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Preface

Tracheal intubation is one of the cornerstones of anesthesiology. To the layperson, and
even many surgeons, intubation appears to be a somewhat simple procedure. Indeed,
intubation is easy 95% of the time. The incidence of difficult direct laryngoscopy these
days is about 5%, with rates of difficult or failed intubation much lower.

This book is a reference tool that presents the most up-to-date information on advances
in tracheal intubation. Chapters discuss advanced tracheal intubation techniques such
as video laryngoscopy, ultrasound use for airway management, the video-assisted
intubating stylet technique, and airway management techniques for obstetric patients.
All the chapters highlight the advances, successes, and continued challenges that we
face with tracheal intubation. It is our hope that the information contained herein will
help practitioners achieve 100% success with endotracheal tube placement.

Jessica A. Lovich-Sapola, MD, MBA, FASA
and Kasia P. Rubin, MD, MBA, FASA
Cleveland Clinic,

Cleveland, Ohio, USA

Michael D. Bassett, MD and Kelly Lebak, MD, FASA
MetroHealth Medical Center,
Cleveland, Ohio, USA






Chapter1

Introductory Chapter: Advances in
Tracheal Intubation

Kelly Lebak

1. Introduction

Tracheal intubation is one of the cornerstones of anesthesiology. To the lay
person, and even our surgical colleagues, it should not be that difficult .. just puta
narrow tube in the trachea; no big deal. Indeed, we as a profession make it look easy,
and 95% of the time it is. The incidence of difficult direct laryngoscopy these days
is only 4.9% [1] with difficult or failed intubation much lower than this at 0.33%
and 0.01% respectively [2]. This book will look at four different aspects of advanced
tracheal intubation including videolaryngoscopy, ultrasound use for airway man-
agement, the video-assisted intubating stylet technique, and airway management in
obstetrics.

Without question, videolaryngoscopy (VL) has changed the practice of endotra-
cheal tube (ETT) placement and the practice of anesthesiology. Much of the time, VL
makes ETT placement look easy (to the lay person). First introduced in 2001 [3], it
has grown ubiquitous in ETT placement. In fact, aside from “practice” or the need to
“keep our skills up,” do many/any of us, who grew up in the days of direct laryngos-
copy (DL) or early days of VL, DL anymore? Can anyone imagine how we intubated
patients with “anterior” cords atraumatically? Given all the advantages of VL includ-
ing successful ETT placement in difficult airways, multiple clinicians’ ability to view
the airway, and documentation of airway findings, it is no wonder that VL has gained
a prominent place in the American Society of Anesthesiologists Practice Guidelines of
Difficult Airway Management [4]. There are still disadvantages with VL, namely the
dreaded “blind zone” where injuries can occur, a bulkier design if a channeled blade is
used, and increased cost compared with DL, but it has forever changed the practice of
ETT placement.

VL is one of the indispensable tools in our arsenal, and ultrasound may be the
next. It is commonly used by anesthesiologists for invasive line placements, nerve
blocks, and point-of-care ultrasound. Not surprisingly, given its success in these
realms, it is starting to be used for airway management. There is work being done
using the US to predict difficult mask ventilation or intubation by measuring tongue
thickness or soft tissue thickness at the vocal cords, predict proper ETT size in
pediatric patients or patients with obesity, identification of airway nerves for awake
fiberoptic blocks, identification of upper airway inflammation including epiglottitis
and sinusitis (useful for nasal ETT placement), guidance of the ETT to the correct
depth in the trachea, confirmation of ETT and supraglottic airway placement, lung
ultrasound as an indirect sign of correct ETT placement, surgical airway guidance
via visualization of the cricothyroid membrane and trachea, and evaluation of other
pulmonary pathology including pneumothorax.
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When faced with a difficult airway, anesthesiologists have multiple tools from
which to choose. A lesser-known tool is a video-assisted intubating stylet (VS) which is
simple, portable, and easy to use. It can be used for the Shikani technique for intuba-
tion. The Shikani optical stylet is a bendable stylet with an endoscope at the distal tip
that is used to visually guide the ETT. The Shikani method of intubation uses this stylet
for guidance while grasping the mandible to lift the jaw anteriorly and advances the
ETT and stylet combination into the larynx with direct visualization from the stylet.
This technique negates: the need for a laryngoscope, increased forces on dentition, or
cervical spine extension. An endoscopic stylet was first introduced in 1979 and now
multiple similar video-assisted stylets are on the market. They can be used for various
ETTs including regular ETTS, laser, and double-lumen tubes. Advantages of using VS
include both the ease of obtaining a superior glottic view and placing the ETT through
the viewed glottis. Potential drawbacks are lens fogging and secretions obscuring
the view (though not exclusive to VS). It can be combined with DL and VL which is
particularly useful in difficult airways as it uses the strengths of both modalities in that
DL/VL is used to open the airway and lift the epiglottis allowing the VS to sneak under
the epiglottis and obtain an optimized glottic view. Due to its many advantages, VS can
not only be in the anesthesiologist’s arsenal of difficult airway tools, but also for every
day and every airway use in both adults and pediatric patients.

Despite the many advances to manage airways that our specialty has seen over the
last several decades, airways in pregnancy (particularly in parturients) still elude us.
Indeed, the incidence of failed intubation in pregnancy has not changed in 40 years.
Airway complications are the leading causes of anesthesia-related maternal mortal-
ity with an incidence of failed intubation at 1 in 390 [5]. Multiple physiologic and
anatomical changes put obstetric patients at risk for airway complications including
airway changes due to edema particularly during labor and delivery, reduced func-
tional residual capacity to closing capacity and increased oxygen demand resulting
in faster onset of hypoxemia at induction, increased gastric pressure and relative
incompetence of the lower esophageal sphincter, prolonged gastric emptying time
during labor, pregnancy-related weight gain, and breast enlargement.

We must mitigate those changes with what we have until technology can be
developed to magically (or at least competently) intubate during pregnancy 100%
of the time. At this time in our arsenal, we can: do a preanesthetic airway assessment
(sometimes under the duress of time), have an induction plan and multiple backup
plans, be familiar with algorithms for difficult airways in pregnancy, premedicate to
reduce pH and reduce gastric volume, perform rapid sequence inductions or positive
pressure ventilation with cricoid pressure likely with VL and a relatively smaller,
cuffed endotracheal tube with an introducer, and lastly, consider a second generation
supraglottic airway and proceed with surgery if unable to intubate. In the case of
“can’t intubate, can’t oxygenate,” laryngospasm should be quickly ruled out, and then
proceed with either a tracheotomy or cricothyrotomy.

All four of the following chapters highlight the advances, successes, and continued
challenges that we face with tracheal intubation. The hope that we have with this book
is that with widespread education and new technology eventually we can make ETT
placement look easy 100% of the time.
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Chapter?2

Video-Assisted Laryngoscopy and
Its Effects on Difficult Airway
Management

William Pender, Jessica A. Lovich-Sapola and Kasia P. Rubin

Abstract

Video-assisted laryngoscopy (VL) has become a critical tool in the anesthesiologist’s
arsenal. Compared with direct laryngoscopy (DL), VL often improves laryngeal views,
increases the frequency of first-attempt intubations, and decreases the time in achieving
successful intubation. First-line utilization of VL has changed the approach to airway
management, with some specialists indicating that VL will eventually replace traditional
DL. In this chapter, we describe the history of video laryngoscopy, the advantages and
disadvantages of currently available VL technologies, and its emerging utility in a variety
of clinical settings.

Keywords: laryngoscopy, video laryngoscopy, tracheal intubation, airway
management, airway management techniques

1. Introduction

The techniques for managing a patient’s airway are constantly evolving.
Historically, direct visualization of the vocal cords and related airway structures
was required for each laryngoscopy. However, advances in technology have allowed
for indirect laryngoscopy. Simply put, this technique involves visualizing the
patient’s vocal cords without utilizing a direct line of site. Various forms of indirect
laryngoscopy exist including fiberoptic bronchoscopes, fiberoptic stylets, mirror or
prism optically enhanced laryngoscopes, and video laryngoscopes — the focus of this
chapter. By using a laryngoscope equipped with a light source and video camera, a
provider can visualize structures not within direct line of sight. The GlideScope®,
developed in 1999 with the support of Dr. Jack Pacey, was the first video laryngo-
scope to be readily available. Since then, many different video laryngoscopes have
been developed, each with its own advantages and disadvantages. In this chapter,
we discuss the advantages and disadvantages of video laryngoscopy, differences in
technique compared to direct laryngoscopy (DL), risks and benefits, various devices
available, and what the current literature tells us about this airway technique com-
pared to other utilized techniques.
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2. Types of video laryngoscopes

As previously stated, the GlideScope® was the first readily available video
laryngoscope. Today, many variations of video laryngoscopes exist, each with its
own advantages and disadvantages when compared to one another. Video laryn-
goscopes can be broken down by two categories: blade type and whether they are
channeled. Two main types of blades exist: the Macintosh blade and the acute-angle
blade. Macintosh blades maintain the traditional shape as used in direct laryngos-
copy. Acute-angle blades, as the name suggests, are hyper-angulated to allow for
better anterior visualization. Channeled scopes are shaped to match the anatomic
curve of the upper airway and the built-in channel provides a guided passage for
the endotracheal tube. The different blade types and presence of a channel offer
different advantages and disadvantages.

Examples of available Macintosh-style blades include the GlideScope®, Storz
C-MAC (single and reusable), and McGRATH™ (single use). An advantage of these
blades is most providers are familiar with this style of blade in terms of its shape and
technique for use. The blade is shaped with the same angle as a direct laryngoscope.
The provider follows the same initial steps for airway management including patient
positioning, mouth opening, rightward insertion of blade, sweeping of the tongue,
and direct advancement past the soft palate. At this point, the provider can continue
use of this blade for direct visualization or indirectly visualize the airway using the
device-specific video source. The blade is either directly or indirectly guided into the
vallecula, and the epiglottis is lifted to expose the vocal cords. The provider directly
visualizes the endotracheal tube entering the mouth and advancement past the soft
palate after which the provider again has the choice of either directly or indirectly
viewing the advancement of the tube through the vocal cords. It is important to stress
the direct visualization of both the blade and tube past the oral cavity and soft palate
as an indirect technique will put the patient at high risk for injury. The options pro-
vided by this type of blade allow for greater flexibility in technique for the provider
and improved teaching of techniques, with all present having the ability to see what
the laryngoscopist views. The video source allows for a supervising provider to see in
real time what the performing provider sees, allowing for instruction or assistance on
both direct and indirect techniques. For more difficult airways, the ability for mul-
tiple clinicians to view the airway can allow for earlier assistance.

As for acute-angle video laryngoscopes, examples of available devices include
GlideScope® LoPro, Storz C-mac D-blade, and single-use GlideScope® AVL and
McGRATH™ X-blades. These blades are oriented upward at a steeper angle as
previously mentioned, allowing for better anterior visualization. For example, the
GlideScope® blades are oriented upward at a 60-degree angle. Due to this angulation,
these blades cannot be used for direct visualization and require the use of a stylet or
tracheal introducer. The technique again begins with proper patient positioning and
opening of the mouth in the same fashion as with direct laryngoscopy. The blade
however is inserted midline and the tongue is not displaced. The blade is directly
visualized until passing the soft palate. At this point, indirect visualizing of the blade
into position is required. It is typically unnecessary to advance the blade fully into the
vallecula, as deep insertion will rotate the laryngeal axis anteriorly, increasing the
difficulty of endotracheal tube insertion. A shallower insertion will allow for a wider
visual field, provide a straighter pathway for endotracheal tube delivery, and decrease
both the distance from lips to the camera and the area of blind-zone during which the
provider cannot see the tube tip. One study demonstrated a deliberately restricted
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view resulted in faster and easier tracheal intubation with no additional complica-
tions [1]. Gently lifting the blade will allow for proper visualization after which the
endotracheal tube can be indirectly advanced past the soft palate and then indirectly
passed through the vocal cords and removing the stylet prior to full advancement into
the trachea.

Channeled blades are shaped to match the anatomic curve of the upper airway and
to be positioned around the base of the tongue. This allows for exposure of laryngeal
structures while reducing cervical manipulation and not requiring tongue displace-
ment. The endotracheal tube is advanced through the channel and hence a limitation
is that it is not possible to independently manipulate the tube. The bulkier design
and limited use in patients with small mouth openings are additional disadvantages.
Examples of these blades include AIRTRAQ AVANT, Airway Scope (Pentax), and
King Vision (Ambu). Typically, these blades are entirely disposable or have single-use
components.

3. Advantages and disadvantages of video laryngoscopy

Regardless of the specific blade or type of device utilized, video-assisted laryn-
goscopy (VL) increases the rate of successful intubation in elective airways, difficult
airways, and those of the critically ill patient [2]. Certain devices allow for recording
and capturing of images, which are useful again for teaching purposes or storing
of various anatomical findings. The VL view can be saved in the patient’s record for
future clinicians to observe and thereby provide critical clinical documentation that
has historically been very much subject to the interpretation of the laryngoscopist.
The VL, with its ability for multiple clinicians to simultaneously visualize the air-
way, has become a critical device for teaching and other settings where additional
assistance may be necessary. Simple prior maneuvers, such as the BURP (backward,
upward, and rightward pressure), become significantly more effective when the
assistant is able to visualize the effects of the movement on the laryngoscopic view.

Because video-laryngoscopes are designed to allow for visualization of structures
that are not within a direct line of sight, VL intubations are often of great benefit
in patients with altered airway anatomy or suboptimal positioning, as the oral-
pharyngeal-largyngeal axes do not need to be aligned for successful intubation. VL
may reduce cervical spine motion and allow for lower lift force [3, 4]. It is postulated
that VL reduces the stress response to laryngoscopy, though no current studies are
available to show significant different hemodynamic differences between VL and DL
techniques [5-8].

There are still some opponents of VL technology, though there are fewer now than
before due to the improvements in resolution, availability, and clinicians’ familiar-
ity with these devices. Arguments against widespread VL use now focus on the cost
and time to intubation. The setup of VL is certainly more expensive than DL, with
components that may need sterile processing, increasing the yearly cost of airway
management. While incidence of successful intubation has been documented, the
time to successful intubation, with a maximum apneic limit of 60 seconds, has not
been shown to be faster with VL over DL. Thus, the comparative advantage of VL over
DL may not be superior. Additionally, the rise in VL use may significantly affect the
art and practice of DL, which causes DL technique to suffer.

Videolaryngoscopy is not without potential complication. Reported incidence
of videolarynscopy-related otolaryngologic complications is around 1%, with most
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injuries being minor [9]. Injury most likely with blind introduction of an endotra-
cheal tube through the oropharynx, as the anesthetist is focused on the videolaryn-
goscope screen. Soft tissue injury may occur at various sites in the aerodigestive tract.
While most injuries are minor lacerations, some palate injuries may require interven-
tion by an otolaryngologist. Injuries that are recommended for immediate repair prior
to extubation are gaping or perforated injuries with a hanging flap. It is important

to evaluate and recognize such injuries in order to prevent potential negative conse-
quences that may include bleeding, infection, retropharyngeal abscess formation,
and potentially the inability to safely extubate the patient [10]. Proper training with
appropriate visualization during intubation is essential to minimize such soft tissue
complications.

4. Video laryngoscopy use guidelines

The 2022 American Society of Anesthesiologists Practice Guidelines for
Management of the Difficult Airway defines a difficult laryngoscopy as “not possible
to visualize any portion of the vocal cords after multiple attempts at laryngoscopy”.
Evidence cited in the guidelines support the use of video-assisted laryngoscopy in
patients with predicted difficult airways. As stated in the guidelines, meta-analyses
of randomized controlled trials comparing video-assisted laryngoscopy with direct
laryngoscopy in these patients reported improved laryngeal views, higher frequency
of successful intubations, higher frequency of first-attempt intubations, and fewer
maneuvers with video-assisted laryngoscopy [4, 11-20]. Differences in time to
intubation between the two techniques were equivocal [12, 14-16, 19-22]. When
comparing video-assisted laryngoscopy with airway laryngoscopy using a flexible
intubation scope, randomized controlled trials reported equivocal findings for laryn-
geal view, visualization time, first-attempt intubation success, and time to intubation
[23-26]. In terms of which video laryngoscope is recommended, when comparing
hyper-angulated video laryngoscopes with non-angulated video laryngoscopes for
anticipated difficult airways, randomized controlled trials reported equivocal find-
ings for laryngoscopic view, intubation success, first-attempt intubation success,
and time to intubation [18, 20]. Additionally, comparisons of channel-guided with
non-channel-guided video laryngoscopes found equivocal results for laryngeal view,
intubation success, first-attempt intubation, time to intubation, and needed intuba-
tion maneuvers [17, 27]. VL is currently considered a first-line airway maneuver in
airway management algorithms around the world and is being viewed as essential to
standard of care in airway management.

5. Conclusions

As compared with direct laryngoscopy, video-assisted laryngoscopy often
improves laryngeal views and increases the frequency of successful intubations. VL
has become a very popular technique and is included in the Practice Guidelines of
Difficult Airway Management for the American Society of Anesthesiologists, as well
as other anesthesia societies world-wide. With the current widespread adoption of
this technology, gaining familiarity with the various types of video-laryngoscopes
that are now available is critical for any practitioner who is managing a patient’s
airway.
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Abstract

The ultrasound has been in clinical use since the early 1900s, but its use in the
airway has not been published extensively so far. Combining the skills of USG with
thorough knowledge of regional anatomy can prove to be a boon to improving the
quality of care being delivered to patients. Preoperative use of USG at different levels
of the neck combined with the risk assessment methods can help to organize predic-
tors of difficult airway and difficult laryngoscopy. Basic comprehension of USG
physics, transducer selection, and probe orientation and a better understanding of
airway anatomy contribute to the accuracy of ultrasound interpretation. In day-to-
day practice, there is a potential for failed tracheal intubations followed by failure
of gaining adequate access to the airway, thus posing challenges to anesthesiologists.
Besides predicting difficult airway, USG provides an incentive to properly place an
endotracheal tube (ETT) to an adequate depth, estimation of the size of ETT par-
ticularly helpful in children and obese, laryngeal mask airway (LMA) confirmation,
surgical airways, and post-extubation stridor assessment and thus prevents the risk of
reintubation. With the promising and increasing number of evidence exists, there is
potential for incorporation of upper airway USG into further standard of care assess-
ment, monitoring, and imaging modalities.

Keywords: airway, predictors, ultrasonography, ultrasound imaging, tracheal
intubation

1. Introduction

The difficult airway has been defined as “the clinical situation in which a conven-
tionally trained anesthesiologist experiences difficulty with face mask ventilation or
difficulty with tracheal intubation or both.” Failure to assess or identify a difficult
airway and not make an organized plan for the management of the airway may
lead to a poor outcome. Assessment of the airway goes beyond bedside clinical tests
and should emphasize the identification of problems during each step of airway
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management [1]. This should involve the proper assessment of variations in anatomy,
various airway pathologies, and the previous approach used in prior cases. These
variable factors play decisive role in determining the success of any equipment or
technique or adjunct used and most importantly incorporate the skill and knowledge
of anesthetist about various techniques and equipment.

2. Incidence

The incidence of difficult airway can range between 5.8 and 20% according to
previous studies [2-5]. This high incidence is probably because of various defini-
tions of difficult airway either using the Intubation Difficulty Scale or the modified
mallampati (MMP) grading. None of these studies, however, have reported ultra-
sound measures consistently.

3. Assessment of difficult airway
3.1 Clinical history

It is important to start by reviewing the previous medical records regarding airway
management and whether there was any difficulty faced and how it was handled. It
can be very informational to communicate with the previous anesthesia team regard-
ing the airway management, if their anesthesia chart reflected any difficulty. Proper
documentation of the airway management is important, including techniques that
were and were not successful. All of this is of value if there is no worsening or new-
onset airway pathologies. This information should be recorded in all cases irrespective
of difficult airway for the benefit of future colleagues.

In your preoperative examination, there are many medical conditions that have
been associated with an increased risk of difficult intubation and airway manage-
ment. In progressive disorders such as chronic rheumatoid arthritis, chronic ankylos-
ing spondylitis, and chronic diabetes mellitus, disease involvement of the airway
or neck joints should be ruled out. Rare syndromes such as Pierre-Robin syndrome,
Klippel-Feil syndrome, and Treacher Collins syndrome are often associated with
difficult airways. History of recent acute respiratory tract infections has increased
incidence of laryngospasm and bronchospasm especially in children.

A STOPBANG questionnaire should answered by all patients prior to anesthesia,
to assess the potential risk for obstructive sleep apnea (OSA). Patients with diagnosed
OSA are at increased risk for difficult airway management.

Any new-onset airway pathology or worsening pathology must be documented as
it will require entirely different approach to manage.

Patients presenting with a retrosternal goiter should be evaluated for signs and
symptoms suggestive of tracheal compression or recurrent laryngeal nerve compres-
sion such as the degree of hoarseness or voice change and its progression and stridor.
Also underlying esophageal compression resulting in drooling of secretions, dyspha-
gia, and ability to lie supine should be documented. It should also be documented in
what position symptoms are relieved.

The trauma patient with any airway injury requires a thorough evaluation.
Assessment should focus on the swelling and its onset, associated pain and trismus,
and time since injury. In case of chemical and thermal burns, careful assessment
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should be done as mucosal edema can develop rapidly and progress very fast. Difficult
airway is 10 times more commonly encountered in intensive care unit and emergency
area [6].

3.2 Clinical assessment

The airway assessment should start with direct observation for obesity, bearded
face, pregnancy, prominent breasts, and visible external signs of head and neck
disease such as large thyroid mass or Ludwigs angina. There are specific tests to
predict a difficult airway; however, there is no ideal airway assessment tool due to
lack of statistical predictive power of individual airway tests. These tests, however,
should alert us for the potential of a difficult airway so that appropriate measures can
be taken beforehand for patient safety.

3.2.1 Clinical airway examination

* Inter-incisor distance commonly measured by mouth opening: Less than 3 cm
distance is usually taken as non-reassuring sign. However, some supraglottic
airway devices (SADs) such as supreme laryngeal mask airway (LMA) require <2
cm mouth opening and certain videolaryngoscope (VL) blades require barely 1.8
to 2 cm for laryngoscope insertion.

* The modified mallampati (MMP) classification: MMP is used to assess the ratio
of the tongue size with oropharyngeal cavity size. The patient is examined in the
sitting position, with their mouth wide open and maximal tongue protrusion.

It scores from 1 to 4 based on the anatomy. Class 3 MMP (soft palate and base

of uvula visible) and Class 4 MMP (only hard palate visible) are indicators of
difficult mask ventilation (DMV) and difficult laryngoscopy (DL); however,
they are associated with poor positive predictive value (PPV) and inter-observer
reliability if used alone.

* Patil test, also known as thyromental distance (TMD): measured from
the upper border of thyroid cartilage to lower border of jaw with the head
extended. TMD of <6.5 cm is considered an increased risk for difficult
laryngoscopy.

¢ Sterno-mental distance (SMD), known as Sava test: measured from the notch of
the manubrium sterni to the lower border of mandible with the head in exten-
sion position. Less than 12.5 cm of SMD has been associated with a difficult
laryngoscopy. For measuring these distances, use of ruler or measuring tape is
better than fingerbreadths as they are more reliable and accurate.

* The neck circumference to TMD ratio of more than 5.0 is considered as an
improved predictor of a difficult airway. The ratio of patient height to TMD,
known as RHTMD, is also said to be a good predictor of difficult airway [7].

* To assess temporomandibular joint function, upper lip bite test and jaw protru-
sion are done. It takes into account prognathic ability of temporomandibular
joint and prominence of maxillary teeth. Attention should be given to dentition,
loose teeth, artificial dentures, and single maxillary incisors.
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* Range of neck movements should be assessed to ensure whether the patient is
able to do the classic “sniffing position” (flexion at cervical spine and extension
at atlanto-occipital joint) for adequate mask ventilation and laryngoscopy along
with proper position for tracheostomy, if required in an emergency.

* The cricothyroid membrane should also be identified in a patient with a potential
difficult airway, in case of an emergent need to do a cricothyrotomy.

* Assessment of submandibular space is also useful as compliance of tissue alters
due to neck infection, irradiation, or burns, and this can result in difficulty in
tongue displacement into the submandibular space during laryngoscopy [8].

* Tissue compliance can be examined by tongue protrusion by patient. Decreased
tongue mobility demonstrates decreased compliance.

3.3 Predictors of difficult mask ventilation (DMV)

The incidence of DMV ranges between 5 and 5.8% of all general anesthetics [9].
There are several predictors for DMV.

* One of the mnemonics that can be used to evaluate for a potential DMV is
OBESE (Obesity, Beard, Elderly (>55 year), history of snoring, and edentulous
mouth).

* Modified mallampati class 3 or 4, limited jaw protrusion, and male sex are the
important risk factors.

* History of neck irradiation is an important predictor of impossible mask ventila-
tion situation, defined as ineffective patient ventilation despite usage of various
adjuncts, neuromuscular blockade, and multiple healthcare providers. This
occurs because neck irradiation causes noncompliant tissue fibrosis involving
the airway. Obesity and BMI both are not useful predictors; however, they are
marker for increased aspiration risk and poor oxygen reserve due to reduced
functional residual capacity. The real body fat distribution is important to
predict a difficult airway. Airway collapsibility is increased by fat deposition in
the parapharyngeal tissues, which predisposes to OSA [8]. This pattern is more
commonly seen in male pattern obesity where fat is more often deposited around
neck and upper torso. The increased fat deposition around neck can cause airway
narrowing.

3.4 Predicting difficulty in airway instrumentation

Assessment of the nasal passages should be done for nasopharyngeal airway
insertion in case of nasal intubation, upper airway obstruction, or failing airway
management as a rescue adjunct. Nasotracheal instrumentation can lead to trauma
and epistaxis. So prior doing this, patency of nostrils, any presence of septal devia-
tion, polyps, etc., should be looked for to avoid complications and increasing overall
difficulty. Presence of clotting disorders or basal skull fractures should be warranted
prior to nasal instrumentation.
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Restricted mouth opening limits the insertion of almost all devices. So inter-
incisor gap should be assessed so that appropriate oral devices can be used elec-
tively or in emergency situation. SADs and thin VL blades require mouth opening
of < 3 cm, whereas Macintosh blade requires 3 cm inter-incisor gap. In patients
with restricted mouth opening, the anesthesia team should have full knowledge of
the pros and cons of the VL devices over the fiber optic technique. A high arched or
narrow palate can reduce blade space in the oropharynx. Large breasts and barrel
chests can pose difficult laryngoscope insertion; however, “ramp” position and
appropriate device selection such as polio blade come as rescue. Indirect laryngos-
copy can be fruitful in cases with relative or absolute retrognathia and restricted
neck extension [10]. Cricoid pressure is an important part of rapid sequence
induction; however, it can reduce optimal glottis visualization; however, in case
of a difficult airway or difficult SAD insertion, cricoid pressure can be withdrawn
under direct vision for improved glottis visualization or ease of SAD insertion,
respectively.

Surgical airway such as cricothyrotomy or emergency tracheostomy are kept
as arescue in “can't intubate, can't ventilate” (CICV) situation. In patients with
complex head and neck surgery or in anticipated emergency airway obstruction,
the surgical airway is kept as rescue technique during the induction of anesthesia
[8]. A difficult airway is anticipated in patients having history of neck radiation,
obesity with fat deposited around anterior neck, thyroid mass or neck mass with or
without deviation of trachea, previous tracheostomy, short neck, restricted neck
flexion, and extension deformities. It is difficult to identify anatomical landmarks
in young children and female patients. So in these patients with anticipated
difficulty, anatomical landmarks should be marked with ultrasound assistance
preoperatively.

3.5 Predictors of difficult laryngoscopy

A traumatic laryngoscopy can result in failure to secure the airway or unantici-
pated difficulty. The first attempt should always be the best attempt, particularly
in cases of difficult airway so that strategies can be formulated with best available
facilities.

Anatomical factors such as prominent incisors, retrognathia, macroglossia, and
small inter-incisor gap affect insertion of the laryngoscope and alter the final view
achieved by line of sight approach [8]. Short TMD and SMD are the indicators of an
anterior larynx relative to line of sight. Due to in proportionate tongue and oral cavity
relationship, modified mallampati class 3 or 4 are the good predictors of DL. Limited
neck extension because of increased pretracheal tissue, large occiput, or large neck
circumference has been associated with a difficult airway as it causes difficulty to
achieve sniffing positioning [10]. Diseases such as lingual tonsil hyperplasia, epiglot-
titis, and Ludwig's angina are the important predictors of difficult or impossible
laryngoscopy.

There are several factors predicting compliance and volume of submandibular
tissue such as TMD, temporomandibular joint dysfunction, difficulty in mandibular
protrusion, relative tongue volume, and retrognathia. These factors alter tongue
displacement into submandibular tissue during laryngoscopy influencing the glottis
visualization. Disease affecting the airway such as tumor or pharyngeal adipose tissue
deposits also makes the laryngoscopy difficult [10].
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3.6 Predictors of difficult intubation

A reduced oropharyngeal space may lead to difficult endotracheal tube manipula-
tion. Endotracheal tube (ETT) size and suitability for awake fiberoptic technique
should be assessed for specific pathologies such as vocal cord palsy, laryngeal tumors,
and subglottic stenosis [8]. Stridor with or without respiratory distress is an impor-
tant symptom of these pathologies and should alert the anesthetist. Whether any
further investigations are required depend on the onset of stridor and its progression
and association with respiratory distress.

3.7 Predicting a difficult extubation

Extubation is extremely important in the airway management. In 2012, The
Difficult Airway Society has published extubation guidelines highlighting extubation
as an important step in patient management. Laryngeal edema causing airway obstruc-
tion is the most common cause of early postoperative reintubation. Many factors influ-
ence postoperative airway management and includes traumatic intubation, effects of
residual general anesthetic drugs, opioids, inadequate reversal of muscle relaxants, or
local anesthetized airway. The residual effect of these agents on respiratory drive and
airway reflexes should be ruled out [11]. There are more chances of early desaturation
and postoperative airway complications in patients having obesity. Patients undergo-
ing head and neck surgery, airway surgery, having Trendelenburg or prone positions,
and prolonged intubation should be assessed carefully prior to extubation.

4. Role of ultrasonography in the upper airway evaluation

Point of care ultrasonography (US) has emerged as a novel, simple, portable,
noninvasive tool that can be used for airway assessment and management. It plays a
pivotal role in the quick assessment of the airway anatomy in emergency areas and the
operation room. With the help of US, upper airway imaging can be used for subglottic
stenosis detection, prediction of difficult intubation, verification of ETT placement,
percutaneous tracheostomy, cricothyroidotomy, post-extubation stridor evaluation,
and preoperative determination of pediatric ETT size and double-lumen endobron-
chial tube (DLT) size [11].

The basic principle behind US image formation by rarefaction needs to be under-
stood clearly for better interpretation of images. Knowledge of US transducer types
and its orientation and relevant airway anatomy are important for proper evaluation.

5. Patient position for ultrasound airway assessment

Optimal supine sniffing position is achieved by placing a pillow under the occiput
to achieve optimal neck flexion and head extension. The presence of air makes it
difficult to visualize deeper structures because of poor medium. Comet tail and
reverberation artifacts are produced by intraluminal air [8]. Bone structures such as
ramus of mandible, mentum, hyoid bone, and sternum appear as bright hyperechoic
linear structures with a hypoechoic acoustic shadow beneath it. Cartilaginous struc-
tures such as thyroid and cricoid cartilages appear as homogeneous hypoechoic [10].
Muscle and connective tissues appear as heterogeneous striated and hypoechoic. Fat
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and glandular structures appear as homogeneous and mildly to strongly hyperechoic
when compared with adjacent soft tissues, depending on the fat content. Air-mucosa
(A-M) interface appears as bright hyperechoic linear structure.

6. Applications of ultrasound in airway evaluation

6.1 Ultrasound-guided assessment of the subglottic upper airway diameter and
prediction of endotracheal tube size

US has emerged as a reliable tool for assessing the narrowest diameter of the
cricoid lumen (transverse diameter). In third decade of life, calcification of the laryn-
geal cartilages begins to occur because of age factor which creates an acoustic shadow.
This limits the use of US in older patients. US-guided subglottic airway diameter
measurement is a better indicator of appropriate size of cuffed and uncuffed ETT in
pediatric patients.

6.2 Ultrasound measured tongue thickness and difficult intubation

Tongue thickness, measured by US, (Figure 1) greater than 6.1 cm, has been
shown to be an independent predictor of difficult intubation with 75% sensitivity
and 72% specificity. A ratio of tongue thickness to thyromental distance greater
than 0.87 has an 84% sensitivity and 79% specificity for predicting difficult tracheal
intubation [12].

6.3 Ultrasound-guided prediction of difficult laryngoscopy in the obese patient

US-guided anterior neck soft tissue thickness measurement predicts difficult
laryngoscopy. The measurement is done from skin to the anterior aspect of trachea
at three levels: vocal cord, thyroid isthmus, and suprasternal notch. Soft tissue
thickness at the vocal cords level is a better predictor of difficult laryngoscopy in
obese patients. Soft tissue at each level can be calculated by averaging the soft tissue
thickness in millimeters obtained in the central axis of the neck and 15 mm to the
left and right pretracheal soft tissue. Patients having neck circumference of 50 cm

Figure 1.

(A) Photograph showing probe placement and zone of insonation (area within purple boundary); (B ¢ C)
ultrasound image showing mylohyoid (sky blue), mandible (green), hyoid (dark blue), and dorsal surface of
tongue (red). (image credits: Author Dr Venkata Ganesh).
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and pretracheal soft tissue thickness of 28 mm at vocal cords level have difficulty
while doing laryngoscopy [13].

6.4 Ultrasound-guided prediction of post-extubation stridor

In intubated patients, assessment of vocal cords and larynx morphology by US
helps to predict post-extubation stridor. US-guided air-column width measurement
identifies patients at higher risk for post-extubation stridor so that appropriate
measures can be taken after extubation. A reduced laryngeal air column width differ-
ence or ratio (pre-intubation vs. pre-extubation values, with the ETT cuff deflated)
has been shown to be a good predictor of post-extubation stridor [14, 15]. Figure 2
demonstrates measurement of air column width with the cuff deflated.

6.5 Ultrasound-guided emergency cricothyrotomy and elective transtracheal
cannulation

For securing surgical airways, identification of the exact location of the trachea
is very important to manage the difficult airway in both elective and emergency
scenario. With the help of US, the trachea can be visualized before both emergency
cricothyrotomy and elective transtracheal cannulation. A visual guide to identify
airway-related structures is presented in Figures 3 and 4. This is useful in anticipated
difficult airway such as neck swelling, thyroid mass, and Ludwig’s angina where
localization of trachea is difficult.

6.6 Ultrasound-guided airway blocks to facilitate awake intubation
For performing upper airway blocks in fiberoptic bronchoscopy, US plays an

important role. It helps to identify superior laryngeal nerve (SLN) for SLN block. SLN
running between thyroid cartilage and hyoid bone can be easily seen on transverse US

Figure 2.
Measurement of laryngeal air column (US probe placed transverse across the trachea). The length of the blue
dashed/discontinuous line is the width of the air column (image credits: Author Dr Venkata Ganesh).
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Figure 3.

With the US probe placed in the transverse plane and scanning cephalocaudally, the topmost image shows the
thyroid cartilage (magenta) followed caudally by the cricothyroid membrane (ved), cricoid (dark blue), and the
trachea (yellow). (image credits: Author Dy Venkata Ganesh).

at hyoid bone level. The membrane between the thyroid cartilage and hyoid bone is an
iso-echoic line from both sides of the hyoid bone with hyperechoic air below [16].

6.7 Ultrasound-guided intubation

Endotracheal intubation is conventionally confirmed by capnography, five point
chest auscultation, and esophageal intubating devices. US-guided equal movement
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Figure 4.
String of pearls appearance (US probe placed in the saggital plane). Magenta—thyroid cartilage; red—
cricothyroid membrane; dark blue—cricoid; yellow—trachea. (image credits: Author Dr Venkata Ganesh).

of bilateral pleura and diaphragm indicating expansion of lungs is an indirect sign
of correct physiological function of the tracheal tube in mechanically ventilated
patients. Lung sliding sign seen on intercostal US view at interface of lung-chest wall
also indicates lung expansion.

Esophageal intubation can be identified if the esophagus is lateral to the trachea
(Figure 5). When intubating under real-time ultrasound guidance, the lack of a dis-
ruption in the tracheal air column with a noticeable movement in the esophagus can
detect esophageal intubations earlier than capnography or auscultation [17] (image
credits: Author Dr Venkata Ganesh).

Esophageal intubation results in a paradoxical or immobile state of the diaphragm.
Esophageal intubation causes paradoxical ventilation where the diaphragm moves
toward the chest due to raised intra-abdominal pressure caused by stomach distension
by positive pressure ventilation.

US can also be used to diagnose endobronchial intubation by assessing the dia-
phragm movement and lung-slide sign on the ventilated lung side (endobronchial)
and absent or restricted diaphragm movement and absent lung-slide sign on the
non-ventilated lung side [13].

Normal pediatric airway can be visualized in real time using US during tracheal
intubation by assessing 1) trachea and tracheal rings identification, 2) vocal cords visu-
alization, 3) widening of glottis with passage of ETT, and 4) confirmation of ETT posi-
tion above the carina and visualization of sliding sign after manual lung ventilation.

6.8 Ultrasound-guided prediction of left-sided DLT size

Outer tracheal ring diameter is a useful predictor of left main bronchus diameter
on ultrasonography and hence helps in selecting left-sided DLT.
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Figure 5.
US image showing trachea (yellow), esophagus to its right (green) and the carotid (ved). (image credits: Author
Dr Venkata Ganesh).

6.9 Ultrasound-guided detection of laryngeal mask airway position

With the help of US, position of the LMA cuff can be confirmed. For adequate
ventilation, the LMA cuff should be placed at the proper position to seal the larynx.
LMA should be repositioned if it is not visualized equally on both sides of the larynx
on ultrasound [18].

6.10 Ultrasound-guided diagnosis of upper airway pathologies

The US can be used to assess and diagnose upper airway inflammatory diseases
such as epiglottitis and mucosal swelling. It can also be used to assess vocal cord
mobility. Before securing nasal intubation, maxillary sinusitis or basal skull fractures
should be ruled out. Maxillary sinusitis can be diagnosed by US. Boundaries of the
maxillary sinus are orbital floor superiorly, hard palate inferiorly, nasal wall medially,
and zygoma laterally. Sinus is normally air filled and thus impairs ultrasonic beam
transmission. Only the anterior wall is seen with some artifact (acoustic shadowing),
which obscures all of the underlying structures. If the sinus is filled with fluid, the
ultrasonic beam will travel through the fluid after penetrating the anterior wall and
gets reflected by the posterior or lateral walls producing an image known as “sinuso-
gram.” In the case of air-fluid level in the sinus or mucosal thickening, partial sinuso-
gram (only posterior wall or side wall seen) is seen. For this, patient should be in
upright position or semi-recumbent position so that fluid (if present) flows according
to gravity covering the floor of the sinus and coming in contact with anterior wall.

6.11 Ultrasound-assisted percutaneous dilatational tracheostomy

Many serious complications of percutaneous dilational tracheostomy like hemor-
rhage, high mediastinal vessels erosion, tracheal stenosis, esophageal disruption,
and thyroid isthmus injury can be avoided by precise identification of anterior neck
structures with the help of US [16]. Before attempting this, the neck should be exam-
ined for a midline trachea, the level of the tracheal ring, thyroid isthmus, vulnerable
thyroid vessels, and diameter and the midline location of anterior jugular veins or
other aberrant vasculature [18]. With advanced US technology, it will be possible in
the future to have the real-time guidance in the placement of dilators and tracheos-
tomy tubes.
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7. Conclusion

As reviewed earlier, the use of ultrasound during airway management can help
identify anatomical anomalies in the airway structures and the location of crico-
thyroid membrane (useful in cricothyrotomies) as real-time visual confirmation of
endotracheal tube position. Ultrasound measurements can also help in the prediction
of difficult mask ventilation and intubation. In addition, lung ultrasound can also
help detect pneumothorax which can happen due to barotrauma (during ventilation
or tracheostomy) as well as unilateral intubations. The use of ultrasound as a teaching
aid during airway management can promote visual learning.
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Chapter 4

A Paradigm Shift of Airway
Management: The Role of

Video-Assisted Intubating Stylet
Technique

Hsiang-Ning Luk, Hsuan-Nu Luk, Jason Zhensheng Qu
and Alan Shikani

Abstract

Difficult or failed intubation is a major contributor to morbidity for patients and
to liability for the provider. Research to improve understanding, prevention, and
management of such complications remains an anesthetic priority, and a driving
force behind continuous improvements in intubation techniques and intubation
equipment. The purpose of this review article is to focus on the video-assisted
intubating stylet technique (VS; also known as the Shikani optical stylet technique
for intubation) and video-assisted optical stylet devices, both for routine use and
alternative rescue application for tracheal intubation, and stress their advantages as
compared to conventional direct laryngoscopy and videolaryngoscopy. The VS
technique was introduced by Dr. Alan Shikani in 1996 and popularized with the
advent of the Shikani optical stylet and subsequent similar stylets variations. We
focus on the clinical details of the technique itself, and on the various advantages
and troubleshooting under different clinical scenarios and practice settings. In our
experience, video-assisted intubating stylet technique often constitutes the most
appropriate approach both for daily routine and emergency airway management.
Furthermore, we also emphasize the importance of video-assisted intubating stylets
in enhancing the practitioner systems response when difficult or failed tracheal
intubation is encountered.

Keywords: airway management, endotracheal intubation, difficult airway,
resuscitation, laryngoscopy, video-assisted intubating stylet, Shikani stylet,
anesthesia, COVID-19, critical care

1. Introduction

Airway management has often presented challenges for clinicians since the early
times when direct laryngoscope (DL) was invented [1, 2]. The complications related
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to difficult airway or failed tracheal intubation can be devastating to both the patients
and the anesthesiologists. Clinicians have continually strived to improve tracheal
intubation techniques and devices to avoid complications. In this article, we review
the role of video-assisted intubating stylet (VS; also known as the Shikani optical
stylet technique for intubation), and we focus on its technical aspects and its potential
advantages over conventional DL and videolaryngoscope (VL).

The term “optical stylet” was coined by George Berci and Ronald Katz in 1979
[3, 4]. The main part of this device included a straight rigid endoscope functioning
as an endotracheal tube stylet to facilitate endotracheal intubation. The straight design
of the stylet was however not workable for cases of difficult laryngoscopy and the
device had to be introduced with the aid of a Macintosh laryngoscope. The technique
of tracheal intubation with the rigid stylets was later improved in 1983 by Pierre
Bonfils with a device that was similar. Instead of a straight design, it employed a fixed
curved distal tip at the angle of 40 degrees [5]. This allowed better access to the
anteriorly located larynx. In 1996, Alan Shikani introduced the Shikani optical stylet
(Clarus Medical, Minneapolis, MN, USA) and the first series were published in 1999
[6], with numerous large studies to follow. The Shikani stylet is semi-malleable and its
tip may be bent to better fit to the patient’s upper airway anatomy. With this newly
designed stylet, Shikani also introduced a technique for tracheal intubation (the
Shikani technique). Briefly, the operator grasps patient’s mandible with one hand and
lifts the jaw anteriorly and then introduces the optical stylet, preloaded with the
endotracheal tube with the other hand and advances the combination into the larynx.
Because the stylet “sees” where the endotracheal tube is going, successful entry into
the trachea is confirmed by direct visualization, and importantly this is done without
any need for using a Macintosh blade or putting any pressure on the teeth or
extending the cervical spine. The Shikani technique for intubation is described in
Figures 1 and 2.

Figure 3 shows clinical endoscopic views confirming by endoscopy (Figure 3A),
whereby VS provides clear glottic view before sliding the endotracheal tube (ET tube)
into the trachea (Figure 3B). VS is superior to DL and VL in obtaining an easy look at
the glottic area and ensuring smooth railroading of the ET tube into trachea. Although
VL with different angles/shapes of the blades frequently provides a decent laryngeal
and glottis view, the operator may sometimes encounter difficulty in sliding the ET
tube into the glottis, with occasional laryngeal trauma or misguided esophageal intu-
bation. This could be due to the inherent design of VL device, inadequate mouth
opening and/or oropharyngeal space, three axes alignment, etc. [7-11]. These issues
are easily circumvented with VS.

Our experience and that of many others has shown optical stylets to be simple,
durable, portable and lightweight, easy to learn and handle, affordable, and conve-
nient to clean and disinfect [12-15]. The Clarus Video System (Clarus Medical LLC,
Minneapolis, MN, USA) is a modification of the Shikani optical stylet which was
originally introduced in the mid 1990s and since then multiple similar video-assisted
intubating stylets have also been brought to market (Table 1). At our institution, we
are currently equipped with 22 sets of four different brands of VS for routine use on
daily basis since 2009 (Figure 4). Ours is an 1110-bed tertiary medical center with
1788 personnel, 20 operation rooms, 18 attending anesthesiologists, and 54 nurse
anesthetists. Out of all surgeries that needed general anesthesia and tracheal intuba-
tion, more than 90% of the intubations were performed using VS (Table 2). The rest
of tracheal intubations were conducted using flexible fiberoptic endoscope (FOB)
mostly in some selected predictable difficult airway scenarios. In contrast, VL was
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Figure 1.

ThgeuShikam' technique for intubation using the Shikani optical stylet. (A) Head is initially in the resting position.
(B) Head is placed in the sniffing position, and the mandible is lifted with the left hand. (C) Stylet, preloaded with
the endotracheal tube, is inserted into the mouth with the right hand, and the larynx is visualized. (D) Stylet—
endotracheal tube unit is advanced through the vocal cords (arrow A) under direct visualization, and the stylet is
removed (arrow B). (Courtesy of the SAGE Publishing. Permission to reproduce the images from [6] was granted).

Figure 2.

Demonstration of the Shikani technique for intubation using the Shikani optical stylet in cadavers. (A) Before
insertion of VS. The oval space is occupied by the tongue. (B and C) Jaw-thrust by operator’s left hand allows the
insertion of VS into oropharyngeal space. The hockey stick design of the VS makes insertion easy to access the
epiglottis and approach glottic avea. (D) Entry of the VS into trachea.
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Figure 3.

Laryngeal and glottic views. (A) A perfect full-vange glottic view from a flexible esophagogastroduodenoscopy
examination in a 66-year-old man when the patient was under procedural analgesia. (B) A view from the video-
assisted intubating stylet (VS) in an 89-year-old woman during tracheal intubation and general anesthesia.
Laryngoscopic definition: POGO scale 100%; Cormack-Lehane class: I.

AincA video BESDATA IntuVu video  Sensorendo® UE VL400-S3
stylet reusable video stylet video stylet S- video stylet
stylet (BD-VSL) RVL
Price 620 USD 700 USD NA NA 1800-5000 USD
Weight NA 25¢ 300¢g NA 180 g
Camera NA >150 LUX, NA 1080 x 720 pixel NA
1280 x 720 pixel resolution
Display 2.4” full color ~ 3”LCD, 640X480 3.5”IPSHD  3.5” video scree 2.5” LCD
video monitor (RGB) screen
Stylet Malleable, NA NA Waterproof NA
waterproof
Reusable + + + + +
Clean and Standard NA NA Sterilizable NA
disinfection
ETT size >6.0 NA NA 4.5 mm diameter 3.0 mm, 5.2 mm
% e | [
v v
y
i y”
-
ProVu™ Video Clarus Video  Karl Storz C- TUORen HugeMed VL3H
Stylet System MAC VS Kingtaek Video
Intubating
System
Price 600 USD 6000 USD NA 5000 USD 800 USD
Weight NA NA NA NA NA
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Camera NA NA NA 3840 x >150 640 x 480
LUX (RGB),2M

Piexel high
resolution

Display ProVu 3.5" screen  4” LCD screen NA 3.5" screen 3.5" screen

Stylet NA Waterproof Completely Waterproof NA

watertight

Reusable + + + + +

Clean & NA Soakable Standard Standard NA

Disinfection disinfection disinfection

ETT size 6.5-8.0 mm 5.5-9.0 mm Tube size NA 3.0-5.0 mm

6.0 mm

Table 1.
Examples of commercially available video-assisted intubating stylet.

Figure 4.

Exgo::'nples of commercial devices of VS. We apply the video-assisted intubating stylet technique at our institute on a
daily routine basis. (A) C-MAC™ VS, Karl Storz GmbH & Co. KG, Tuttlingen, Germany). (B) UE video stylet
(UE, Xianju, Zhejiang, China). (C) Trachway video intubation system (Markstein Sichtec Medical Corp.,
Taichung, Taiwan). It is noted that these VS can accommodate various ET tubes, including regular ET tube (A),
laser-resistant stainless steel ET tube (B), and double-lumen endobronchial tube (C).
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2016 2017 2018 2019 2020 2021
Total anesthesia number 16,077 17,831 17,998 19,307 19,721 19,244
GA number 15,339 16,893 17,497 18,481 19,009 18,574
LMA-GA number 5544 5134 5816 5902 5863 5714
ET-GA number 5953 6504 6920 6966 7418 6982
VL number 0 0 20 100 635 336
VS number 5953 6504 6900 6866 6783 6646

GA: general anesthesia. LMA: laryngeal mask anesthesia. ET: endotracheal intubation. VL: videolaryngoscope. VS: video-
assisted intubating stylet.

Table 2.
Use coverage of video-assisted intubating stylet technique for tracheal intubation in the Department of Anesthesia,
Hualien Tzuchi Medical Center, Hualien, Taiwan from 2016 to 2021.

used mostly for teaching purposes or personal preferences. With such a high volume
of clinical practices using VS, we have acquired a significant experience with this
technique and present it in the following sections.

2. Clinical experiences of optical intubating stylet
2.1 Airway grading

It is sometimes challenging to get a proper view of the glottis during routine
tracheal intubation using DL. A simple prediction scale is therefore necessary and
quite helpful in assessing and predicting risk during tracheal intubation [16-18]. We
use the modified Cormack-Lehane (C-L) grading system of glottis view [19] to
predict difficulty of tracheal intubation [20]. Modified scoring methods have also
been used in our practice (e.g., percentage of glottis opening scale) [21, 22]. In
addition to the competency in intubation technique, the quality of the airway assess-
ment (e.g., difficult airway predictability) made by airway operators is also crucial for
a successful intubation.

2.2 Preparation for placement of endotracheal tube

VS technique provides a superior view of the vocal cords and continuous visuali-
zation of the glottis for an easy and precise placement of the ET tube, as compared to
DL and VL (Figure 3B). There are, however, some potential issues to be aware of
when using VS: (1) Possible fogging of the lens (Figure 5A), which by the way can
also happen with VL [23-26]. This is easy to prevent by careful wiping out the tip-lens
with an anti-fog before use (Figure 5B and C). (2) Mucus or saliva covering the lens,
and a good preventive maneuver is to keep the stylet a few millimeters proximal from
the tip of ET tube, hence protecting the lens of the stylet. Figure 5C shows the
appearance of the Murphy eye of an ET tube (side vent near the distal end of an ET
tube) on a LCD screen. It should be emphasized that good video screen visualization is
important for successful tracheal intubation when an optical stylet is used [27].
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Figure 5.

The tip of VS should be kept clean and clear before use. (A) The optical lens was obscured and caused blurred
vision. (B) Clear view after cleaning. (C) The relative position of the tips of the video stylet and endotracheal tube.
The stylet tip was a little more backward than its position in (B).

2.3 Entrance to oral cavity

Since its original introduction in 1996 [6], numerous papers have been
published on the application of the VS along with its advantages and benefits
[13, 28-31]. An actual operating scenario for the Shikani technique of intubation is
briefly described below. The operator first lifts up patient’s mandible with the left
hand and displaces it anteriorly until the lower teeth are anterior to the upper
teeth (Figure 6A). The stylet-loaded ET tube set is then advanced forward by the
right hand until the epiglottis is seen on the monitor. The operator can then
maneuver the stylet beneath and pass around the epiglottis while continuously
visualizing the airway. This allows a smooth and atraumatic railroading of the ET
tube through the glottis and into the trachea. Occasionally, the tongue is large and in
the way and the glottis cannot be seen clearly. In these situations, combining a
Macintosh blade would further open the upper airway and bring the glottis into
view. Alternatively, in contrast to the single-handed chin lift maneuver, a two-
handed jaw thrust aided by an assistant can be used to facilitate the VS intubation
(Figure 6B). With this strategy, the assistant stands either side by side or opposite
the operator [32, 33]. It should be cautioned that the BURP (backward, upward,
rightward external laryngeal pressure) is not helpful or recommended for VS tech-
nique. The combined use of VL or DL was also reported using the Bonfils rigid
endoscope [34] or a lighted stylet [35]. Figure 6C shows the combination of DL and
VS. Detailed description of such combination method will be presented in the latter
part of this article.
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Figure 6.

Three methods to perform the VS technique. (A) Classical Shikani method. (B) Two-person performance. An
assistant stood side by side with the operator (or opposite the operator) to provide jaw-thrust maneuver. (C)
Combined use of laryngoscopy and VS technique. All three maneuvers can open patient’s airway and enlarge
retropharyngeal space for further advancement of the video stylet.

2.4 Glottic view

While the original and modified Cormack-Lehane grading system are useful [36],
they are clinically meaningful and transferrable only if optimal intubating technique
(e.g., optimal blade and its position, lifting force, head/neck position, external laryn-
geal manipulation, awake or anesthetized) is employed [37]. The main purpose of the
C-L grading system is to describe the glottic view during direct laryngoscopy and
might not necessarily translate to ease and speed of tracheal intubation. When VL was
introduced [38], some reported that it had higher rates of successful intubation on the
first attempt with improved glottic views, as compared to DL [7]. However, in differ-
ent clinical settings (e.g., in emergency room or intensive care unit) and different
patient populations (e.g., pediatric patients), VL did not show its superiority in first-
pass success rate and time to intubation, as compared to DL [39].

In contrast to DL and VL, VS seems to provide the best glottic view as the tip of the
stylet can access the laryngeal inlet and be positioned beneath the epiglottis. Because
the vocal cords are directly visualized, the passage of the stylet-ET tube into trachea is
almost assured. This allows minimal (if any) trauma while circumventing any laryn-
geal pathology such as cysts, tumors, etc.

We believe the glottis visualization grading systems for VS technique should be
simply graded as “easy, restricted, and difficult”. The crux of the matter in airway
intubation is “to see is to accomplish”. If the vocal cords can be seen, the placement of
ET tube is then easy. We propose such a grading system (LQS system) specific for VS
technique shown in Figure 7.
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Grade 1 Grade 2 Grade 3

Figure 7.

LQS grading scove on glottis visualization by VS technique. Grade 1: Able to see any part of the vocal cords and
arytenoid cartilages. Grade 2: None of glottis parts can be seen. Only epiglottis can be seen and there is enough space
left between the epiglottis and posterior pharyngeal wall. Grade 3: The space under the epiglottis is very narrow
and probably will create difficulty passing the stylet. It should be emphasized that once the stylet can be introduced
beneath the epiglottis, full glottis view can be obtained (images shown in the lower row). This is a case for double-
lumen endobronchial tube placement. Intubation time (for demonstration purposes): 28, 26, and 30 s,
respectively. Please also compare with Figure 8. (Also see the Supplementary Materials Videos S1-S3. To watch
the supplementary videos contact the email address: lukairforce@gmail.com).

* Grade 1: Any part of the glottis (vocal cords and arytenoid cartilages) can easily
be seen. The stylet-ET tube set can easily be passed into the trachea.

* Grade 2: The glottis cannot be visualized, but there is enough space between the
floppy epiglottis and posterior pharyngeal wall. This allows the stylet-ET tube
combination to be maneuvered to pass around the epiglottis and enter the
trachea.

* Grade 3: The space between the epiglottis and glottis opening is extremely small,
requiring a significant jaw-thrust or combining VS with a Macintosh blade to
open the airway and allow visualization of the glottis.

The majority of the cases (74%) fell into grade 1 (Figure 7, left panel), 25% into
grade 2 (Figure 7, middle panel), and very few (1%) classified into grade 3 (Figure 7,
right panel) that required more laborious maneuverability to pass the stylet-ET tube
set through the glottis. Our proposed grading method (LQS grading score), similar to
other systems (e.g., C-L score, POGO score), does not require exact knowledge of
grading minutiae (e.g., subdivided into 2a, 2b, 3a, 3b) [36, 40]. Our clinical experi-
ences of the use of VS for routine and emergency intubation indicated that the LQS
grading system was correlated with various intubating outcomes, such as intubating
time, first-attempt success rate, easiness, complication rates, etc.
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In our experience using the VS technique, we encountered some problems that
caused the intubation to be more difficult, including: (1) copious mucus and saliva
obscuring the lens and views; (2) stiff neck and restricted cervical mobility limiting
the jaw-thrust; and (3) swollen soft tissues and floppy epiglottis hindering the pass of
the stylet-ET tube either from midline or from the side of epiglottis (Figure 8B, left
panel). In those difficult cases, the FOB technique may be helpful (Figure 8B, middle
and right panels).

It should be emphasized that the LQS grading system is for VS technique combined
with the simple jaw-thrust maneuver and may be affected by various patient condi-
tions (e.g., restricted head/neck motility, pathological obstruction of airway, effi-
ciency of jaw-thrust maneuver). Therefore, in patients with simulated difficult
airway (e.g., using cervical collar or manual in-line stabilization) and a confirmed a
high C-L grade by DL, the subsequent use of VS may take a longer time [41].
However, similar high intubation success rates with VS technique were obtained in
both low C-L grade and high C-L grade patients in the simulated difficult airway
scenario. During such intubation with VS, visualization of vocal cords and advance-
ment into the glottis for the high-grade group was significantly more difficult than in
the low-grade group [41].

In patients with a large and floppy epiglottis (i.e., LQS grade 3), the view can be
improved by simply applying a jaw-thrust maneuver or by combining with a
Macintosh blade [42, 43]. Figure 9 shows such an example using a jaw-thrust
maneuver to lift up the epiglottis for passage of the stylet-ET tube set. In this case, the

Figure 8.

Two uncommon cases seen from VS camera. (A) Case 1: An 89-year-old woman. The glottis is perfectly visualized
simply by jaw-thrust maneuver and the vocal cords fully open and visible (i.e., Cormack-Lehane class 1, POGO
100%). (B) Case 2: A 75-year-old man. The epiglottis could not be lifted up at all by jaw-thrust maneuver due to
severe radiation fibrosis of the neck. The epiglottis is labeled by the yellow star. Left panel: The epiglottis was
completely attached to the posterior pharyngeal wall when the patient was anesthetized and paralyzed. Intubation
with VS technique failed after several attempts. Middle panel: The patient was quickly reversed from anesthetized
status to asleep status with spontaneous vespiration. Rescue intubation was eventually achieved by FOB. The
epiglottis still remained drooped. Right panel: Three weeks later, the same patient received elective tracheostomy
due to difficulty breathing. Awake nasal intubation was done with FOB. The patient in Figure 8B is the same as
in Figures 36-40.
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Figure 9.

Effect of jaw-thrust maneuver on improving glottis view seem from VS. this is a 66-year-old man with a BMI
25.0 kg/m® (167 cm, 70 kg). Mallampati scove: Class 2. Neck civcumference 44 cm. (A) View of oral cavity by
opening mouth. (B) View of pharynx entry and uvula. (C) Laryngeal inlet. (D) Jaw-thrust created a LQS score
grade 1 with partial view of glottic region. (E) Without jaw-thrust maneuver, epiglottis stayed back and attached
to posterior pharyngeal wall. (F) Close-up panorama view of glottis. Intubation time (from lip to trachea, for
demonstration): 30 s (Supplementary Materials Video S4).

oro-pharyngeal-laryngeal space/inlet was open and accessible (Figure 9A-C). However,
jaw-thrust could only lift up the epiglottis to expose the vocal cords less than 50%
(Figure 9D and E) in this patient. Once the space underneath the epiglottis was wide
enough to allow VS passage, the vocal cords could easily be viewed fully (Figure 9F).
Further placement of the ET tube was easy by railroading the tube from VS.

2.5 Time to intubation

A mounting body of evidence indicates that VL reduces the rate of failed intuba-
tion and results in higher rates of successful intubation on the first attempt with an
improved glottic view [7]. In patients with anticipated difficult airways (e.g., cervical
collar limited mouth opening and neck movement), VL was safe and quicker in
controlling the airway (time to view the vocal cords: 20-30 s (median); time to
advance tube 30-40 s (median); intubation time of successful attempt: 50-60 s) [44].
The reported intubation time for emergency intubation by VL is 60 s & 31 s (difficulty
score with Visual Analogue Scale 0-100: 39 & 27) [45]. In adult patients with a normal
airway, the time for successful tracheal intubation with VL is short (17-38 s) [46].
Similar time ranges were found for emergency intubation with VL in these patients
(12-15'5) [47].

Figure 10 shows four examples of the use of VS technique in patients with normal
airways under routine tracheal intubation for elective surgeries. In two patients who
needed rapid sequence intubation, the intubation time (from lip to trachea) using VS
was 5-7 s, respectively (Figure 10, the left two panels). For teaching purposes or if
there is a need to “look around the corner”, the intubation time was slowed down
to 20-30 s (Figure 10, the right two panels). If the intubation takes a longer time
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" 5s | 7s @ 20s 30s

Figure 10.

Time to intubation (from lip to trachea) using VS technique in four examples. Upper row: View from epiglottis.
Lower row: Close-up view of glottis. Left (5 s): A 36-year-old man with BMI 22.7 kg/m* (178 cm, 72 kg). Second
from the left (7 s): A 52-year-old woman with BMI 24.0 kg/m* (162 cm, 63 kg). Third from the left (205): A
42-year-old man with BMI 29.3 kg/m® (174 cm, 89 kg). Right (30 s): A 55-year-old man with BMI 23.0 kg/m?*
(164 cm, 62 kg). It is noted that the speed of intubation was deliberately slowed down (20 and 30 s) for
demonstration purpose. (Also see the Supplementary Materials Videos S5-S8).

(e.g., between 30 and 60 s), the operator should anticipate a potentially difficult
intubation (e.g., Figure 8B) and a plan B should always be prepared.

During airway management, the airway is not always as clear as seen in Figure 10.
In the real world, the airway operator using VS technique might encounter copious
thick mucus, saliva, or sometimes blood in the airway. Those secretions may obscure
the lens of the optical intubating tool and make intubation more difficult. Frank
emesis and massive vomitus or blood can occur in certain traumatic emergencies
[48, 49]. Quick, effective, and continuous suctioning of pharyngeal secretions or
blood is necessary to reduce the risk of losing visualization. A tracheal suction catheter
or Yankauer suction tip would help clearing the oropharynx and larynx. Figure 11
shows the saliva impeding the glottic view when VS technique was applied. Pre-
medication with an anti-sialagogue and proper suctioning are helpful to reduce such
problems before inserting the optical stylet into the patient’s oropharynx.

3. Routine use of VS in elective and emergency surgeries

VL and DL have been used for decades in both elective and emergency intubations.
The introduction of VL has shifted the paradigm of airway management [50]. VS was
first introduced by Shikani in patients (both adults and children) undergoing routine
otolaryngologic procedures [6] and has since been applied in various clinical scenar-
ios, including difficult and emergency airway [12, 51]. The VS technique has been
studied in adults in supine position [52-56], in lateral decubitus position [57], and in
pediatric patients with difficult airway [30, 58]. It has also been used during awake
intubation [53, 59] and for diagnostic bronchoscopy [60]. VS has also been used by
emergency room physicians [61] and emergency medical technicians in the pre-
hospital airway management [62].
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Figure 11.

Presence of mucus and saliva interfering with laryngeal views obtained by VS technique during tracheal
intubation. A morbidly obese 42-year-old woman with BMI 46.6 kg/m* (165 cm, 127 kg) underwent fasciotomy
and debridement. Past history included sleep apnea and snoring. LQS scove grade 1. The intubation time (for
demonstration) is 22 5. (Also see the Supplementary Materials Video S9).

In 2010, VS was introduced into our department. At that time, most of our staff
still used DL and some tried VL (e.g., GlideScope®) [63, 64]. We established a formal
airway training course in DL, VL, and VS use for the staff and novice operators using
cadaver and mannequins. Currently, we have more than 22 sets of VS from four
different brands in our 21 operating rooms. Although it is not mandated to use VS, VS
prevails among all the available intubating tools we have. We regularly survey the
novice users and trainees to evaluate their performance and obtain feedback. Notably,
VS is used in more than 90% of tracheal intubations (Table 2).

Figure 12 demonstrates the routine use of VS for tracheal intubation in an elective
surgery. We have previously reported on the application of VS in patients undergoing
an emergency surgery during the COVID-19 pandemic [65-70] (see Figures 13 and
14). The coverall personal protective equipment (PPE) and plastic sheet barrier did
not interfere with smooth tracheal intubation using VS in COVID-19 patients. In both
clinical scenarios (Figures 12-14), VS technique provides a swift, and safe tracheal
intubation, while protecting the intubating provider from secretions as he/she does
not have to put his/her face close to the patient’s mouth.

Table 3 summarizes the strengths and weakness of VL and VS. The clinical per-
formance of VS is usually evaluated in many aspects, including (1) insertion in the
oropharynx; (2) visualization of the epiglottis; (3) advancement in the glottic aper-
ture; (4) maneuverability of the stylet; and (5) adverse events such as dental trauma,
soft tissues damages, autonomic overstimulation, aspiration, hypoxia, etc. In both
normal airway and difficult airway scenarios, VS shows its advantages with shorter
intubating time [13, 71-74], less autonomic stimulation [55], and shorter learning
curve [75].
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Figure 12.

A typical case of routinely applying VS technique for tracheal intubation in elective surgery. An 89-year-old
woman with BMI 25.3 kg/m* (150 cm, 57 kg). The intubation time (from lip to trachea) is 7 s. (Also see the
Supplementary Materials Video S10).

Figure 13.

A %yt;)ical case of routinely applying VS for tracheal intubation during emergency surgery. A 26-year-old woman
with BMI 21.3 kg/m® (150 cm, 48 kg) underwent an emergent orthopedic surgery due to multiple trauma during
COVID-19 pandemic in 2020. Combined use of VS and a piece of plastic sheet as a protective barrier was noted.
The two anesthesiologists wove PPE during tracheal intubation procedure. The anesthesia assistant was performing
Jjaw-thrust maneuver. (Also see the Supplementary Materials Video S11).

40



A Paradigm Shift of Airway Management: The Role of Video-Assisted Intubating Stylet...
DOI: http://dx.doi.org/10.5772 /intechopen.108340

Figure 14.

Same patient as in Figure 13. Close-up views from the VS video LCD screen. (A and B) Views of oropharynx and
larynx. (C) Epiglottis. (D and E) Views of glottis and vocal covds. (F) Entry into trachea. The intubation time was
12 5. (Also see the Supplementary Materials Video S12).

VL VS
Required use of a blade + -
Forces to laryngoscopy ++ -
Require mouth-opening i +
Forces applied to the maxillary incisors 4+ _
Use of a stylet + -
Maneuverability during navigation + i
Ability to control the tip and displace soft tissues + 44
Require lift-up epiglottis 4 +
Better Cormack-Lehane/LQS grading + e
Difficult placement/insertion . _
Ability to visualize the insertion of the tip of ET tube into trachea + 44
High first-attempt success rate i+ Tt
More number of attempts + +
High overall success rate i+ et
Short time to intubation i+ bt
Need of external laryngeal maneuver i+ _
Esophageal intubation + _
Autonomic stimulation i+ _
Airway trauma/injury ++ -
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VL VS
Other complications + _
Affordable (cost) ¥ +
Short setup time and portability et et
Availability, accessible, maintenance i+ i+
Skill/technique learning curve + et

VL: Videolaryngoscope. VS: Video-assisted intubating stylet. Complications: Hypoxemia, hypotension. “+” and “=” denote
the degree of relative comparison between use of VL and VS.

Table 3.
Comparison between videolaryngoscopes (VL) and video-assisted intubating stylet (VS).

4. First-line choice of VS in difficult airway

Over the last decade, the VS technique has been widely used as an alternative to VL
in simulated difficult airways (e.g., rigid cervical collars applied) [6, 31, 76-83],
cervical spine surgeries [84, 85], upper airway obstruction [86-89], double-lumen
endobronchial tube placement [90-92], and emergent awake intubation [93]. In the
following sections, we present our clinical experiences of using the VS technique as
the first-line intubating modality in several difficult airway scenarios.

4.1 Head neck lesions

Various video-assisted intubating stylets have been used in potential or anticipated
difficult airway as the first-line tool for tracheal intubation. We previously reported
use of VS in patients with anticipated difficult airway, such as facial-oral tumors,
enlarged tonsils, radiation neck fibrosis, hypopharyngeal cancers, and laryngeal
tumors and cysts [94]. Similarly, VS was also reported in patients with an epiglottic
cyst [86, 87], retropharyngeal tumor [88], and in awake nasal intubation [89].

Although awake/asleep flexible fiberoptic bronchoscopy and elective/emergency
tracheostomy still remain the gold standard of the airway management in extreme
difficult airway (e.g., hypopharyngeal cancer, severe radiation-induced fibrosis over
neck, giant neck tumors, restricted mouth opening), VS can play a role in anticipated
difficult airway, similar to the proposed role of awake FOB and VL [95]. One advantage
of the Shikani stylet over the fiberoptic scope is the ability to maneuver it around a
floppy epiglottis, especially if the patient is asleep and in the supine position. It should
be mentioned that rigid endoscopy is one of the difficult airway rescue modalities [96].

Figure 15 shows an example of a potential difficult airway in a patient with
hypopharyngeal cancer undergoing laryngo-microsurgery (LMS) intubated with VS.
The epiglottis was difficult to lift up but the space between the epiglottis and posterior
pharyngeal wall was just wide enough to allow the stylet-ET tube set to go through. A
good glottis view was obtained, and intubation was completed without delay. When
VS is used in patients with head/neck lesions, the operator should expect that mucus
and blood can blur the lens of VS and be prepared to handle that (Figure 16).

When a patient has been previously treated with radiotherapy or surgery, a stiff
neck caused by radiation fibrosis, flap, or scar is expected. In Figure 17, the patient’s
mouth opening was wide enough, but the neck was stiff and the cervical spine
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Figure 15.

Use of VS technique in a patient with anticipated difficult airway. A 66-year-old man (BMI 22.6 kg/m?; 164 cm,
61 kg) with hypopharyngeal cancer underwent LMS surgery. (A) and (B) Pre-operative endoscopic survey images.
(C-H): Serial views during tracheal intubation using VS under general anesthesia. The epiglottis could not be fully
lifted up by sole jaw-thrust maneuver (D). The intubation time: 20 s. (also see the Supplementary Materials Video
S13).

Figure 16.

Use of VS technique complicated by a saliva bubble in a patient with hypopharyngeal cancer. This is a 57-year-old

man with BMI 26.0 kg/m* (172 cm, 77 kg). The intubation time: 20 s. (Also see the Supplementary Materials
Video S14).
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Figure 17.

Use of VS technique in a patient with stiff neck caused by radiation therapy. This is a 72-year-old man with BMI
20.4 kg/m® (174 cm, 62 kg). He had squamous cell carcinoma over the neck with metastasis and veceived
definitive concurrent chemoradiotherapy. (A) Mouth opening is wide enough. (B) Stiff neck due to radiation
fibrosis with ulceration. (C) Post-intubation. (D) Post-operation after extubation.

mobility was restricted. His glottic inlet was narrow due to edema of the pharyngeal
tissues and epiglottis. The intubation was nevertheless smoothly executed using VS
technique (Figure 18).

4.2 Morbid obesity

Obesity and morbid obesity can complicate airway management. Impaired glottis
visualization [97-102] leads to greater lifting force and external laryngeal pressure.
Several prediction algorithms have been proposed for the morbidly obese patient
[103-105], including anthropometric parameters [106-109]. Body mass index and
neck circumference are commonly used to predict difficult airways [110-113],
although some studies showed no association with difficult intubation [114]. Still, it is
a general consensus that morbid obesity makes tracheal intubation difficult [109].
There are various intubating modalities for obese patients [115-120] and VL is supe-
rior to conventional DL [121-130]. VS is useful in morbid patients due to its improved
visualization of the larynx and the ease with tube advancement [131, 132].

Our clinical experiences support the role of VS in morbidly obese patients.

Figure 19 shows tracheal intubation with VS in a patient whose oropharynx was too
narrow for laryngoscopy (Figure 19F). In the last six years, we have performed
hundreds of intubations on morbidly obese patients (including more than 100
patients undergoing bariatric surgery), and there were only two cases that we were
not able to intubate with VS. Figure 20 shows three examples of the application of VS
in morbidly obese patients (BMI 36.6, 49.9, and 58.4 kg/m”, respectively). The
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Figure 18.

Close-up views from VS in the same patient from Figure 17. Due to limited effects of jaw-thrust maneuver in the
presence of radiation fibrosis of the neck, the ovo-pharynx (A and B), larynx (C and D) ave crowded. The
epiglottis curls inward and manifests omega-shaped folding (C). (E) The glottis opening is narrow. (F) ET tube is
secured into trachea. The intubation time is 24 5. (Also see the Supplementary Materials Video S15).

Figure 19.

A 65-year-old morbidly obese man with BMI 40.5 kg/m? (167 cm, 113 kg). (A) Modified Mallampati test: Class
3. Mouth opening 5.5 cm. (B) Thyromental distance: 6.5 cm. Sternomental distance: 11.5 cm. Neck civcumference:
47 cm. Upper lip bite test: Class 1. (C-H) Serial views from VS camera. (C) View of oropharynx. (D, E)
laryngeal inlet is crowded with LQS score grade 1. (F) Without jaw-thrust maneuver, the LQS class is grade 2. (G,
H) Clear visualization of glottis and tracheal vings. The intubation time (for demonstration) is 30 s. (Also see the
Supplementary Materials Video S16).
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Figure 20.

Serial close-up views from VS in three typical morbidly obese patients. (A) BMI 36.6 kg/m* (170 cm, 106 kg). A
37-year-old man underwent laparoscopic hernioplasty. The intubation time is 20 s. (B) BMI 49.9 kg/m*

(165 cm, 136 kg). A 37-year-old woman underwent laparoscopic sleeve gastrectomy. The intubation time is 20 s.
(C) BMI 58.4 kg/m? (167 cm, 163 kg). The intubation time is 22 s. It is interesting to note that the LQS grading
scoves in all these three morbid obesity cases ave grade 1. It is noted that lavyngeal tissues ave crowded. (Also see the
Supplementary Materials Video S17-S19).

intubation with VS technique was smooth and fast. The “video-video paired tech-
nique” will be presented in the latter part of this article.

4.3 Restricted cervical spine mobility

Restricted cervical spine (C-spine) mobility is a major risk factor for difficult
airway in various prediction algorithms. Although awake/asleep/anesthetized flexible
fiberoptic bronchoscopy is the gold standard for airway management, other airway
modalities and tools have been proposed in the literature [133]. Among all the airway
tools, VL has drawn the most attention as a useful tool for restricted C-spine motion.
This technique has been tested in patients with a simulated restricted C-spine condi-
tion (with manual in-line stabilization or rigid cervical collar) [44, 134-145], in real
patients undergoing C-spine surgeries [146, 147], and in mannequin simulation model
[148, 149]. Recently, VS has also been tested in patients with simulated restricted C-
spine motion [31, 78, 80, 81, 84, 150, 151].

Our single-institute clinical experience (more than 600 C-spine surgeries a year)
indicates that the VS technique is a very useful technique in this patient population.
Figure 21 shows a case when cervical spine mobility was restricted by the neck collar.
Another example of limited C-spine mobility is in patients receiving stereotactic
neurosurgeries with a head frame mounted before tracheal intubation can occur.
Figure 22 shows such a scenario.

4.4 COVID-19 pandemic

The COVID-19 pandemic created a major challenge in airway management for
both patients and providers [152]. It was reported that VL “should be dedicated for
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Figure 21.

Apg;lication of VS technique in a 42-year-old male patient (BMI 29.6 kg/m?) with cervical collar immobilization
due to C4-5 contusion. (A) Fair mouth opening. (B) Copious saliva and secretions in the pharynx and larynx. (C,
D) The immobilization process itself caused a worse glottic view (LQS scale: 2. No glottis structures can be seen at
all). Fortunately, the space underneath the epiglottis is enough for passage of the stylet-ET tube. (E, F) The
secretion bubbles disturbed the glottis view. The intubation time is 16 s. (Also see the Supplementary Materials
Video S20).

Figure 22.

Application of VS technique in a patient undergoing stereotactic neurosurgery. This 59-year-old man with genetic
torsion dystonia and Parkinson’s disease (BMI 20.2 kg/m?®) underwent frame-based stereotactic procedure for
bilateral subthalamus nucleus electrodes implantation. (A) Prior to anesthesia induction, a head frame was
mounted and secured. (B) Tracheal intubation was performed with VS technique. (C) Close-up views in front of
epiglottis and glottis (D). Copious saliva and secretions were present. The intubation time is 14 s. (Also see the
Supplementary Materials Video S21).
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use in patients with COVID-19, where this is feasible, and disposable VL blades are
preferred” [153]. In reality, for practical reasons, DL was still used in certain cases
during the COVID-19 pandemic [154-156].

At the very beginning of the outbreak of COVID-19, it was intuitive to use VL in
the management of patients with COVID-19, both in emergent and non-emergent
tracheal intubation [157-161]. On the other hand, the safety (transmission rate to the
airway managers and team members) and efficacy (e.g., first-pass success rate, intu-
bation time, complications) of VL and DL had not yet been validated in COVID-19
cases [162, 163].

When considering the factors (close proximity of operators and assistants to the
patient airway, intubation speed, quality of airway view obtained, or degree of hyp-
oxia during the tracheal intubation) it seems intuitive that VL would be superior to DL
(if healthcare resource availability is not an issue). Because of extensive clinical
experiences with VS, we applied that technique during the COVID-19 outbreak in
Taiwan [65-70]. Since 2020, we have been hit by three outbreak waves (Figure 23,
time points A, B, and C). From April 2022 to June 2022 22 cases called for tracheal
intubation in the negatively pressurized isolation wards and 28 tracheal intubations
for emergency surgeries in the negative pressure-operating room. All the tracheal
intubations were accomplished with VS technique and a plastic shield (Figures 24 and
25). Because our staff (anesthesiologists and residents) are proficient in the use of VS
technique (Table 2), it seems that COVID-19 intubations did not cause extraordinary
mental loading, stress, or technical difficulties for the airway managers.

4.5 Rapid sequence intubation

During the COVID-19 pandemic, it was recommended that PPE be worn by airway
managers and airways should be secured in a rapid sequence induction (RSI) or
modified RSI [154, 157, 159]. The intubation first-attempt and overall success rates
were acceptable. It is inconclusive, however, that RSI itself consistently shows better
clinical outcomes than not doing so [164-167]. Moreover, combined use of VL with
RSI maneuver does not necessarily shows superiority over DL [168-171].

In our hands, the VS technique provided a higher first-attempt intubation success
rate with RSI. The intubation time for VS was non-significantly shorter than DL [73].
Since the benefits of cricoid pressure (CP) is not conclusive, usually we conducted RSI
without applying CP. It has been reported that BURP does not help, and jaw-thrust is
the most effective maneuver to provide better laryngeal view and shorter intubation
time [31]. Figure 26 shows a tracheal intubation performed using VS technique under
RSI protocol. Figure 27 shows a similar RSI-intubation process in a confirmed
COVID-19 positive patient undergoing emergency surgery. In both cases, the intuba-
tion process was smooth and swift, and the operators felt safe and better protected
against virus exposure.

4.6 Double-lumen endobronchial tube

The clinical role of VL on tracheal intubation with double-lumen endobronchial
tube (DLEB tube) for thoracic surgeries has been reviewed [172, 173]. For tracheal
intubation with double-lumen endobronchial tube, VL was found either to be superior
or equivalent to DL [174-179]. When various outcome parameters were used as
comparators (e.g., glottis view, time to intubate, first-pass success rate, complications,
ease to use), different types of VL might exhibit their own advantages and
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Figure 23.

Application of VS technique to intubate patients at our institute during COVID pandemic in Taiwan. The inset
photo (left) shows the operator equipped with PPE intubating with a C-MAC VS (Storz, Germany) in a
mannequin simulation model. The inset photo (right) shows the veal world when tracheal intubation was
conducted with VS technique in an omicron-positive patient. Time point A: February 2020 [65]. Time point B:
May 2021 [69]. Time point C: April 2022 [70]. X-axis: The weekly report series number; Y-axis: The patient
number. Green and blue colors indicate the surveillance reporting number and confirmed cases number,
vespectively. Data was modified from Taiwan CDC press velease (https://www.cdc.gov.tw/En; data retrieved on

July 20, 2022).

Figure 24.
Combined use of a piece of transparent plastic sheet and VS technique in a mannequin model (A) and in 52-year-
old man during COVID-19 pandemic (B and C). The intubation time: 20 s. the detailed technique for this

combination method can be seen in the reference [67]. (Also see the Supplementary Materials Video S22).
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Figure 25.

Cogr:tlhined use of a plastic sheet barrier and VS technique in an omicron-positive patient undergoing emergency
neurosurgery for intracerebral hemorrhage. This is a 77-year-old woman (BMI 23.2 kg/m?) with medical history
of diabetes and brain tumor. The airway managers wore PPE and a piece of plastic sheet was used as a physical
barrier against possible contamination from the patient’s airway. The tracheal intubation was smoothly and
swiftly achieved with VS technique. The intubation time is 10 s. (Also see the Supplementary Materials Video

S23).

Figure 26.

Application of VS technique with rapid sequence intubation in a patient undergoing emergency abdominal surgery.
This 57-year-old man (BMI 26.2 kg/m*) with medical history of duodenal adenocarcinoma (pT4N1) had
received a Whipple operation 1 day prior to this emergency surgery. Acute abdominal distention, leukocytosis, and
elevated C-reactive protein indicated an intra-abdominal infection. Acute abdominal distention, leukocytosis, and
elevated C-reactive protein indicated intra-abdominal infection. Anesthesia induction was conducted using rapid
sequence intubation with VS technique. Serial images of oropharynx and larynx (A-C) and glottis-vocal cords-
trachea (D-F) are shown. A nasogastric tube is seen in (C). A. The intubation time is 5 s. (Also see the
Supplementary Materials Video S24).
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Figure 27.

Application of VS technique with modified rapid sequence intubation in a movbidly obese (BMI 53.3 kg/m?,
height 150 cm, weight 120 kg) COVID-positive patient undergoing emergency suvgery. The intubation time is 7 s.
(Also see the Supplementary Materials Video S25).

shortcomings [178, 180]. Not surprisingly, VS technique was alternatively applied for
double-lumen endobronchial tube insertion [90, 181, 182]. It was found that VS is
quicker, easier, has better glottic visualization, less complications, and was a useful
alternative airway tool for placement of DLEB tube. In our single-institute experience,
the volume of video-assisted thoracic surgeries using double-lumen endobronchial
tube (few using blockers) is about 100 a year. The VS technique has been routinely
applied for double-lumen endobronchial tube intubation. Figure 28 shows such a case.
The intubating process is smooth, quick, and with a clear glottis visualization. It
should be emphasized that the stick of the VS for DLEB tube intubation should be
longer and thinner in order to cope with the design of the DLEB tube.

4.7 Cardiopulmonary resuscitation

It is still a matter of debate whether VL is superior to conventional DL for tracheal
intubation during emergency or critical situations. It is generally believed that, if the
study outcome parameters are glottis visualization and first-pass success rate, both
airway modalities could be equivalent [183-190]. Various factors can come into play
including experience, in-hospital/out-of-hospital or emergency room/ICU setting,
normal/difficult airway, routine use/rescue alternative, etc. [44, 191-197]. The com-
parison between VL and DL has been widely conducted [7, 198-202]. Quite often, it
was found that VL provides better glottis visualization but does not improve the first-
attempt success rate (which is highly experience-dependent) [203]. It is a consensus
that uninterrupted, high-quality chest compressions during CPR is crucial to patient
outcomes. A “hands-off time” less than 5 s while securing the airway without inter-
ruptions of chest compressions during CPR is beneficial for maintaining vital organ
perfusion. Meanwhile, during cardiac massage maneuver, it is crucial to avoid
unrecognized esophageal intubation [204, 205]. The role of VS has been tested and
trained in a mannequin model in the emergency department [206]. Our
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Figure 28.

Application of VS technique for placement of double-lumen endobronchial tube. This is a 71-year-old man (BMI
16.5 kg/m®) who underwent esophageal reconstruction due to esophageal cancer (after definitive concurrent
chemoradiotherapy). Although the patient’s neck is stiff due to radiation fibrosis, the intubation is 23 s. (Also see
the Supplementary Materials Video S26).

single-institute experience is that we always applied VS technique to rescue failed or
difficult tracheal intubation in settings outside the operating rooms (e.g., ER, ICU,
general wards, endoscopy room). Figure 29 shows such an example in a 65-year-old
man with terminal lung cancer. During the night shift, this patient was found in
cardiac arrest and the night staff called code blue but failed to secure the airway after
multiple attempts by non-anesthesiologists. Non-stop CPR was continued for 30 min
before the anesthesiologist arrived. Figure 29 shows the tracheal intubation with VS
was completed in 6 s without interrupting the CPR course.

5. Pitfalls and tips
5.1 Learning curve for VS technique

It is intuitive to think that DL is a difficult skill to acquire and, VL must be an easier
technique for novice trainees to learn. The studies of the learning protocol in normal
airway and simulated difficult airway mannequin model usually results in superiority
of VL over DL (e.g., better view; shorter intubation times, higher overall success rate,
less dental trauma and esophageal intubation) [207-214]. Meanwhile, practicing may
improve DL and VL skill competency and the rating of overall ease of use for DL/VL.
Opposite learning results (DL faster than VL) in various simulation teaching programs
were also reported [215, 216].

The VS technique has been tried in patients with difficult airway related to limited
mouth opening [217]. Furthermore, the VS technique has been compared head to head
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Figure 29.

Application of VS technique for tracheal intubation in a patient who was undergoing cardiopulmonary
resuscitation (CPR). This is a 69-year-old man (BMI 24.2 kg/m?®) with lung squamous cell carcinoma and tongue
squamous cell carcinoma with metastasis. Neck mobility was limited due to prior tumor-wide excision and neck
dissection. Code blue was announced due to massive hemoptysis and in-hospital cardiac arrest in this patient. After
repeated attempts of tracheal intubation with VL/DL failed, the airway management vescue team successfully
intubated the patient using VS technique while CPR was uninterrupted. The intubation time is 6 s. White arrows
denote a suction catheter. (Also see the Supplementary Materials Video S27).

with VL in a normal airway vs. difficult airway due to limited mouth opening
mannequin-based study. However, in the difficult airway model, VS was quicker to
intubate [149, 218]. Similar results were reported when VS was compared with DL
[64, 219, 220]. A semi-rigid VS had the advantages of better maneuverability, superior
view of the glottis, and shorter intubation time than a rigid VS. However, when
compared with VL in real surgical patients, semi-rigid VS was not superior to VL on
intubation time and first-pass success rate [221].

The learning curve for proficiency with optical stylets is reported to be from 10 to 20
uses. In real world experience, we found that the learning curve for performing VS
technique by novice trainees (interns and residents) is great. Usually, with a reasonable
person standard for these learners, they can accomplish the tracheal intubation task in
patients with normal airway. The performance on the task is evaluated by their number
of attempts. Usually, the number of trials ranges from 1 to 10 (a steep learning curve). It
should be mentioned that our novice trainees always receive structured training courses
on cadaver and mannequins before performing on actual patients. Figures 30 and 31
shows the tracheal intubation with VS technique by an intern.

5.2 Mucus, saliva, secretion, blood

All the optical intubating tools are affected by heavy mucus, secretions, liquid, and
gross blood. Simple suctioning is effective in removing these contaminants which
easily obscure the optic aperture of the stylet (VS) or scope (VL) and prevent
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Morbid obesity (BMI 34.4)

Figure 30.

Apg;lication of VS technique for tracheal intubation in a morbidly obese patient (BMI 34.7 kg/m?, 167 cm, 97 kg)
who underwent percutaneous nephvolithotomy for renal stones. His past medical history includes heart failure due
to idiopathic dilated cardiomyopathy, diabetes, hypertension, and he has an implanted cardioverter—defibrillator.
Airway management was performed by a competent intern who had a quick learning curve on face mask
ventilation and VS technique.

o

Figure 31.

Application of VS technique for tracheal intubation by a novice trainee (intern). The same patient as in

Figure 30. (A) Tongue. (B) Soft tissue. (C) Vallecula (arrow). (D) In front of the epiglottis (arrow). (E) Vocal
cords. (F) Entry into trachea. The intubation time is 25 s. Also see the Supplementary Materials Video S28).
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Figure 32.

Application of VS technique for tracheal intubation in a patient with copious secvetions in the airway. This is a
65-year-old man with BMI 27.8 kg/m?. Prior surgical history included cervical spinal laminoplasty (C4-7
stenosis). The intubation time is 42 s. (Also see the Supplementary Materials Video S29).

Figure 33.
A case complicated by copious secvetions and bleeding during tracheal intubation. This is a 49-year-old man (BMI

31.8 kg/m?) with cirrhosis of liver, pnewmonia, and vespiratory failure. Debridement was performed for gouty
tophi and infection in his extremities. (A) The patient was resting in the ward prior to operation. (B) Before
induction of anesthesia. (C) After tracheal intubation was accomplished. (D) Mixture of mucus, saliva, and
secretions vemoved from the patient’s airway after intubation.
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adequate visualization. In addition to good suctioning, some have proposed that
oxygen insufflation will help clear secretions and lead to a better view [222].

Prior to induction of anesthesia, we always ask patients to clear their throat by
swallowing any saliva. In addition, if not contraindicated, we would give an anti-
sialagogue to reduce the secretions. Usually, this is enough to obtain a clean and clear
airway for insertion, advancement, and maneuvering the VS inside of the patient’s
oropharynx. Figure 32 shows a patient who had copious secretion during tracheal
intubation process.

When patients are bed-ridden or in critical or emergent conditions, it is quite
common that they have a significant amount of saliva, mucus, and/or blood in their
airways. Figure 33 shows an unexpected worst-case scenario in a patient in critical
condition. Prior to VS, it was not recognized that the patient had a huge amount of
mixed secretions, mucus, and blood in his oropharynx. When the picture obtained
from VS optical lens appeared onto the video screen, nothing was easily identified
(Figure 34). We were still able to navigate in the oropharyngeal space and advanced
the stylet into the glottis eventually (Figure 34). In the same patient, after his airway
was secured by VS, it was still a struggle to clear the copious secretions to obtain a
view by VL of the glottis and ET tube (Figure 35).

There are occasional cases with head and neck cancer where FOB is advisable over
VS. In such a patient with laryngeal cancer who had received multiple radiation thera-
pies, the mouth opening was limited, the neck was stiff, and the hypopharynx and glottis
were swollen (Figures 36 and 37). VS was tried after induction of anesthesia (Figure 38).
However, copious mucus, secretions, and saliva seriously obscured the visualization of
the spotted optic lens on the VS. The epiglottis could not be lifted up at all. The airway

Figure 34.

A case complicated by copious secvetions and bleeding duving tracheal intubation. The same patient as in

Figures 33 and 35. Serial close-up view from VS camera. A bunch of mucus and blood mixtures were seen and
blocked the view for advancement of the stylet (A-D). After struggling, a clear glottis view was eventually obtained
(E) and ET tube was successfully secured into trachea (F). The intubation time is 80 s. (Also see the
Supplementary Materials Video S30).
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Figure 35.

A case complicated by copious secretions and bleeding during tracheal intubation (the same patient as in

Figures 33 and 34). After airway secured by VS, VL was used to examine patient’s airway. (A-C) Serial close-up
views from VL camera show a bunch of mucus and blood mixtures blocking the view in the patient’s airway. (D)
After adequate suction, the views became clearer. (Also see the Supplementary Materials Video S31).

was eventually secured with FOB (Figure 39). Figure 40 shows the intubation images of
the same patient during his elective tracheostomy 3 weeks later. Tracheal intubation was
performed by FOB. This extreme clinical case should be regarded as the limit of using VS
technique in comparison to the conventional role of FOB.

5.3 Video-video paired technique

Combined use of DL/VL with FOB has been a common alternative in certain
anticipated difficult airways [223-231]. Similarly, it has also been thought to combine
VL and a particular shaped stylet (or bougie-kind of introducer). When lighted or
optical stylets became available, it was natural to combine both for tracheal intubation
in scenarios like ankylosing spondylitis, morbid obesity, or certain congenital anoma-
lies involving orofacial or head/neck regions. Using an appropriate videolaryngoscopic
blade may create better oropharyngeal space and laryngeal views and therefore may
reduce stylet use in patients with normal airway [8], but not replace stylet use in
morbidly obese patients [123].

In a patient with a difficult airway, after several attempts at laryngoscopy had
failed, endotracheal intubation was accomplished by the combined use of a laryngo-
scope and the Bonfils rigid fiberscope [232, 233]. This successful combo technique
involved two airway managers. One used a laryngoscope to displace the patient’s
tongue to the left ventral part of the mouth and cleared the airway by suctioning. The
other one inserted the Bonfils rigid fiberscope, followed the blade of the laryngoscope
to the larynx, obtained a good view of the vocal cords, and railroaded the ET tube into
the trachea. It was reported the intubation time was 20 s. Although it was not known
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Figure 36.

An extreme and anticipated difficult airway in a patient with mandibular sarcoma. Repeated surgical treatments
(tumor wide excision, neck dissection, mandibulectomy, free flap reconstruction) and concurrent
chemoradiotherapy were performed. (A) Pre-operative endoscopic examination showed swollen glottis. (B, C)
Limited mouth opening and stiff neck due to radiation therapy. The face mask ventilation was adequate to
maintain oxygenation. (D) After nasal tracheal intubation using fibevoptic intubation. (E) After tracheostomy.
(F) During surgery.

the exact underlying cause for the several failed attempts at laryngoscopy in this
patient, successful rescue with VS in 20 s is reasonably acceptable.

The shape of the stylet may affect the effectiveness and performance of VL in
patients with normal airways [234]. The combined use of VS and VL has been helpful
in patients with normal [235] and difficult airways [14, 34, 35, 236]. While VS has
been used as an adjunct to DL/VL, we prefer to reverse the ancillary relationship
between VS and VL/DL. Namely, we proposed the DL/VL play an adjunct to VS. The
role of DL/VL is to open the airway, create minimal oropharyngeal space, lift up the
epiglottis, and finally allow VS to pass through under the epiglottis and acquire a
better glottis view. It is worthy to mention that this combination method (VS-VL) has
been applied in many difficult cases at our institute. One example involves a patient
with mucopolysaccharidosis (MPS) who also had prior C-spine surgery and was
receiving a corneal transplantation. He had a limited mouth-opening and flaccid
epiglottis which could not be lifted up by jaw-thrust maneuver at all. However, with
the aid of VL, tracheal intubation was smooth and swift with VS technique. Another
case involved a morbidly obese patient (BMI 56 and 60) who underwent two separate
operations (UPPP and bariatric surgery) at our institution. Several attempts at tra-
cheal intubation with various intubation tools failed. With the aid of VL, tracheal
intubation was eventually accomplished by VS technique without complications.
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Figure 37.
Adoption of VS (A) and FOB (B) in the same patient as in Figures 36—40. It is noted that, after failure of VS
technique, FOB was used to establish nasal tracheal intubation.

Figure 38.

Se;gi‘alzl views from VS camera during tracheal intubation (same patient in Figures 36—40). (A-C) The
oropharynx was crowded due to radiation fibrosis of the neck. (D—F) Copious secretions and saliva were noted.
The epiglottis (labeled by the yellow star) was firmly attached to the posterior pharyngeal wall when the patient
was anesthetized and paralyzed (E-H). The maneuverability of the VS was seriously hindered by the limited
mouth opening and rigid neck. Intubation failed after several attempts.
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Figure 39.
Rescued intubation with FOB when the patient’s controlled ventilation was reverted back to spontaneous

respiration. (A-D) The epiglottis (labeled by the black star) was firmly attached to the posterior pharyngeal wall.
(C, D) There appeared a tiny slit only when the patient exhaled. The airway operator then took this chance to
sneak the FOB tip through this tiny slit and passed under the epiglottis. Subsequent views of swollen glottis (E, F)

and vocal cords (G, H). Same patient as in Figures 36—40.

Figure 40.
Awake FOB under light sedation was performed in the same patient 3 weeks later. Elective tracheostomy was

scheduled because it became progressively more difficult for the patient to breathe. (A, B) The epiglottis was lying

against the posterior pharyngeal wall and there was a very navrow space to allow air to breathe out. A nasogastric
feeding tube was seen. (C) A partial view of glottis under the epiglottis. (D) View of closed vocal cords. (E) The tip
of a suction catheter was seen and it was withdrawn back later. (F) Vocal cords was in the closed status before the

fiber’s entry into trachea. Same patient as in Figures 36-4o0.
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In contrast to previous experiences of using the combined VS/VL technique in
difficult airway clinical scenarios [34, 35] and in mannequin models [237], we have
routinely applied this technique in normal airways in our daily practice. Included
among our routine use of VS-VL for daily practice are cases of intraoperative neuro-
physiologic monitoring (IONM) during thyroidectomy [238]. The IONM allows con-
firmation of the functional integrity of the recurrent laryngeal nerve as well as
facilitates identification of the RLN before visualization during operations. While VS
technique provides an accurate and swift tracheal intubation (e.g., especially in the
presence of a giant goiter), VL ensures the contact surface of a specialized EMG
endotracheal tube (e.g., Xomed and TriVantage Nerve Integrity Monitoring (NIM)
ETTs, Medtronic Xomed Inc., Jacksonville, FL, USA) can been seen and placed in the
correct spot between the vocal cords.

Here we demonstrate two cases of using the VS-VL paired technique in patients
with normal airways during our routine practice. Figures 41 and 42 shows a patient
with a flat epiglottis and Figures 43 and 44 shows another patient with an omega-
shape epiglottis. Neither epiglottis prevented the convenience and ease of using VS-
VL paired technique to intubate.

6. Future perspectives
VL for tracheal intubation has been the norm for tracheal intubation for several

decades [50, 239]. Since the introduction of the Shikani video-associated stylet tech-
nique for intubation in 1999 [6], numerous commercially available video-assisted

Figure 41.

Video-video paived technique for tracheal intubation. This is a 68-year-old man with BMI 25.9 kg/m>.
Vitrectomy was scheduled for recurrent total retinal detachment. VL was used as an adjunct to VS. (A) A flat
epiglottis. (B) Cormack-Lehane grade Ila. (C) Passage of the VS stylet-ET tube into vocal cords. (D) Entry of the
ET tube into trachea. The same patient as in Figure 42. (Also see the Supplementary Materials Video S32).
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Figure 42.

Views from VS camera. The same patient as in Figure 41. After glottis views were obtained by VL, the VS was
inserted and advanced. (A) Oropharynx. (B) Larynx. LQS score grade 1. (C) Full glottis view. (D) Entry into
trachea. It is noted that, with the help of VL, the airway is wide open and a perfect glottis view is easy to obtain.
The intubation time is 14 s. (Also see the Supplementary Materials Video S33).

2017-12803/16:86-37

Figure 43.

Vi%l‘;o-video paired technique for tracheal intubation. This 68-year-old man (BMI 26.8 kg/m?) underwent a
bipolar hemiarthroplasty due to femoral neck fracture. Past history includes lung adenocarcinoma and cervical
spine stenosis (C3-6). VL was used as an adjunct to VS. (A) Uvula. (B-E) An omega-shaped epiglottis. (C)
Cormack-Lehane grade I. (D, E) Passage of the VS stylet-ET tube into vocal cords. (F) Entry of the ET tube into
trachea. The same patient as in Figure 44. (Also see the Supplementary Materials Video S34).
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Figure 44.

Views from VS camera. The same patient as in Figure 43. After glottis views were obtained by VL, the VS was
inserted and advanced. (A) Oropharynx. (B, C) Larynx. LQS score grade 1. (D, E) Full glottis view. (F) Entry
into trachea. The intubation time is 15 s. (Also see the Supplementary Materials Video S35 ).

intubating stylet products have been brought to market. Some of the advantages of the
VS technique include maneuverability, better visualization, the ability to negotiate a
confined oropharyngeal space, the ability to avoid any trauma to the airway or the
teeth, ease of use, and affordability. A high first-attempt success rate, shorter intuba-
tion time, and less trauma are additional advantages which lead to less autonomic
stimulation. These advantages are why VS has been overwhelmingly accepted and the
most prevalent intubating tool in Taiwan since 2016. We hope that this review article
will educate intubation providers from various regions of the world and make VS
accepted universally. It is still to be determined whether VS will become a first-line
technique in the airway guidelines for routine intubations, or whether it will be
restricted to more challenging airways situations.

7. Conclusion

In this review article, we presented the application of the Shikani video-assisted
stylet technique for intubation in various clinical scenarios and practice settings. In
our experience, VS has proved to be an effective and sometimes invaluable method for
managing both normal and difficult airways.
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Chapter 5

Ditficult Airway in Obstetric
Patients

Glenardi Glenardi

Abstract

Although the use of general anesthesia in the obstetric population has decreased
substantially, it remains the most appropriate choice in certain cases. While the use
of general anesthesia is essential, maternal deaths associated with general anesthesia
continue. Difficult airway remains the leading cause. Maternal mortality due to
airway difficulty during general anesthesia is approximately four times higher than
in general population. The incidence of failed tracheal intubation in obstetrics has
remained unchanged over the past 40 years. The significant anatomic and physiologic
changes of pregnancy, which are exacerbated during labor, explain the increased dif-
ficulty in airway management in obstetric patients. The presence of anesthesia staff
with adequate knowledge of maternal airway management is vital to minimize the
incidence of failed intubation in the parturient.

Keywords: obstetric anesthesia, difficult airway, airway management, failed
intubation, general anesthesia

1. Introduction

Although the use of general anesthesia (GA) has been largely replaced by neuraxial
anesthesia, there are certain clinical situations in which the administration of GA
is most appropriate [1, 2]. GA is frequently preferred in emergent cases (e.g., fetal
bradycardia, massive hemorrhage, maternal coagulopathy, uterine rupture, maternal
trauma) as it has a rapid onset and allows for airway ventilation and hemodynamic
control [2, 3]. Airway-related complications remain a leading cause of anesthesia-
related maternal mortality [2-7], with approximately 2.3 per 100,000 GAs versus 1
per 180,000 GAs in the general population. Although advanced airway devices (e.g.,
supraglottic airways, flexible bronchoscopes, and video laryngoscopy) have been
increasingly available for difficult airway management, the incidence of failed tracheal
intubation in obstetrics cases has remained unchanged over the past 40 years. A 2015
systematic review reported that the incidence of failed intubation for all obstetric pro-
cedures was 11in 390 [8]. The rate of failed obstetric intubation is approximately eight
times higher compared with non-obstetric procedures [9]. Significant anatomic and
physiological changes of pregnancy have been considered to explain the increased dif-
ficulty in obstetric airway management [2-4]. Several suggestions have been proposed
to reduce the difficulty of maternal airway management [10, 11].
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2. Anatomic and physiologic risk factors for airway complications in
obstetric patients

Pregnancy results in multiple anatomic and physiological changes, which impact
airway management. While respiratory changes have the most significant effect, there
are also gastroesophageal and other pregnancy-induced changes that increase the risk
for difficult airway management.

2.1 Respiratory changes

Increases in the renin-aldosterone system result from augmented estrogen and
progesterone production during normal pregnancy cause a physiological fluid
retention [11, 12]. In the respiratory tract, this may lead to narrowing of the airway,
increasing risk for airway obstruction during ventilation, poor laryngoscopic views,
and difficulty with tracheal intubation [2, 3]. Although airway changes develop
gradually from first to third trimester of pregnancy, even more drastic changes may
be observed at delivery and during labor. Studies have shown an increase in the
Mallampati score and a decrease in upper airway volume on acoustic reflectometry
during labor, presumably due to increasing soft tissue edema [13, 14]. Rather than
relying solely on prelabor assessment, it is necessary to reevaluate the airway immedi-
ately prior to induction of general anesthesia as the airway edema may be exacerbated
during the second stage of labor following fluid resuscitation [13, 15, 16]. Capillary
engorgement of airway mucosal lining in pregnant women can increase the risk for
bleeding during manipulation of the upper airway, especially in the nasal cavity
[2, 3]. Consequently, many practitioners are reluctant to perform a nasal intubation
as it has higher risk for epistaxis during pregnancy [2]. However, a 2011 review from
Arendt et al. suggests that nasal intubation is acceptable with proper preparation of
the nasal mucosa using topical vasoconstrictors, and the intubation is performed
by the fiberoptic nasotracheal intubation technique [17]. However, an individual
assessment is required prior to this procedure, as topical vasoconstrictors may have an
impact on maternal hemodynamic and uteroplacental perfusion [2].

Physical derangements of pregnancy increase the risk of maternal and fetal
hypoxemia during induction of anesthesia and subsequent airway manipulation. As
the gravid uterus expands toward diaphragm, functional residual capacity (FRC)
decreases by approximately 20-30% at term. This reduction comprises a 25% reduc-
tion in expiratory reserve volume (ERV) and a 15% reduction in residual volume (RV)
[2, 18, 19]. The reduction is more prominent during a supine position. Although FRC
decreases significantly, the closing capacity (CC) remains unchanged in pregnancy,
resulting in a reduced FRC/CC ratio. Consequently, more rapid closure of the small
airways may occur, increasing the risk of atelectasis [2, 3, 20]. In addition to the
upward movement of the diaphragm, there are also other diaphragm changes that
occur as pregnancy advances: lengthening of muscle fibers, an increase in the zone
of apposition, and an increase in the radius of curvature of the diaphragm [21-23].
These changes contribute to an increase in ribcage dimension and concurrent tidal
volume increase of up to 45% at term [21, 22, 24]. Along with the increased respiratory
rate that is observed during pregnancy, an approximately 48% increase is observed
in minute ventilation during the first trimester. Due to increased minute ventilation,
maternal PaCO2 decreases and arterial pH increases causing a mild respiratory alka-
losis (typically 742-7.44) [3]. As the pregnancy progresses, oxygen consumption also
increases significantly [2, 3, 25]. An approximately 60% increase in oxygen demand

88



Difficult Aivway in Obstetric Patients
DOI: http://dx.doi.org/10.5772/intechopen.108341

is observed during pregnancy as the fetus grows. Consequently, pregnant women are
more susceptible to developing hypoxemia during the induction of GA [25].

2.2 Gastroesophageal changes

During pregnancy, the esophagus, stomach, and pylorus are displaced cephalad
by the enlarging uterus, decreasing the competence of the lower esophageal sphincter
(LES). Elevated levels of progesterone and estrogen during pregnancy further reduce
LES tone [2, 3, 18]. In addition, gastrin secretion increases during pregnancy, leading
to increased gastric hydrogen ion production, and thereby increasing gastric pressure.
This increase in gastric pressure, plus the incompetence of the LES, increases risks of
regurgitation, aspiration, and the development of esophagitis and acid pneumonitis
[2, 3]. Although the increased risk of regurgitation and aspiration does not necessarily
result in difficult laryngoscopy and intubation, it has been reported to cause death
during general anesthesia [26].

Gastric emptying time is not prolonged during pregnancy compared with the
nonpregnant women [27]. However, it begins to prolong with the onset of labor, due
to pain, anxiety, and the administration of analgesics. It also further contributes to
the increased risk of regurgitation and aspiration in pregnant women. Therefore, it
is prudent to consider all pregnant women at increased risk for pulmonary aspiration
during labor [2, 3].

2.3 Other changes

Most women gain between 10 and 15 kg during pregnancy due to increase in
uterine size, fetal mass, fat deposition, blood, and interstitial fluid volume [18]. This
may increase the risk of difficult airway management, as high BMI is associated with
more difficult mask ventilation, laryngoscopy, and tracheal intubation, especially in
short stature women. Moreover, a more rapid oxygen desaturation during the induc-
tion of GA is also associated with people with higher BMI. In addition to pregnancy-
related weight gain, breast enlargement during pregnancy is also associated with
more difficult laryngoscopy. Therefore, optimizing intubation position is necessary to
facilitate correct placement of the laryngoscope blade [2, 3].

3. Airway assessment

Preanesthetic assessment of the airway should be performed, when possible,
to detect the potential of difficulty airway [2, 3, 28, 29]. Preanesthetic assessment
should consist of history taking and physical [3]. Any history of difficult airway man-
agement is vital in preanesthetic airway assessment [30]. Presence of pathological
conditions associated with a difficult airway should also be noted, including snoring,
which may make mask ventilation more difficult [31, 32]. A complete physical exami-
nation should always be performed to detect the physical characteristics associated
with difficult airway. There are five specific components of the airway exam that
should be evaluated: overall inspection of the face and neck, oropharyngeal and
dental anatomy, neck anatomy and range of motion, mandibular protrusion ability,
and submandibular space [3].

The overall inspection of face and neck is necessary to detect any pathological
states involving the face or neck, such as massive face deformities, facial burns,
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retrognathia, tumor involving the face or neck, thick or short neck, or large goiter
[3]. In the setting of pregnancy and trauma, the presence of a cervical collar has been
shown to interfere with mask ventilation and direct laryngoscopy [33].

There are two important components in oropharyngeal and dental examination
that should be evaluated: maximum voluntary mouth opening and Mallampati score
[3]. Measurement of maximum mouth opening is achieved by measuring the inter-
incisor distance when the patient voluntarily opens the mouth as wide as possible
[3, 34, 35]. Inter-incisor distance of less than 3 cm, or 2 fingerbreadths, is associated
with difficult intubation [34]. Some studies even suggest that a distance of less than
4-4.5 cm can increase the risk of a difficult airway [35]. In 1983, Mallampati et al.
described a clinical sign to determine the difficulty of direct laryngoscopy and tracheal
intubation, based on the size and position of the tongue relative to the pharyngeal size.
To assess the Mallampati classification, the patient should be in an upright sitting posi-
tion with the head in a neutral position, the mouth wide open, and the tongue protrud-
ing as far as possible without phonation. Higher scores on the Mallampati classification
indicate more difficult laryngoscopy and tracheal intubation, because the tongue is
large enough to obscure oropharyngeal view. The original version of Mallampati clas-
sification consisted of a three-point scale [36]. However, Samsoon and Young further
modified the Mallampati classification into a four-point scale (see Table 1) [9].

The dental condition of the patient has also been shown to affect airway manage-
ment [34]. To prevent trauma and tooth aspiration, it is recommended to extract very
loose teeth prior to laryngoscopy. Although the edentulous patient is almost always
associated with easy tracheal intubation, face mask ventilation is often difficult [37].

A thick neck (neck circumference greater than 43 cm) has been shown to increase
the risk of difficult tracheal intubation [33, 38]. In addition, neck mobility is also
essential in airway examination as it is necessary to have an ideal neck position when
doing laryngoscopy and intubation. The ideal intubating position is achieved by the
extension of the atlantooccipital joint, in what is called the sniffing position, with the
alignment of the oral, pharyngeal, and laryngeal axes. Normal atlantooccipital joint
extension should be greater than 35° [39, 40]. Moreover, the sternomental distance
can also be used to quantitatively assess neck mobility. The sternomental distance is
the distance between the chin point and the sternal notch, measured when the head is
in extension and the mouth is closed. Distance less than 12.5 cm has shown to increase
the risk of difficult intubation [41]. Overall neck range of motion also can be used to
predict the risk of difficult intubation. The assessment is performed by measuring the
angle between forehead and neck when fully flexed and extended. An angle of less
than 80° is associated with difficult intubation [42].

The mandibular protrusion test has been shown to have strong predictive value
in determining a difficult laryngoscopy. It is performed by instructing the patient to

Class Definition
Class1 When the soft palate, fauces, uvula, and faucial pillars are visible
Class 2 When the soft palate, fauces, and the uvula are visible
Grade 3 When the soft palate and the base of uvula are visible
Grade 4 When only the soft palate is visible
Table 1.

Modified Mallampati classification [9].
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Class Definition
Class 1 The lower incisor is able to bite the upper lip above the vermilion border
Class 2 The lower incisor is able to bite the upper lip below the vermilion border
Class 3 The lower incisor is not able to bite the upper lip

Table 2.

The upper lip bite test classification [44].

extend the mandible as far as possible and then assessing the location of the mandibu-
lar teeth in comparison to the maxillary teeth. When the mandibular teeth can extend
beyond the maxillary teeth, it is predictive of easy laryngoscopy [43]. Similar to man-
dibular protrusion test, the upper lip bite test (ULBT) is also shown to have predictive
value in determining the likelihood of difficult airway, with higher specificity than
the Mallampati classification. In the ULBT, the patient is instructed to bite their upper
lip. The ability of biting the upper lip is then classified into three classes (see Table 2).
The higher the class, the more difficult it is to laryngoscope and intubate [44, 45].

Evaluation of submandibular space is essential in determining the risk of difficult
laryngoscopy and intubation. During direct laryngoscopy, the blade of the laryn-
goscope displaces the tongue into the submandibular space. A small submandibular
space will cause inadequate visualization of the glottis. The submandibular space can
be estimated by measuring the thyromental distance. It is measured from the lower
border of the mentum to the thyroid cartilage notch. A distance of less than 6.5 cm or
3 fingerbreadths suggests an increased risk of difficult intubation [46, 47].

In pregnant women, a recent study found that the modified Mallampati test was
shown to have better predictive value compared with ULBT, thyromental distance,
and sternomental distance. In addition, this study also showed that the best cutoff
point for the thyroid distance was 5 cm and for the sternomental distance was 15 cm.
However, combining these various tests suggested to have a better diagnostic accuracy
[48]. Moreover, several new modalities such as bedside endoscopy, point-of-care
ultrasonography (POCUS), virtual laryngoscopy/bronchoscopy, or three-dimen-
sional printing can be used to further evaluate the risk of airway difficulty, especially
in patients with complex airway pathology [28].

4. Management

Management of the obstetric difficult airway requires adequate preoperative
preparation, a throughout intraoperative plan, and multiple back-up plans. All
practitioners should be familiar with the algorithms for anticipated and unanticipated
difficult airway in OB.

4.1 Preoperative preparation

Preoperative preparation should consist of obtaining informed consent, assessing
the airway, determining fasting policy, and administering premedication [49]. Prior
to obtaining informed consent, the anesthesiologist must provide the patient with
comprehensive information regarding the risks and benefits of the GA procedure
in the obstetric population. It should also include possible airway management that
may be undertaken to address possible airway difficulties during the procedure. Even
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if airway examination indicates no risk of difficult airwayj, it risk of unanticipated
or unrecognized airway issues and complications is not eliminated. Therefore, the
anesthesiologist should always have a management plan for unanticipated airway
difficulties even before the general anesthesia is initiated [2, 50].

In addition to increased gastric pressure during pregnancy, prolonged gastric emp-
tying during labor has also been shown to increase the risk of regurgitation and aspira-
tion in laboring women. Therefore, it has been historically recommended to avoid
ingesting solid food and clear fluid 6 and before 2 h, respectively, before the operative
procedure [51, 52]. As the incidence of maternal death caused by aspiration decreases,
more studies are suggesting liberal nil per oral (NPO) guidelines, allowing ingestion of
isotonic fluids and light diet during labor [53]. Moreover, several premedication drugs
are also used as aspiration prophylaxis. The purpose of these drug is to reduce pH and
the amount of gastric volume. The aspiration prophylactic drugs include histamine-2
receptor antagonists (e.g., ranitidine), proton-pump inhibitors (e.g., omeprazole,
lansoprazole), nonparticulate antacid (e.g., sodium citrate), or promotility drugs (e.g.,
metoclopramide) [49, 50, 54, 55]. The use of histamine-2 receptor antagonists with
or without a promotility drug is the most common regimen for aspiration prophylaxis
in the obstetric patient. Ranitidine and metoclopramide should be administered at
least 30 min before induction [56, 57]. In emergent situation, a dose of sodium citrate
30 mL may also be used within 30 min of surgery [56, 58, 59].

In addition to patient preparation, the anesthesiologist should also have a discussion
with the team whether to proceed with the procedure or wake the patient in the event of
failed tracheal intubation [2, 49]. The Obstetric Anesthetists’ Association and Difficult
Airway Society (OAA/DAS) provides guidelines for this decision (see Figure1).

Table 1 — proceed with surgery?

4 »

Factors to consider WAKE & 3 PROCEED
Maternal condition =No compromise *Mild acute compromise *Haemorrhage responsive o = Hypovolaemia requiring
resuscitation cofractive surgery
= Critical cardiac or
respiratory compromise,
cardiac arrest
Fetal condition +No compromise + Compromise cormrected with  +Continuing fetal heart rate + Sustained bradycardia
intrauterine resuscitation, abnomality despite intrauterine  « Fetal haemorrhage
pH <72 but>7.15 resuscitation, pH <7.15 - Suspected uterine rupture
§ |Anaesthetist *Novice +Junior trainee +Senior trainee « Consultant/specialist
3
2 Obesity *Supermorbid * Morbid *Obese *Normal
@
é Surgical factors = Complex surgery or * Multiple uterine scars *Single uterine scar = No risk factors
[ major haemorrhage + Some surgical difficullies
] anticipated expected
Aspiration risk +Recent food *No recent food *No recent food « Fasted
«In labour +In labour = Not in labour
« Opioids given +Opiocids not given * Antacids given
» Antacids not given + Antacids given
Alternative anaesthesia +*No anticipated difficulty  * Predicled difficulty +Relatively contraindicated + Absolulely contraindicated
* regional or has failed
« securing airway awake - Surgery started
Be Airway device/ + Difficult f; +Ad te f; + First generation supraglottic * Second generation
= -,9,, ventilation ventilation ventilation airway device supraglottic airway device
& g » Front-of-neck
-
g -.Z- Airway hazards * Laryngeal oedema * Bleeding « Secrelions = None evident
<= + Stridor + Trauma

X

Figure 1.
Factors to consider in the decision to procced with surgery or wake the patient following failed tracheal intubation.
Reproduced from Mushambi et al. [49], with permission from obstetric Anesthetists’ association/difficult airway

society.
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4.2 Rapid sequence induction and intubation

To minimize the risk of aspiration, rapid sequence induction and intubation
(RSI) has become the standard induction technique in obstetric general anesthesia
[2, 60-62]. The goal of RSI is to minimize the length of time between loss of con-
sciousness and the establishment of optimal intubating condition. In the traditional
RSI technique, after achieving ideal patient position, preoxygenation, and application
of cricoid pressure, the administration of an intravenous induction agent is then rap-
idly followed by administration of an intravenous neuromuscular blocking agent; the
trachea is intubated without attempts at positive-pressure ventilation (PPV) [3, 60].
The goal of avoiding PPV is to prevent gastric insufflation, as this may increase the
risk of regurgitation [63]. However, OAA/DAS recommends considering the use of
facemask ventilation, as the risk of regurgitation is low with correct application of
cricoid pressure. Therefore, the steps in performing RSI in obstetric patient are: (1)
proper patient positioning; (2) preoxygenation; (3) application of cricoid pressure;
(4) administration of induction agent and neuromuscular blocking agent; (5) face
mask ventilation; (6) tracheal intubation [49].

In obstetric procedures, propofol is the typical induction agent, barring hemody-
namic or respiratory concerns. After the administration of induction agent, neuro-
muscular blocking drugs (NMDs) are then administered intravenously to facilitate
optimal intubating condition. Succinylcholine or suxamethonium has historically
been the most commonly used NMD for RSI in obstetric patients because of its rapid
onset and short duration, allowing resumption of spontaneous ventilation in the
event of failed intubation [2, 3, 64]. The optimal dose of succinylcholine is 1-1.5 mg/
kg [3, 65-67]. Although the level of plasma pseudocholinesterase decreases during
pregnancy, studies show that the duration of action of succinylcholine in pregnant
women remains unchanged [68]. Since the advent of sugammadex, a fast-acting
reversal agent specifically for rocuronium or vecuronium, nondepolarizing NMDs
(e.g., rocuronium, vecuronium) can also be used in RSI technique as the alternative
to succinylcholine [64, 69, 70]. The optimal dose of rocuronium is 1-1.2 mg/kg, and
vecuronium is 0.3 mg/kg [71-75]. Sugammadex (16 mg/kg) can rapidly reverse the
effects of rocuronium or vecuronium to prevent the prolong duration of action.
Therefore, it can achieve the same clinical effects as succinylcholine without risk of
hyperkalemia, bradycardia, myalgia, increased intragastric pressure, and increased
intracranial pressure [71-76].

In contrast to standard RSI, modified RSI with low-pressure ventilation (<12 cm
H,0) with correct application of cricoid pressure, is recommended in RSI for obstetric
patients. Ventilation is carried out using a facemask with a maximum inflation pres-
sure of 20 cm H,0. The goal of PPV is to delay the onset of hypoxemia and increase
the likelihood of successful facemask ventilation in the event of difficult or failed
tracheal intubation [77, 78].

In pregnant women without risk of difficult airway, direct laryngoscopy using a
Macintosh blade is preferred [2, 3, 79]. However, in patients at risk of difficult airway
(e.g., obese) and those who fail tracheal intubation, practitioners should use a video
laryngoscope to provide a better view of the glottis and thereby increase the chances
of success [80-90]. Since all obstetric patients are at a higher risk for a difficult air-
way, video laryngoscope should always be available in all obstetric general anesthetics
[49, 79]. If the view of the glottis is not optimal during the first laryngoscopy, the
anesthesiologist may reduce or remove cricoid pressure and reposition the head and
neck [91, 92]. Due to capillary engorgement and edema of the mucosal lining of the

93



Advances in Tracheal Intubation

airway in pregnant women, the risk for airway obstruction and bleeding during upper
airway manipulation is higher than in the general population [13, 14]. Therefore, a
small endotracheal tube (e.g., size 6.5 or 7.0) is recommended to minimize the risk

of trauma and increase the success rate in pregnant women. To minimize the risk of
pulmonary aspiration, a cuffed endotracheal tube is used. In addition, endotracheal
tube introducer (e.g., flexible stylet, bougie) can be used to improve the success rate
of tracheal intubation [2, 49].

4.3 Management of the unanticipated difficult airway

Anesthesiologists must be prepared to manage difficult airway situations.
Algorithms for the unanticipated difficult airway in the parturient have been devel-
oped by national and international organizations.

If intubation fails on the first attempt, a second attempt should be made by a
more experienced anesthetist using alternative equipment as appropriate. Ventilation
via facemask is recommended if there is a delay in the second attempt. During the
second attempt at intubation, cricoid pressure should not be applied (see Figure 2)
[49]. In addition, a second attempt at intubation should not be continued if there
is a Cormack-Lehane grade 3b or 4 view at laryngoscopy to prevent airway trauma
and loss of airway control [49, 93-95]. In case of two unsuccessful intubations, the
anesthesiologist should declare a failed intubation and proceed to the failed intuba-
tion algorithm according to the OAA/DAS guideline (see Figure 2). However, in the
presence of experienced anesthetist, this guideline also allows for a maximum of
three attempts at intubation before declaring a failed intubation [49, 96].

Algorithm 1 — safe obstetric general anaesthesia

Pra-theatre preparation Plan with team

Airway assessment WHO safety

Fasling stalus Identify senior help, alert if appropriate

Antacid prophylaxis Plan equip! for il i

Intrauterine fetal resuscitation if appropriate Plan for/discuss: wake up or proceed with surgery (Table 1)
h 2

Rapid sequence induction

Check airway equi suction, i CES

Oplimise paosition — head ing + left uteri

Pre-oxygenate to F,, 0, > 0.9/consider nasal oxygenation

Cricoid p {1ON glo 30 N

Deliver appropriate induction/neuromuscular blocker doses
Consider facemask ventilation (P, . 20 cmH,0)

L 2

1 intubation attempt

If poor view of larynx optimise attempt by:
+ reducing/removing cricoid pressure
+» exlernal laryngeal manipulation
+ repositioning head/neck

+ using bougie/stylet

Verify successful tracheal intubation
Fail Venlilate with facemask Skcease Procssd Witk aaa sl and st
« Communicate with assistant ik

Plan extubation

2 intubation attempt

Consider.

- alternative laryngoscope

* removing cricoid pressure
3" Intubation attempt only by experienced colleague

Fail W

 Follow Algorithm 2 - obstetric failed tracheal intubation

% © Obstetric Anaesthetists' Association/Difficult Airway Society (2015) @

Figure 2.
Safe obstetric general anesthesia. Reproduced from Mushambi et al. [49], with permission from obstetric
Anesthetists’ association/difficult airway society.
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Algorithm 2 — obstetric failed tracheal intubation

Theatre team to call for help

Declare failed intubation
Priority is to maintain oxygenation

.................................................................................. . T,
i | Supraglottic airway device Facemask +/— oropharyngeal airway
i | (2™ generation preferable) Consider:
: | Remove cricoid pressure during insertion + 2-person facemask technique
¢ | (maximum 2 attempts) * Reducing/removing cricoid pressure

Is adequate
oxygenation possible?

No
h 4 v

Follow Algorithm 3

Can't intubate,
can't oxygenate

Is it
essential/safe

to proceed with surgery

immediately?

[ Wake ] [ Proceed with surgery J

-8
% © Obstetric Anaesthetists’ Association/Difficult Airway Society (2015) @:

Figure 3.
Management of failed tracheal intubation in obstetrics. Reproduced from Mushambi et al. [49], with permission
from obstetric Anesthetists’ association/difficult airway society.

If a failed intubation has been declared, airway management consists of three steps
including (1) calling for help, (2) maintaining adequate oxygenation, (3) determining
whether proceed or wake the patient (see Figure 3) [49]. A more experienced anesthe-
siologist should be called immediately to help in airway management [2, 3, 28, 29, 49].
To maintain adequate oxygenation, ventilation can be performed through a facemask or
supraglottic airway device. When performing facemask ventilation, it is recommended
to use the two-person (four-handed) technique and to reduce or release the cricoid
pressure [28, 29, 49]. If facemask ventilation is found to be difficult or inadequate, a
supraglottic airway device should be inserted immediately before the effects of the
induction agent and NMD wear off [49]. The second-generation supraglottic airway
device is recommended as it has an additional esophageal drainage port and oropharyn-
geal cuff to reduce the risk of pulmonary aspiration [28, 29, 49]. During the insertion
of supraglottic airway device, cricoid pressure should be temporarily removed. Only
two attempts at supraglottic device insertion should be performed in order to prevent
bleeding or further airway trauma. Once the adequate oxygenation has been estab-
lished, the anesthetist and team should determine whether to proceed with surgery or
walke the patient. The final decision should be based on consideration of several factors
that have been evaluated preoperatively (see Figure 1) [49] However, the presence of
airway hazards and the degree of difficulty in airway management remain major factors
in decision-making because maternal safety is a top priority for the anesthesiologist. If
there is no evidence of a difficult airway or a life-threatening condition for the mother,
the safest strategy is to awaken the mother. If the mother is in immediate jeopardy and
no other anesthetic technique is feasible, anesthetist should consider proceeding with
surgery. On the other hand, if the mother is stable with a life-threatening condition
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of the fetus, it is advisable to consider waking the mother. Despite the controversial
decision, the risks of an unsecured airway and the increased risk of aspiration are
considered to outweigh the benefits of proceeding with surgery [2, 49]. This is a dif-
ficult decision, and evidence does support both sides. Several studies have shown that
continuing surgery with a well-functioning supraglottic airway device following failed
tracheal intubation is considered as safe and is also recommended [29, 97].

In the setting of a failed intubation, if the decision is made to wake the patient, the
anesthesiologist must maintain adequate oxygenation and prevent pulmonary aspiration
by applying cricoid pressure and changing the patient position to head-up or left-lateral
position. In addition, the anesthesiologist should also assess for the possibility of persistent
paralysis and laryngeal spasm. If there is persistent paralysis, sugammadex can be used
to reverse the effects of rocuronium. To anticipate the occurrence of laryngeal spasm and
“can'tintubate, can’t oxygenate” (CICO) situations, the anesthesiologist must also prepare
the appropriate equipment, drugs, and personnel. Following waking, the obstetrician
should review the urgency of delivery, and anesthetist should consider the safest alterna-
tive anesthetic option for the patient. Options for anesthetic technique include (1) regional
anesthesia or (2) general anesthesia preceded by awake intubation or tracheostomy [2, 49].
If regional anesthesia is selected, anesthetist should prepare for a backup plan in case
high or failed block happened. If general anesthesia is selected, awake intubation using
video laryngoscope or flexible bronchoscope with topical anesthesia is recommended
[49, 98, 99]. However, in the event of extreme difficulty or failure of tracheal intubation via
upper airway, tracheostomy should be performed immediately [49].

If the decision to proceed with surgery has been made in the setting of failed
intubation, anesthesiologist should consider the following issues: (1) maintenance

Table 2 — management after failed tracheal intubation
e Proseed with surger

Maintain anaesthesia
Maintain ventilation - consider merits of:

Maintain oxygenation
Maintain cricoid pressure if not impeding ventilation

+ Either maintain head-up position or turn left lateral a controlled or spentaneous ventilation
recumbent a paralysis with rocuronium if sugammadex available
+ If rocuronium used, reverse with sugammadex

Anticipate laryngospasm/can't intubate, can't
Assess neuromuscular blockade and manage awareness oxygenate
if paralysis is prolonged

Anticipate laryngospasm/can't intubate, can't oxygenate

.

Minimise aspiration risk:
maintain cricoid pressure until delivery (if not

impeding ventilation)
after delivery maintain vigilance and reapply cricoid

After wakin
b B i

empty stomach with gastric drain tube if using
second-generation supraglottic airway device

o

o

o

Review urgency of surgery with obstetric team
Intrauterine fetal resuscitation as appropriate
For repeat anaesthesia, manage with two anaesthetists

o

minimise fundal pressure
administer H, receptor blocker i.v. if not already

o

+ Anaesthetic options: given
o Regional anaesthesia preferably inserted in lateral
poesgition P Y + Senior obstetrician to operate
4 Secure airway awake before repeat general * Inform neonatal team about failed intubation
anaesthesia + Consider total intravenous anaesthesia
s
% © Obstetric Anaesthetists’ Association/Difficult Airway Society (2015) R < ;
Figure 4.

Management after failed tracheal intubation in obstetrics. Reproduced from Mushambi et al. [49], with
permission from obstetric Anesthetists’ association/difficult airway society.
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of anesthesia, (2) selection of airway device, (3) maintenance of ventilation, (4)
strategy to prevent pulmonary aspiration. To maintain adequate anesthesia, a non-
irritant volatile agent such as sevoflurane is commonly used. In the event of uterine
atony after delivery, total intravenous anesthesia with propofol may be considered as
it has no effect on uterine muscle tone [49]. If a failed intubation has been declared,
the anesthesiologist must choose whether to proceed with only a supraglottic airway
device or to perform additional tracheal intubation attempts [29]. Although the use
of supraglottic airway device is not advisable in elective surgery, its use in caesarian
delivery has found to be effective and safe [29, 49, 97]. Again, a second-generation of
supraglottic airway device is recommended. If the anesthetist decides to proceed with
additional attempt at tracheal intubation, it should be noted that only one attempt
by an experienced anesthesiologist with a planned intubation technique should be
allowed [29]. The intubation technique must overcome the anatomical constraints
that led to the earlier failure. Although the selection of intubation technique depends
on anesthesiologist’s clinical judgment, it is recommended to use flexible broncho-
scope-guided intubation to avoid airway trauma and esophageal intubation [29, 100].
If tracheal intubation fails to be performed safely, a definitive airway with tracheos-
tomy is required [29, 49]. Although controlled ventilation is used in the vast majority
of failed intubation cases in the United Kingdom, a case-by-case consideration should
be exercised before deciding whether to use spontaneous or controlled ventilation
[49, 79]. In addition, to prevent pulmonary aspiration during the procedure, cricoid
pressure should be applied until after delivery (Figures 4 and 5) [49].

Following failed tracheal intubation, persistent failure to ventilate using facemask
and supraglottic airway device leads to a “can’t intubate, can’t oxygenate” (CICO)

Algorithm 3 — can’t intubate, can’t oxygenate

Declare emergency to theatre team
Call additional specialist help (ENT surgeon, intensivist)
Give 100% oxygen

de laryngosp —ensure

L

Perform front-of-neck procedure

Is oxygenation
restored?

No Yes

"4 b 4

Maternal advanced life support Is it
Perimortem caesarean section

essential/safe
to proceed with surgery
immediately?

No Yes
h 2 k. 4
[ Wake ] [ Proceed with surgery ]
% © Obstetric Anaesthetists’ Association/Difficult Airway Society (2015)

Figure 5.
Management of “can’t intubate, can’t oxygenate” (CICO) in obstetrics. Reproduced from Mushambi et al. [49],
with permission from obstetric Anesthetists’ association/difficult airway society.
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situation. The CICO situation may be caused by poor chest wall compliance and
laryngeal spasm, which can be managed with NMDs [28, 29, 49]. Therefore, once

a CICO situation has been identified, apart from calling an ear, nose, and throat
surgeon and/or intensivist, it is imperative to rule out laryngeal spasm as the cause of
CICO. The reason is to prevent invasive airway management when it can be managed
with only NMD [29, 49]. If the succinylcholine has been administered during induc-
tion, then a combination of rocuronium and sugammadex is preferred [29, 49, 50].
When laryngospasm has been ruled out as the cause of CICO, front-of-neck proce-
dure should proceed without delay. A front-of-neck procedure refers to procedure to
securing airway access via front of the neck by either tracheotomy or cricothyrotomy
[29]. Prior to front-of-neck procedure, patient should inhale 100% oxygen via a face-
mask or supraglottic airway device while waiting for the neuromuscular blockade to
be confirmed or established [49]. Once the neuromuscular blockade has been estab-
lished, front-of-neck procedure can be performed immediately. If an experienced
surgeon is present, tracheotomy may be performed to provide definitive airway access
[29, 101, 102]. However, cricothyrotomy may be more preferred in emergency setting
[29, 50]. If adequate oxygenation is not achieved, a cardiac arrest protocol should be
instituted, and undelivered fetus at >20 weeks’ gestation age should be delivered via
cesarean section immediately [49, 103].

4.4 Management of the anticipated difficult airway

Anticipated difficult airway is defined as a clinical situation in which a trained
anesthesiologist has anticipated difficulty in providing ventilation using facemask
or a supraglottic airway, laryngoscopy, tracheal intubation, extubation, or invasive
airway [104]. In pregnant women with an anticipated difficult airway, neuraxial
anesthesia is more preferred compared with general anesthesia as it does not require
any airway manipulation. However, anesthetist should always have backup plan for
securing the airway in case high or failed block happened. If pregnant women with
anticipated difficult airway must undergo general anesthesia, the safest option is to
perform awake tracheal intubation [2].

4.5 Extubation of the trachea

Pulmonary aspiration is the one of the most common adverse events at the end
of anesthesia, especially during the extubation [6, 105]. In obstetric patients, awake
extubation is recommended. The position during extubation is also important to
prevent regurgitation [49]. Recent study suggests a head-up position because it aids
the patency of airway, respiratory function, and access to the airway [106].

5. Conclusion

Although the use of general anesthesia (GA) has been largely replaced by neur-
axial anesthesia, in certain obstetric situations, GA is preferred. Advantages include
rapid control of the airway and ventilation, improved hemodynamic control, and
speed of onset. While maternal mortality associated with GA has decreased substan-
tially, deaths from difficult airway in GA are still reported and are higher in obstetric
patients compared with the general population. One of the leading causes of airway-
related death during obstetric GA is difficult and failed intubation. The significant
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anatomic and physiologic changes of pregnancy have been considered to explain the
increased difficulty in airway management in obstetric patients. Airway mucosal
edema, capillary swelling, decreased functional residual capacity, and increased
oxygen consumption during pregnancy have been shown to cause difficult airway in
obstetric patients. In addition, gastroesophageal changes during pregnancy, such as
decreased lower esophageal sphincter muscle competence, increased gastric pressure,
and prolonged gastric emptying, are associated with an increased risk of pulmonary
aspiration in pregnant women. These changes may be further exacerbated during
labor; therefore, some modifications are needed in the obstetric airway management.
These modifications include using certain specific equipment, administering addi-
tional premedication, performing additional procedures, and using different airway
management algorithms. Therefore, it is necessary to have adequate knowledge
regarding the management of difficult airways in obstetrics to prevent future airway-
related mortality and morbidity of mothers and neonates.
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Abbreviations

GA general anesthesia

FRC functional residual capacity

ERV expiratory reserve volume

RV residual volume

CC closing capacity

ULBT upper lip bite test

POCUS point-of-care ultrasonography

CAFG Canadian Airway Focus Group

CICO cannot intubate, cannot oxygenate
CVCO cannot ventilate, cannot oxygenate
OAA/DAS Obstetric Anesthetists’ Association and Difficult Airway Society
RSI rapid sequence induction and intubation
PPV positive-pressure ventilation

FETO2 end-tidal oxygen fraction

NMDs neuromuscular blocking drugs

eFONA emergency front of neck access
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