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Abstract

Objective: To compare the accuracy of ultrasound (US) in assessing cuffed endotracheal tube (ETT)
position using the suprasternal visualization approach versus chest radiography for intubated Pediatric
Intensive Care Unit (PICU) patients.

Methods: A prospective study was conducted between October 2014 and March 2016 on sixty-six
intubated patients less than 15 years of age who met predetermined inclusion criteria. Suprasternal
tracheal ultrasound was done to visualize the ETT cuff filled with saline before obtaining the routine chest
radiography, the gold standard used to determine ETT position and depth. The results of two methods
were compared.

Results: US examination to detect the proper position of ETT as compared to chest radiography revealed
a sensitivity of 91.67% (95% CI, 80.02% to 97.68%), specificity of 83.33 % (95% CI, 58.58% to 96.42%),
positive predictive value of 93.62% (95% CI, 82.46% to 98.66%), negative predictive value of 78.95 % (95%
CI, 54.43% to 93.95%), positive likelihood ratio of 5.50 (95% CI 1.95 to 15.51), and Negative Likelihood
Ratio of 0.10 (95% CI 0.04 to 0.26).

Conclusion: Ultrasonography was found to be a more feasible, safer, and relatively quicker alternative
method to determine the proper position of ETT in the trachea of PICU patients when using saline-
filled ETT cuff with high sensitivity and specificity. Larger controlled studies are needed to support
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generalizability.

Introduction

Endotracheal intubation is a commonly performed invasive
procedure in the Pediatric Intensive Care Unit (PICU) worldwide.
Accurate assessment of the endotracheal tube (ETT) position or
depth is critical to prevent possible wrong-placement-associated
complications and morbidities [1,2].

There are multiple methods used to confirm proper placement
of ETT, being endotracheal versus wrongly placed in the esophagus
such as direct visualization, clinical assessment of air entry, and
CO2 detector. Other methods are used to confirm proper position
(i.e. depth) of the ETT in the trachea like lung auscultation, chest
radiograph, and fiberoptic bronchoscopy [3,4]. The current gold
standard test to confirm proper ETT position in critically ill patients
is chest radiography; however, this is often done later after ventilation
has commenced. Performing chest radiography also requires patient
manipulation and X-ray film positioning that may be associated with
arisk of ETT displacement and even dislodgement [5].

Another limitation is encountered during Cardiopulmonary
Resuscitation (CPR), which makes chest radiography impractical,
as it requires the interruption of chest compressions [6]. Adding to
the above, there is also the hazard of repeated radiation exposure in
severely ill patients [7].

Ultrasound (US) applications in medicine have been expanding
remarkably. In addition to its well-established role in diagnostic
and therapeutic interventions, ultrasound has been successfully
used in several airway-related applications. It has been used to
confirm ETT placement and depth/position, assess vocal cord
movement, and diagnose pneumothorax and others [8-12]. Using
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US to directly visualize the ETT in the trachea is technically difficult
due to acoustic impedance of the air; therefore, several studies used
indirect ultrasound signs of correct ETT depth like bilateral lung
sliding and diaphragm movement [13-15]. This was found to be not
very reliable when compared to chest radiography [16].

To date, few studies have evaluated the value of US technique
in visualizing a saline-filled cuff in intubated patients. They were
conducted on adults, cadaveric model and in children undergoing
general anesthesia for elective surgery [17,18].

Our study main objective is to compare the accuracy of assessing
ETT depth by suprasternal US visualization of saline filled cuff versus
Chest radiography for critically ill, intubated PICU patients. To our
knowledge, our study is the first to use such techniques in these
settings.

Methods

This was a prospective study conducted from October 2014 to
March 2016 in the PICU at King Fahad Medical City, a tertiary care
center located in Riyadh, Saudi Arabia. We obtained an approval from
our Institutional Review Board before starting patient recruitment.
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The study population consisted of a convenience sample of PICU
patients less than 15 years of age who were recently or previously
intubated using a cuffed ETT.

We excluded from the enrolment high risk patients who could
be affected by losing lung recruitment during cuff deflation such as
patients who are on high frequency ventilation, requiring positive
end expiratory pressure (PEEP) > 10 cm H2O, with severe pulmonary
hypertension, active pulmonary hemorrhage, and patients with high
Intracranial pressure (ICP). We also excluded patients with neck
masses, scars, or with difficult airway due to difficulties in performing
the US studies on them. An informed consent was obtained from
patient’s parents or guardians before enrollment in the study.
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Figure2: Ultrasound image demonstrating shadows representing
saline-filled cuff of endotracheal tube.

Trachea (% ¥t ) , Esophagus (5%), Shadows of saline-filled cuff (red
arrows).
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Endotracheal tube brand used was Portex (Smiths Medical) made
from Polyvinylchloride (PVC), with low pressure-high volume
cuff type, and inner diameter range from 3 to 6 mm based on our
guidelines using international references [19].

Ultrasound scan of the airway using a linear array probe positioned
just above the suprasternal notch was done to a convenient sample of
freshly intubated or already intubated patients before the assessment
of a chest radiography that is usually requested as part of routine
PICU care. The US study should have no negative impact or cause any
delay on the patient’s scheduled care.

This visualization of airway by US was conducted by a well-trained
PICU physician who has received an extensive training (structured
courses for emergency and critical care US) and has been using US in
the daily PICU practice for more than two years.

The position of ETT as determined by the US technique was
compared with the position from the chest radiography taken shortly
after the US study. We used the following definitions of Ultrasound
ETT tip position for all of our study’s population: Proper ETT position
was defined as follows: The cuff shadows appear with the probe level
just above suprasternal notch and below thyroid cartilage. Improper
ETT position was observed when cuff shadows appear with the probe
level at or above thyroid cartilage (high) or when cuff shadows did not
appear on US screen (deep) [18].

For patient chest radiography, the Pediatric Intensivist on duty
looked at the film and defined the proper vs improper ETT position
as follows: Proper ETT level was when the ETT tip is seen below first
thoracic vertebra (T1) and at or above the third thoracic vertebra (T3).
Improper ETT level was when the ETT tip was seen at or above T1
(high) or below the body of the third thoracic vertebrae (T3) (deep)
provided that carina was identified at T4 or lower [20-22].

An expert pediatric radiologist who was blinded to the US
results and the pediatric intensivist readings have assessed the chest
radiographies independently.

Ultrasound Machine and Technique

We used high frequency (MHz 10-13) linear array probe of the
M-Turbo ultrasound machine (SonoSite, Inc, Bothell, WA) for all
studies.

Technique

With the patient lying supine and in the neutral position, the
examiner checked the integrity of the ETT cuff then deflated it using
a 5 mL syringe, measuring the volume of air removed. He then re-
inflated the ETT cuff with the same volume using normal saline while
utilizing a manometer to ensure the cuff pressure stayed within the
acceptable values of 20-30 mmHg. After completing the above step,
the examiner stood on the patient’s right side and palpated the sternal
bone. He moved the fingers towards the patient’s head and located the
suprasternal notch. He then placed a high-frequency linear probe in
transverse position and perpendicular to the anterior neck just above
the suprasternal notch as shown at (Figure 1). If the cuff was not seen,
he would sweep the probe superiorly along the trachea to the level
just above the thyroid cartilage to search for the saline-inflated cuff.
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At the end of the scanning, the physician would record on a data
collection sheet the patient’s demographics, scan duration, any
change in patient status, unexpected events during procedure and
his US image interpretation. After obtaining the chest radiography,
the examiner would record the ETT depth on the film as interpreted
by the managing PICU team. All participants have received standard
PICU care, and no patient care decisions have been made based upon
the findings of the ultrasound studies.

Statistical Analysis

The estimation of sample was determined by PASS 11 software
(Hintze, J. 2011). A sample size of 66 subjects achieved 90% power at
a 5% significance level using one-sided equivalence test of correlated
proportions and 88% expected outcome of suprasternal ultrasound
accuracy of assessing ETT depth was considered with maximum
allowable difference between these proportions that still results in
equivalence (the range of equivalence) is 0.14.

All Categorical variables such as gender presented as numbers and
percentages. Continuous variables such as age, weight, height and
Body Mass Index (BMI) were expressed as median and interquartile
range. We used Chi-square or Fisher’s exact test to determine the
significant relationship among categorical variables. Diagnostic test
analysis was applied to determine the sensitivity, specificity, PPV and
NPV of the ultrasound accuracy test compared with chest radiograph
test. P-value of less than 0.05 was considered as statistically significant.
All data were entered and analyzed using statistical package SPSS
version 22.

Results

Between October 2014 and March 2016, 66 eligible patients
consented and were enrolled in our study. The mean age was 43.68
months while median was 16 months (with IQR of 62) (Table 1) and,
37 (56.06%) were males and 29 (43.93%) were females.

Characteristics | Minimum | Maximum | Median | IQR (Q3 - Q1)
Age(Months) 0.13 180.00 16.0000 | 62

Weight(kg) 2.30 48.00 8.0000 9.50

Height (cm) 43.00 155.00 76.0000 | 32

BMI 9.58 22.68 13.4930 | 3.09

Table 1: The demographics and clinical characteristics of study subjects
BMI, body mass index; IQR, interquartile range.

Endotracheal tube position determined by Ultrasound was proper
in 47 (71.21%) cases, and improper in 19 (28.78%) cases, and non
showed oesophageal intubation, while endotracheal tube position
as determined by chest radiography was proper in 48 (72.72%), and
improper in 18 (27.27%) cases as presented in (Table 2).

Technique Chest Radiograph
Proper Improper Total
Ultrasound | Proper 44 3 47 (71.21%)
Improper | 4 15 19 (28.78%)
Total 48 (72.72%) | 18 (27.27%) | 66

Table 2: Comparing endotracheal tube (ETT) position by ultrasound
and chest radiograph (n = 66)
Kappa = 0.737 - p-value < 0.001.
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US examination to detect proper position of ETT as compared to
chest radiography revealed a sensitivity of 91.67% (95% CI, 80.02% to
97.68%), specificity of 83.33 % (95% CI, 58.58% to 96.42%), positive
predictive value of 93.62% (95% CI, 82.46% to 98.66%), negative
predictive value of 78.95 % (95% CI, 54.43% to 93.95%), positive
likelihood ratio of 5.50 (95% CI 1.95 to 15.51), and negative likelihood
ratio of 0.10 (95% CI 0.04 to 0.26), as presented in (Table 3)

Statistic Value 95% CI

Sensitivity 91.67% 80.02% to 97.68%
Specificity 83.33 % 58.58% to 96.42%
Positive Predictive Value 93.62% 82.46% to 98.66%
Negative Predictive Value 78.95 % 54.43% t093.95%
Positive Likelihood Ratio 5.50 1.95 to 15.51
Negative Likelihood Ratio | 0.10 0.04 to 0.26

Table 3: Accuracy of detecting proper position of endotracheal tube
(ETT) by ultrasonography in comparison with chest radiograph.
CI: confidence interval.

The overall accuracy of ultrasonography in confirmation of ETT
position based on the area under the receiver operating characteristic
(ROC) curve was 89.40% (figure 3). None of the sixty-six patients
developed any complications during the procedure.

There was an agreement in 96% of the cases between the radiologist
and intensivist ETT position assessment. The median time for the US
procedure was 5 minutes, with IQR of 1 minute, while the median
time for the Chest radiography procedure was 30 minutes with IQR
of 10.

Discussion

Malposition of ETT is common and considered as an important
complication of endotracheal intubation in pediatrics. Hence, wrong
positioning, especially main stem bronchus intubation, needs to be
quickly detected and corrected. Determining the accurate depth of
the ETT in critical care areas is still almost fully dependent on chest
radiography with all its' potential risks and delays. Other moreaccurate
methods have been used, like fiberoptic bronchoscopy which is,
however, an invasive procedure, not readily available and requires
specialized training. Bedside Ultrasonography is frequently used
in critical care areas for different types of emergencies and elective
procedures, as it is proved to be rapid, safe, portable, reproducible,
relatively inexpensive and not difficult to master. Nowadays, this
technique is being utilized more in airway related procedures and
ETT detections in all age groups [23].

There have been a few small studies that described the use of US
technique to detect proper placement and depth of ETT in adult and
pediatric ICU patients with reasonable sensitivity and specificity.
These studies have either used the diaphragm movement and lung
sliding, or direct visualization of the ETT tip as a surrogate marker of
proper ETT depth and placement [23,13].

ETT could be easily visualized in the majority of patients included
in this study by ultrasonography using the saline-filled ETT cuft. It
has shown superior sensitivity and specificity than the previously
described methods. A somewhat similar study was conducted by
Tessaro, et al. (trust study) on pediatric elective surgery patients
and showed a high sensitivity (98.8%) and specificity (96.4%) of
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Figure 3: Receiver operating characteristic curve (ROC) of ultrasound accuracy in detecting cuffed endotracheal

tube position.
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