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Real-time tracheal ultrasonography for confirming endotracheal

tube placement

Ahmed E. Kabil?, Ahmed M. Ewis®, Ahmed M. Al-Ashkar®,
Mohamed A.A. Abdelatif®, Mohamed O. Nour®®

Objective To evaluate the accuracy of tracheal
ultrasonography for confirming the endotracheal tube
placement during patients’ intubation.

Patients and methods The current study was a prospective,
randomized study performed at the ICU of Al-Hussein
Hospital, Cairo. Intubated for respiratory failure, cardiac
arrest or other medical causes were included in the current
study. Real-time tracheal ultrasonography was conducted
during intubation with the ultrasound probe placed
transversely over the trachea above the suprasternal notch
for confirming the tube position, either tracheal or
esophageal. The standard method for confirming
endotracheal tube placement include clinical evaluation and
rapid bronchoscopic confirmation. The main outcomes were
the degree of accuracy and timeliness of tracheal ultrasound
in confirming endotracheal tube placement.

Results Forty patients eligible for endotracheal intubation
were randomized in the current study and only four (10%)
patients had confirmed esophageal intubations. Our results
concluded that tracheal ultrasound had a diagnostic accuracy
of 97.5% in the detection of endotracheal tube site. The
sensitivity was 97.2%, while the specificity was 100%.

Introduction
The process of confirmation of endotracheal tube site may

be challenging for the majority of ICU physicians [1,2].

Sometimes, it may be very difficult to see the glottis,
especially with difficult intubation [3]. Physical
examination, pulse oximetry, and chest radiography
are not reliable as definite methods to detect the
endotracheal tube position [4]. Esophageal detection
device is wunavailable in many places and can
be misinterpreted [5]. Capnography is advised as
the more trustable tool for the confirmation of
endotracheal tube position [6]. On the other hand,
capnography may be not widely available and it has
many limitations [7,8]. At least six breaths are required
for the stomach to be completely cleared of CO, [9].

Fiberoptic bronchoscopy is expensive and invasive [10].

Ultrasound is a simple, real-time, and less invasive
diagnostic method that is commonly used in the

ICU for many other causes [11].

The aim of this study was to evaluate the diagnostic
performance and timeliness of real-time tracheal
sonography in confirming endotracheal tube position
during patient’s intubation in the ICU.
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Tracheal ultrasound had a positive predictive value of 100%,
while the negative predictive value was 80%. The total
operating time of ultrasonography was significantly lower than
that of bronchoscopy.

Conclusion Real-time ultrasound of the trachea is an
accurate, feasible, and fast method in confirming
endotracheal tube placement.
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Patients and methods

The current study was a prospective, observational study,
conducted at the respiratory and medical ICUs,
Al-Hussein University Hospital, over the period from
June 2015 to November 2016. A written consent was
taken from the relatives of each patient.

Inclusion criteria

The study included patients
endotracheal intubation as a result of respiratory
failure, cardiac arrest, or other medical causes at the
respiratory or medical ICUs. The patients were
included during the times when at least two of the
investigators were on duty.

who underwent

Exclusion criteria
The exclusion criteria were: (a) neck trauma, (b) neck
malignancy, (c) neck surgery or tracheostomy, (d) age
under 18 years (we conducted this study in the adult
respiratory ICU).
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For patients with esophageal intubation, the first
intubation was only included in the study (the
second intubation was endotracheal).

Patients intubation was done by senior ICU residents,
under supervision of the attending physicians on duty.
Tracheal ultrasound was performed concurrently with
intubation by one of the contributing physicians (other
than a radiologist), who had completed the airway
ultrasound training course. All ultrasound images
were saved and revised by a radiologist later. After
completing the intubation confirming endotracheal
tube position was performed using a rapid fiberoptic
bronchoscopy examination of the tube done by another
attending chest physician.

A convex ultrasound probe was used for examination.
The probe was placed transversely just above
the suprasternal notch. The trachea can be
detected easily by a hyperechoic air-mucosa (A-M)
interface with the radiating artifact shadow posteriorly
(comet-tail artifact). During intubation, the endo-
tracheal tube site was immediately detected by
ultrasound. The place of intubation was determined
by ultrsonography as (a) in the trachea if only a single
A-M interface with comet-tail artifact and posterior
shadowing was detected or (b) in the esophagus if
double A-M interfaces with comet-tail artifacts
and posterior shadowing were seen, called a ‘double
tract sign’. The operating time required for ultrasound
confirmation was recorded. The ultrasound operating
time was defined as the period between finishing
endotracheal tube placement and completing
ultrasound scan to obtain the final decision [12].

The primary outcome was the comparison between
tracheal ultrasonography and fiberoptic bronchoscopy

Figure 1

for confirming endotracheal tube placement.
Fiberoptic bronchoscopy was used as the criterion
standard as regards confirming tracheal intubation.
The secondary outcome was the total time
consumed during tracheal ultrasound for confirming
the endotracheal tube position (Figs. 1 and 2).

Ethical consideration

The study was approved by the Ethics Committee
of Faculty of Medicine, Al-Azhar University and
a written consent was taken from the first-degree
relatives of each patient.

Statistical analysis

Statistical analysis was done using the SPSS computer
package, version 19.0 (SPSS Inc., Chicago, Illinois,
USA). For descriptive statistics, the mean+SD was
used for quantitative variables while the number
and percentage were used for qualitative variables.
In univariate analyses, the qualitative variables were
compared by y’-test or Fischer's exact test when
appropriate and the quantitative variables were
compared by independent samples #-test. Sensitivity,
specificity, accuracy, and positive and negative
predictive values were calculated for the deter-
mination of tube placement. The statistical methods
were verified, assuming a significant level of P value
of less than 0.05 and a highly significant level of Pvalue
of less than 0.001.

Results

Forty patients were included in this study. The history
and clinical characteristics of the patients were achieved
from the relatives or from the existing hospital files
and investigations. Their demographics and clinical
teatures are shown in Table 1.
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Figure 2

Ultrasonic image of correct endotracheal intubation.

Among the studied sample, only four patients had
esophageal intubation and 36 patients had tracheal
intubation after clinical and fiberoptic bronchoscopy
confirmation of the tube position. The demographics
and clinical features of both the groups are shown

in Table 2.

The findings of tracheal ultrasonography assessment
of tube position are shown in Table 3. Ultrasound
detected tracheal intubation in 35 patients (97.22% of
all patients with true tracheal intubation). Only one
patient with tracheal intubation was detected by
ultrasound as esophageal (2.78%). All patients with
esophageal intubation (n=4) were correctly detected by
ultrasound as esophageal intubation.

The diagnostic accuracy of ultrasonographical exami-
nation for confirming endotracheal tube placement was
97.5%. The sensitivity and specificity were 97.2 and
100%, respectively. The positive predictive value and
the negative predictive value were 100 and 80%,
respectively.

The time spent in the procedure of tracheal
ultrasonography is recorded in Table 4, with
significant shorter duration than the duration of
fiberoptic bronchoscopy.
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Table 1 General characteristics and airway data of the
studied sample

Characteristics Mean+SD/n (%)
Age 55.75+10.01
Sex
Male 26 (65.0)
Female 14 (35.0)
Diagnosis
COPD exacerbation 20 (50.0)
OHS 10 (25.0)
Overlap 4 (10.0)
ARDS 6 (15.0)
BMI 34.3+7.1
Mallampati class
Class 1 10 (25.0)
Class 2 10 (25.0)
Class 3 20 (50.0)
Thyromental distance 6.74+0.6
Type of intubation
Elective 10 (25.0)
Urgent 30 (75.0)
S0,% before 83.45+5.81
S0,% after 90.4+6.42
Tube position
In the trachea 36 (90.0)
In the esophagus 4 (10.0)

ARDS, acute respiratory distress syndrome; COPD, chronic
obstructive pulmonary disease; OHS, obesity hypoventilation
syndrome.

Discussion

The aim of this study was identification of the accuracy
and timeliness of tracheal ultrasonography to confirm
the endotracheal tube positioning in respiratory
and medical ICU patients. As evidenced by 2010
advanced cardiac life support (ACLS) guidelines, the
position of endotracheal tube need to be confirmed
clinically and also by using confirmative tool after
intubation to avoid the catastrophic effects of
esophageal intubation [12]. However, there are some
limitations for each confirmation technique. Even
when performed by experienced physicians, there is
still issue of unreliability as regards the clinical
assessment of endotracheal tube position [7]. The
most common clinical methods for confirming
endotracheal intubation are auscultation of the chest
by a stethoscope and detection of chest wall movement
and expansion. However, these methods may interfere
with chest compressions during cardiopulmonary
resuscitation. Quantitative waveform capnography
has been considered as the gold standard to confirm
endotracheal intubation. Nevertheless, waveform
capnography requires good ventilation as well as
adequate pulmonary vascular flow to give reliable
results. It may give false-positive (e.g. nonfasting
patient with gastric CO, production) [13], and
false-negative results (e.g. low pulmonary flow, use
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Table 2 General characteristics and airway data of both groups

Characteristic Tracheal intubation (N=36) Esophageal intubation (N=4) t/FET P-value
Age 55.44+10.29 58.5+7.51 0.57 0.569
Sex

Male 24 (66.7) 2 (50.0) 0.60 0.438

Female 12 (33.3) 2 (50.0)
Diagnosis

COPD exacerbation 18 (50.0) 2 (50.0) 8.89 0.031

OHS 10 (27.8) 0 (0.0)

Overlap 2 (5.6) 2 (50.0)

ARDS 6 (16.7) 0 (0.0

BMI 33.44+6.95 42.0+2.31 2.42 0.020
Mallampati class

Class 1 10 (27.8) 0 (0.0) 4.44 0.108

Class 2 10 (27.8) 0 (0.0)

Class 3 16 (44.4) 4 (100.0)

Thyromental distance 6.81+0.59 6.1+0.12 2.36 0.023
Type of intubation

Elective 10 (27.8) 0 (0.0) 0.56 0.300

Urgent 26 (72.2) 4 (100.0)

S0,% before 83.94+5.77 79.0+4.62 1.65 0.107

SO,% after 91.94+4.08 76.5+7.51 6.59 <0.001

ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; FET, Fischer's exact test; OHS, obesity

hypoventilation syndrome.

Table 3 Ultrasonographic detection of tracheal and
esophageal intubation

Tracheal Esophageal Fischers P-value
intubation intubation  exact test
(N=36) (N=4)
[n (%)] [n (%)]
Ultrasound 35 (97.22) 0 (0.0) 31.1 <0.001
tracheal
Ultrasound 1(2.78) 4 (100)
esophageal

of epinephrine drugs, technical error, or airway
obstruction), during cardiopulmonary resuscitation
[7,8]. Unfortunately, quantitative waveform capno-
graphy is not available and is hardly applicable in

many places.

In recent surveys of the National Emergency Airway
Registry Series, despite the availability of colorimetric
end-tidal CO, probes were in 77% of physicians at
their hospitals, only about one-third of them used
continuous quantitative capnogram [14]. Fiberoptic
bronchoscopy can be used to confirm the correct
position of the tube with highly successful, more
reliable results. Observation of the rings and bifurcation
of the trachea is achieved easily by the bronchoscopist. It
may be difficult to see due to misting, secretions, and
hemorrhage. The bronchoscope is relatively expensive
with liability to be broken. Also, the use of
bronchoscopy is not widely available for routine
confirmation of the tube position [15]. Thus, it is
advisable to use other confirmatory techniques wherein

Table 4 Time required for confirmation of endotracheal tube
position (s)

Mean SD t P-value
By ultrasound 10 9.38 2.01 0.048
By bronchoscopy 15 12.67

t, independent samples t-test.

there is no interruption with compression of the thorax
during cardio-pulmonary resuscitation (CPR).

Ultrasound has become widely used and easy with
high diagnostic yield in many critical care areas and
chest departments. The 2010 European Resuscitation
Council Guidelines, in the scope of the International
Liaison Committee on Resuscitation Consensus
Recommendations,
recognized the value of ultrasonography as an
adjuvant for the diagnosis and treatment of the
possible reversible causes of cardiac arrest [16,17].

on Science and Treatment

The use of ultrasonography for confirming endotracheal
tube placement is advisable due to many causes as it is
portable, can be repeated many times, cost-effective,
noninvasive, and a painless method.

tube
three windows have been used: the first window is
tracheal (direct), the second is intercostals (indirect),
and the third is subxiphoid, or diaphragmatic
(indirect). The indirect ultrasonographic methods

For confirming endotracheal placement,

use pleural sliding and diaphragmatic movement to



assess tracheal intubation [18,19]; these techniques
may interfere with chest compression during
CPR and mechanical ventilation of the patient
is also required. These techniques may be
affected by underlying lung diseases, for example,
pneumothorax.

Direct tracheal ultrasound shows the anatomy of the
larynx and trachea independent of patient physiology,
and it is not affected like capnography by other factors
such as low pulmonary flow. Also, this technique of
tracheal ultrasound can detect undesired esophageal
intubation even before mechanical ventilation of the
patient, and this in turn prevents further forced
ventilation which introduces a large air volume to the
stomach and with subsequent undesirable associated
complications.

It is well known that ultrasonography is a technique
which is dependent on operator skills and experience;
on the other hand, it is relatively easy to learn and
to interpret tracheal ultrasound images confirming
the intubation. Rosenstein ef 4/ [20] have shown
that physicians with low experience are more reliably
and easily interpreting transverse views of tracheal
ultrasound to confirm endotracheal tube position.

In this study, we used a curved probe which is more
available and common to use through the suprasternal
notch window. This window was used as it is more
accurate in visualizing the trachea and the esophagus
and hence the position of the endotracheal tube [21].
Also, we used real-time dynamic assessment during the
process of intubation which may appear more accurate
and more rapid. In this technique, if the endotracheal tube
has been introduced falsely into the esophagus, there
was appearance of another hyperechoic A-M interface
artifacts with posterolateral shadowing to the trachea [12].

In the current study, real-time tracheal ultrasonography
has a high diagnostic accuracy with high sensitivity and
specificity for confirming endotracheal tube position
during intubation of the patients in respiratory ICU.

These results are in agreement with two prospective
studies done by Werner e# al. [21] and Milling e al.
[22]. They found that tracheal ultrasound achieved up
to 100% sensitivity and specificity under ideal settings
in the procedure room.

It is also coincides with Karacabey ez a/. [23], who
showed that real-time tracheal ultrasound has high
sensitivity and specificity for confirming endotracheal
tube position and with faster results than capnography.
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However, they added ultrasonographic lung sliding sign
to the technique to avoid one-lung ventilation with
bronchial intubation.

A recent systematic review and meta-analysis which
was done by Chou e al [24] concluded the
high efficacy of ultrasonography in the diagnosis of
esophageal intubation. Moreover, it can be used as
adjunct evidence with high sensitivity and specificity in
the assessment of the airway, especially in many units
where the capnometry is unavailable and if available
may be unreliable.

Our results also had demonstrated that tracheal
ultrasound is less time consuming than bronchoscopy
in confirming the tube position. This is an important
issue in the airway management procedure. In agreement
with our results, Karacabey ez al [23] reported
that ultrasonography took significantly less time
than capnography in confirming endotracheal tube
placement.

However, there are some limitations to our study. First,
it was a single-center study with a relatively low
number of patients, especially those with esophageal
intubation. Further multicenters studies with a
larger sample of subjects are recommended. The
unavailability of capnography in our study appears
as another limitation to be considered in other studies.

Conclusion

Ultrasonography is a good, rapid, and feasible method
for confirming endotracheal tube placement in RICU
with a high degree of sensitivity and specificity and

more advantages than other methods.
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