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Background Airway evaluation and its management remain
an emerging clinical science. Ultrasound (US) provides point-
of-care dynamic views of the airway in perioperative,
emergency, and critical care settings. Identification of a
difficult airway before intubation allows for optimal
preparation, equipment selection, and participation of
experienced personnel.

Objective The aim of this study was to evaluate the role of US
in the assessment of airways and to determine whether US
has the potential to serve as an effective, noninvasive method
for the diagnosis of tracheomalacia.

Patients and methods A prospective cross-sectional study
was carried out on patients admitted at the respiratory ICU.
US examination of the airways and diaphragmwas performed
together with either fiberoptic bronchoscopy (FOB) or
dynamic expiratory computed tomography chest. Dynamic
expiratory computed tomography chest and FOB were done
within 24 h of US examination.

Results A total of 53 patients were included. US could
successfully confirm endotracheal tube (ETT) placement in all
patients. ETT was endotracheal in 30 (94%) patients,
whereas it was esophageal in two (6%) patients. Hyomental
distance at a cut-off of up to 4.51 cm was a good predictor of
difficult intubation with 100% sensitivity and 87.5% specificity.
Subglottic airway transverse diameter was used as a
predictor of ETT size. Patients with tracheomalacia by FOB
had a significantly longer duration of mechanical ventilation.
Lateral pharyngeal wall thickness was used as a predictor of
obstructive sleep apnea, a new cut-off point was used at more

Introduction
Airway evaluation and its management remain an
emerging clinical science. Current airway
management tools are static and do not provide
dynamic airway management. Ultrasound (US)
provides a dynamic anatomical assessment that is
not possible by clinical examination alone [1].

US provides point-of-care dynamic views of the airway
in perioperative, emergency, and critical care settings. It
is free from ionizing radiation, portable, reproducible,
accurate, and can be easily mastered. Because of the
superficial location of the larynx, US can provide images
of even better resolution than advanced imaging
modalities such as computed tomography (CT) and
MRI [2].

Recognizing a potentially difficult airway is an
important skill; anatomic variations in airway
structures cannot be assessed fully before
intubation. Identification of a difficult airway
before intubation allows for optimal preparation,

than 4.1 cm in the intubated group of patients with 87.5%
sensitivity and 95.8% specificity, whereas a cut-off point more
than 4.2 cm in the nonintubated patients had 100% sensitivity
and 100% specificity. In the intubated group, out of the seven
cases diagnosed with tracheomalacia by FOB, five patients
were missed by US with 40% sensitivity, whereas in the
nonintubated group, the results were significantly better,
where only one case was missed by US with 80% sensitivity.

Conclusion US has many advantages for imaging the
airway; it is safe, quick, repeatable, portable, widely available,
and provides real-time dynamic images relevant for several
aspects of management of the airway. Thus, it seems
reasonable to consider the routine use of airway US in the
ICU.
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equipment selection, and participation of
experienced personnel [3].

Tracheobronchomalacia is a disorder that is
encountered in both pediatric and adult medicine. It
is characterized by a decrease of at least 50% in the
cross-sectional area of the tracheobronchial lumen [4].

Although bronchoscopy has been considered the
standard diagnostic method, its intrinsic invasiveness
and other relative limitations have led to increasing use
of expiratory CT as a major tool for the evaluation of
suspected cases [5].

The aim of this study was to evaluate the role of US in
the assessment of airways and to determine whether US
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has the potential to serve as an effective, noninvasive
method for the diagnosis of tracheomalacia.

Patients and methods
This prospective cross-sectional study was carried out
on 53 consecutive patients either admitted to the
respiratory ICUs of Ain Shams University Hospitals
or undergoing fiberoptic bronchoscopy (FOB) in the
period betweenMarch 2017 and September 2018. The
study design was approved by the institutional research
ethics committee, and a verbal informed consent was
obtained from the patients or their relatives.

Patients were excluded from this study if they were
noncooperative and failed to respond to breathing
instructions during CT of the chest, patients with
tracheal stents at the same level of analysis that
would prevent the ability to determine the degree of
airway collapse, patients receiving deep sedation or
muscle relaxants that may compromise airway
function or spontaneous ventilation, patients with
known tracheomalacia, and patients with extensive
surgical emphysema, neck trauma, cervical, or spinal
cord injuries that require them to wear cervical collars.

All the patients included were subjected to a complete
assessment of history, which was obtained from the
patient and/or his relatives, including smoking history,
comorbidities, and risk factors for tracheomalacia,
thorough clinical examination, arterial blood gases,
chest radiograph (anteroposterior in intubated and
posteroanterior in nonintubated patients), echoca-
rdiography, US examination of the airways and
diaphragm using the Mindray M7 ultrasound
machine (Mindray Bio-Medical Electronics Co.,
Shenzen, China), dynamic expiratory CT (128-row
MDCT scanner GE 128, Optima 660; 128-row
MDCT scanner GE Health Care 128, Optima 660;
Chicago, USA) for nonintubated ICU patients, and
FOB [HD PENTAX 3.2 Medical 70K Series (EB-
1970TK) video bronchoscope] for intubated ICU
patients and for nonintubated patients undergoing
bronchoscopy. Dynamic expiratory CT and FOB
were performed within 24 h of US examination. FOB
was performed using minimal to moderate sedation
(intravenous midazolam with maximum dose of
0.07mg/kg) in some patients, allowing spontaneous
breathing, and positive end expiratory pressure was
not applied during periods of assessment of
tracheomalacia [6]. For patients undergoing FOB,
tracheomalacia was detected when bronchoscopic
visualization of at least 50% expiratory reduction of
the airway lumen occurred [4]. The sonographer was

blinded to the results of both dynamic expiratoryCTand
FOB.

Protocol of ultrasound examination
The sonographic examination was performed by the
respiratory ICU physician under the supervision of a
certified Radiology consultant with experience in
sonography of the head and neck.

Patients were placed in a supine position with their head
extended andneck flexed (the sniffing position) [7]. The
airway was imaged systemically along its course from the
floor of the mouth to the level of the suprasternal notch
using both linear and curvilinear transducers.

The ultrasound transducer was oriented with respect to
the patient in one of three ways:

(1) Longitudinally in the midline (the sagittal view).
(2) Longitudinally 2 cm lateral to the midline (the

parasagittal view).
(3) Transversely across the anterior surface of the neck

(the transverse view) [8].

Clinical applications of sonographic examination of the
patients under study

(1) Predicting difficult intubation:
(a) Hyomental distance:

(a) The distance between the upper border of
the hyoid bone and the lower border of the
mentum [9]

(b) Pretracheal soft tissue at the level of the vocal
cords and the suprasternal notch:
(a) By measuring the distance from the skin

to the anterior aspect of the trachea at the
level of the vocal cords and the
suprasternal notch [10].

(2) Confirmation of endotracheal tube (ETT)
placement:
(a) Confirmation of ETT placement was

performed by US either directly or indirectly
together with chest auscultation.

(b) Confirmation of endotracheal placement:
(c) Either by direct performance of a real-time scan

of the anteriorneckbyplacing the transducer just
above the suprasternal notch (two hyperechoic
lines in a double-tract or a double-lumen sign)
[8] or by indirectly looking for ventilation at the
pleura or the diaphragm level [8].

(d) Esophageal intubation:
(e) Hyperechoic dark line with a distal dark area

(shadowing) appearing on one side of and
deep to the trachea [11].
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(f) Endobronchial intubation:
(g) Lung sliding on one side and lung pulse on the

other side [12].
(3) Prediction of the appropriate diameter of the ET

tube:
By measuring the diameter of the subglottic airway
at the lower edge of the cricoid cartilage.
US can measure the actual subglottic diameter,
which helps in deciding the appropriate size of the
ETT [13].
The ‘correct’ tracheal tube size was defined as that
size that allowed an audible air leak around the
tube at an inspiratory airway pressure of 15–30
cmH2O, with the head and neck in a neutral
position [14].

(4) Prediction of successful weaning:
(a) By measuring diaphragmatic excursion

(displacement of diaphragm during inspiration).
(b) Assessment of obstructive sleep apnea (OSA):
(c) By measuring lateral pharyngeal wall thickness
(d) Detection of tracheomalacia:
(e) By measuring the anteroposterior diameter of

the trachea during inspiration and expiration
at the level of the suprasternal notch.

Statistical analysis
The collected data were revised, coded, tabulated, and
entered into a PC using the statistical package for the
social sciences (IBM SPSS) version 20.0. (SPSS Inc.,
Chicago, Illinois, USA). Data were presented, and a
suitable analysis was carried out according to the type of
data obtained for each parameter. The quantitative
variables were described as mean, SD, and range.
The qualitative variables were described as number
and percentage. An unpaired t-test was used to
compare the quantitative variables in parametric data
(SD<50% mean). A receiver operator characteristic
curve was used to determine the best cut-off value and
the validity of certain variables. A P value higher than
0.05 was considered insignificant, a P value less than
0.05 was considered significant, and a P value less than
0.01 was considered highly significant.

Results
A total of 53 adult patients were enrolled in the study.
Patients were divided into two groups: 32 intubated and
21 nonintubated patients. The baseline characteristics of
all the patients included are presented in Table 1.

US assessment of the airway was performed before and
during intubation. Different sonographic findings
including predictors of OSA, difficult intubation, and
successful weaning are presented in Tables 2 and 3.

US could successfully confirm ETT placement in all
patients either by direct performance of real-time
scans of the anterior neck region during intubation
or by indirectly looking for ventilation at the
pleura or the diaphragmatic level. ETT was
endotracheal in 30 (94%) patients, whereas it
was esophageal in two (6%) patients as shown in
Fig. 1.

Prolonged mechanical ventilation was the most
frequent risk factor for tracheomalacia, which was
present in 29 (54.7%) patients.

Table 1 Baseline demographic and clinical characteristics of
the patients included

N=53

Age

Mean±SD 57.25±15.41

Range 17–88

Sex [n (%)]

Male 37 (69.8)

Female 16 (30.2)

Smoking status [n (%)]

Smoker 15 (28.3)

Nonsmoker 28 (52.8)

Ex-smoker 9 (17.0)

Passive smoker 1 (1.9)

Pack years

Mean±SD 42.92±21.62

Range 15–100

Weight (kg)

Mean±SD 73.10±12.73

Range 55–100

Height (cm)

Mean±SD 168.29±7.32

Range 150–180

BMI (kg/m2)

Mean±SD 26.24±5.73

Range 19–39.5

Comorbidities [n (%)]

Hypertension 23 (43.4)

Diabetes mellitus 20 (37.7)

Chronic kidney disease 3 (9.4)

Ischemic heart disease 2 (6.3)

Heart failure 4 (7.5)

Old stroke 1 (3.1)

Neuromuscular disease 1 (3.1)

Sinusitis 3 (5.7)

Diagnosis [n (%)]

Pneumonia 16 (30.2)

Acute exacerbation of ILD 1 (1.9)

Lung collapse 6 (11.3)

Decompensated heart failure 4 (7.5)

Acute exacerbation of COPD 19 (35.8)

Lung mass 4 (7.5)

Pleural effusion 1 (1.9)

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung
disease.
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There was a highly statistically significant positive
correlation between subglottic airway diameter and
ETT diameter as presented in Figs 2–4.

In terms of the sonographic predictors of difficult
intubation, there was no significant correlation
between difficult intubation and pretracheal soft
tissue at the level of the vocal cords or the
suprasternal notch. In contrast, hyomental distance
was a good predictor of difficult intubation as shown
in Table 4.

Lateral pharyngeal wall (LPW) thickness was used as a
predictor of OSA as shown in Tables 5 and 6, where
LPW thickness was greater among the patients with
OSA symptoms in both the intubated and non-
intubated groups.

New cut-off points were used for both hyomental
distance and LPW thickness as reported in Tables 7
and 8. Hyomental distance at a cut-off of up to 4.51 cm
was a good predictor of difficult intubation with 100%
sensitivity and 87.5% specificity. LPW thickness at a
cut-off point at more than 4.1 cm in the intubated
group of patients was a good predictor of OSA with
87.5% sensitivity and 95.8% specificity, whereas a cut-
off point more than 4.2 cm in the nonintubated
patients had 100% sensitivity and 100% specificity.

Table 2 Sonographic findings among the intubated group of patients

Variables Mean±SD (range)

Predictor of OSA (LPW thickness) (cm) 3.88±0.62 (3.2–5)

Predictors of difficult intubation (cm)

Hyomental distance 4.83±0.55 (3.91–5.9)

Distance from the anterior aspect of the trachea to the skin at the vocal cords 0.74±0.29 (0.33–1.94)

Distance from the anterior aspect of the trachea to the skin at the suprasternal notch 0.90±0.26 (0.6–1.82)

Anteroposterior diameter of the trachea (cm)

During inspiration 2.15±0.35 (1.7–2.8)

During expiration 1.88±0.35 (1.2–2.65)

Prediction of the appropriate diameter of ETT (subglottic airway transverse diameter) (cm) 1.94±0.32 (1.13–2.35)

Predictor of successful weaning (diaphragmatic excursion) (cm) 0.94±0.43 (0.3–1.9)

ETT, endotracheal tube; LPW, lateral pharyngeal wall; OSA, obstructive sleep apnea.

Table 3 Sonographic findings among the nonintubated group

Variables Mean±SD (range)

Predictor of OSA (LPW thickness) (cm) 3.81±0.53 (3.2–5)

Anteroposterior diameter of trachea (cm)

During inspiration 1.85±0.41 (1.26–2.63)

During expiration 1.59±0.36 (1.01–2.3)

LPW, lateral pharyngeal wall; OSA, obstructive sleep apnea.

Figure 1

Site of endotracheal tube placement.

Figure 2

Scattered plot for subglottic airway transverse diameter.
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In terms of the diagnosis of tracheomalacia by US,
more than 21 and 20% collapsibility of the tracheal wall
in the intubated and nonintubated groups, respectively,
was found to be equivalent to 50% collapsibility of the
tracheal wall by either FOB or dynamic expiratory CT
chest as shown in Tables 7 and 8.

In terms of the risk factors for tracheomalacia, only
chronic obstructive pulmonary disease (COPD)
significantly increased the risk of tracheomalacia by
FOB as reported in Table 9.

Patients with tracheomalacia by FOB had a
significantly longer duration of mechanical
ventilation as reported in Table 10.

Among the 32 intubated patients, tracheomalacia
was diagnosed by FOB only in seven (21.9%)
patients, which is shown in Fig. 5. In the
intubated group, out of the seven cases diagnosed
with tracheomalacia by FOB, five patients were
missed by US with 40% sensitivity, whereas in the
nonintubated group, the results were significantly
better, where one case only was missed by US with
80% sensitivity.

Patients diagnosed with tracheomalacia by FOB
showed a highly statistically significant increase in
percentage of collapsibility of US compared with
those without tracheomalacia in both groups as
reported in Table 11.

Figure 3

Receiver operator characteristic for different sonographic parameters among the intubated patients.
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Figure 4

Receiver operator characteristic for different sonographic parameters among the nonintubated patients.

Table 4 Comparison between patients with or without difficult intubation in sonographic predictors of difficult intubation

Difficult intubation Test value P value Significance

Yes No

Distance from the anterior aspect of the trachea to the skin at the vocal cords (cm)

Mean±SD 0.87±0.47 0.71±0.22 1.29 0.207 NS

Range 0.65–1.94 0.33–1.22

Distance from the anterior aspect of the trachea to the skin at the suprasternal notch (cm)

Mean±SD 0.96±0.34 0.88±0.25 0.626 0.536 NS

Range 0.68–1.68 0.6–1.82

Hyomental distance (cm)

Mean±SD 4.18±0.25 5.02±0.46 4.566 <0.001 HS

Range 3.91–4.51 4.2–5.9

HS, highly significant.

Table 5 Comparison between symptoms of obstructive sleep apnea in terms of lateral pharyngeal wall thickness

LPW thickness (cm) Symptoms of OSA Test value P value Significance

Yes (N=3) No (N=18)

Nonintubated group

Mean±SD 4.87±0.12 3.64±0.33 6.310 0.000 HS

Range 4.8–5 3.2–4.2

Intubated

Mean±SD 4.73±0.43 3.60±0.37 7.181 <0.001 HS

Range 3.7–5 3.2–4.8

HS, highly significant; LPW, lateral pharyngeal wall; OSA, obstructive sleep apnea.

Table 6 Comparison between diaphragmatic excursion among different weaning states

Diaphragmatic excursion (cm) Weanable Test valuea P value Significance

Yes No

Mean±SD 1.44±0.23 0.81±0.43 4.372 <0.001 HS

Range 1.14–1.83 0.30–1.9

P>0.05, NS; P<0.05, significant; P<0.01, highly significant (HS). aIndependent t-test.
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Among the nonintubated group of patients, the
percentage of collapsibility of the tracheal wall was
significantly higher among patients diagnosed with
tracheomalacia as shown in Table 12.

Among the nonintubated group of patients, US
could diagnose all cases of tracheomalacia
confirmed by dynamic expiratory CT, but missed
one case against which was diagnosed by FOB as
shown in Table 13.

Discussion
US has recently emerged as a novel, simple, portable,
and noninvasive tool that is useful for airway
assessment and management [15].

Safe airway management is the prime goal of
anesthesiologists. US is a recent addition to the
anesthesiologist armamentarium and is gaining
importance in every skill related to the field. Use of
point-of-care US for the real-time dynamic imaging of
airway structures has many advantages. The sono-
anatomy of the airway structures may help the
anesthesiologist to assess the size of the airway,
predict difficulty in intubation, and detect any
airway-related pathologies [1].

Acquired diffuse tracheobronchial collapse is observed
with COPD and is believed to represent the chronic

inflammatory response of larger airways to tobacco
smoke [16].

This study showed that themost common risk factor for
tracheomalacia was prolonged mechanical ventilation;
this can be attributed to the high pressures in the ETT
cuff that may cause localized ischemic injury to the
tracheal wall. Prolonged mechanical ventilation was
present in 29 (54.7%) patients, followed by COPD,
which was present in 20 (37.7%) patients.

These results were consistent with the results of
Kandaswamy et al. [17], where the mean ICU stay
on mechanical ventilation was significantly longer in
those patients with tracheomalacia compared with the
control group. Similarly, in the previous work of Ernst
et al. [18] and Loring et al. [19], 57 and 40% of patients
with tracheobronchomalacia had COPD, respectively.

This study is in agreement with the literature, where
Carden et al. [4] identified endotracheal intubation as
the most common cause of secondary tracheomalacia in
adults. Other factors included recurrent intubation,
severe tracheobronchitis, and cigarette smoking.

This study showed that the most common presenting
symptom among the patients studied was dyspnea,
which was found in all patients, followed by
productive cough, which was found in 23 patients.
These results are also similar to those of Adnan
et al. [20], who reported dyspnea and cough as the
presenting symptoms in nine out of 10 patients.

In this study, tracheomalacia was found more
repeatedly among patients diagnosed with COPD
exacerbation; this is in agreement with the previous
study, where Kerolous and Ikladios [21] suggested an
association between tracheomalacia and recurrent
exacerbations of COPD.

‘Difficult airway’ constitutes a problem in establishing
or maintaining gas exchange through a mask, an
artificial airway, or both. Intubation is considered
difficult if more than three attempts are necessary or
if conventional laryngoscopy requires more than

Table 7 Predictive power of different sonographic parameters among the intubated group of patients

Cut-off
point

Area under the
curve

Sensitivity Specificity Positive
predictive value

Negative
predictive value

Diaphragmatic excursion >1.07 0.931 100.00 84.00 63.6 100.0

Lateral pharyngeal wall thickness >4.1 0.945 87.5 95.83 87.5 95.8

Hyomental distance ≤4.51 0.958 100.00 87.50 70.0 100.0

Percentage of collapsibility of tracheal wall
by ultrasound

>21 0.78 57.14 100.00 100.0 89.3

Table 8 Predictive power of different sonographic parameters
among the nonintubated group

Cut
off
point

AUC Sensitivity Specificity PPV NPV

LPW
thickness
(cm)

>4.2 1.000 100 100 100 100

Predictive
power of
percentage
of
collapsibility
by US

>20 1.000 100.00 100.00 100.0 100.0

AUC, area under curve; LPW, lateral pharyngeal wall; NPV,
negative predictive value; PPV, positive predictive value; US,
ultrasound.
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10min. It represents a complex interaction between
patient factors and the skills of the practitioner [22].

Interestingly, US provides a dynamic anatomical
airway assessment that is not possible by clinical
examination alone.

Recently, sonographic parameters such as hyomental
distance and pretracheal soft tissue thickness at the
level of the vocal cords and suprasternal notch have
been suggested as predictors of difficult intubation
[10].

Yet, in this study, there was no significant correlation
between difficult intubation and pretracheal soft tissue
at the level of the vocal cords as well as the suprasternal
notch, which is not in agreement with the previous
work published by Ezri et al. [10], Wu et al. [23] and
Ezri et al. [10] found that difficult laryngoscopy
patients had much more soft tissue at the level of
the vocal cords and the suprasternal notch, and they
concluded that quantification of neck soft tissue at the
level of the vocal cords and the suprasternal notch
appears to be the best predictor of a difficult

laryngoscopy. One reason for the different results
between our study and that of Ezri et al. [10] may
be related to the different BMI of the populations
studied, where these patients fell in the morbidly obese
range. Also, Adhikari et al. [24] found that the
sonographic measurements of the anterior neck soft
tissue at the level of the hyoid bone were much greater
in the difficult laryngoscopy group compared with the
easy laryngoscopy group.

Komatsu et al. [25] used US to quantify the neck soft
tissue from the skin to the anterior aspect of the trachea
at the level of the vocal cords in 64 obese patients; they
reported that difficult laryngoscopy patients had less
soft pretracheal tissue than the easy laryngoscopy
patients. Conversely, they concluded that pretracheal
soft tissue thickness at the level of the vocal cords did
not predict difficult intubation in obese patients.

In this study, the hyomental distance, which is the
distance between the hyoid bone and the mandibular
mentum, was used as a predictor of difficult intubation.
Currently, there is no standard cut-off value for the
hyomental distance. It was found to differ significantly

Table 9 Comparison between the findings of tracheomalacia by fiberoptic bronchoscopy in terms of the risk factors for
tracheomalacia

Tracheomalacia by FOB [n (%)] Test valuea P value Significance

Yes (N=7) No (N=25)

Previous mechanical ventilation

Yes 2 (28.6) 5 (20.0) 0.235 0.628 NS

No 5 (71.4) 20 (80.0)

Inhaled corticosteroids

Yes 0 3 (12.0) 0.927 0.336 NS

No 7 (100.0) 22 (88.0)

COPD

Yes 5 (71.4) 4 (16.0) 8.312 0.004 HS

No 2 (28.6) 21 (84.0)

Tracheostomy

Yes 1 (14.3) 1 (4.0) 0.987 0.320 NS

No 6 (85.7) 24 (96.0)

Recurrent upper respiratory tract infections

Yes 0 6 (24.0) 2.068 0.150 NS

No 7 (100.0) 19 (76.0)

Trauma

Yes 1 (14.3) 0 3.687 0.055 NS

No 6 (85.7) 25 (100.0)

COPD, chronic obstructive pulmonary disease; FOB, fiberoptic bronchoscopy; HS, highly significant. aχ2-Test.

Table 10 Comparison between days of mechanical ventilation and tracheomalacia

Days of Mechanical ventilation Tracheomalacia by FOB Test value P value Significance

Yes No

Mean±SD 8.14±5.84 4.44±3.22 2.228 0.034 S

Range 3–20 1–16

FOB, fiberoptic bronchoscopy; S, significant.
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between the easy intubation and difficult intubation
patients. Moreover, a cut-off value less than 4.51 cm
was considered to be a good predictor of difficult
intubation with 100% sensitivity and 87.5% specificity.

This is somewhat in agreement with Kalezic et al. [26],
who reported that hyomental distance can be used as a
predictor of difficult intubation at a cut-off value less
than 5.3 cm, with 76% sensitivity and 62% specificity.
Similarly, Abraham et al. [27], who investigated 137

patients to predict the difficulty in intubation
preoperatively using US, found the hyomental
distance to be a valid criterion in predicting difficult
intubation with 90% sensitivity and 88% specificity.

Several methods are utilized to confirm proper ETT
placement, but these methods can be unreliable or
unavailable in certain settings [28]. For example,
quantitative waveform capnography that was
recommended in the 2010 ACLS guidelines as the
most reliable method of detection may fail in low-flow
states [29,30]. Recently, real-time laryngeotracheal US
to confirm correct ETT was shown to be very useful in
cadaveric models and during emergency intubation
[31].

In this study, US could successfully confirm ETT
placement in 100% of cases either by direct
performance of real-time scans of the anterior neck
region during intubation or by indirectly looking for
ventilation at the pleura or the diaphragmatic level,
where the tube was endotracheal in 30 (94%) cases and
esophageal in two (6%) cases.

Several previous studies have evaluated the use of US
to confirm correct ETT placement. The systematic
review by Gottlieb et al. [32] identified 17 studies
(n=1595 patients) in which transtracheal US had
98.7% sensitivity and 97.1% specificity. Similarly,
Chun et al. [28] reported that US could detect
ETT placement in 100% of cases, where the tube
was endotracheal in 13 patients and endobronchial in
two trauma patients. Also, Chou et al. [33], who
enrolled 89 patients in their study to evaluate the

Figure 5

Tracheomalacia confirmed by fiberoptic bronchoscopy among the
intubated patients.

Table 11 Comparison between tracheomalacia by ultrasound and fiberoptic bronchoscopy

Percentage of collapsibility by US Tracheomalacia by FOB Test value P value Significance

Yes No

Intubated group

Mean±SD 23.57±14.86 12.26±4.40 3.423 0.002 HS

Range 7–53 3.5–21

Nonintubated group

Mean±SD 30.83±8.89 10.33±2.08 7.006 <0.001 HS

Range 24.5–41 7–13.5

FOB, fiberoptic bronchoscopy; HS, highly significant; US, ultrasound.

Table 12 Comparison between percentage of collapsibility by ultrasound and tracheomalacia by dynamic expiratory computed
tomography

Percentage of collapsibility Tracheomalacia by dynamic
expiratory CT

Test value P value Significance

Yes (N=2) No (N=7)

Mean±SD 27±7.07 12.14±4.53 3.729 0.007 HS

Range 22–32 7–20

CT, computed tomography; HS, highly significant.
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accuracy of tracheal US for assessing the ETT position
during cardiopulmonary resuscitation, found that
seven out of 89 patients had esophageal intubations
with 100% sensitivity and 85.7% specificity.

Chou et al. [34] carried out a systematic review and
meta-analysis to summarize evidence on the diagnostic
value of US for the assessment of ETT placement in
adult patients from a total of 12 eligible studies
involving adult patients and cadaveric models
identified from 1488 references, for the detection of
esophageal intubation; the pooled sensitivity was 95%
and the specificity was 95%.

The smallest diameter of the normal upper airway is
located at the level of the cricoid cartilage. This
diameter governs the selection of the ETT size, as
increased tube diameter may damage the tracheal
mucosa, leading to postextubation stridor or
subglottic stenosis. Unfortunately, selection of ETT
size on the basis of height, weight, or age does not
reliably lead to the proper tube size. The knowledge of
airway diameter, especially using a bedside noninvasive
tool, could therefore be useful in anesthesia and
intensive care [35]. US can measure the actual
subglottic diameter, which helps in deciding the
appropriate size of the ETT [13].

In this study, US was found to be useful to assess the
subglottic diameter in the clinical setting. There was a
strong positive correlation between subglottic airway
diameter and ETT diameter.

This is in agreement with Lakhal et al. [36], who
studied 19 healthy volunteers with a mean age of 27
years to compare between the transverse diameter of
the cricoid lumen by US and MRI. They concluded
that US is a reliable tool to assess the subglottic upper
airway diameter.

In pediatric patients, subglottic upper airway diameter
measured by US was found to be a good predictor of
correct cuffed and uncuffed ETT sizes. Shibasaki et al.
[35] found that subglottic airway diameter was
correlated highly with outer ETT diameter deemed
optimal on clinical grounds.

The good agreement of the US method to measure the
smallest subglottic diameter found in our study was not
in agreement with the findings of Husein et al. [37];
they found that US could not provide accurate
measurements of the subglottic diameters. US was
found to provide measurements that were
significantly smaller. This disagreement may be
explained by the different age groups of both
studies; the study of Husein et al. [37] obtained this
finding in a younger group of patients (1–20 years).

OSA is a common clinical disorder characterized by
paroxysmal and repetitive episodes of partial or
complete airway obstruction that occur during sleep.
The gold standard for the diagnosis of OSA,
polysomnography, cannot anatomically localize the
level of airway obstruction [38].

In this study, LPW thickness was presented as a
predictor of OSA, where LPW thickness was greater
among patients with symptoms suggestive of OSA in
both the intubated and nonintubated groups.

The previous literature did not report a cut-off point
for the LPW thickness. Thus, in this study, a new cut-
off point was set at more than 4.1 cm in the intubated
group of patients with 87.5% sensitivity and 95.8%
specificity, whereas a cut-off point more than 4.2 cm in
the nonintubated patients had 100% sensitivity and
100% specificity.

These data were in agreement with the study of Liu
et al. [39]; in which patients with significant OSA had
greater LPW thickness than those without significant
OSA.Extubation outcome is in direct relation to the
respiratory muscle endurance, where diaphragmatic
function plays a pivotal role [40]. In this study,
there was significantly larger displacement of the
liver and spleen in patients with successful
extubation than patients in whom extubation failed.
Diaphragmatic excursion at a cut-off value of 1.07 cm
was a good predictor of successful weaning with 100%
sensitivity and 84% specificity.

These data are in agreement with the previous work of
Jung-Rern et al. [41]; Osman et al. [42] stated that
diaphragmatic excursion at a cut-off value 1 cm

Table 13 Comparison between ultrasound, fiberoptic
bronchoscopy, and dynamic expiratory computed
tomography in the diagnosis of tracheomalacia among the
nonintubated patients

Tracheomalacia by
US

Test value P value Significance

Yes No

Tracheomalacia by FOB

Yes 2 (100.0) 1 (10.0) 7.200 0.007 HS

No 0 9 (90.0)

Tracheomalacia by dynamic expiratory CT

Yes 2 (100.0) 0 9.000 0.003 HS

No 0 7 (100.0)

CT, computed tomography; FOB, fiberoptic bronchoscopy; HS,
highly significant; US, ultrasound.
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correlated well with successful weaning with 88.9%
sensitivity and 100% specificity. Jung-Rern et al. [41]
carried out their study on 55 patients scheduled to be
extubated; at a cut-off value of diaphragmatic excursion
of 1.1 cm, the sensitivity and specificity were 84.4 and
82.6%, respectively.

Kim et al. [43] carried out a prospective observational
studyon88consecutive patientswho requiredmechanical
ventilation over 48 h and fulfilled the criteria for
spontaneous breathing trial; it was found that decreased
diaphragmatic excursion on M-mode US predicted
weaning failure equivalent to a rapid shallow breathing
index during spontaneous breath trials, at a cut-off of
1.4 cm for diaphragm excursion, and less excursion was
consistent with a greater chance of weaning failure.

Similarly, Saeed et al. [44] carried out a prospective
observational study on 32 patients with COPD to
evaluate the role of diaphragmatic excursion as a
predictor of successful weaning in different modes of
mechanical ventilation; diaphragmatic excursion was
higher in the weaned group with different cut-off
values according to the selected ventilator mode.

Tracheomalacia is a condition defined by excessive
expiratory collapse of the trachea because of weakness
of the airway walls and/or supportive cartilage [45]. In
this study,USwas performed todetect tracheomalacia in
comparisonwith either FOBor dynamic expiratory CT.
The percentage of collapsibility of the anteroposterior
diameter of the tracheal wall was found to be a good
predictor of tracheomalacia and corresponds to at least
50% expiratory reduction of its lumen with 57%
sensitivity and 100% specificity in the intubated
patients and 100% sensitivity and 100% specificity in
the nonintubated patients.

In the intubated group, out of the seven cases diagnosed
with tracheomalacia byFOB, five patientsweremissed by
US with 40% sensitivity, whereas in the nonintubated
group, the results were significantly better; only one case
wasmissedbyUSwith80%sensitivity.Thesedata cannot
be generalized owing to the limited number of patients
diagnosed with tracheomalacia. Moreover, the fact that
the posterior tracheal wall is difficult to visualize by US
because of the artifacts created by the intraluminal air
column could be a possible explanation.

Finally, it is worth mentioning that experienced airway
sonographers are well aware that differences in probe
pressure applied while scanning the neck can
significantly alter measurements of these superficial
neck structures. It was thus emphasized that the

sonographer places the probe against the neck with
the least pressure needed to maintain skin contact.

Airways are superficial structures and filled with air;
this does not allow proper transmission of the US
signals through the air-filled passage, hence
producing poor US images.

The limitation of our study was that the posterior
tracheal wall was difficult to visualize by US because
of the artifacts created by the intraluminal air
column.

US has many advantages for imaging the airway; it is
safe, quick, repeatable, portable, widely available, and
provides real-time dynamic images relevant for several
aspects of management of the airway. US of the upper
airway is capable of providing detailed anatomic
information and has many clinical applications.
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