suction or aspirations oral cannula to adequate good topicalization before
procedure.

The third letter “O” it’s an essential part and it’s stand for oxygenation; comparison
has demonstrated that of high flow nasal oxygen (> 30 L - min) have more effective-
ness based on low desaturation incidents and expert recommendations. Use of sup-
plemental oxygen is highly recommended by expert around the world and should be
continue through the process of ATI.
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The last letter "P” stand for the procedure of introducing the endotracheal tube and
it finish once confirmation is assessed by two steps; visualize above the carina and

capnography [8].

5. Complications

A traumatic procedure with or without bleeding, multiple attempts and failure to
intubate can increase anxiety for the patient and the operator. Popular recommenda-
tion is to stop and analyze what step is the most difficult one and what changes should
be made before attempting another try. If difficulty is the procedure itself, then it is
better to handle it to a more experienced clinician.

Remember that the more attempt, this my cause mucosal edema that can lead to
more obstruction. Attempt should be limited to three and advancing to another
technique or equipment should be considered, like the use of supraglottic device, like
laryngeal mask airway (LMA) and surgical airway front of neck airway (FONA), to
maintain adequate ventilation and oxygenation.

6. Postprocedural care

Once confirmation that the endotracheal tube is in the right place and appropri-
ately secure to the face; preparation for transferring to another area should be planned
before. Patient should be anesthetized or deepen the sedation level and the adminis-
tration of muscle relaxant should not delay; except they are contraindicated. Hemo-
dynamic should be stable and monitoring like oxygen saturation (O2 sat),
electrocardiogram (EKG), capnography and non-invasive blood pressure (NIBP).

7. Conclusions

Successful ATI should not be attempted alone, success is based on teamwork, good
communication and patient cooperation.

A stepwise approach may reduce the incidence of failure and can assist the opera-
tor in finding difficult step.

Complication can occur and all emergency physicians should be prepared; calling
for help in advance and maintain surgical doctor close by in case awake tracheostomy
is need.
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Abstract

Within neurosurgical procedures, it has been observed that the failure rate covers
up to 70%. It has been observed that early extubation has been associated with a
decrease in mortality as well as a shorter hospital stay. Delaying extubation to obtain
sustained neurological improvement during the recovery phase does not guarantee
successful extubation. Studies have observed that up to 80% of patients with Glasgow
less than 8 have been successfully extubated. It must be remembered that the
Glasgow scale does not assess the difference in disorders of consciousness nor does it
evaluate stem reflexes in intubated patients, so current studies have opted for other
scales that allow us to assess the state of consciousness with more criteria to evaluate.
It is demonstrated that the delay in extubation for neurological recovery did not show
successful extubation and was associated with an increase in nosocomial pneumonia,
longer stay in the ICU, and hospital cost. It is important to emphasize the evalua-
tion of this type of patients, placing special emphasis on the cardiac and pulmonary
repercussions of patients who suffer neurological lesions, since alterations that could
go unnoticed could mean a failure to extubation with repercussions on the morbidity
and mortality of patients.

Keywords: extubation, neurocritical patient, neurological assessment, extubation
protocols, delay extubation

1. Introduction

In neurosurgical procedures, it has been observed that the rate of extubation
failure covers up to 70%. It is important to seek early extubation, since it has currently
been associated with a decrease in mortality and a shorter hospital stay.

Within the extubation criteria we have that adequate hemodynamic and ven-
tilatory status are important for the patient. The approach to ventilatory aspects
emphasizes adequate oxygenation and lung function, while in hemodynamic aspects,
patients must always have an adequate balance of this, without the support of any
Vasopressor.
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One of the main objectives of this chapter is the approach to the neurocritical
patient. For some time it has been observed that the majority of patients admitted for
neurosurgical procedures are maintained under orotracheal intubation by mechani-
cal ventilation regardless of the neurological etiology, the surgical procedure and the
anesthetic management.

Today, the use of neuromonitoring is essential in all patients undergoing neu-
rological surgery, and this guides us on the maintenance of intracranial pressure,
cerebral perfusion and cerebral oxygen consumption, in order to carry out adequate
extubation in neurocritical patients.

At the same time, an adequate pre-anesthetic evaluation is of vital importance to
know the patient undergoing surgery, where the type of procedure is evaluated, the
approach and to know if there is any cardiac or pulmonary repercussion that could
lead to a failed extubation and thus be able to maintain our neurosurgical patient
extubation protocol in the best conditions.

2. Epidemiology

The main causes leading to advanced airway management in neurological
patients are cerebrovascular event (CVD), whether of ischemic or hemorrhagic
origin, head trauma (TBI), subarachnoid hemorrhage, and parenchymal hemor-
rhage. It has been proven that prolonged mechanical ventilation after orotracheal
intubation is associated with pneumonia, venous thrombosis, increased hospital
stay, and worse clinical prognosis [1]. Friedman [2] carried out a study where he
analyzed the complications of patients with subarachnoid hemorrhage secondary
to an aneurysm and concluded that patients with pulmonary complications had a
worse prognosis than those who did not have this alteration. He, in turn, also found
that patients with prolonged intubation had more complications at the pulmonary
level [2]. TCE has remained a serious health problem worldwide. Annually it is
estimated that there are 10 million TCEs that lead to death or hospitalization. In the
United States, the average ranges from 1.4 million per year, reaching a mortality of
up to 50,000 patients [3].

Currently, neurosurgical teams and neuroanesthesiologists have focused on the
search for safe extubation protocols for neurocritical patients and avoid the previ-
ously mentioned complications in these patients.

3. Content

Within the area of neurocritical patients we have different terms that should be
mentioned.

* Delayed extubation is defined as those patients who have not been extubated
in the first 48 hours; a rate of 30% is currently estimated in neurocritical
patients.

¢ Failed extubation is seen when there is a need to reintubate and resume treat-

ment with ventilatory support between 24 and 72 hours after the removal of the
tracheal tube.
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* Early extubation is mentioned as the transition from mechanical ventilation of a
patient to spontaneous ventilation within the first 6-8 hours after surgery.

* The term Ultra fast track is when the patient is extubated in the operating room,
terms that have been described in cardiology surgery [4].

It is worth mentioning that the term Ultra fast track is mainly attributed to early
extubation in patients undergoing cardiac surgery, and has gained importance since
the 1950s, since due to the lack of adequate equipment and personnel in care units
Intensive care, the lack of mechanical ventilation providers, and the long stays of
patients with unfavorable prognoses, patients were subjected to early extubation to
avoid complications resulting from poor postoperative management. However, these
presented serious complications such as severe hypoxemia, acidosis, which led to
death, derived from poor management in extubation, so that in the mid-70s, patients
in the postoperative period remained under Mechanic Ventilation with better
criteria. and handling that paradoxically favored its prognosis. The rapid evolution
of cardiovascular sciences led to an increase in the number of patient care, so new
programs were implemented that benefited the study of the Fast Track extubation
technique, to reduce hospital stays and today it is one of the techniques of extubation
with a greater number of study protocols and validation in the postoperative man-
agement of patients with heart disease [5].

However, in the area of neuroanesthesia, there is a huge lack of studies and proto-
cols that benefit or indicate the safest tools to take, when faced with whether or not to
extubate a patient.

At the moment of having any alteration at the level of the central nervous system,
the awake state is reduced and induces patients to present hypoventilation, which
can lead to bronchial aspiration. One of the first measures has been to support the
airway with orotracheal intubation. Goals for adequate cerebral blood flow should
be maintained in all neurological patients. These include treatment of hypoxemia
with PaO, targets greater than 60 mmHg, control of PaCO, of 32-45 mmHg, as well
as adequate cerebral perfusion pressure between 50 and 150 mmHg. Due to the
great complications that are obtained in patients with extubation failure, the fear of
extubation has been the subject of controversy regarding when to withdraw ventila-
tory support.

The Glasgow coma scale in the neurocritical patient has been used as a cri-
terion for extubation; currently, delaying extubation to obtain neurological
improvement during the recovery phase does not guarantee successful extubation.
Studies have observed that up to 80% of patients with Glasgow less than 8 have
been successfully extubated. It must be remembered that this scale does not assess
stalk reflexes in intubated patients. At present, other scales have been evaluated
that allow us to assess the awake state in the neurosurgical patient with more
precision.

Karim Asehnoune evaluated the predictors of extubation in patients with
brain damage in a multicenter study. A total of 437 patients were included using
the VISAGE score (visual pursuit, swallowing, age, Glasgow for extubation)
(Table1).

This score was used to assess the success rate in extubation where those patients
with a score of 0 had a 23% extubation rate, a score of 1 with 56% extubation, and
it was significantly higher in patients with a score of 2-3 (70-90% extubation).
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Extubation success score Assigned points according to items
Age < 40 yr old (yes/no) 1/0
Visual pursuit (yes/no) 1/0
Swallowing attempts (yes/no) 1/0
Glasgow coma score > 10 (yes/no) 1/0

VISAGE = visual pursuit, swallowing, age, Glasgow for extubation

This is an author’s work Asehnoune et al. [6].

Table 1.
VISAGE score.
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Figure 1.
Rate of extubation success according to the number of predictive factors. This is an authors work Asehnoune
etal. [6].

Score equal to or greater than 3 predict extubation success with a sensitivity of 62%
and a specificity of 79% (Figure1).

In this study, the main cause of brain damage was traumatic brain injury and this,
in turn, had the highest rate of extubation. The main causes of extubation failure
were neurological disorders, hypoxemia, mismanagement of endotracheal secretions,
cardiovascular failure, and postextubation stridor [5].

In 2021, the PRICE (Predicting Intratentorial Craniotomy Extubation) survey
was conducted with 5453 physicians responsible for neurosurgical management.
These surveys were addressed to Neuroanesthesiologists, Neurointensivists and
Neurosurgeons whose primary objective was to estimate extubation times in
neurosurgical patients and assess their prognosis. It was found that the propor-
tion of patients with extubation at the end of the surgical procedure was higher in
high-volume centers compared to low-volume centers and that the anesthesiology
service was the service that had the highest extubation of neurosurgical patients
together with support. of neurosurgeons. The main factors associated with not
performing an early extubation were based on the course of the surgical procedure,
the patient’s awake state and if he presented any alteration at the bulbar level
(Figure 2).
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Figure 2.

Predictors selected by respondents to identify candidates for early extubation after elective infratentorial
craniotomy. Airway indicates suspicion or history of difficult airway management; baseline, patient’s physical
status before surgery; brainstem, evidence of bulbar dysfunction; course, course of surgery; duration, duration of
surgery; end time, the time of day when surgery ends; imaging, preoperative imaging; LOC, level of consciousness.
This is an authors work Gaudet et al. [7].

It was concluded that the decision for early extubation should be made maintain-
ing adequate communication between neurosurgeons, neuroanesthesiologists and
neurointensivists, as well as adequate clinical knowledge of the patient prior to the
surgical event [4].

Within the extubation criteria are goals based on hemodynamic, ventilatory and
neurological patterns.

One of the neurological parameters that has been used is the Glasgow coma scale,
Coplin et al., demonstrated that the delay in extubation for neurological recovery did
not show successful extubation and was associated with an increase in nosocomial
pneumonia, longer stay in the ICU and hospital cost [7]. We know that the Glasgow
coma scale assesses the motor, speech and visual area, but one of its main limitations
is that it cannot be assessed in a patient under ventilatory support, since it does not
differentiate between the patient’s waking state disorders, does not it assesses stem
reflexes and is primarily not useful in the patient under orotracheal intubation [8].

A possible alternative is to use the Coma Recovery Scale-Revised, which offersusa
more extensive evaluation, assessing auditory function, visual function, motor func-
tion, oromotor or verbal function, communication capacity, and ability to wake up.
Chatelle et al. describe the scale as being more comprehensive and capable of better
detecting a patient’s awake state (Figure 3) [9].

Bodien et al., carried out a statistical analysis about the sensitivity and specificity
of the Coma Recovery Scale-Revised to adequately detect and identify the state of
consciousness of the patient and through a ROC (Receiver Operating Characteristic)
analysis, they found an area under the curve of 0.98, which far exceeds the 0.681 of
the Glasgow Coma Scale, which was reported by Namen et al. [9, 10] (Figure 4).

In order to establish an adequate extubation protocol in neurosurgical patients,
spontaneous breathing test maneuvers must be taken into account, such as the T-piece
test, continuous positive airway pressure (CPAP) with levels equal to those of pres-
sure positive end-expiratory and invasive ventilation with low level pressure support
(5-8 cmH,0) or automatic tube compensation [11].
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Table 1 Coma Recovery Scale-Revised

Score Test
Auditory function scale
4 Consi! to d*
3 Reproducible movement to command*
2 Localization to sound
1 Auditory startle
(1] None
Visual function scale
5 Object recognition*
L Object localization: reaching*
3 Visual pursuit*
2 Fixation*
1 Visual startle
0 None
Motor function scale
6 Functional object use
5 Automatic motor response®
4 Object manipulation*
3 Localization to noxious stimulation®
2 Flexion withdrawal
1 Abnormal posturing
0 None/flaccid
Oromator/verbal function scale
3 Intelligible verbalization*
2 Vocalization/oral movement
1 Oral reflexive movement
0 None
Communication scale
2 Functional: accurate’
1 Nonfunctional: intentional®
0 None
Arousal scale
3 Attention
2 Eye opening without stimulation
1 Eye opening with stimulation
0 Unarousable

* Indicates a minimally conscious state.
! Indicates emergence from the minimally conscious state.

Figure 3.

Parameters evaluated by the Coma Recovery Scale-Revised that make it possible to identify the state of
consciousness of a patient. This is an author’s work Chatelle et al. [9].
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Figure 4.
ROC analysis to identify the sensitivity of the Coma Recovery Scale-Revised to adequately identify the states of
consciousness of patients. This is an authors work Bodien et al. [10].
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Navalesi and Frigerio analyzed the reintubation rate in neurological patients in the
intensive care unit based on the following criteria: Glasgow coma scale greater than
8, presence of audible cough during suction, normal serum Na, core temperature less
than 38.5°C, pH greater than 7.35, PaCO, less than 50 mm Hg or PAO,/FiO, greater
than 200 with positive end-expiratory pressure less than 5 cm H,0, FiO; less than
0.4, heart rate less than 125 beats per minute, and systolic blood pressure greater at
90 mmHg without norepinephrine or epinephrine support. These patients were com-
pared against a control group managed by different physicians with personal criteria
for weaning from mechanical ventilation.

Both groups were analyzed and it was observed that the reintubation rate was
12% in the control group while 5% was manifested in the intervention group with the
aforementioned criteria, concluding that those patients with neurological disorders
who are taken with adequate both clinical and physiological objectives can improve
outcomes and decrease the rate of reintubation in intensive care patients [12].

Bosel [14] published an algorithm about which patients are safe to perform extu-
bation (in patients with neurological pathology in intensive care), if we analyze the
criteria made by Navalesi and Frigerio we can see that the hemodynamic, ventilatory
and neurological variables are very similar, with the exception that Bosel considers
that time is a fundamental variable for performing an early tracheostomy and thus
avoiding the risk of reintubation (Figure 5) [13].

[ Planned extubation J
—ﬂ De-escalative ventilation aiming for weaning/extubation l¢

Consider tracheostomy I

‘ Decision for extubation trial |

+
+ De-sscalative ventilation up to assistive modes with little support from respirator
+ Respiratory criteria: RR < 30/min, MV 10/min, Vt > & L/kg, PaO./FiO, 150-200
* Reduce sedation, spontaneous breathing trial

+ Consider 2-3 days of glucocorticoids after prolonged mechanical ventilation
« If known difficult airway prepare difficult airway measures
* Neurological critena: i llowing, handling saliva, gag reflex, (cooperative)

9,

No

- Cuffleak test, if promising.
+ 2 Persons at the bedside, elevate head of bed, stop analgesia and sedation
- Have extubation equipment ready. emergency intubation equipment at close standby

Extub:;ion
| |

Reintubation |>

Spontaneous breathing via
natural airway

Figure 5.
Suggestion for approaching extubation in the neuroscience intensive care unit. This is an author’s work Bdsel [14].
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Grade Cough Number of Color of Viscosity Interval of Vomiting
during the secretions secretions of aspiration reflex
aspiration (need for secretions of
maneuver passes) secretions

0 Vigorous 0 Clear Aqueous More than Vigorous

3h

1 Moderate 1 Clear Frothy Every2-3h Moderate

brown

2 Weak 2 Yellow Dense Every1-2h Weak

3 Absent >3 Green Sticky <1h Absent

This is an author’s work Jibaja et al. [15].

Table 2.
Airway care score.

Another piece of information included in the M. Jibaja algorithm is the Airway
care score, which is useful for predicting the ability to maintain a safe airway
(Table 2).

With this score, once the patients met the prerequisites to be able to be extubated,
they analyzed the values and if they were above 7, the algorithm tells us to look for
some etiology as a trigger for the ventilatory cause. If it was less than 7, the already
established extubation criteria were used (Figure 6) [14].

Moets i 3 and
Neurocritical patient criteria for MV withdrawal. Neurologically
Acute phase of neurcintensive i stable: GS, Intracranial Pressure,
care passed Cerebral Parfusion Pressure, Cerebral

Oxygenation, Cerebral Imaging

Evaluate wake up.
Synchrony with ventilator

|Aim.‘zy Care Scone <8 ' IAlrway Care Score = 7| Continue mechanical
. Look for the cause.

l l Conscious sedation
Risgk post-axtubation Assess the cause,
stridor. Feminine sex. Etiological tharapy

Ditficult i
MV > 3-5 days

Spontaneous breathing test
30 to 120 minutes (Tubo-T/PS < 8 cm H20)

l

Adequate tolerance. Oxygen
saturation = 90%.
Haart rate < 120 minute.
Systolic anerial blood pressure
< 180 mm Hg. Respiratory frequency
< 35 minute. No neurodegenaration.

Steroid 110
3 doses

Figure 6.
Algorithm for weaning from MV and extubation in neurocritical patients. This is an author’s work Jibaja et al. [15].
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Extubation criteria in posterior fossa surgery

Ventilation-oxygenation Hemodynamics Neurological

Respiratory rate 10-30 Cardiovascular stability GCS > 8 points

breaths per minute

Regular respiratory pattern Lack of dependency of Adequate psychological conditions

vasoactive agents

Max inspiratory Temperature 35-37°C Lack of depression of the respiratory center

pressure < 20 cmH,0 due anesthetics

Tidal volume > 6 ml/kg Heart rate < 100 bpm Integrity of the protective airway reflexes

FIO; < 50% MAP > 65 mmHg Nausea reflex (IX, X)

Intrapulmonar shunt (Qs/ PH 7.35-745 Faringeal reflex (cough) (V, X)

Qt < 20%)

Pa0O, > 70 mmHg HB >8 g/dL Vocal folds mobility (X)

PaCO, 30-45 mmHg Urine output >1 ml/kg/h Integrity of the greater hypoglossal
nerve (tongue movements, strength by
palpation)

Pa0,/FI0, > 200 ICP < 15 mmHg Reversal of the neuromuscular block

This is an authors work De La Serna-Soto et al. [4].

Table 3.
Extubation criteria in posterior fossa surgery.

Another aspect that must be taken into account is the type of neurosurgical
procedure to be performed. We know that infratentorial injuries, as discussed in the
PRICE survey, are a challenge for neurosurgeons, neuroanesthesiologists, and neu-
rointensivists, and this is due to the fact that infratentorial injuries have a higher rate
of failed extubation, prolonged mechanical ventilation, pneumonia, high mortality,
and increased hospital costs. Cai, assessed that lesions greater than 30 mm, which are
associated with low torque dysfunction, patients with a history of previous crani-
otomy and sudden changes in blood pressure, were the main predictors of extubation
failure in neurosurgical patients [6, 15, 16].

At the National Institute of Neurology and Neurosurgery of Mexico, criteria
for extubation in patients undergoing posterior fossa surgery were analyzed and
described in Table 3 [4].

4, Conclusions

It must be taken into account that there are complications associated with the
delay and failure of extubation in neurocritical patients, which is why all patients
must be evaluated in detail prior to surgical intervention. The neurological examina-
tion is essential to know the state prior to the surgical procedure. We know that there
are different extubation protocols for neurocritical patients and all of them should be
reviewed in detail for a better prognosis. In turn, infratentorial lesions have a higher
risk of extubation failure and that is why we must analyze and detail an adequate
clinical history in our patient. Since there is not enough evidence for the extubation of
these patients, the global implementation of extubation guidelines for neurocritical
patients is recommended.
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Chapter7

Peri-Operative Management of
a Difficult Airway in a Resource
Limited Environment

Omolola Fagbohun

Abstract

Airway management is an essential skill that is relevant to the practice of medicine
especially with regards specialties such as anesthesia, intensive care and emergency
medicine. This vital skill can be made more challenging in an austere environment
with limited facilities and equipment. Being pre-informed on the peculiarity of
each patient, developing and mastering necessary skills through regular trainings
and having a pre- outlined care plan based on available resources in the immediate
environment can mitigate against some of the possible challenges in such environ-
ment. Hence, the pre-operative assessment of a patient with a difficult airway is an
integral part of the peri-operative workup that helps to predict potential problems,
develop a management plan thereby avoiding an unanticipated difficult airway as
much as possible and inadvertently preparing for an unanticipated difficult airway in
rare instances.

Keywords: difficult airway, limited resources, anticipated difficult airway, airway
equipment, supraglottic devices, advanced airway equipment

1. Introduction

Airway management hazards are common causes of morbidity and mortality in
the peri-operative period especially in a resource limited environment. Adequate
airway assessment is essential in the care of all patients requiring advanced airway
management. The goal of airway assessment is to identify patients who may have
difficult airway and develop practical management options depending on the cause of
the difficult airway, the patient’s condition, skill of the attending airway manager and
the available equipment in the immediate environment. There are two major focus
areas in the management of a difficult airway:

a.Laryngoscopy and intubation

b. Ventilation (oxygenation)
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Although protocols are available to guide the management of difficult airways, but
these protocols can only help each team or unit to develop guidelines that are conve-
nient and peculiar to them based on available equipment, skill of attending airway
managers and the cause of difficulty in airway. The aim is to prevent critical airway
outcomes such as hypoxic brain injury, cardiac arrest, oropharyngeal trauma and
death. Predicting problems with ventilation and oxygenation supersedes predicting
difficulties with laryngoscopy or intubation as failed laryngoscopy is not as dangerous
as a situation of failed oxygenation. Airway assessment to predict a difficult airway
will entail history taking, examination and investigations. For patients who have
never been intubated, airway difficulty can only be suspected from review [1].

According to the American Society of Anaesthesiologists Task Force definitions [1]:

The difficult airway occurs when a conventionally trained Anesthetist has dif-
ficulty with either facemask or laryngeal mask airway ventilation, tracheal intubation
or all the three clinical scenarios.

Problem with facemask ventilation is when the conventional anesthetist cannot
maintain oxygen saturation on at least 92% as measured by a pulse oximeter or pre-
vent clinical evidence of deficient ventilation during advanced airway management.
With difficult laryngoscopy, a conventional anesthetist has a problem visualizing the
vocal cords. This usually corresponds to a Cormack and Lehane Grade IV laryngos-
copy view [1, 2].

A difficult intubation occurs when a conventional laryngoscopy requires more
than three attempts or more than 10 minutes to introduce an endotracheal tube by a
conventionally trained anesthetist.

The prevalence of difficult airways varies widely and changes with the environment,
situation and type of patient. It is approximatelyl in 1-2000 in the elective setting, 1
in 300 during rapid sequence intubation in the obstetric setting and 1 in 50-100 in the
emergency department, intensive care unit, and pre-hospital settings [1, 3].

2. Identifying a Difficult Airway

The management of a difficult airway begins with the anticipation of a difficult
airway and developing a plan to avert critical incidents due to a difficult airway
encounter. The prediction of a difficult airway is heralded by a proper pre- operative
assessment [1].

2.1 Pre-operative airway evaluation

This involves history taking, examination, investigation, familiarization with the
work environment and available instruments to maneuver the airway, identifying
the strength of each team member and assigning roles, identifying shortfalls and
developing care plans that fits the immediate environment while not deviating from
acceptable world standards [1, 3].

2.2 History
History that may suggest difficult airway management includes: The Reason for

airway management, obesity, history suggestive of obstructive sleep apnea, exercise
intolerance, smoking, change in voice, difficulty swallowing, burns affecting the
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airway, poor mouth opening, poor neck mobility, large mammary glands, Infections
of the oropharynx and neck, previous surgery or radiotherapy to neck, difficult
dentition, pregnancy, recent intubation (swelling, trauma), previous anesthetics and
operations, previous difficulties with mask ventilation or laryngoscopy [4, 5].

2.3 Examination

The level of consciousness and co-operation, Body Mass Index, Beard, craniofacial
deformity, Mallampati grade I to IV, Mouth opening, Inter-incisor gap distance (>
3 c¢m = good, < 3 cm = bad), Shape of palate, Jaw protrusion, Teeth, Edentuous, Teeth
prominence (upper incisors) and condition, Relation of maxillary to mandibular
incisors during normal jaw closure, dentures/ caps/ crowns/ loose teeth, Range of
motion of head and neck, thyro-mental distance <6 cm, Neck length and circumfer-
ence/ thickness, Compliance of mandibular space, Sternomental distance, upper lip
bite test, Mallampati Classification [4, 5].

2.4 Investigations
* Nasal endoscopy, awake laryngoscopy, Lateral neck xray, Chest Xray, CT neck
2.5 Modified Mallampati score

* Class I: the soft palate, the uvula, fauces and pillars are seen easily [4]
* Class II: the soft palate, the uvula and the fauces are seen
¢ Class III: only the Soft palate and the base of the uvula can be seen

* Class IV: Only the hard palate can be seen

Class III/IV predicts a difficult airway. The mallampattit scoring system can not be
used alone to predict difficulty [6, 7].

Class | Class Il Class 1l Class IV

B.
Grade | Grade ll Grade 1l Grade IV
= ~— ~
——— 4‘-\_/
“@ \W—-——-ﬂ" P — \‘\—_.—*._—s--/
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2.6 Cormack-Lehane classification

Grade 1: The full glottis is seen

Grade 2a: The glottis is partially seen

* Grade 2b: Only the posterior aspect of the glottis is seen

Grade 3: Only epiglottis seen, no part of the glottis is sighted
* Grade 4: No part of the glottis or the epiglottis is seen

A difficult intubation is suggested with a Grade 2b view or more [2].

Upper Lip Bite Test [8]. The upper lip bite test assesses the ability to place the
lower incisors over the mucosa of the upper lip. This acts as a predictor of the ability
to subluxate the mandible during laryngoscopy. The grading system is as follows:

* Grade 1: the upper lip can be fully covered by the lower incisors

* Grade 2: the upper lip can be partially covered with the lower incisors

* Grade 3: the lower teeth cannot reach the upper lip [8]

3. Acronyms for difficult airway predictions
3.1 The acronym for difficult laryngoscopy and intubation is the LEMON SCORE
* Look externally for facial anomaly, bleeding, small mouth [9]
* Evaluate 3-3-2 rule
* Mallampati score
* Obstruction/ Obesity

* Neck Mobility for trauma, arthritis, spondylosis and consider the use of video
laryngoscopy

3.2 The acronym for the Difficult Bag Valve Mask (BVM) ventilation is BONES

The difficult BVM is described according to the American Society of
Anesthesiologists (ASA) as a situation in which it is impossible to provide adequate
ventilation due to poor mask seal, excessive gas leak or excess resistance to gas inflow
or outflow [9].

¢ Beard

¢ Obese
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¢ No teeth
* Elderly

* Sleep Apnea / Snoring

3.3 The mnemonic for difficulty using a supra glottic device such as the laryngeal
mask airway, LMA = RODS

* Restricted mouth opening [9]
* Obstruction
* Distorted or disrupted airway

* Stiff lungs or cervical-spine

3.4 The acronym for Difficult surgical airway (difficult cricothyrotomy) is
SHORT

* Surgery or other airway obstruction [9]

¢ Hematoma, Infection or abcess

* Obesity

* Radiation distortion or other deformity

* Tumor
4. Strategy for managing a predicted difficult airway: A pre planned pre-

induction strategy includes:
4.1 Familiarization with the procedural environment

Is the anesthetic team conversant with the procedural environment? Is it the regu-
lar theater. Emergency room, the intensive care unit or a totally strange environment
like an accident point, a catheterization laboratory? Do they have all needed equip-
ment and resuscitatory drugs available? Do they have adequate support staff? Do
they need to move needed equipment such as back up laryngoscopes, difficult airway
trolleys and others to augment the facilities where the procedure will take place [1].
4.2 Selection of equipment

The choice of appropriate airway device is essential for effective airway manage-
ment. The use of the facemask, oropharyngeal airway, curved and straight-blade
laryngoscopes, different sizes of endotracheal tubes with adequate airway train-

ing skills were the mainstay of endotracheal intubation and airway management.
The facemask is a basic airway device for providing ventilation during airway
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management. This then led to the introduction of the gum-elastic bougie for access-
ing minimally visible laryngeal inlets even after applying significant externally
applied downward and upward laryngeal pressure. The bougie is then serving as a
guide for advancing the endotracheal tube. Endotracheal tubes are devices inserted
through the nose or mouth to provide oxygenation and ventilation. The distal end of
the tube is located at the mid-trachea [1, 8, 10].

When the facemask fails to provide adequate ventilation/oxygenation in some
situations (such as craniofacial deformities, edentulousness) which may require fill-
ing the defect with gauzes to support holding the facemask or handling the facemask
with special techniques and the larynx cannot be accessed with the external maneuver
or a gum elastic bougie, the use of supra glottic airway adjuncts may be necessary.
Supraglottic airways devices ventilate from above the glottis. A common supraglot-
tic device used in airway management is the Laryngeal Mask Airway, LMA. LMAs
are used during difficult facemask ventilation and they can be used during difficult
intubation as conduits for introducing the endotracheal tube [8, 11].

The LMAs can be used for noninvasive positive-pressure ventilation to provide
positive-pressure airway support. Patients can be placed on a continuous positive
airway pressure (CPAP) device or a bilevel positive airway pressure (BIPAP) device.
The noninvasive positive-pressure ventilation is ideal in conscious patients with
ventilatory efforts. However, patient should be closely monitored for a decline in
consciousness or depreciating respiratory effort or exhaustion so that endotracheal
intubation is established if needed [12].

A supraglottic device may be considered in difficult mask ventilation or difficult
intubation .cases, or when a rescue device or conduit is required for endotracheal tube
introduction during difficult intubation. For a difficult intubation, the use of a gum
elastic bougie, the intubating LMA, a video laryngoscope or awake fibreoptic intuba-
tion are the various options.

When a difficult airway is encountered, the downward and upward laryngeal
pressure maneuver is performed to attempt to bring the laryngeal inlet into better
view. The gum elastic bougie is used for accessing minimally visible laryngeal inlets
after the above maneuver fails. The bougie serves as a guide to advance the endotra-
cheal tube.

It is important to note that, the patient, the cause of difficulty, the skill of the
anesthetist and the available equipment are all determinants of the choice of equip-
ment and technique of airway management. The Intubating Laryngeal Mask Airway,
ILMA is a special type of LMA that is recommended in the management of a difficult
airway. It is said to have about 94% success rate [11].

The awake fibreoptic intubation is another option for managing a difficult airway.
These are not readily available in resource limited facilities. Although studies have
recorded 88-100% success rate in their use for managing difficult airways. The ILMA
and the awake fibreoptic intubation are said to have comparable success rate [12].

The video laryngoscope is a choice equipment for managing a difficult airway. It
enables smooth and safe introduction of eitheran endotracheal tube, an endotracheal
tube introducer, or fiber optic scopes in the care of both an anatomically normal upper
airways and also those with a difficult upper airway. The video laryngoscope has an in
built camera that allows the process of airway management to be watched on a screen
that is either attached to the handle of the laryngoscope itself or is freestanding. There
are various types of video laryngoscopes offering different designs of laryngoscope
blades such as the straight, curved or hyper-angulated blades [13, 14]. It is advisable that
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the managing anesthetist uses the equipment they are familiar with and they have avail-
able on their airway trolley arranged with available resuscitatory drugs. With a failed
attempt at intubation despite the use of the LMA, fibreoptic and videolaryngoscope and
patient cannot be ventilated using the LMA or facemask, a surgical airway is indicated.
Hence, the difficult airway tray should always include a cricothyroidotomy Kkit.

a. Assessment of equipment: It is vital to check the functionality of all equipment to
be used for the procedure and carefully arrange them. From the oxygen source,
to the sunction machine to the laryngoscopes must be checked. Backup equip-
ment like extra tubes of various sizes, different types of laryngoscopes and sizes
of blades, different types and sizes of LMA must be available. Equipment failure
is a known cause of critical airway incidents. In the case report by Fagbohun et al.
[15], they experienced laryngoscope light source failure after an initial check of
the said laryngoscope prior to commencing the procedure. However, they were
able to seamlessly maneuver around the incident as there was a back up laryngo-
scope on their airway trolley.

b.Skills, Strategy and positioning: The airway managers must collaborate with
other theater professionals to ensure a smooth and supportive inter personal
relationship. The choice of airway management in patients should not only con-
sider the anesthetists and patient but also consider the surgical access/field for
the surgeons and adherence to established airway guidelines to facilitate effective
airway management.

Air way managers have emphasized that proper positioning of the patient by
maintaining jaw-lift, good neck positioning, use of continuous positive airway pres-
sure, identifying a potential difficult airway before a procedure and outlining a care-
plan based on the accepted difficult airway algorithm will reduce the risk of critical
incidents during airway management especially in an environment where resources
are scarce [16, 17].

It is appropriate to ensure adequate debriefing between all members of the peri-
operative care team regarding the observed peculiarity of the patient, potential diffi-
culties envisaged and possible resolution plans associated with the airway assessment.

4.3 Ethics and team members’ roles/specification

Obtaining thorough and comprehensive informed consent from patients or their
authorized legal care givers or decision makers is crucial before administering anes-
thesia and conducting an airway assessment. All team members should freely air their
opinions and views to ensure patient has optimal care. All issues of concern should be
discussed and resolved before the procedure begins. The role of each team member
should be clearly specified during debriefing to ensure proper coordination [17, 18].

4.4 Preparation for extubation
The anaesthesiologist should consider the benefit of awake extubation to extuba-
tion while patient is still unconscious. The patient should be well ventilated to avoid

critical incidents from hypoxia. Until the patient is fully recovered, the difficult
airway tray should be maintained and within reach.
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4.5 Follow up care

It is necessary that all difficult airway management experiences and how they
were managed are properly documented. Detailed information should be given to
the patient or responsible adult in the case of children or the incapacitated patient
to guide future airway management. (Preferably as a document) The patient should
also be evaluated for possible complications from the difficult airway management
experienced [1, 17, 18].

5. Conclusion

Working in a resource scarce environment is challenging to the airway manager. It
is important that these specialists working in these unique environments are con-
stantly engaged in refresher courses to update their knowledge and skills on current
standard practices and constant drills should be organized to put the knowledge
acquired to test and use so that they do not forget the skills acquired. It is important to
note that the best airway plan for the patient is dependent on the patient, the skill of
the attending airway manager and the available equipment at the time of intervention
and not just the availability of advanced airway equipment.
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