The

David B. Glick
Richard M. Cooper
Andranik Ovassapian
Editors




The Difficult Airway






David B. Glick, MD, MBA

Richard M. Cooper, B.Sc, M.Sc, MD, FRCPC
Andranik Ovassapian, MD

Editors

The Ditficult Airway
An Atlas of Tools and Techniques

for Clinical Management

@ Springer



Editors

David B. Glick, MD, MBA Richard M. Cooper, B.Sc, M.Sc, MD, FRCPC

Department of Anesthesia & Critical Care Department of Anesthesia

The University of Chicago University of Toronto

Chicago, IL, USA Department of Anesthesia and Pain Management
Toronto General Hospital

Andranik Ovassapian, MD (deceased) Toronto, ON, Canada

Department of Anesthesia & Critical Care
The University of Chicago
Chicago, IL, USA

ISBN 978-0-387-92848-17 ISBN 978-0-387-92849-4 (eBook)
DOI 10.1007/978-0-387-92849-4
Springer New York Heidelberg Dordrecht London

Library of Congress Control Number: 2012951846

© Springer Science+Business Media New York 2013

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection with
reviews or scholarly analysis or material supplied specifically for the purpose of being entered and executed on
a computer system, for exclusive use by the purchaser of the work. Duplication of this publication or parts
thereof is permitted only under the provisions of the Copyright Law of the Publisher's location, in its current
version, and permission for use must always be obtained from Springer. Permissions for use may be obtained
through RightsLink at the Copyright Clearance Center. Violations are liable to prosecution under the
respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does
not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective
laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the material
contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



AL\ e

To our loving wives and wonderful children,
and to the memory of Dr. Andranik Ovassapian—pioneer,
mentor, colleague, and friend to a generation of physicians
and nurses the world over.

David B. Glick
Richard M. Cooper






Preface

Few challenges can sour faster or lead to more devastating outcomes than failed attempts
to control a difficult airway. Things can go from calm to catastrophic in little more than
the time that you are able to hold your breath, and death or profound neurologic injury are
the possible results. The concerns regarding the management of difficult airways are shoul-
dered by many in the healthcare field as anesthesiologists, intensive care physicians, emer-
gency room physicians, as well as nurses in many different venues, and out-of-hospital first
responders may all be tasked with providing airway support and/or definitive airway con-
trol to a wide range of patients. Unfortunately, the majority of patients with airways that
are difficult to manage are either unsuspected difficult airways or require urgent airway
management. Either way, there is often precious little time to develop a plan for how best
to approach the problem. The American Society of Anesthesiologists’ Difficult Airway
Algorithm, and algorithms like it, were developed in large part to offer a pre-planned
approach to the difficult airway to streamline the efforts from the time of identifying the
difficult airway to successful management of the airway. The advantage of the ASA algo-
rithm is that it includes many different techniques and tools to help the provider over-
come the entire gamut of airway challenges. The drawback to the wide range of approaches
is that it poses a significant experiential challenge to the airway manager who wants to
become familiar with the many options available to manage a difficult airway. This prob-
lem has been exacerbated by the rapid evolution in airway management tools and the
techniques for their use that have occurred in the past 1015 years. Our purpose in writing
The Difficult Airway was to provide the necessary background and instructions in the many
techniques listed in the ASA algorithm so that any practitioner, from the novice to the
seasoned veteran, will feel comfortable in selecting and practicing unfamiliar techniques
and devices or better appreciate the role that familiar ones might play. To this end, we
have benefitted greatly from the experiences and expertise of an international collection
of practitioners who have each written and illustrated a chapter covering techniques that
they, in many cases, have pioneered.

Much of the inspiration for this work as well as the selection of the authors for each
of the chapters came from Dr. Andranik Ovassapian. Dr. Ovassapian’s groundbreaking
work with fiberoptic bronchoscopy and his involvement in the founding and early leader-
ship of the Society for Airway Management has served as the foundation for much of the
work that has followed regarding the management of the expected and unexpected difficult
airway. For that, a generation of clinicians and their patients owe him a tremendous debt.
We were all deeply saddened by his death during the writing of this book, but trust that the
lessons he taught us will continue to improve patient safety and satisfaction for many years
to come.
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Introduction

Maintaining a stable, patent airway is a fundamental element of acute care medical
practice. While airway management is conceptually straightforward, the wide variety of
clinical circumstances, patients, and tools can make the task of ensuring a stable, open
airway under all clinical conditions extremely challenging. Care providers involved in
airway management must therefore not only be technically skilled but also sufficiently
flexible to adjust to changing conditions, risk/benefit balances, and goals. One aspect of
airway management that requires particular attention is the airway that is difficult to
secure or keep patent. For clinical or anatomic reasons, both bag mask ventilation and
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THE DIFFICULT AIRWAY

tracheal intubation in such a patient population may be difficult without specialized exper-
tise or tools. Because adequate oxygen delivery through a patent airway is critical to life
support and resuscitative efforts, the risks of inadequate airway management are high, add-
ing to the challenge.

One significant advance in difficult airway management is the development of algo-
rithms to standardize the technical approach to successful endotracheal intubation in a
patient with a difficult airway. Such algorithms are relatively recent (The American
Society of Anesthesiologists difficult airway algorithm originated in 1993), and integrate
clinical experience, evidence, and technical expertise into a stepwise approach to antici-
pated and unanticipated airway challenges. This chapter will focus on current concepts
regarding the definition of a difficult airway, the incidence of difficult airways in and out of
the operating room, and current algorithms for management of the difficult airway.

Definitions

Considerable variability exists in the literature definition of the difficult airway (DA) has
not been clearly established in the literature. Differences in study design, assessment tools,
operator skill, and relevant metrics for defining difficulty have contributed to this lack of
consensus. Most studies have divided the difficult airway into two components: difficult
mask ventilation (DMV) and difficult intubation. A difficult airway may then involve
either component or both. Definitions for DMV, for example, may range from subjective
anesthesiologist assessment to a need for four-hand ventilation! or alternative interven-
tion and additional personnel'. Other metrics have included the presence of a clinically
relevant gas leak during ventilation, a need for increased fresh gas flows above 15 L/min or
use of oxygen flush valve more than twice?, lack of perceptible chest movement?,
SpO, <92 %?, and need for a different operator’. One recent classification of mask ventila-
tion has been developed by Han and consists of 5 grades (Table 1.1).

Similarly, published metrics for difficult intubation include requiring more than two
attempts or more than 10 min with conventional laryngoscopy, requiring more than three
or four attempts to successfully intubate, a perceived need for a stylet, and inability to
intubate the trachea after at least three unsuccessful attempts with stylet or by an experi-
enced staff anesthesiologist’. Adnet and coworkers proposed a continuum of difficulty
based upon several parameters referred to as the Intubation Difficulty Scale (IDS), assign-
ing numerical values to parameters such as number of attempts, number of operators, num-
ber of alternative techniques, Cormack and Lehane laryngoscopic grade, increased lifting
force, application of laryngeal pressure, and vocal cord mobility’.

In the 1993 American Society of the Anesthesiologists (ASA) guidelines for difficult
airway management* DMV was defined as present when an unassisted anesthesiologist is
unable to maintain SpO, >90 % using positive pressure ventilation with 100 % oxygen in
a patient with SpO,
lines considered mask ventilation to be difficult if the anesthesiologist is unable to prevent

>90 % before the anesthetic intervention. In addition, these guide-
or reverse signs of inadequate ventilation*. An intubation sequence was defined as difficult

if insertion of the endotracheal tube required more than three attempts or more than
10 min with conventional laryngoscopy*. Obviously, an experienced laryngoscopist might

Table 1.1. Classification of difficulty of mask ventilation.?®

Grade 0 Ventilation by mask not attempted

Grade 1 Readily able to ventilate by mask

Grade 2 Able to ventilate by mask with oral airway or other adjuvant

Grade 3 Difficult mask ventilation (inadequate, unstable, or requiring two
practitioners)

Grade 4 Unable to mask ventilate
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recognize a difficult or impossible laryngoscopy on the first attempt and not engage in
multiple time-wasting, unproductive efforts.

A more recent version of the ASA guidelines used criteria more clinically relevant to
anesthesia practitioners. In the 2003 revision, the Task Force defined a difficult airway as a
clinical situation where a conventionally trained anesthesiologist experiences difficulty
with face mask ventilation of the upper airway, difficulty with tracheal intubation, or both °.
DMV was defined as the inability to provide adequate ventilation with a mask as evidenced
by the absence or the inadequacy of breath sounds, chest movement, spirometric measures
of exhaled gas flow, exhaled carbon dioxide (ETCO,) as well as inadequate oxygen satura-
tion (SpO,), cyanosis, the auscultatory signs of severe obstruction, gastric air entry or dila-
tation and hemodynamic changes associated with hypoxemia or hypercarbia. Difficult
intubation was defined as the inability to visualize the vocal cords during multiple attempts
at direct laryngoscopy, and difficulty or failure to place the endotracheal tube despite mul-
tiple attempts.

Most published definitions of the difficult airway center on the ability of the practitio-
ner to perform face mask ventilation within specific parameters or intubate by direct laryn-
goscopy within a specific time or number of attempts. It is easy to see that defining the
difficult airway is itself difficult. Changing technologies, variability in operator skill, and
the use of alternate airway techniques may result in an ongoing reexamination of these
definitions. Familiarity with alternate airway devices is an example. Failed face mask ven-
tilation may be easily managed with a supraglottic airway device. A skilled bronchoscopist
may choose that technique rather than direct laryngoscopy in a patient with risk factors for
difficult direct laryngoscopy. Similarly, an intubation easily performed by video laryngos-
copy or a lightwand is difficult to classify via standard “visualize the cords” metrics. Some
direct laryngoscopies fail to reveal the larynx but a patient may still be easily intubated,
while video laryngoscopy may provide complete laryngeal exposure but intubation is
difficult. In addition, variability in operator skill may cause an airway to be difficult for one
provider, but not for another. Literature assessments of incidence, complication rate, and
success rate for difficult intubation should thus be interpreted with these caveats in mind.

Incidence

As noted above, the incidence of difficult airway management clearly depends on the
definition used and the patient population studied. For DMV, reported incidences range
between 0.07 and 5 %. Several prospective studies demonstrated the incidence to be 0.08 %
6,0.97, 1.4 %5, 4.9 %°, and 5 %*. The largest prospective study was performed in 2006 and
included 22,660 MV attempts identified by electronic database review. Kheterpal et al.
defined mask ventilation as difficult if it was inadequate, unstable, or required two providers
with or without muscle relaxant and found that the rate of DMV was 1.4 % and the rate of
impossible mask ventilation was 0.16 %'°. In a 2009 follow-up study focusing on impossible
mask ventilation, the same authors evaluated 53,041 attempts at mask ventilation and
found a 0.15 % incidence of IMV.

Published estimates of the incidence of difficult intubation (DI) range from 0.1 to 13 %,
with the incidence of impossible intubation (Iml) between 0.3 and 0.5 %. Difficult or impos-
sible mask ventilation can occur by itself or in association with difficult (direct) laryngos-
copy and/or intubation. In the retrospective study by Kheterpal et al. in 2009, 19/77 (25 %)
patients had a combination of impossible mask ventilation and difficult intubation by direct
laryngoscopy, defined as a grade III or IV Cormack-Lehane laryngoscopy view or more than
three attempts at intubation by an anesthesiology attending'. The combination of impossi-
ble mask ventilation and impossible intubation is encountered much less frequently with
incidences of 0.01-2 per 10,000 patients in some studies and 0.3—1.5 % in others. Because
the study by Kheterpal et al. was retrospective, these numbers are low estimates as many
patients with known difficult airways may have been intubated by other means.

(O8]



THE DIFFICULT AIRWAY

Several associated conditions can alter the risk of difficult intubation or ventilation.
Morbid obesity (MO) and obstructive sleep apnea (OSA) have both been implicated as
risk factors for DI. One recent prospective study found a DI rate of 3.3 % in MO patients
undergoing bariatric surgery, but no correlation between OSA and DI, and no ImI'..

Acromegaly also increases the incidence of DI. Older retrospective studies estimate
the incidence at 12-30 %, and a more recent prospective study found an incidence of
26 % '2. In thyroid surgery patients, the reported incidence of DI is also increased relative
to normal patients (5.3—13 %). One prospective study in 324 patients undergoing thyroid
surgery observed similar risks of DI in patients with or without goiter in 11.7 % vs. 9.9 %,
respectively’. A similar study by Bouaggad reported an incidence of DI of 5.3 %'4. A study
evaluating the risk of DI in patients with known or newly found goiter scheduled for any
nonemergency surgery found a higher incidence of Iml than the general population®.

Obstetric patients also have a higher incidence of DI. A study by Djabatey reviewed
3,430 general anesthetics in obstetric patients and found the incidence of DMV to be 0,
and the incidence of DI 0.67 %, with no failed intubations'®. Out of the 23 DI, 9 were
anticipated and 3 awake fiberoptic intubations were performed. Another prospective study
of 1,095 general anesthetics for cesarean section reported a rate of DI of 3.3 %, with failed
intubation incidence of 0.4 % and successful laryngeal mask airway (LMA) management

in all failed intubations'’.

Algorithms for Addressing the Difficult
Airway

To facilitate a uniform approach to the challenge of the difficult airway, several national
anesthesiology societies have developed algorithms for difficult airway management. The
American Society of Anesthesiologists guidelines were introduced in 1993 and updated in
2003 #3. These guidelines, developed using literature evidence, expert opinion, and input
from ASA members, address the issues of preoperative evaluation, definition and predic-
tors of DMV and DI, basic preparation for difficult airway management, specific airway
strategies, and step-by-step algorithms for securing and extubating the difficult airway.

The ASA guidelines begin with the preoperative evaluation, and suggest that such
evaluation should include a history of prior difficult airway management and conditions
that may predispose to a difficult airway. Assessment of the likelihood of difficulty with
patient cooperation or consent and difficulty with surgical airway establishment should
also be performed. No specific diagnostic tests beyond assessment of history and physical
are recommended.

The ASA guidelines then make several basic recommendations about the approach
to the difficult airway. These include informing the patient, ensuring the presence of an
additional capable assistant, and pre-oxygenation by face mask. In addition, the ready
availability of a basic set of airway instruments is recommended to assist with anticipated
and unanticipated DMV/DI scenarios. Such a setup should be accessible at all anesthetiz-
ing locations and other areas where acute difficult airway management may be encoun-
tered. It is also essential that those likely to use such carts be familiar with the contents
and their proper use. The ASA guidelines provide suggestions regarding the items to be
included in the basic setup and their modification depending on the location and the
preoperative evaluation (Table 1.2).

Finally, the 2003 ASA guidelines recommend that clinicians develop specific strate-
gies for facilitating intubation of the difficult airway. The linking of such strategies into
sequences then generates algorithms analogous to those used for life-threatening cardiac
events. The difficult airway algorithm is depicted in Figure 1.1, and is categorized into
five parts.

The first part focuses on assessment of the likelihood and clinical impact of four basic
management problems: difficult ventilation, difficult intubation, difficulty with patient
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Table 1.2. Suggested equipment for a difficult airway cart (American Society of Anesthesiologists).

Rigid laryngoscope blades of alternate design and size (may include video laryngoscopy)

Tracheal tubes of assorted sizes

Tracheal tube guides

Supraglottic airway devices

Flexible bronchoscopic intubation equipment

Retrograde intubation equipment

At least one device suitable for emergency noninvasive airway ventilation (Combitube®, jet
ventilation stylet, transtracheal jet ventilator)

Equipment suitable for emergency invasive airway access

Exhaled CO, detector

consent or cooperation, and difficult tracheostomy. The second part focuses on delivering
supplemental oxygen throughout the process of difficult airway management. The third
part identifies three specific decisions that must be made during the course of difficult air-
way management. These are awake vs. asleep intubation, noninvasive vs. invasive tech-
nique for initial intubation, and preservation vs. ablation of spontaneous ventilation. The
fourth part is a recommendation to identify an alternative approach. Finally, the fifth part
explicitly recommends the use of exhaled carbon dioxide to confirm tracheal intubation.

Other national societies have also created difficult airway algorithms in recent years.
Several prominent examples include the French Society of Anaesthesia and Critical Care
(SFAR) in 1996'® (which was updated in 2008 and published in the form of a series of ques-
tions and expert opinions!® %), the Canadian Airway Focus Group (CAFG) in 1998 2!, the
[talian Society of Anaesthesia, Resuscitation and Intensive Therapy (SIAARTI) in 1998
with an update on adult airway management in 2005 and pediatric airway management in
2006%%, the German Society of Anaesthesiology and Intensive Care Medicine?’, and the
Difficult Airway Society (DAS) in United Kingdom in 2004%*.

A significant difference between guidelines is their definition of difficult intubation.
Both the threshold number of intubation attempts and need for specific intubating condi-
tions differ with respect to what constitutes difficult intubation. To address this issue, more
recent recommendations have shifted emphasis from the absolute number of attempts or
the time involved to include the experience of the laryngoscopist, the optimal position,
and the use of alternative devices.

Adequate pre-intervention airway evaluation using various airway characteristics, main-
tenance of predetermined airway equipment array, planning in case of unanticipated difficult
airway, maintenance of oxygenation during attempts, and calling early for help are among
other principles consistently emphasized in the various algorithms. In contrast, although the
recommendation for availability of alternative airway devices occurs in most guidelines, rec-
ommendations as to specific devices and when they should be deployed vary among the
difficult airway algorithms. Table 1.3 depicts some relevant differences between airway man-
agement algorithms produced by different societies. Table 1.4 presents highlights of difficult
airway management (DAM) scenarios in different guidelines and recommendations.

Taken together these strategies and algorithms provide a comprehensive roadmap for
addressing the known and unknown difficult airway. Because airway strategies continuously
evolve, it is likely that this framework will also change with changing practice. Indeed the
ASA algorithms and those of the CAFG are currently undergoing revisions. Three recent
developments in airway management suggest that difficult airway management may con-
tinue to evolve.

Recent large-scale retrospective analyses suggest that true DMV is rare, and that nearly
all cases of DMV are eventually intubated, even when muscle relaxant is given. These data
indicate that the practice of withholding muscle relaxant until effective mask ventilation
is verified may be unnecessary. If such data change clinical practice, the incidence and
subsequent management options for the difficult airway may also change. Perhaps of even
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DIFFICULT AIRWAY ALGORITHM

1. Assess the likelihood and clinical impact of basic management problems:

A. Difficult Ventilation
B. Difficult Intubation

C. Difficulty with Patient Cooperation or Consent

D. Difficult Tracheostomy

2. Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management

3. Consider the relative merits and feasibility of basic management choices:

A. Awake Intubation

B. | Non-Invasive Technique for Initial
Approach to Intubation

Intubation attempts after Induction

of General Anesthesia

Invarsive Technique for Initial
Approach to Intubation

C. Preservation of Spontaneous Ablation of Spontaneous
Ventilation Ventilation
4. Develop primary and alternative strategies:
A INTUBATION ATTEMPTS AFTER

AWAKE INTUBATION

v
Airway Approached by
Non-Invasive Intubation

Invasive
Airway Access®)*

Succeed* FAIL
v v v
Cancel Consider Feasibilit Invasive

Case of Other Options(® Airway Access(®)*

INDUCTION OF GENERAL ANESTHESIA

Initial Intubation
Attempts Successful®

Initial Intubation
Attempts Unsuccessful

FROM THIS POINT
ONWARDS CONSIDER:
1. Calling for Help
2. Returning to Spontaneous
Ventilation
3. Awakening the Patient

FACE MASK VENTILATION ADEQUATE

Ventilation Adequate, Intubation Unsuccessful

v
LMA ADEQUATE*
NON-EMERGENCY PATHWAY(—I_ EMERGENCY PATHWAY <J

FACE MASK VENTILATION NOT ADEQUATE

CONSIDER/A;I'TEMPT LMA

v
LMA NOT ADEQUATE
OR NOT FEASIBLE

Ventilation Not Adequate,

Intubation Unsuccessful

IF BOTH
Alternative Approaches FAGE MASK Call for Help
to Intubation() . AND LMA '
VENTILATION
¢—I—¢ BECOME Emergency Non-Invasive Airway Ventilation(e)
INADEQUATE
Successful FAIL After Dot an*
Intubation* Multiple Attempts 17 Successful Ventilation FAIL
v v I—> Emergency
Invasive Consider Feasibilit Awaken Invasive Airway
Airway Access®)* of Other Options(@ Patient(d) Access(®)*

*Confirm ventilation, tracheal intubation, or LMA placement with exhaled CO,

a. Other options include (but are not limited to): surgery utilizing face
mask or LMA anesthesia, local anesthesia infiltration or regional
nerve blockage. Pursuit of these options usually implies that mask
ventilation will not be problematic. Therefore, these options may be
of limited value if this step in the algorithm has been reached via
the Emergency Pathway.

b. Invasive airway access includes: surgical or perculaneous
tracheostomy or cricothyrotomy.

c. Alternative non-invasive approaches to difficult intubation include
(but are not limited to): use of different laryngoscope blades, LMA
as an intubation conduit (with or without fiberoptic guidance),
fiberoptic intubation, intubating stylet or tube changer, light wand,
retrograde intubation, and blind oral or nasal intubation.

d. Consider re-preparation of the patient for awake intubation or
canceling surgery.

e. Options for emergency non-invasive airway ventilation include (but
are not limited to): rigid bronchoscope, esophageal-tracheal combitube
ventilation, or transtracheal jet ventilation.

Figure 1.1. ASA difficult airway algorithm. Reprinted with permission from Practice Guidelines for Management of the Difficult
Airway. An Updated Report by the American Society of Anesthesiologists Task Force on Management of the Difficult Airway.

Anesthesiology 2003; 98:1269-77.
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greater importance, most situations involving DMV can and perhaps should be managed by
earlier use of a supraglottic airway rather than persistent attempts with a face mask to
achieve marginal improvement.

The second recent change is the increasingly widespread use of videolaryngoscopy or
optical stylets to facilitate the indirect viewing of the larynx. Although this approach to
airway management has existed for several years, recent technological advances have made
it more user-friendly. Little data exist to properly evaluate the use of video laryngoscopy in
the management of the difficult airway, although early reports suggest an ability to substi-
tute video laryngoscopy for direct laryngoscopy in at least some difficult airway situations.
Further work will likely clarify the role of video laryngoscopy relative to direct and flexible
bronchoscopic strategies.

Finally, the refinement of supraglottic airway strategies has allowed them to become
more widely used as a difficult airway technique as an alternative or a bridge to tracheal
intubation. The Aintree catheter for example allows clinicians to intubate the trachea via
flexible bronchoscopy through a supraglottic airway using flexible bronchoscopic guidance.
As with other strategies, increasing use of this technique may cause clinicians to avoid
direct laryngoscopy altogether, particularly in the anticipated difficult airway, redefining
the incidence and the severity of difficult laryngoscopy.

Conclusion

Although an extensive literature exists on difficult airway management, defining, measur-
ing, and securing the difficult airway remains an elusive task. Differences among providers
and between patients and regional variability in techniques and local strategies have all
contributed to the challenge of generating consensus. In general, a difficult airway is char-
acterized either by DMV or difficult intubation. The definition of DMV varies from study
to study, but 