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Ultrasonography in the management of the airway
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Rigshospitalet, Denmark

In this study, it is described how to use ultrasonography (US) for
real-time imaging of the airway from the mouth, over pharynx,
larynx, and trachea to the peripheral alveoli, and how to use this
in airway management. US has several advantages for imaging of
the airway – it is safe, quick, repeatable, portable, widely available, and it must be used dynamically for maximum beneﬁt in
airway management, in direct conjunction with the airway management, i.e. immediately before, during, and after airway interventions. US can be used for direct observation of whether the
tube enters the trachea or the esophagus by placing the ultrasound probe transversely on the neck at the level of the
suprasternal notch during intubation, thus conﬁrming intubation without the need for ventilation or circulation. US can be
applied before anesthesia induction and diagnose several conditions that affect airway management, but it remains to be determined in which kind of patients the predictive value of such an

M

anagement of the airway remains a major
contributor to death and brain damage in
anesthesia, emergency medicine, and intensive care
settings.1,2 The purpose of this review was to give an
overview of how to obtain bedside real-time ultrasonographic images of the upper and lower airway,
and how to use this in clinical praxis in improving
the management of the airway. The target groups are
anesthesiologists and emergency and intensive care
unit (ICU) doctors involved in airway management.

Methods
This is a narrative review combined with a structured Medline literature search. The following
search terms were used:
A) (ultrasound OR ultrasonic OR ultrasonography
OR ultrasonographically OR sonography OR ultrasonographic) AND (vocal cords OR vocal folds OR
subglottic OR epiglottis OR extubation OR cricothyrotomy OR tracheostomy OR airway OR larynx OR
laryngeal OR laryngoscopy OR endotracheal tube
OR endotracheal intubation OR tracheal intubation

examination is high enough to recommend this as a routine
approach to airway management planning. US can identify the
croicothyroid membrane prior to management of a difﬁcult
airway, can conﬁrm ventilation by observing lung sliding
bilaterally and should be the ﬁrst diagnostic approach when a
pneumothorax is suspected intraoperatively or during initial
trauma-evaluation. US can improve percutaneous dilatational
tracheostomy by identifying the correct tracheal-ring interspace,
avoiding blood vessels and determining the depth from the skin
to the tracheal wall.
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OR esophageal intubation OR laryngeal mask
airway OR ventilation OR nasogastric OR gastric
tube),
B) (ultrasound OR ultrasonic OR ultrasonography
OR ultrasonographically OR sonography OR ultrasonographic) AND (Pneumothorax or lung).
The reference list of the retrieved articles were
additionally scrutinized for relevance.

Introduction
Ultrasonography (US) has many potential advantages – it is safe, quick, repeatable, portable, widely
available, and gives real-time dynamic images. US
must be used dynamically in direct conjunction with
the airway procedures for maximum beneﬁt in
airway management. For example, if you place the
transducer on the neck, you can see if the tube
passes to the trachea or to the esophagus while it is
being placed, whereas you are unlikely to see the
location of the tube if you place the transducer on
the neck of a patient who already has an endotracheal tube in place.
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The ultrasound image and how to
obtain it
Ultrasound refers to sound beyond 20,000 Hz and
frequencies from 2 MHz to 15 MHz are normally
used for medical imaging. Ultrasound transducers
act as both transmitters and receivers of reﬂected
sound. Tissues exhibit differing acoustic impedance,
and sound reﬂection occurs at interfaces between
different types of tissues. The impedance difference
is greatest at interfaces of soft tissues with bone or
air. Some tissues give a strong echo (fat and bone,
for example); these structures are called hyperechoic
structures and appear white. Other tissues let the
ultrasound beam pass easily (ﬂuid collections or
blood in vessels, for example), and thus create only
little echo; they are called hypoechoic and appear
black on the screen. When the ultrasound beam
reaches the surface of a bone, a strong echo (a strong
white line) appears and there is a strong absorption
of ultrasound resulting in a limited depth of the
bony tissue being depicted. Nothing is seen beyond
the bone because of acoustic shadowing. Cartilaginous structures, such as the thyroid cartilage, the
cricoid cartilage and the tracheal rings, appear
homogeneously hypoechoic3 (black), but the cartilages tends to calcify with age. Muscles and connective tissue membranes are hypoechoic but have a
more heterogeneous striated appearance then cartilage.3 Glandular structures such as the submandibular and thyroid glands are homogeneous and mildly
to strongly hyperechoic in comparison with adjacent
soft tissues. Air is a very weak conductor of ultrasound so when the ultrasound beam reaches the
tissue/air border, a strong reﬂection (a strong white
line) appears and everything on the screen beyond
that point are only artifacts, especially reverberation
artifacts that creates multiple parallel white lines on
the screen. However, the artifacts that arise from the
pleura/lung border often reveal useful information.
Visualization of structures such as the posterior
pharynx, posterior commissure, and posterior wall
of the trachea is thus prevented by intraluminal air.3
In B-mode US, an array of transducers simultaneously scans a plane through the body that can be
viewed as a 2-D image on screen, depicting a “slice
of tissue”.
In M-mode (M = motion), a rapid sequence of
B-mode scans, representing one single line through
the tissue, whose images follow each other in
sequence on screen, enables us to see and measure
range of motion, as the organ boundaries that
produce reﬂections move relative to the probe.
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When using Color Doppler velocity information
is presented as a color-coded overlay on top of a
B-mode image. It is characteristic for ultrasound that
the higher the frequency of the ultrasound wave, the
higher the image resolution is and the lesser the
penetration in depth. All modern US transducers
used in airway management have a range of frequencies that can be adjusted during scanning in
order to optimize the image. The linear highfrequency transducer (Fig. 1) is the most suitable for

Fig. 1. Laptop-sized ultrasonography machine with transducers.
Left: Linear 7–12 MHz high-frequency transducer. Second from
left: Small, linear 6–10 MHz high-frequency “hockey stick” transducer. Upper right: Curved, Convex 2–6 MHz low-frequency
transducer. Foreground, insert, micro convex 4–10-MHz
transducer.

Ultrasonography and the airway

Fig. 2. (A) Transverse scan of the ﬂoor of the mouth and the tongue.(B) Dorsal surface of the tongue (red). Shades arising from the mandible
(green).

imaging superﬁcial airway structures (within
2–3 cm from the skin).3 The curved low-frequency
transducer is most suitable for obtaining sagittal and
parasagittal views of structures in the submandibular and supraglottic regions, mainly because of its
wider ﬁeld of view. The micro convex transducer
gives a wide view of the pleura between two ribs. If
you must choose to use only one transducer, then a
linear high-frequency transducer will enable you to
perform the majority of ultrasound examinations
relevant for airway management. Because the air
does not conduct ultrasound, the probe must be in
full contact with the skin4 or mucosa without any
interfacing air. This is obtained by applying judicious amounts of conductive gel between the probe
and the skin. Because of the prominent thyroid cartilage in the male, it is sometimes a challenge to
avoid air under the probe when performing a sagittal midline scan from the hyoid bone to the
suprasternal notch. Portable machines can provide
accurate answers to basic questions5 and are thus
sufﬁcient for airway US.

Visualizing the airway and the
adjacent structures
With conventional transcutaneous US we can visualize the airway from the tip of the chin to the
mid-trachea plus the pleural aspect of the most
peripheral alveoli as well as the diaphragm. Additional parts of the airway can be seen with special
techniques: Trachea can be seen from the esophagus
when performing transesophageal US and the tissue
surrounding the more distal airway from the mid-

trachea to the bronchi can be visualized with endoscopic US via a bronchoscope. These special
techniques will not be covered in detail in this
article.

Mouth and tongue
US is a simple method for examination of the
mouth6 and its content. The tongue can be visualized
from within the mouth7 but the image can be difﬁcult to interpret.8 If the transducer is placed in the
coronal plane just posterior to the mentum and from
there moved posteriorly until the hyoid bone is
reached, it will allow a thorough evaluation of all the
layers of the ﬂoor of the mouth, of the muscles of
the tongue, and of possible pathological processes
(Fig. 2). The scanning image will be ﬂanked by the
acoustic shadow of the mandible on each side.
The dorsal lingual surface is clearly identiﬁed.9 The
width of the tongue base can be measured in a
standardized way by localizing the two lingual
arteries with Doppler and subsequently measuring
the distance between these arteries where they enter
the tongue base at its lower lateral borders.10 A longitudinal scan of the ﬂoor of the mouth and the
tongue is obtained if the transducer is placed submentally in the sagittal plane and the whole length
of the ﬂoor of the mouth and the majority of the
length of the tongue can be seen in one image
(Fig. 3). The acoustic shadows from the symphysis
of the mandible and from the hyoid bone form the
anterior and posterior limits of this image. Detailed
imaging of the function of the tongue can be evaluated in this plane.9 When the tongue is in contact
with the palate, then the palate can be visualized;
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Fig. 3. (A) The curved, low-frequency transducer and the area covered by the scanning (light blue). (B) The resulting ultrasound image.
(C) The shadow from the mentum of the mandible (green). The muscles in the ﬂoor of the mouth (purple). The shadow from the hyoid bone
(light orange). The dorsal surface of the tongue (red).

Fig. 4. The tongue and the mouth ﬁlled with water. The shadow from the mentum of the mandible (green). The shadow from the hyoid bone
(light orange). The dorsal surface of the tongue (red). The water in the mouth (blue lines). The large white line represents the strong echo
from the hard palate.

when there is no contact with the palate, the air at
the dorsum of the tongue will make visualization of
the palate impossible. An improved image is achievable if water is ingested and retained in the oral
cavity allowing (Fig. 4) a better differentiation of the
hard palate from the soft palate.6 The tongue can be
visualized in detail using 3-D US.11 In the child, the
major anatomical components of the tongue and
the mouth are covered by four scanning positions:
the midline sagittal, the parasagittal, the anterior
coronal, and the posterior coronal plane.12 In the
transverse midline plane just cranial to the hyoid
bone, the tongue base and the ﬂoor of the mouth is
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seen. In the transverse (axial) plane in the midline
the lingual tonsils and the vallecula can be imagined.13 Just below the hyoid bone the vallecula is
seen and when the probe is angled caudally the preand paraglottic spaces and the infrahyoid part of
epiglottis is seen.13

The oro-pharynx
Imaging of a part of the lateral border of the midoropharynx can be obtained by placing the transducer vertically with its upper edge approximately
1 cm below the external auditory canal9 and the
lateral pharyngeal border and the thickness of the

Ultrasonography and the airway

Fig. 5. Midline sagittal scan from the hyoid bone to the proximal part of the thyroid cartilage. (A) The light blue outline shows the area
covered by the scanning. (B) The scanning image. (C) The shadow from the hyoid bone (yellow). The thyro-hyoid membrane (red). Posterior
surface of part of epiglottis (blue). Pre-epiglottic fat (brown). Thyroid cartilage (green).

lateral parapharyngeal wall can be determined.14
The parapharyngeal space can also be visualized via
the mouth by placing the probe directly over the
mucosal lining of the lateral pharyngeal wall, but
this approach is difﬁcult for the patient to tolerate.15

The hypo-pharynx
When performing sonography through the thyrohyoid membrane, cricothyroid space, cricothyroid
membrane, thyroidal cartilage lamina, and along
the posterior edge of the thyroid lamina, it is possible to locate and classify hypophryngeal tumors
with a success rate as high as with computed tomography (CT) scanning.16

Hyoid bone
The hyoid bone is calciﬁed early in life, and its bony
shadow is an important landmark that separates the
upper airway into two scanning areas: the suprahyoid and infrahyoid regions. The hyoid bone is
visible on the transverse view as a superﬁcial hyperechoic inverted U-shaped linear structure with posterior acoustic shadowing. On the sagittal and
parasagittal views, the hyoid bone is visible in crosssection (Fig. 4) as a narrow hyperechoic curved
structure that cast an acoustic shadow.3

Larynx
Because of the superﬁcial location of the larynx, US
offers images of higher resolution then CT or magnetic resonance imaging (MRI) when examined with
a linear high-frequency transducer.13 The parts of
the laryngeal skeleton have different sonographic

characteristics. The thyroid and the cricoid cartilages show variable but progressive calciﬁcation
through life whereas the epiglottis stays hypoechoic.17 The true vocal cords overlie muscle that is
hypoechoic whereas the false cords contain echoic
fat.17 The thyrohyoid membrane runs between the
caudal border of the hyoid bone and the cephalad
border of the thyroid cartilage and provides a sonographic window through which the epiglottis could
be visualized in all subjects with the linear transducer oriented in the transverse plane (with varying
degrees of cephalad or caudad angulation).3 The
midline sagittal scan through the upper larynx from
the hyoid bone cranially to the thyroid cartilage
distally (Fig. 5) reveals the thyrohyoid ligament,
the pre-epiglottic space containing echogenic fat18
and posterior to this, a white line representing the
laryngeal surface of the epiglottis may be seen. On
parasagittal view, the epiglottis appears as a hypoechoic structure with a curvilinear shape and on
transverse view it is shaped as an inverted “C”. It
is related anteriorly by the hyperechoic triangular
pre-epiglottic space and lined posteriorly by a
hyperechoic air/mucosa interface.19 The transverse
midline scan cranially to the thyroid cartilage
depicted epiglottis in all subjects and revealed an
average epiglottis thickness of 2.39 mm.17 In the cricothyroid region, the probe can be angled cranially
to assess the vocal cords and the arythenoid cartilages and thereafter be moved distally to access the
cricoid cartilages and the subglottis.13 When scanning transversely in the paramedian position, the
following structures can be visualized starting cra-
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Fig. 6. (A) Transverse midline scan over the thyroid cartilage (in an 8-year-old boy). (B) Thyroid cartilage (green). Free edge of vocal cords
(orange). Anterior commisure (red). Arythenoid cartilages (yellow).

nially and moving distally: faucial tonsils, lateral
tongue base, lateral vallecula, strap muscles,
laminae of the thyroid cartilage, the lateral cricoids
cartilage and posteriorly the piriform sinuses and
the cervical esophagus.13 The laryngeal cartilage is
uncalciﬁed in the child but calciﬁcation starts in
some individuals before the age of twenty and it
increases with age. In subjects with un-calciﬁed cartilage the thyroid cartilage is visible on sagittal and
parasagittal views as a linear hypoechoic structure.
On the transverse view, it has an inverted V shape
(Fig. 6), within which the true and false vocal cords
are visible.3At the age of 60, all individuals show
sign of partial calciﬁcation and at this age approximately 40% of the cartilage at the level of the vocal
cords is calciﬁed and the calciﬁcation is seen as a
strong echo with posterior acoustic shadowing.20
Often, the anatomical structures can be visualized
despite the calciﬁcations by angling the transducer.20 In a population who were examined
because of suspicion of laryngeal pathology, a sufﬁcient depiction of the false cords was obtained in
60% of cases, of the vocal cords in 75%, of the anterior commisure in 64%, and of the arythenoid region
in 71%; however, in 16% of the cases, no endolaryngeal structures could be depicted.20

The vocal cords
In individuals with noncalciﬁed thyroid cartilages,
the false and the true vocal cords can be visualized
through the thyroid cartilage.18 In individuals with
calciﬁed thyroid cartilages, the vocal cords and the
arythenoid cartilages can still be seen by combining
the scanning from just cranially to the superior

1160

thyroid notch angled caudally and a scanning from
the cricothyroid membrane in the midline and on
each side with the transducer angled 30 degrees
cranially.13 In a study group of 24 volunteers with a
mean age of 30 years, the thyroid cartilage provided
the best window for imaging the vocal cords. In all
participants it was possible to visualize and distinguish the true and false vocal cords by moving the
transducer in a cephalocaudad direction over the
thyroid cartilage.3 The true vocal cords appear as
two triangular hypoechoic structures (the vocalis
muscles), outlined medially by the hyperechoic
vocal ligaments (Fig. 6) and are observed to oscillate and move toward the midline during phonation.3 In a study on 229 participants with ages
ranging from 2 months to 81 years the true and false
cords were visible in all female participants. In
males, the visibility was 100% below the age of 18
and gradually decreased to < 40% of males aged 60
or more.21 The false vocal cords lay parallel and
cephalad to the true cords, are more hyperechoic in
appearance and remain relatively immobile during
phonation.

Cricothyroid membrane and cricoid cartilage
The cricothyroid membrane runs between the
caudal border of the thyroid cartilage and the
cephalad border of the cricoid cartilage. It is clearly
seen on sagittal (Fig. 7) and parasagittal views as a
hyperechoic band linking the hypoechoic thyroid
and cricoid cartilages.3 The cricoid cartilage has a
round hypoechoic appearance on the parasagittal
view and an arch-like appearance on the transverse view.

Ultrasonography and the airway

Fig. 7. (A) The linear high frequency transducer placed in the midsagittal plane, the scanning area is marked with light blue. (B) The
thyroid cartilage (green). The cricoid cartilage (dark blue). Tracheal rings (light blue). The cricothyroid membrane (red). The tissue/air
border (orange). The isthmus of the thyroid gland (brown). Below the orange line only artifacts are seen.

Fig. 8. Trachea and esophagus. Transverse scan just cranial to the suprasternal notch and to the patient’s left side of the trachea. Anterior
part of tracheal cartilage (light blue). Esophagus (purple). Carotid artery (red).

Trachea
The localization of the trachea in the midline of the
neck makes it serve as a useful reference point for
transverse ultrasound imaging.15 The cricoid cartilage marks the superior limit of the trachea and it is
thicker then the tracheal rings below15 and it is seen
as a hypoechoic rounded structure that serves a reference point while performing the sagittal midline
scan (Fig. 7). Often, the ﬁrst six tracheal rings can be
imagined when the neck is in mild extension.15 The
trachea is covered by skin, subcutaneous fat, the
strab muscles and, at the level of the second or third
tracheal ring, by the isthmus of the thyroid gland
(Fig. 7). The strab muscles appear hypoechoic, and

are encased by thin hyperechoic lines from the cervical fascia.15 A high-riding annominate artery may
be identiﬁed above the sternal notch as a transverse
anechoic structure crossing the trachea.15 The tracheal rings are hypoechoic and they resemble a
“string of beads” in the parasagittal and sagittal
plane (Fig. 7). In the transverse view they resemble
an inverted U highlighted by a hyperechoic airmucosa interface (Fig. 8) and reverberation artifact
posteriorly.3

Esophagus
The cervical esophagus is most often visible posterolateral to the trachea on the left side at the level of
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Fig. 9. Lung sliding. (A) A micro-convex probe is placed over an inter-space between two ribs during normal ventilation. The light blue
line indicates the scanning area. (B) The scanning image, upper: B-mode scan, lover: M-mode. (C) The pleural line (yellow line). The ribs
(orange). Note that the outline of the ribs and the pleural line forms the image of a ﬂying bat = the “bat sign”. In the M-mode image it is
easy to distinguish the nonmoving tissue above the pleural line from the artifact created from the respiratory movement of the visceral pleura
relative to the parietal pleura. This is called the “sea shore sign” or the “sandy beach sign”, because the nonmoving part resembles waves
and the artifact pattern below resembles a sandy beach.

the suprasternal notch (Fig. 8). The concentric layers
of esophagus results in a very characteristic “bulls
eye” appearance on the US.15 The esophagus can be
seen compress and expand with swallowing and
this can be used for accurate identiﬁcation.15 A
modiﬁed patient position for examining the esophagus is to slightly ﬂex the neck with a pillow under
the head and with the head turned 45 degrees to the
opposite side while scanning the neck on either
side,22 this technique makes esophagus visible also
on the right side in 98% of cases.

Lower trachea and bronchi
Transesophageal US displays a part of the lower
trachea. When a saline-ﬁlled balloon is introduced
in the trachea during cardiopulmonary bypass, it is
possible to perform US through the trachea thus
displaying the proximal aortic arch and the annominate artery.23 The bronchial wall and its layers can be
visualized from within the airway by passing a ﬂexible ultrasound probe through the working channel
of a ﬂexible bronchoscope. This technique, endobronchial ultrasound, allows a reliable differentiation between airway inﬁltration and compression by
tumor.24

Peripheral lung and pleura
The ribs are identiﬁable by their acoustic shadow,
and between two ribs a hyperechoic line is visible.
This line represents the interface between the soft
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tissue of the chest wall and air, and is called the
pleural line (Fig. 9). In the spontaneously breathing
or ventilated subject one can identify a kind of
to-and-fro movement synchronous with ventilation,
this is called “pleural sliding” or “lung sliding”.25
The movement is striking because the surrounding
tissue is motionless.26 Lung sliding is best seen
dynamically, real time, or on video.* The investigation should always start by placing the probe perpendicular to the ribs and so that two rib shadows
are identiﬁed. The succession of the upper rib,
pleural line, and lower rib outlines a characteristic
pattern (Fig. 9), the “bat sign”,27 and must be recognized to correctly identify the pleural line and
avoiding interpretation errors because of a parietal
emphysema.27 Lung ultrasound examination should
therefore be considered not feasible when the bat
sign is not identiﬁed.27 Lung sliding can be objectiﬁed using the time-motion mode, which highlights
a clear distinction between a wave-like pattern
located above the pleural line and a sand-like
pattern below (Fig. 9), called the “seashore sign”.27
In breath-holding or apnea, no lung sliding, but a
“lung pulse”, small movements synchronous with
the heartbeat, is seen instead (Fig. 10). The lung
pulse can be explained as the vibrations of the heart
transmitted through a motionless lung. The lung
pulse can also be demonstrated in the time-motion*http://www.airwaymanagement.dk. Accessed April 2011.

Ultrasonography and the airway

Fig. 10. Lung pulse. In this nonventilated lung, the only movement of the pleura is created by the heartbeat that creates a subtle movement
of the lungs and the pleura. This movement is visualized in the M-mode image synchronous with the heart beat, the “lung pulse”. The
pleural line (yellow). The superﬁcial outline of the ribs (orange). The red lines indicate the “lung pulse”.

“M”-mode. There is a strong echo from the pleural
line and dominant reverberation artifacts of varying
strength seen as lines parallel with the pleural line
and spaced with the same distance as the distance
from the skin surface to the pleural line, they are
called “A lines” and are seen in both the normal and
the pathological lung.27 The “B line” is an artifact
with seven features: a hydroaeric comet-tail artifact;
arising from the pleural line; hyperechoic; well
deﬁned; spreading up indeﬁnitely (spreads to the
edge of the screen without fading (i.e., up to 17 cm
with a probe reaching 17 cm;27 erasing A lines; and
moving with lung sliding when lung sliding is
present.28 Sparse B lines occur in normal lungs but
three or more indicates pathology, for example
interstitial syndrome.28 B lines are also called “ringdown” artifacts.29

The diaphragm
The diaphragm and its motion can be imaged by
placing a convex transducer in the subxiphoid window30 at the mid-upper abdominal, just beneath the
xiphoid process and the lower margin of liver. The
transducer is tilted 45 degrees cephalically and bilateral diaphragm motion is noticed.30 The bilateral
diaphragm will move toward the abdomen when
the lungs are ventilated and toward the chest during
the relaxation phase. The liver and spleen movements represent the whole movement of the right
and left diaphragm during respiration, and can be
visualized by placing the probe in the longitudinal
plane along the right anterior axillary line and along
the left posterior axillary line, respectively. The

movement of the most caudal margin of the liver
and spleen with respiration is measured.31

Clinical applications
Prediction of difﬁcult laryngoscopy in
surgical patients
Intraoral sublingual US is a promising approach to
examining the airway and possibly establish predictors of difﬁcult airway management.7 The interpretation of the sublingual US approach was later
reevaluated and it remains to be determined
whether this approach is useful in predicting airway
difﬁculties.8 In 50 morbidly obese patients, the distance from the skin to the anterior aspect of the
trachea measured at the levels of the vocal cords
and at the level of the suprasternal notch was
signiﬁcantly greater in those patients in whom
laryngoscopy was difﬁcult, even after optimization of laryngoscopy by laryngeal manipulation;32
however, these ﬁndings could not be reproduced
when the endpoint was laryngoscopy grade without
the use of laryngeal manipulation for optimization
of the laryngoscopic view.33

Evaluation of pathology that may inﬂuence the
choice of airway management technique
Subglottic hemangiomas, laryngeal stenosis34 and
laryngeal cysts13 and respiratory papillomatosis35
(Fig. 11) can be visualized with US. A pharyngeal
pouch (Zenker’s diverticulum) representing a
source of regurgitation and aspiration, is seen on a
transverse linear high-frequency scan of the neck
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Fig. 11. Papilloma. Sagittal midline scan
of the anterior neck in patient with a papilloma on the anterior tracheal wall immediately caudal to the anterior commisure.
(A) The scanning image. (B) The scanning
image with markings. The tissue/air border
(yellow). The cricoid cartilage (blue) and
the papilloma (brown).

and is located at the posterolateral aspect of the left
thyroid lobe.36 Malignancies and their relationship
with the airway can be seen and quantiﬁed.
Fetal airway abnormalities such as extrinsic
obstruction caused by adjacent tumors such as lymphatic malformation or cervical teratoma37 can be
visualized by prenatal US.

Diagnosing obstructive sleep apnea
The width of the tongue base measured ultrasonographically correlates with the severity of sleeprelated breathing disorders, including the patients”
sensation of choking during the night10 and the
thickness of the lateral pharyngeal wall as measured
with US is signiﬁcantly higher in patients with
obstructive sleep apnea then in patients without.14

Evaluating prandial status
Both experimental and clinical data suggest that US
can detect, and to some extend quantify, gastric
content. In subjects who were randomized to either
a fasting or nonfasting group and had their stomach
examined with US it was found that the technique
was speciﬁc in identifying a full stomach but only
moderately reliable in identifying an empty stomach.38 In another study on healthy volunteers, the
cross-sectional area of the gastric antrum correlated
with ingested volumes of ﬂuid up to 300 ml, especially when the subjects were placed in the right
lateral decubitus position.39 In patients, transabdominal US can visualize gastric outlet obstruction.40 In ICU patients, a mid-torso left mid-axillary
longitudinal scanning with identiﬁcation of the
spleen and left hemidiaphragm and angling of the
transducer anteriorly to achieve multiple tomographic planes of the left upper quadrant supplemented with sagittal-plane scanning allowed useful
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identiﬁcation and quantiﬁcation of stomach ﬂuid in
patients immediately before urgent endotracheal
intubation.41

Prediction of the appropriate diameter of
endotracheal–, endobronchial–, or
tracheostomy tube
In children42 and young adults, US is a reliable tool
for measuring the diameter of the subglottic upper
airway43 and it correlates well with MRI, which is
the gold standard.
The diameter of the left mainstem bronchus, and
thus the proper size of a left-sided double lumen
tube, can be estimated with US. Ultrasound measurements of the outer diameter of the trachea were
performed just above the sternoclavicular joint in
the transverse section immediately before anesthesia. The ratio between the diameter of the trachea
and of the left main-stem bronchus was obtained by
examining the CT images of a series of patients. The
ratio between left main-stem bronchus diameter on
CT imaging and outer tracheal diameter measured
with US is 0.68. The results are comparable with the
results obtained using chest radiograph as a guide
for selecting left double lumen tube size.44,45 In children with tracheostomy ultrasonographic measurement of the tracheal width and of the distance from
the skin to the trachea can be used to predict the size
and shape of a potential replacement tracheostomy
tube46 and adequate images can be obtained by
placing the ultrasound probe just superior to the
tracheostoma.

Localization of the trachea
Obesity, short thick neck, neck masses, previous
surgery, and/or radiotherapy to the neck, as well as
thoracic pathology resulting in tracheal deviation

Ultrasonography and the airway

Fig. 12. Tracheal deviation. Patient with lateral deviation of the middle part of trachea. (A) The transducer is placed transversely in the
midline over the suprasternal notch. (B) The scanning image. (C) The cartilage of the tracheal ring (light blue) is deviated to the patient’s
left side.

can make accurate localization of the trachea challenging and cumbersome. Even the addition of
chest X-ray and techniques of needle aspiration to
locate the trachea may be futile.47 This situation is
even more challenging in emergency cases and in
cases where awake tracheostomy is chosen because
of a predicted difﬁcult mask-ventilation47 or difﬁcult
tracheal intubation. Under such circumstances
preoperative US for localization of the trachea
(Fig. 12) is very useful.

Localization of the cricothyroid membrane
The cricothyroid membrane plays a crucial role in
airway management but it is only correctly identiﬁed by anesthetists in 30% of cases when identiﬁcation is based on surface landmarks and palpation
alone.48 US allows reliable48 and rapid49 identiﬁcation of the cricothyroid membrane. US is a useful
technique to identify the trachea prior to both elective trans-tracheal cannulation and emergency cricothyrotomy as demonstrated by a case concerning an
obese patients with Ludwig’s angina in whom it was
not possible to identify the trachea by palpation, a
portable ultrasound machine was used to locate it
2 cm lateral to the midline.50 In this way, the localization of the trachea allows the clinician to approach
the difﬁcult airway either by placing a trans-tracheal
catheter or performing a tracheostomy prior to
anesthesia or to perform an awake intubation but
with the added safety of having localized the cricothyroid membrane in advance in case that the awake
intubation should fail and an emergency trans-

cricoid access should become necessary. One
method for localizing the cricothyroid membrane
was described as follows: A transverse, midline scan
is performed from the clavicles to the mandible with
a 10-MHz linear array probe and the cricothyroid
membrane is identiﬁed by its characteristic echogenic artifact, the crycothyroid muscles lateral to it,
and the thyroid cartilage cephalad. In a study on 50
emergency department patients the cranio-caudal
level of the cricothyroid membrane was located by a
longitudinal sagittal midline scan followed by
sliding the probe bilaterally to localize the lateral
borders of the cricothyroid membrane. The mean
time to visualization of the cricothyroid membrane
was 24.3 s.49
A simple and systematic approach to localizing
the cricothyroid membrane is shown in Fig. 13.

Airway-related nerve blocks
US has casuistically been used to identify and block
the superior laryngeal nerve as part of the preparation for awake ﬁber-optic intubation.51 The greater
horn of the hyoid bone and the superior laryngeal
artery were identiﬁed and the local analgesic was
injected in between. In 100 ultrasound examinations
for the superior laryngeal nerve space (the space
delimited by the hyoid bone, the thyroid cartilage,
the pre-epiglottic space and the thyrohyoid muscle,
and the membrane between the hyoid bone and the
thyroid cartilage) all components of the space was
seen in 81% of cases whereas there was a suboptimal, but still useful, depiction of the space in the
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Fig. 13. Localization of the cricothyroid membrane. (A) The patient is lying supine and operator stands on the patient’s right side facing
the patient. (B) The linear high-frequency transducer is placed transversely over the neck just above the suprasternal notch and the trachea
is seen in the midline. (C) The transducer is moved to the patient’s right side so that the right border of the transducer is superﬁcial to the
midline of the trachea. (D) The right end of the transducer is kept in the midline of the trachea while the left end of the transducer is rotated
into the sagittal plane resulting in a longitudinal scan of the midline of the trachea, the caudal part of the cricoid cartilage is seen (blue).
(E) The transducer is moved cranially and the cricoid cartilage (blue) is seen as a slightly elongated structure that is signiﬁcantly larger
and more anteriorly than the tracheal rings. (F) A needle is moved under the transducer from the cranial end, used only as a marker. The
shadow (red line) is just cranially to the cranial border of the cricoid cartilage (blue). (G) The transducer is moved and the needle indicates
the distal part of the cricothyroid membrane.

remaining 19% of cases. The superior laryngeal
nerve itself was not seen.‡

Conﬁrmation of endotracheal tube placement
The conﬁrmation of whether the tube enters the
trachea or the esophagus can be made either
directly, real time by scanning the anterior neck
during the intubation, indirectly by looking for
ventilation at the pleural or the diaphragmatic
level, or by combining these techniques. The direct
conﬁrmation has the advantage that an accidental
esophageal intubation is recognized immediately,
before ventilation is initiated and thus before air is
‡Abstract presented at the ASA congress October 2011 in San
Diego:
http://www.asaabstracts.com/strands/asaabstracts/
abstract.htm;jsessionid=C986F78824818B55DDE240C3C3B533
FD?year=2010&index=17&absnum=2049. Accessed April 2011.
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forced into the stomach resulting in an increased
risk of emesis and aspiration. Conﬁrmation at the
pleural level has the advantage of, at least to some
extent, distinguishing between tracheal and endobronchial intubation. Both the direct and the
indirect conﬁrmation have the advantage over capnography that it can be applied in the very lowcardiac output situation. US has the advantage over
auscultation that it can be performed in noisy environments, such as in helicopters. In a cadaver
model where a 7.5 MHz curved probe was placed
longitudinally over the cricothyroid membrane, it
was possible for residents given only 5 min of training in the technique to correctly identify esophageal intubation (97% sensitivity) when this was
performed during the intubation, dynamically.
When the examination was performed after the
intubation, the sensitivity was very poor.52

Ultrasonography and the airway

In 40 elective patients, a 3–5 MHz curved transducer placed at the level of the cricothyroid membrane and held at a 45-degree angle facing cranially
allowed detection of all ﬁve accidental esophageal
intubations. Tracheal passage of the tube was seen as
a brief ﬂutter deep to the thyroid cartilage whereas
esophageal intubation created a clearly visible
bright (hyperechoic) curved line with a distal dark
area (shadowing) appearing on one side of, and
deep to, the trachea.53
It was possible to detect both tracheal and esophageal intubation in all 33 patients with normal
airways who were intubated electively in both
trachea and esophagus in random order, and in 150
patients intubated either in the trachea or in the
esophagus,54 and who had a linear probe placed
transversely on the anterior neck just superior to the
suprasternal notch. It was concluded that: Skilled
ultrasonographers in a controlled operating room
setting can consistently detect passage of a tracheal
tube into either the trachea or esophagus in normal
airways.55 In children, direct conﬁrmation of tracheal tube placement by scanning via the cricothyroid membrane required multiple views, the
ultrasonographic examination was apparently performed after the intubation making the comparison
with other studies difﬁcult56 and the feasibility of
that approach has been challenged.57
Indirect conﬁrmation of tube placement in 15
patients was performed by using a portable handheld ultrasound machine and routinely scanning in
the third and fourth intercostals space on both sides
during the phases of pre-oxygenation, apnea, bagmask ventilation, during intubation, and during
positive pressure ventilation after the intubation.
Tube placement was determined in all cases.58 The
color power Doppler function was used as a supplement to observing lung sliding to detect that a lung
was ventilated.58 The distinction between tracheal
and endobronchial intubation can be made by scanning the lung bilaterally. If the there is pleural
sliding on one side and lung pulse on the other, it
indicates that the tip of the tube is in the main stem
bronchus on the side where lung sliding is observed.
The tube is withdrawn until lung sliding is observed
bilaterally indicating that the tip of the tube is again
placed in the trachea.59 Indirect conﬁrmation of intubation by detection of a “sliding lung” was studied
in fresh cadavers where the tip of the tube was
placed either in esophagus, trachea, or right mainstem bronchus. A high sensitivity (95–100%) was
found for detection of esophageal vs. airway
(trachea or right men stem bronchus) intubation.

The sensitivity for distinguishing a right main stem
bronchus intubation from tracheal intubation was
lover (69–78%). This likely resulted from transmitted
movement of the left lung from expansion of the
right lung.60 Indirect conﬁrmation of intubation by
depicting the movement of the diaphragm bilaterally has been shown to be useful for distinction
between esophageal and tracheal intubation in a
pediatric population.30 When the technique is used
to distinguish between main stem bronchus vs. tracheal intubation, diaphragmatic ultrasound was not
equivalent to chest radiography for endotracheal
tube placement within the airway.61 The combination
of the direct transverse scan on the neck at the level
of the cricothyroid membrane and lung ultrasound
detecting lung sliding in 30 emergency department
patients who needed tracheal intubation correctly
detected the three cases of esophageal intubation
even in the presence of four cases of pneumohemothorax.62 The combination of the direct transverse
scan on the neck at the level of the thyroid lobes
combined with lung ultrasound has casuistically
demonstrated its value by being able to detect
esophageal intubation in a patient in whom laryngoscopy was difﬁcult in the clinical emergency setting.63 Filling the cuff with ﬂuid helps in seeing the
cuff position.64 Using a metal stylet does not
augment visualization of the endotracheal tube.65 In
children, when placing the transducer at the level of
the glottis, the vocal cords were always visible and
the passing of the tracheal tube was visible in all
children and characterized by the widening of the
vocal cords.66 US is also useful in conﬁrming the
correct position of a double-lumen tube.44,67

Authors recommendations
Perform a transverse scan over the trachea just
above the sterna notch. Note the location and
appearance of the esophagus. Let the intubation be
performed. If the tube is seen passing in the esophagus, remove it without starting to ventilate the
patient and make another intubation attempt, possibly using another technique. If the tube is not seen,
or if it is seen in the trachea, have the patient ventilated via the tube. Move the transducer to the mid
axillary lines, and look for lung sliding bilaterally. If
there is bilateral lung sliding it is a conﬁrmation that
the tube is in the airway, but a main stem bronchus
intubation cannot be ruled out. If there is one-sided
lung sliding and lung pulse on the other side, then a
main-stem intubation is likely, and the tube can be
removed gradually until bilateral sliding is present.
If there is no lung sliding on either side, but lung
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Fig. 14. Pneumothorax. (A) Scanning
image obtained with a convex transducer
in a rib interspace. The pleural line
(yellow) represents the surface of the parietal pleura. The ribs (orange) create underlying shadows. The “A lines” (light blue)
are reverberation artifacts from the pleural
line, they are dispersed with the same distance between the A lines as between the
skin surface and the pleural line. (B) Everything profound to the pleural line is artifact. There is absence of pleural sliding and
absence of lung pulse. The M-mode image
consists of only parallel lines, called the
“stratosphere sign”. (C) The green arrow
represents the “lung point”, the moment
where the visceral pleura just comes in
contact with the parietal pleura right at the
location of the transducer. In the time
interval from the green to the blue arrow
the two pleural layers are in contact with
each other and form the “lung sliding”
pattern. After the time represented by the
blue arrow, the two pleural layers are no
longer in contact and the “stratosphere
sign” is seen. The lung point can be difﬁcult to see on the static B-mode image
whereas it is easy to recognize in the
dynamic, real-time, B-mode scanning.
Courtesy Erik Sloth, Department of
Anaesthesiology and Intensive Care Medicine, Aarhus University Hospital, Skejby,
Denmark.

pulse, there is a small risk of the tube having entered
the esophagus. If there is neither lung pulse nor
lung sliding, then a pneumothorax should be
expected.

Tracheostomy
Accurate localization of the trachea in the absence of
surface landmarks can be very challenging, cumbersome, and preoperative US for localization of the
trachea (Fig. 14) is very suitable for both surgical47
and percutaneous dilatational tracheostomy. In children, preoperative US is of value in verifying the
precise tracheostomy position and thereby preventing subglottic damage of the cricoid cartilage and
the ﬁrst tracheal ring, of hemorrhage because of
abnormally placed or abnormally large blood
vessels and of pnemothorx.68

Percutaneous dilatational tracheostomy (PDT)
US allows localization of the trachea, visualization
of the anterior tracheal wall and pre-tracheal tissue
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including blood vessels,69and selection of the
optimal intercartilaginous space for placement of
the tracheostomy tube.70 The distance from the skin
surface to the tracheal lumen can be measured in
order to predetermine the length of the puncture
cannula that is needed to reach the tracheal lumen
without perforating the posterior wall.71 The distance can also be used to determine the optimal length of the tracheostomy cannula.72 The
ultrasound-guided PDT has been applied in a case
where bronchoscope-guided technique was abandoned.71 Cases of fatal bleeding following PDT
revealed that the tracheostomy level on autopsy
turned out to be much more caudal then intended,
and that the innominate vein and the arch of the
aorta had been eroded. It is likely that the addition of
an ultrasonographic examination to determine the
level for the PDT and to avoid blood vessels can
diminish this risk.73 US guided PDT results in a
signiﬁcant lower rate of cranial misplacement of
the tracheostomy tube than “blind” placement.70

Ultrasonography and the airway

Bronchoscope-guided PDT often results in considerable hypercapnia whereas ultrasound Dopplerguided PDT does not.74
In a prospective series of 72 PDTs, the combination of US and bronchoscopy was applied. Before
the procedures all subjects had their pretracheal
space examined with US, which led to a change in
the planned puncture site in 24% of cases and to
change of the procedure to a surgical tracheostomy
in one case where the ultrasound examination
revealed a goiter with extensive subcutaneous vessels.75 A different approach, namely trying to follow
the needle during its course through the tissue overlying the trachea was tried. A small curved transducer was used in the transverse plane to localize
the tracheal midline and then turned to the longitudinal plane to allow needle puncture in the inline
plane, in order to follow the needle’s course from
the skin surface to the trachea. After guide-wire
insertion at CT-scan was performed that showed
that although all punctures successfully entered the
trachea in ﬁrst (89%) or second (11%) attempt, the
guide-wire was placed laterally to the ideal midline
position in ﬁve of nine cadavers.76 Another approach
using real-time ultrasonic guidance with visualization of the needle path with a linear high-frequency
transducer placed transversely over the trachea was
more successful and resulted in visualization of the
needle path and satisfactory guide-wire placement
in all of 13 patients.77

Conﬁrmation of gastric tube placement
Abdominal US performed in the ICU had a 97%
sensitivity for detecting correct gastric placement of
a weighted-tip nasogastric tube and radiography
correctly identiﬁed all catheters, but the radiographic conﬁrmation lasted on average 180 min
(113–240) (median and range) in contrast to the
sonographic examinations that lasted 24 min (11–
53). The authors conclude that bedside sonography
performed by nonradiologists is a sensitive method
for conﬁrming the position of weighted-tip
nasogastric feeding tubes and is easily taught to
ICU physicians and that conventional radiography
could be reserved for cases in which sonography is
inconclusive.78
A Sengstaken–Blakemore tube can be applied for
severe esophageal variceal bleeding but there are
considerable complications, including deaths, from
esophageal rupture after inadvertent inﬂation of
the gastric balloon in the esophagus.79 US of the
stomach can aid in the rapid conﬁrmation of correct
placement. If the Sengstaken tube is not directly

visible, inﬂation of 50 ml air via the stomach (not the
gastric balloon!) lumen of the tube should lead to a
characteristic jet of echogenic bubbles within the
stomach. The gastric balloon is slowly inﬂated under
direct sonographic control and usually appears as a
growing echogenic circle within the stomach.79

Diagnosis of pneumothorax
US is as effective as chest radiography in detecting
or excluding pneumothorax.29 In the intensive care
setting it is even more sensitive as it is able to establish the diagnosis in the majority of patients in
whom the pneumothorax is invisible on X-ray but
diagnosed by CT-scan.27 In patients with multiple
injuries, US was found to be faster and had a higher
sensitivity and accuracy compared with chest
radiography.80 When lung sliding or lung pulse is
present on ultrasonographic examination, it tells
you that at that speciﬁc point, under the transducer,
the two pleural layers are in close proximity to each
other, that is there is no pneumothorax right there. If
there is free air, pneumothorax, in the part of the
pleural cavity underlying the transducer, no lung
sliding or lung pulse will be seen and A lines
(Fig. 14) will be more dominant.27 In the M-mode,
you will see the “stratosphere sign”: Only parallel
lines through all of the depth of the image (Fig. 14).
If the transducer is placed right at the border of the
pneumothorax, right where the visceral pleural
intermittently is in contact with the parietal pleura,
you will see the lung point (Fig. 14). The lung point
is seen as a sliding lung alternating with A lines
synchronous with ventilation. The lung point is
pathognomonic for pneumothorax. If a pneumothorax is suspected, you can systematically “map” the
rib interspaces of the thoracic cavity and conﬁrm or
rule out a pneumothorax. The lung point is best seen
on real-time US or on a video recording.§ The detection of lung sliding has a negative predictive value
of 100%26 meaning that when lung sliding is seen it
is ruled out that there is a pneumothorax of the part
of the lung beneath the ultrasound probe. For the
diagnosis of occult pneumothorax, the abolition of
lung sliding alone had a sensitivity of 100% and a
speciﬁcity of 78%. Absent lung sliding plus the A
line sign had a sensitivity of 95% and a speciﬁcity of
94%. The lung point had a sensitivity of 79% and a
speciﬁcity of 100%.27 A systematic approach is recommended when examining the supine patient. The
anterior chest wall can be divided in quadrants and
§http://www.airwaymangement.dk. Accessed April 2011.
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the probe is ﬁrst placed at the most superior aspect
of the thorax with respect to gravity, in other words,
the lower part of the anterior chest wall in supine
patients. The probe is positioned on each of the four
quadrants of the anterior area followed by the
lateral chest wall between the anterior and posterior
axillary lines and the rest of the accessible part of the
thorax.27
If the suspicion of a pneumothorax arises intraoperatively, US is the fastest way to conﬁrm or rule
out a pneumothorax, especially taken into consideration that an anterior pneumothorax is often undiagnosed in the supine patient subjected to plain
anterior–posterior X-ray and that the gold standard,
CT, is very difﬁcult to apply in this situation. US is
an obvious ﬁrst choice in diagnostics if a pneumothorax is suspected during or after central venous
cannulation or nerve blockade, especially if US is
already in use for the procedure itself and thus is
immediately available.

Differentiation between different types of lungand pleura-pathology
Seventy percent of the pleural surface is accessible
to ultrasound examination.29 that can detect pleural
effusion and differentiate between pleural ﬂuid and
pleural thickening and is more accurate than radiographic measurement in the quantiﬁcation of
pleural effusion.29 Routine use of lung US in the ICU
setting can lead to a reduction of the number of
chest radiographs and CT scans performed.81

Prediction of successful extubation
In adult ventilator-treated patients, the transducer
was placed on the cricothyroid membrane with a
transverse view of the larynx, and the width of the
air column were signiﬁcantly smaller in the group of
patients who developed post-extubation stridor.82
The number of patients in the stridor group was
small, four patients, and the results need to be evaluated in larger studies. Intubated patients receiving
mechanical ventilation in a medical ICU had their
breathing force evaluated by US. The probe was
placed along the right anterior axillary line and the
left posterior axillary line for measurement of liver
and spleen displacement in cranio-caudal aspects,
respectively. The cutoff value of diaphragmatic displacement for predicting successful extubation was
determined to be 1.1 cm. The liver and spleen displacements measured in the study is thought to
reﬂect the “global” functions of the respiratory
muscles, and this method is a good parameter of
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respiratory muscle endurance and predictor of extubation succes.31

Special techniques and indications and
future aspects
The lateral position of a laryngeal mask airway cuff
can be seen if the cuff is ﬁlled with ﬂuid but the ﬂuid
damages the cuff on subsequent autoclaving.64
Airway obstruction because of a pre-vertebral
hematoma following difﬁcult central line insertion
may be prevented by using US for this procedure.83
The larynx can be depicted from the luminal side by
ﬁlling the larynx and the trachea above the cuff of
the endotracheal tube with 0.9% saline to obtain
sufﬁcient tissue connection and prevent the retention of air bubbles in the anterior commissure.84 The
technique involves a thin catheter high-frequency
probe with a rotating mirror spread the ultrasound
ray, producing a 360° image rectilinear to the catheter.84,85 3-D and pocket size US devices are likely to
move the boundaries for both the quality and the
availability of ultrasonographic imaging of the
airway.

How to learn airway US
The following studies give an insight in what, and
how little, it takes to learn basic airway US. After
8.5 h of focused training comprising a 2.5-h didactic
course, which included essential views of normal
and pathologic conditions and three hands-on sessions of 2 h, physicians without previous knowledge of US can competently perform basic general
ultrasonic examinations.5 The examinations were
aimed at diagnosing the presence of pleural effusion, intra-abdominal effusion, acute cholecystitis,
intrahepatic biliary duct dilation, obstructive uropathy, chronic renal disease, and deep venous thrombosis. For questions with a potential therapeutic
impact, the physicians answered 95% of the questions correctly.5 The sonographic experience needed
to make a correct diagnosis is probably mostly task
speciﬁc. In other words, the basic skill required to
detect a pleural effusion may be acquired in minutes
and may then improve with experience.86 A 25-min
instructional session, including both a didactic
portion and hands-on practice, was given to critical
care paramedics/nurses who were part of a helicopter critical care transport team. The instructional
session focused solely on the detection of the
presence or absence of the lung sliding including
secondary ultrasonographic techniques for the
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detection of the lung sliding, including power
Doppler and M-mode US. The participant’s performance was studied on fresh cadavers. The presence or absence of the lung sliding was correctly
identiﬁed in 46 of the 48 trials, for a sensitivity and
speciﬁcity of 96.9% and 93.8%. At a 9-month followup, the presence or absence of the lung sliding was
correctly identiﬁed in all 56 trials, resulting in a sensitivity and speciﬁcity of 100%.87 In a cadaver model
where a 7.5-MHz curved probe was placed longitudinally over the cricothyroid membrane, it was possible for residents given only 5 min of training in the
technique to correctly identify esophageal intubation (97% sensitivity) when this was performed
dynamically, during the intubation. When the
examination was performed after the intubation, the
sensitivity was poor.52

Conclusion
US
– has many advantages for imaging the airway – it is
safe, quick, repeatable, portable, widely available,
and gives real-time dynamic images relevant for
several aspects of management of the airway.
– must be used dynamically for maximum beneﬁt
in airway management and in direct conjunction
with the airway management: Immediately before,
during, and after, airway interventions.
– can be used for direct observation of whether the
tube enters the trachea or the esophagus by placing
the ultrasound probe transversely on the neck at the
level of the suprasternal notch during intubation,
thus conﬁrming intubation without the need for ventilation or circulation.
– can be applied before anesthesia induction and
diagnose several conditions that affect airway management, but it remains to be determined in which
patients the predictive value of such an examination
is high enough to recommend this as a routine
approach to airway management planning.
– can identiﬁy the croicothyroid membrane prior to
management of a difﬁcult airway.
– can conﬁrm ventilation by observing lung sliding
bilaterally.
– should be the ﬁrst diagnostic approach when a
pneumothorax is suspected intraoperatively or
during initial trauma evaluation.
– can improve percutaneous dilatational tracheostomy by identifying the correct tracheal-ring interspace, avoiding blood vessels, and determining the
depth from the skin to the tracheal wall
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