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Abstract

Airway ultrasound allows for precise airway evaluation, particularly for assessing the
difficult airway and the potential for front of neck access. Many studies have shown
that identification of the cricothyroid membrane by airway ultrasound is more accurate
than digital palpation. However, no reports to date have provided clinical evidence that
ultrasound identification of the cricothyroid membrane increases the success rate of
cricothyroidotomy. This is a narrative review which describes patients with difficult
airways for whom airway ultrasound may have been useful for clinical decision
making. The role of airway ultrasound for the evaluation of difficult airways is
summarized and an approach to the use of ultrasound for airway management is
proposed. The goal of this review is to present practical applications of airway
ultrasound for patients predicted to have a difficult airway and who undergo

cricothyroidotomy.




Key Words: Airway ultrasound; Difficult airway; Point-of-care ultrasound;

Cricothyroidotomy; Intubation; Mask ventilation

Nakazawa H, Uzawa K, Tokumine ], Lefor AK, Motoyasu A, Yorozu T. Airway
ultrasound for patients anticipated to have a difficult airway: Perspective for

personalized medicine. World | Clin Cases 2023; In press

Core Tip: Airway ultrasound may provide a simpler and more accurate prediction of
the difficult airway, especially to distinguish difficult mask ventilation from difficult
tracheal intubation. Accurate cricothyroid membrane identification may provide a

landmark for securing a surgical airway in clinical practice.

INTRODUCTION

Point-of-care ultrasound (POCUS) is a quickly used and repeatable tool for bedside
clinical evaluation. Today, POCUS supports perioperative decision making in all phases
and settings of clinical carel'l. POCUS is achieving results for diagnosis and treatment in
emergency medicine and intensive carel24l.

Airway ultrasound is one form of POCUS. Although it is thought to hold great
potential, there is no evidence to date whether airway ultrasound has a significant
impact on clinical decision making. This narrative review and perspective discuss what
is known about the efficacy of airway ultrasound from existing studies and then reflect
on this information with clinical insight from individual patients. Airway ultrasound is
considered useful because it provides insights that can facilitate decision-making for
securing the airway in patients with an anticipated difficult airway.

The literature search in the present study was conducted using PubMed, Medline,
and Scopus with the key words "airway ultrasound" "difficult airway" and "point-of-

care ultrasound." Meta-analyses were cited whenever possible to answer clinical




questions, and other citations were used when deemed necessary to answer clinical

questions.

WHAT CAN AIRWAY ULTRASOUND TELL US?

Airway ultrasound is useful for pre-anesthetic airway evaluation, particularly to assess
the potential for requiring front of neck access, confirmation of tracheal intubation,
prediction of optimal tracheal tube size, and evaluation of vocal cord motion and
functionl’>7l. Among these possible applications of airway ultrasound, prediction and

treatment of the difficult airway is expected to be the most important clinically.

CAN AIRWAY ULTRASOUND PREDICT A DIFFICULT AIRWAY?

A report on the management of patients with a difficult airway from the United
Kingdom described the importance of airway assessment to avoid airway accidents/8l. It
has also been noted that current airway evaluations are not adequatel’). The modified
Mallampati classification, mandibular protrusion, neck circumstance and other factors
to predict the presence of a difficult airway are traditionally based on observations and
measurements on the surface of the patient’s body. Studies to predict the presence of a
difficult airway using airway ultrasound have begun. This is not a conventional
prediction based on information from the body surface, but from information obtained
about the internal anatomy, and belongs to the same family of predictions using
information from internal structures such those made with images from computed
tomography (CT) scansl!?l. The ability to predict the difficult airway by airway
ultrasound will likely never exceed that of predicting the difficult airway using
information from a CT scan, because CT scans present more information and can
reconstruct three-dimensional structures, while airway ultrasound is always limited to
two-dimensional information. CT scans have associated problems, such as radiation
exposure and high cost as well as the need to usually transport the patient to a
dedicated CT scanner location. Even if those problems are ignored, the clinical utility of

airway ultrasound may exceed that available with a CT scan. Airway ultrasound is




characterized by mobility and repeatability to get the information needed instantly, at
the point of care.

Measurements to predict the presence of a difficult airway fall into two categories.
The first is the distance from the skin to the airway. There is a hypothesis that an
increase in anterior neck thickness restricts the mobility of pharyngeal structures and
thereby affects direct laryngoscopy!"l. However, Komatsu et all'!l found no association
between the presence of a difficult airway and anterior neck thickness at the level of the
vocal cords. In a recent meta-analysis, anterior neck thickness at the vocal cord level or
at the cricothyroid membrane is not a predictor for the presence of a difficult airwayl!2l.
However, the distance from the skin to the epiglottis, or hyoid bone, may be a predictor
of difficult intubation!'>*3]. For direct laryngoscopy, the tongue, epiglottis, and mandible
are considered obstacles anterior to the oral airway spacell4l. Based on this concept, the
thickness of the oropharynx and hypopharynx can be assumed to have more effect on
the performance of direct laryngoscopy than the thickness of the anterior larynx.

The second category of measurements to predict the presence of a difficult airway is
based on the significance of measuring the hyomental distance. When performing direct
laryngoscopy, important obstacles are not only located anteriorly. The posterior
obstacles refer to the upper teeth, maxilla, head, and others!%l. The key to overcoming
posterior obstacles is the mobility of the upper cervical spinel#l. Mobility of the upper
cervical spine, especially at the occipital-atlantoaxial joint, is important, and the ratio of
the neutral position to the head extended position of the hyomental distance is reported
to be a good indicator as a substitute for radiographic measurement of occipital-
atlantoaxial joint extension[®l. In a meta-analysis, hyomental distance did not differ
significantly between patients with and without intubation difficulties!’?l. However,
there was a significant difference in the ratio of hyomental distance between the neutral
position and extension, referred to as the hyomental distance ratio. The difference in
results for hyomental distance and the hyomental distance ratio may be due to large

individual differences in hyomental distance. Ultrasound measurement of hyomental




distance does not require x-rays. Therefore, use of the hyomental distance ratio is
facilitated in clinical practice.

Studies to predict the presence of a difficult airway in terms of whether direct
laryngoscopy is possible may have to be reconsidered in the future due to
improvements in, and the widespread use of videolaryngoscopy, which is partially
overcoming problems associated with the difficult airwayl'®17l. Difficult airways include
difficult intubation and difficult mask ventilation. Difficult mask ventilation is even
more dangerous than difficult tracheal intubation. Li et all'®l reported that measurement
of the submental portion by ultrasound is predictive of difficult mask ventilation.
Bianchini et all'®! reported that tongue base thickness is predictive of difficult mask
ventilation. Enlargement of the tongue base or submental portion can cause airway
narrowing. The Mallampati score reflects the size of the tongue in the oropharyngeal
spacel?). There is a belief that ultrasonic measurement of tongue base thickness is a
more accurate measure of the property embodied in the Mallampati classification/2!l.
This idea is anatomically quite reasonable and deserves further study.

Table 1 shows cutoff values for difficult airway predictors that are considered
important!2l. Each predictor can be classified based on its anatomical significance. Skin
to epiglottis distance is a highly evaluated index with excellent sensitivity and
specificity for predicting the difficult airwayl®l. Skin to epiglottis distance is
anatomically considered to reflect the distance from the skin to the airwayl22l. A longer
distance is associated with increasing difficultly when performing direct
laryngoscopyl?l. Anatomical reasons are explained by the three column model of the
upper airway described by Greenland®l. Briefly, the increase in skin to epiglottis
distance makes the orientation of the tracheal axis (secondary curve of the three column
model) to be downward. The skin to epiglottis distance may be an indicator of the
difficulty for both mask ventilation and direct laryngoscopy. The hyomental distance
ratio is as a predictor of difficult direct laryngoscopy!?4, and tongue base thickness is a

predictor of difficult mask ventilationl23].




The measurement of anterior neck thickness may make sense based on the anterior
obstacles of the oral airway space theory[!4l. These measurement points are the distance
from the skin to the hyoid bone, t‘E distance from the skin to the anterior commissure,
and the thickness of the anterior neck soft tissues at the level of the hyoid bone. The
authors speculate that anterior cervical thickness would be associated with obesity,
which is clearly a predictor of an airway difficulty. In this paper, three predictors were
chosen based on anatomical considerations. However, there is still the potential for
more accurate prediction by combining anterior neck thickness with other independent
predictors.

Figure 1 illustrates the evaluation of each difficult airway predictor and its
measurement in a man with sleep apnea syndrome who is anticipated to have a difficult
airway based on a traditional predictor, the modified Mallampati score, Class IV. The
distance from the skin to the epiglottis is 3.42 cm, which is more than the cutoff value of
2.54 (Table 1). The hyomental distance ratio is 6.42/5.77 = 1.11, which is larger than the
cutoff value of 1.085. Tongue base thickness is 8.31, which is more than the cutoff value
of 5.87. Taken together, the evaluation of these parameters suggest that this man is at
high risk for difficult in mask ventilation but not direct laryngoscopy. Administration of
anesthesia required an oral airway and two-person bag-valve mask ventilation to secure
the airway after inducing general anesthesia, but intubation was performed by a
resident with a Macintosh laryngoscope with modified Cormack-Lehane classification
grade 2a.

Thus, each difficult airway predictor can be used to predict when difficult airways
might be present in a patient and allow the clinician to devise a strategy to safely secure

the patient’s airway.

DOES OBSERVATION OF THE VOCAL CORDS FAIL TO PREDICT AN AIRWAY
DIFFICULTY?

As previously mentioned, anterior neck thickness at the vocal cord level is not a

satisfactory predictor for the presence of a difficult airwayl'2. Since the vocal cords are




located inside the thyroid cartilage, the ultrasound probe must be manipulated to
provide an image through the cricothyroid membrane toward the head to observe the
vocal cords. The ultrasound beam for viewing the vocal cords crosses the anterior
cervical surface at an angle, not vertically. Therefore, evaluating the thickness of the
anterior neck with the thickness of the anterior neck soft tissue at the level of the vocal
cords is of questionable value. However, observation of the vocal cords is important
when performing airway ultrasound. This is because undiagnosed lesions in the glottis
can lead to an otherwise unrecognized difficult airway. In 2016, we reported a patient
with a difficult airway due to an undiagnosed subglottic tumor, which could have been
identified with airway ultrasound!2¢l. Recently, Adi et allZ’] reported the use of airway
ultrasound to diagnose a mass lesion in the glottis which resulted in airway narrowing.
If one suspects airway stenosis, we recommend airway ultrasound to observe the vocal
cords as the first step.

Case 1: A 93-year-old woman was planned to undergo repair of a femoral neck
fracture. She developed a “cannot intubate cannot oxygenate” emergency after
induction of general anesthesia, and the anesthesiologist let her awaken. Airway

compromise was caused by undiagnosed subglottic tumors (Figure 2).

IS AIRWAY ULTRASONOGRAPHY AN EFFECTIVE ADJUNCT FOR
CRICOTHYROIDOTOMY?

The Fourth National Airways Project in the United Kingdom showed that emergency
cricothyroidotomy has a failure rate of 64%®8l. The cause of this high failure rate has not
been determinedl®l. Identification of the cricothyroid membrane may hold the key to
successful emergency cricothyroidotomy. Numerous studies have addressed whether
airway ultrasound facilitates accurate cricothyroid membrane identification(?-%l. Other
studies have evaluated the accuracy of identifying this membrane by airway ultrasound
in pregnant womenl?:3l, obese patients(*41l, and childrenl4-%l. Most studies concluded
that identification of the cricothyroid membrane by airway ultrasound is more accurate

than by digital palpation. However, the results of these studies should be interpreted




with caution, because there are no clinical reports showing that ultrasound
identification of the cricothyroid membrane increases the success rate of
cricothyroidotomy. Furthermore, airway ultrasound is not recommended once securing
the airway has failed, as it is more time-consuming than digital palpationl4l.
Nevertheless, airway ultrasound is expected to be useful for strategy planning in

patients with an anticipated difficult airway.

IS CRICOTHYROIDOTOMY AN ANATOMICALLY VALID FRONT-OF-NECK
ACCESS TARGET?

There are various descriptions of the size and shape of the cricothyroid membranel*’l.
Reported length and width ranges (minimum-maximum) of the cricothyroid membrane
are 3-12 and 6-18 mm, respectively. The shape of the cricothyroid membrane has been
reported to be rhombic, triangular, and trapezoidal. First, it is important to understand
that not all of the space between the thyroid and cricoid cartilages is covered solely by
the cricothyroid ligament. The cricothyroid membrane is formed mainly by the central
median cricothyroid ligament and by the lateral part of a ligament named the conus
elasticus on both sides (Figure 3). Most of the conus elasticus is covered by the
cricothyroid muscles, and the caudal part of the central median cricothyroid ligament is
also covered by the cricothyroid muscles. The cricothyroid muscle attaches to the
cricoid cartilage anterolaterally and to the lower lamina of the thyroid cartilage. In
cricothyroidotomy, the cricothyroid muscle would give high resistance to needle
puncture or surgical incision and is also an obstacle to digital palpation of the
cricothyroid membrane for identification due to decreased dimpling of the cricothyroid
membrane.

It is necessary to understand the distribution of blood vessels around the cricothyroid
membrane since it relates to hemorrhagic complications. The vascular distribution
around the cricothyroid membrane exists both inside and outside the membrane
(Figure 3). Incision or puncture along the lateral side of the cricothyroid membrane may

damage the superior thyroid artery, resulting in rather significant bleedingl“sl. The




cricothyroid artery runs anterior and cephalad to the cricothyroid membrane and is
easily damaged during cricothyroidotomy. Incision or puncture of the cricothyroid
membrane is more safely performed in the central to caudal areal®l.

Posterior tracheal wall injury, tracheal laceration, and esophageal perforation are
among the complications of cricothyroidotomyl!3l. Complications can be caused by
applying too much force or the use of unnecessarily long needles during needle
cricothyroidotomy and by inserting the blade too deeply during surgical
cricothyroidotomy!>0-52].

In summary, it should be recognized that the safe target for a cricothyroidotomy is
very small, about 5.5 mm long and 6.9 mm widel¥]. The instrumentation used for

puncture and the technique of incision are important to avoid complications.

IDENTIFYING THE CRICOTHYROID MEMBRANE BY AIRWAY ULTRASOUND

The longitudinal technique and the transverse technique have been reported to aid in
identification of the cricothyroid membranel2838]. The transverse technique can identify
the cricothyroid membrane more quickly than the longitudinal technique, but the
transverse technique is not superior to the longitudinal technique in terms of accuracy
of identification®53. Kristensen et all®*! recommend that the technique used for

identification of the cricothyroid membrane should be chosen by the patient.

LONGITUDINAL TECHNIQUE

The longitudinal technique is called the "string of pearls" technique. It is so called
because when the ultrasound probe is placed in a sagittal line from the thyroid cartilage
to the caudal side, the cricoid and tracheal cartilages appear to be arranged in a bead-
like pattern. The cricothyroid membrane is easily identified between the cricoid
cartilage and the thyroid cartilage is widely open, compared to the space between the

cricoid cartilage and the tracheal cartilage (Figure 3A and B).

TRANSVERSE TECHNIQUE




The transverse technique is also known as TACA technique. The name is derived from
the method of performing the procedure. T and C stand for the initials of thyroid
cartilage and cricoid cartilage, respectively, and A for the air interface line. The
transverse ultrasound view of the thyroid cartilage is easily identified because it looks
like a triangular roof. When the probe is moved caudally and the triangular thyroid
cartilage disappears, a bright white line appears in the midline. This is the cricothyroid
membrane, and the white line is due to the reflection of ultrasound waves from the air
on the inner surface of the trachea just below the cricothyroid membrane (the air
interface line). The cricoid cartilage is recognized because it is shaped like a black
horseshoe. The TACA technique scans the thyroid cartilage - air interface line - cricoid
cartilage from cephalad to caudal sides, and then scans the cephalad side again to
identify the air interface line (cricothyroid membrane) (Figure 3B and C).

Case 2; We cared for a patient with an anticipated difficult airway(*l. A neck abscess
pointing to the left side gave the illusion that the center of the neck was at the location
marked by the asterisk in Figure 4. The surgeon believed that this region contained the
cricothyroid membrane based on digital palpation. However, the trachea was displaced
and rotated to the opposite side. The actual cricothyroid membrane was located to the

right of the expected location.

IS AIRWAY ULTRASOUND USEFUL TO DEVISE A STRATEGY FOR PATIENTS
ANTICIPATED TO HAVE A DIFFICULT AIRWAY?

There are several approaches to secure an airway in a patient anticipated to have a
difficult airway. These include awake tracheal intubation, anesthetized tracheal
intubation, and supraglottic ventilation. However, planning the optimal strategy varies
and depends on the degree and reason for difficulty in securing the airway, the
preference of the medical practitioner, and the constraints of the equipment available. If
the prediction of the presence of a difficult airway using airway ultrasound is correct,
anesthetized tracheal intubation can be performed in patients with predicted to have

difficult tracheal intubation but easy mask ventilation, because video-laryngoscopy and




fiberoptic intubation will be attempted between episodes of intermitted ventilation with
a mask. Even if tracheal intubation is not possible, the patient can be awakened by
stopping the administration of general anesthesia. However, patients with difficult
mask ventilation but easy tracheal intubation should be intubated immediately after
rapid sequence induction. In many cases, overlap of different degrees of difficult
trﬁheal intubation and difficult mask ventilation are present.

The American Society of Anesthesiologists’ Task Force on Management of the
Difficult Airway states that awake intubation should be selected when there is a high
risk of difficult mask ventilation and difficult tracheal intubation, a high risk of
aspiration, and a high risk of oxyhemoglobin desaturation[5*%l. In patients anticipated
to have a difficult airway, making a plan to safely secure the airway is the most
important issue. Usually, awake intubation or surgical front-of-neck access should be
considered as possible alternatives. In particular, awake intubation will require a back-
up plan, referred to as “double setup airway intervention,” which implies preparing

simultaneously for both awake intubation and surgical cricothyroidotomyl571.

CAN AIRWAY ULTRASOUND BE USED TO PREDICT TRACHEAL TUBE SIZE?

Tracheal intubation in a pediatric patient may also present difficulty securing the
airway for the physician because determination of the optimal diameter of the tracheal
tube is difficult. In pediatric patients, the cross-sectional shape of the trachea is circular
at the cricothyroid level and oval at the subglottic levell®®l. The narrowest part of the
trachea is the transverse diameter at the subglottic levell*l. Using airway ultrasound,
the subglottic diameter can be directly measured/5?l. A recent meta-analysis showed that
airway ultrasound can accurately predict tracheal tube size estimates, unlike the usual
age or height-based formulas used in pediatric patientsl®l. The minimal transverse
diameter of the cricoid cartilage level was reported to be important to select the tracheal
size for ventilation settingl®!l. The ultrasound measurement points for determining tube
size vary slightly among investigators, which include the narrowest part of the

subglottic airway, the middle or most caudal part of the cricoid cartilage, and so onl®2l.




Although the usefulness of ultrasound in selecting tube size in pediatric tracheal

intubation is unquestioned, further research is needed to standardize this approach.

LIMITATIONS OF AIRWAY ULTRASOUND

POCUS is influenced by factors such as skill of the operator and the measurement
environment. Therefore, airway ultrasonography is also influenced by several factors.
To overcome this weak point of airway ultrasound, development and standardization
of an educational program is needed!®l. Bowness et al showed that the location of the
cricothyroid membrane identified by a skilled operator did not change when returned
to the extended neck position after moving the neck transiently for tracheal
intubationl®l, The study showed that airway ultrasound may provide reproducible and
reliable results with sufficient operator proficiency. In the future, as education becomes
standardized and acquisition of appropriate airway ultrasound skills becomes more
widespread, airway ultrasound will be the best means of assessing the ever-changing

airways of patients.

CONCLUSION

Airway ultrasound may provide a simpler and more accurate prediction of the difficult
airway compared with traditionally used indicators, especially to distinguish between
difficult mask wventilation and difficult tracheal intubation. In addition, accurate
cricothyroid membrane identification may provide a benchmark for securing a surgical
airway in clinical practice. In conclusion, airway ultrasound has great potential to
facilitate airway assessment and make it accurate, however further studies are needed

to demonstrate clinical benefits in a variety of situations.
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