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Background: Endotracheal intubation in the intensive care unit (ICU) is an extremely high risk procedure. 
Rapid confirmation of endotracheal tube (ETT) placement and position to the correct depth is vitally 
important. Various methods are used to confirm placement of ETT. Capnography is the gold standard for 
confirmation of ETT placement in the trachea, but is not useful for ETT placement at the correct depth 
in the trachea. We conducted this study to evaluate the utility of airway ultrasonography for real time 
confirmation of ETT placement and also to confirm appropriate depth of the ETT.
Methods: In this prospective, single-centre study, we included all adult patients intubated in the ICU. We 
obtained deferred consent from the Institutional Ethics Committee. We performed airway ultrasonography 
real time during intubation and detected ETT placement by loss of snow storm sign. Tracheal placement 
was also confirmed by capnography. We used saline filled cuff method to place ETT cuff depth at 3rd and 
4th tracheal ring and confirmed the appropriateness of the ETT depth on chest X-ray. We calculated the 
sensitivity and specificity of this technique.
Results: We included 89 patients for the study. The ultrasound detection of the placement of the tube with 
the loss of snow storm sign was seen in 86 patients. The incidence of esophageal intubations was 2.0%. The 
overall sensitivity of airway ultrasound for confirmation of ETT placement was 96% (CI: 0.89–0.99) and 
specificity was 100%. The PPV was 100% (CI: 0.94–1.00). The accuracy for appropriateness of final position 
of ETT by airway ultrasound as compared to X-ray was found to be 96% (CI: 0.71–0.87). No complications 
were observed related to cuff inflation and deflation and to the use of airway ultrasound.
Conclusions: Airway ultrasonography can be used for rapidly detecting ETT placement in the trachea as 
well as for determining appropriate depth insertion of the ETT with saline filled cuff technique.
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Introduction

Endotracheal intubation in the intensive care unit (ICU) 
is an extremely high risk procedure since the ICU patients 
are much sicker, with poor physiological reserve. Any delay 
in recognition of an oesophageal intubation or repeated 
attempts to intubate can lead to disastrous consequences (1,2).  
The NAP 4 Audit conducted in UK showed that 25% of 
airway complications happen in the ICU (3). Emergency 
endotracheal intubations are associated with higher 
incidence of oesophageal tube placement and delayed 
recognition of incorrect placement. A prospective study 
of all emergency intubations found that in 8% of total 
intubation attempts, the endotracheal tube (ETT) was 
initially placed into the oesophagus (2). Presently the 
waveform capnography is considered the standard of care 
for the confirmation of ETT placement and though this is 
highly sensitive and specific, it can have malfunction and 
mechanical problems and can be less reliable in low cardiac 
output states or cardiac arrest situations (4). It needs 4 to 
5 breaths to confirm correct ETT placement and hence 
takes vital time. Also one may encounter malfunctioning 
gas analysers. It’s not only important to place ETT in the 
trachea but it’s equally important to place the ETT at 
correct depth in trachea since placement of tube too far in 
or too far out can lead to complications. Routine clinical 
examination is unreliable to identify correct depth of tube 
placement. Ideal ETT tip position should be in the mid-
trachea (around 4 cms above the carina), and inappropriate 
positioning can result in unintended extubation, carinal 
stimulation or endobronchial placement. Various methods 
that have been described to confirm the correct position of 
ETT tip are predictive length of ETT placement according 
to height of the patient, cuff palpation in suprasternal 
notch (5,6), radiological confirmation (7) and fibreoptic 
bronchoscopy (FOB). FOB is considered to be the most 
dependable and the gold standard (8). However, each of 
these methods has their own limitations. Palpating ETT 
cuff at suprasternal notch may not always be feasible 
especially in patients with unfavorable neck anatomy. Chest 
X-ray may not be readily available, and is associated with 
radiation exposure; and availability of bronchoscope also 
can be an issue in many ICUs. Traditionally final position 
of tube depth was decided according to the height of the 
patient and most standard text books advice fixing the ETT 
at about 21 cm for females and 23 cm for males at incisor 
teeth level (9,10), however following western guidelines can 
result in significant malposition of ETT (11). Moreover, 

chest radiography takes time and is cumbersome to be done 
in the ICU.

Point of care ultrasound is being increasingly used in 
emergency situations and in the ICU. It is commonly used 
to evaluate and monitor different clinical conditions in the 
ICU (12). It is also being used to evaluate the airway for 
preintubation assessment before intubation, double-lumen 
intubation, and extubation outcomes. One important use is 
correct ETT placement in the trachea (13). Confirmation of 
ETT position with ultrasound can be a potential alternative 
to capnography. Previous studies in adults and pediatrics 
evaluating ultrasound for confirming ETT intubation has 
shown high sensitivity and specificity (14,15).

Air is a poor medium for propagation of ultrasound 
waves and it does not let us visualize the position of ETT. 
However, ultrasound of the saline-filled ETT cuff can be 
used to determine appropriate ETT depth in the trachea. 
The ultrasound of saline-filled cuff technique is a rapid and 
reliable method, involves no radiation, requires no patient 
positioning, and can be done as many times as needed. Very 
few studies regarding use of ultrasound and saline-filled cuff 
to confirm ETT placement have been described before with 
different ultrasound techniques (16,17).

We hypothesized that placing upper edge of saline filled 
cuff at the level of 3rd and 4th tracheal ring would correlate 
with position of ETT tip appropriately i.e., between 
sternoclavicular joint above to 4 cm above carina below.

Methods

This prospective observational study was conducted to 
determine the role of ultrasound for confirmation of ETT 
placement in trachea (snow storm sign) and accuracy of 
correct depth of insertion of ETT in trachea with the use 
of ultrasonography to visualize saline filled cuff technique 
in adult ICU patients. After obtaining Institutional Ethical 
Committee (IEC) approval, this study was conducted at 
mixed medical surgical oncological ICU over a period of 
1 year. IEC allowed deferred consent. All adult patients 
requiring intubation in the ICU were screened for inclusion 
in the study.

We excluded patients who required intubation during 
cardiac arrest. We followed institutional ICU protocol for 
intubation. This includes rapid assessment of airway, and 
rapid sequence intubation with Sellick’s manoeuvre and 
confirmation of correct tube placement using waveform 
capnography. All intubations were performed by a trained 
intensive care fellows and Anaesthesiologists. The male 
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patient’s trachea was intubated with ETT No. 8 and in 
females a 7.0 ETT was used. Upper airway ultrasonography 
was performed during intubation by an intensivist trained in 
airway ultrasonography.

The linear probe (7–13 MHz Sonosite M-Turbo®/
MyLab™Five Esaote) was placed transversely over trachea 
between suprasternal notch and cricothyroid membrane 
during intubation and presence or absence of snow storm 
sign (disturbance of tracheal air-mucosa interface with comet 
tail artefacts) was reported during intubation (Figure 1).  
Efforts were made to identify oesophageal opening on 
ultrasound and oesophageal intubation was identified by 
appearance of double track sign and absence of loss of snow 
storm sign (18-21). Endotracheal intubation was confirmed 
with waveform capnography and the tube was fixed. After 
fixation of the tube ultrasound of trachea was performed 
in sagittal plane to identify the cricoid cartilage and the 
tracheal rings. ETT cuff was completely deflated and re-
inflated with 10cc normal saline. ETT cuff was identified 
as anechoic shadow in trachea. The upper end of cuff was 
fixed at the level at 3rd or 4th tracheal ring (Figure 2). After 
final placement of the tube, the saline from ETT cuff 
was aspirated and cuff was re-inflated with air to maintain 
intracuff pressures between 20–25 cm H2O. To determine 
the volume of the saline we did few pilot cases and found 
that 10 cc saline was appropriate for ultrasound visualisation 
of tube cuff and was not associated with high cuff pressures.

Final position of tube tip was confirmed on chest X-ray 
AP view with the neck in neutral position with the bed at 
semi recumbent position. The desired position of ETT tip 
on X-ray was between the sternoclavicular joint superiorly 
and at least 4 cm above carina inferiorly for determining 
appropriateness of the tube position. The distance of ETT 
tip was measured from carina on X-ray chest AP view by 
digital caliper measurement. If the ETT tip position was 
found to be inappropriate, the ETT was repositioned and 
the finding recorded for analysis. Any complications during 
the intubation were also recorded.

Statistical analysis

We recorded loss of snow storm sign as an indication of 
endotracheal intubation. We also recorded number of 
times double track sign was visualised during intubation 
that suggested oesophageal intubation. We looked at the 
concordance between tracheal ultrasound and capnography 
for detecting endotracheal intubation and compared airway 
USG to X-ray for position of tube depth by using the 
McNamar test. Specificity, sensitivity, and appropriateness 
of tube position, positive predictive value was calculated 
using standard formulae. All statistical analyses were 
performed using SPSS statistical software, version 20.

Results

A total of 89 intubations were included in the study over a 
period of one year. All the intubations were confirmed with 
capnography, and there were no complications noted in 
relation to ultrasonography. The ultrasound confirmation 
of the placement of the tube with the loss of snow storm 
sign was seen in 86 patients. In 3 patients, we could not 
visualise loss of snow storm sign however the intratracheal 
position was confirmed by capnography and identified with 
inflation of saline filled cuff on ultrasound. In 2 patients, 
we identified oesophageal intubation real time with positive 
double track sign with absence of loss of snow storm sign 
and thus avoided oesophageal intubation by withdrawing 
the ETT and reinserting it in the trachea. In these two 
patients we did not wait to confirm oesophageal intubation 
by capnography since it would entail the risk and possibility 
of ventilating the stomach and increase chance of aspiration 
in critically ill patients. The capnographic confirmation was 
done after reinserting the tube in the trachea.

The saline filled cuff could be visualized in all 89 patients.
The overall sensitivity of airway ultrasound for confirmation 

Figure 1 Transverse view of trachea (snowstorm sign).
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Figure 2 Longitudinal view of trachea.
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of ETT placement was 96.55% (CI: 90.25–99.28%). The 
PPV was 100% (CI: 0.94–1.00). The double track sign 
specific for oesophageal intubations was seen in 2 patients. 
Three patients were found to have inappropriate ETT tip 
placement on X-ray which required tube repositioning 
thus the accuracy for depth of insertion of ETT by airway 
ultrasound as compared to X-ray was found to be 95.40% 
(CI: 88.64–98.73%) (Table 1). No complications were 
observed related to cuff inflation and deflation and to use of 
airway ultrasound.

In our study we found that ultrasound probe did 
not interfere with performance of Sellick’s manoeuvre. 
However, the Sellick’s manoeuvre had to be terminated in  
2 patients to facilitate tube placement.

Discussion

In this prospective observational study, we found that 
airway ultrasonography is useful for confirmation of 
tracheal intubation with high sensitivity (96.55%). 
Tracheal intubation performed in the ICU can be 
technically challenging, with less experienced clinicians 
under suboptimal conditions doing high risk intubations. 
This may result in complications such as oesophageal 
intubation, delayed or traumatic intubation with associated 
complications. Although direct visualization of the ETT 
passing through the vocal cords confirms correct tracheal 
placement, it cannot confirm correct ETT depth of 
insertion. Clinical assessment by auscultation and chest rise 
may not detect malpositioned ETT.

Quantitative waveform capnography is the standard of 
care for confirmation of correct tracheal ETT placement 
and is also recommended by 2015 AHA resuscitation 
guidelines (22,23). Capnography has its own limitations in 
low cardiac output states and cardiac arrest situations (24).  
It can confirm tracheal intubation but provides no 
information on ETT depth in the trachea (25-31).

Chest radiography is commonly used to confirm position 
of ETT but is time-consuming, and may require patient 
movement which may be sometimes difficult. The safety 
of ultrasound has been widely accepted in clinical practice 

however the applications for airway and lungs were not 
popular before as air is a poor conductor of ultrasound  
waves (26). However, in late 90s and early 2000s, studies 
showed that using artifacts generated during ultrasonography, 
one can detect many pathologies of lungs and also use 
ultrasound to aid bedside procedures (27-30). Using 
ultrasound of airway to predict difficult airway and as an aid 
during intubation has gained momentum recently (31-33).

Various studies have used ultrasound of neck, or anterior 
chest for lung slide or subcostal diaphragmatic movement 
for confirmation of ETT placement (34-37). Trans-cricoid 
or trans- thyroid ultrasonography and ultrasonography for 
assessing lung slide were found to have 100% sensitivity and 
specificity in verification of tube placement in emergency 
settings (35). Radiological sign that has been described to 
confirm ETT placement takes into account disturbance 
of the air mucosa interface (called the snowstorm sign). 
We looked at confirmation of ETT position by loss of 
snowstorm sign (38-40). We also confirmed the placement 
of ETT at an appropriate depth in the trachea with the 
saline filled cuff technique and compared it with the current 
gold standard i.e., the chest X-ray.

We found that airway ultrasound can be used for rapidly 
detecting ETT placement in trachea.

In our study the airway ultrasonography was able to 
confirm ETT placement with 96% sensitivity and 100% 
specificity. Loss of snow storm sign was identified in all 
patients except 3 patients in whom the tube placement 
was confirmed by capnography. The saline filled cuff was 
visualized in all patients and was 100% specific for correct 
depth of ETT in the trachea when compared with chest 
X-ray. In 2 patients, we could detect esophageal intubation 
in real time by identifying the double track sign and absence 
of loss of snow storm sign and hence may have prevented 
esophageal intubations.

While a cuff filled with air cannot be sonographically 
distinguished from the surrounding air-filled trachea, prior 
reports in adult cadavers showed that ultrasonography at 
the suprasternal notch can visualize a saline-inflated ETT 
cuff (41).

In a recent study, Chen et al. looked at combined video 

Table 1 Accuracy of airway ultrasound

Accuracy or appropriateness of ultrasound Percentage 95% confidence interval

Accuracy of snow storm sign 96.55% 90.25–99.28% 

Appropriateness of final tube tip placement 95.40% 88.64–98.73%
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laryngoscope, fibrescope and ultrasound with saline filled 
cuff technique to measure correct depth insertion of ETT 
and found excellent results but this method can only 
confirm appropriate upper end of the tube (15).

We hypothesized that if we positioned the upper border 
of saline-filled ETT cuff at the level of 3rd or 4th tracheal 
ring, it will result in correct position of tip of ETT.

We found that accuracy for appropriateness of final 
position of ETT by ultrasonography as compared to chest 
X-ray was 95.40%.

It has been speculated that performing ultrasonography 
in the anterior neck area can adversely affect the success 
of intubation hence studies have looked at lung slide 
or subcostal diaphragmatic motions to confirm ETT 
placements. In our study there was no hindrance to 
application of Sellick’s manoeuvre during ultrasound 
confirmation of ETT placement, however in 2 patients the 
Sellick’s manoeuvre had to be discontinued for facilitation 
of ETT insertion. In our study the ETT was placed in the 
oesophagus in 2 patients (2.0%). This rate of esophageal 
intubation is far less than other studies (2,3). This may be 
because in our study all intubations were performed by 
Anesthesiology and Intensive care fellows.

Our study is unique in the fact that we used ultrasonography 
to confirm correct tracheal placement of ETT and ascertain 
the appropriate depth of ETT position in trachea in ICU 
patients.

The learning curve for performing ultrasound for 
ETT confirmation has not been found to be difficult. 
Moreover, ultrasound is an important tool in the day to 
day diagnosis, management and clinical decision making 
in the ICU (42,43).

Conclusions

This prospective study suggests that airway ultrasonography 
can be used as an adjunct to capnography for real time 
and rapid confirmation of ETT placement. Airway 
ultrasonography, using a saline-filled ETT cuff can 
accurately and rapidly confirm the appropriate depth of 
tube placement in the trachea and can avoid the need for 
chest X-ray for tube confirmation.
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