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Abstract
Introduction: Airway ultrasound has been increasingly used in correct positioning of endotracheal tube. We hypoth-
esize that a safe distance between endotracheal tube tip and carina can be achieved with the aid of ultrasound.

Aim of the study: Our primary objective was to determine whether ultrasound guided visualisation of proximal end of 
endotracheal tube cuff is better when compared to conventional method in optimal positioning of tube tip. The sec-
ondary objective was to find the optimal endotracheal tube position at the level of incisors in adult Indian population. 

Materials and Methods: There were 25 patients each in the conventional group and the ultrasound group. Conven-
tional method includes auscultation and end tidal capnography. In the ultrasound group the upper end of the endo-
tracheal tube cuff was positioned with an intent to provide 4 cm distance from the tube tip to the carina. X ray was 
used in both groups for confirmation of tip position and comparison between the two groups. Further repositioning 
of the tube was done if indicated and the mean length of the tube at incisors was then measured. 

Results: After x ray confirmation, endotracheal tube repositioning was required in 24% of patients in the USG group 
and 40 % of patients in the conventional group. However, this result was not found to be statistically significant (p = 
0.364). The endotracheal tube length at the level of teeth was 19.4 ± 1.35 cm among females and 20.95 ± 1.37 cm 
among males. 

Conclusions: Ultrasonography is a reliable method to determine ETT position in the trachea. There was no statisti-
cally significant difference when compared to the conventional method. The average length of ETT at the level of 
incisors was 19.5 cm for females and 21 cm for males.
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 �Introduction

Endotracheal intubation is a lifesaving procedure that 
is routinely performed by anaesthesiologists, intensiv-
ists and emergency medicine physicians. Identifying 
the correct depth of endotracheal (ET) tube placement 
is important in preventing further pulmonary compli-
cations like endobronchial placement, accidental ex-
tubation etc. 

Various methods have been used to confirm correct 
positioning of the ET tube tip. 

Auscultation is often the easiest method, but it can-
not decisively predict the distance between the tip of 
the ET tube and the carina. Confirmation by x-ray is 
associated with radiation exposure and may not be 
readily available. Though fibreoptic bronchoscopy is 
considered to be the gold standard, it requires techni-
cal skill and equipment availability.
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Point of care ultrasound (USG) is being increas-
ingly used in emergency medicine and intensive care 
units (ICU). Confirmation of ET tube position by ul-
trasonography can be a potential alternative to chest 
x-ray.  Many studies have confirmed the usefulness of 
USG in early detection of accidental oesophageal in-
tubation [1]. 

We hypothesize that by placing the upper edge of 
ETT cuff approximately 10 cm from sternal angle, or 
just below the cricoid cartilage if the first point is above 
the level of cricoid, it would correlate with position of 
ETT tip 4 cm above the carina. This study was done to 
evaluate the efficacy of ultrasound in assessing the cor-
rect placement of ET tube tip. The distance between the 
upper margin of cuff and tip of endotracheal tube was 
measured for the different sizes of ET tubes (Portex, 
Smiths medical, Minneapolis, USA) used in the study. 
It was 6 cm for ET tube sizes 7 to 8.5. The manubrios-
ternal joint (sternal angle) is a reliable surface landmark 
for carina although there may be individual variations. 
The mean distance from endotracheal tube tip to carina 
that will prevent carinal impingement and endobron-
chial intubation can be taken as 4 cm [2]. The primary 
objective of this study was to determine whether ultra-
sound guided visualisation of proximal end of ET tube 
cuff is better when compared to conventional method 
in optimal positioning of ET tube tip. The secondary 
objective was to find the optimal ET tube position at 
the level of teeth in Indian adult population.

 �Methods
This was a prospective randomized controlled trial with 
parallel group study design conducted in a multidiscipli-
nary intensive care unit of a tertiary care hospital over a 
period of 6 months. Approval for the study was obtained 
from the institutional ethics committee (IEC Study Ref 
No: 62/21/IEC/JMMC&RI) and was registered under 
Clinical Trials Registry India (CTRI/2021/07/035029). 
All adult patients with a height more than 150 cm who 
required intubation with endotracheal tubes (ETT) of 
size 7 to 8.5 were included in the study. The exclusion 
criteria included pregnant patients, those who refused 
to give consent and those with abnormal airway, severe 
neck trauma or oropharyngeal pathology (hematoma, 
abscess, tumour etc).

A pilot study was conducted to observe the propor-
tion of correct ETT placement. With an intended 95% 
confidence level and 90% power, a minimum sample 

size of 23 was calculated in each group. Patients were al-
lotted to either the conventional group or intervention 
group (23 in each group) based on a computer-generat-
ed randomization chart. Random allocation was made 
in blocks in order to keep the sizes of groups similar. To 
accomplish that, a sample size of 50 was divided into 5 
blocks (10 in each block). The study methodology did 
not permit blinding as we intervened and repositioned 
the endotracheal tube in both the conventional and 
USG group before the Xray if deemed indicated 

Institutional ICU protocol was followed for intuba-
tion. It included rapid sequence intubation and con-
firmation of endotracheal tube placement using wave-
form capnography in both the groups. 

In the conventional group, the investigator posi-
tioned the ET tube based on the “guiding black mark” 
at the level of vocal cords or at 22 cm length at the level 
of incisor teeth in males and 20 cm in females. Auscul-
tation was done to rule out endobronchial intubation. 

In the interventional group, sternal angle was identi-
fied by the investigator experienced in airway sonogra-
phy using the linear transducer (13-6 MHz) probe of 
ultrasound (Sonosite M – turbo, Washington, USA). 
The same was marked on the skin using a surgical 
marker (Romsons, Denmark) and another point P1 
was noted 10 cm cephalad to the sternal angle using a 
sterile surgical ruler (Romsons, Denmark). Lower end 
of cricoid cartilage was also identified by ultrasonog-
raphy and marked as point P2.   The proximal end of 
ETT cuff was identified by abrupt cut off of acoustic 
shadow of ETT (TUBE CUT OFF POINT) and noted 
as point P3. The straight-line acoustic image of ETT 
was replaced by a shredded wavy line created by the 
mucosal- cuff interface as shown in Figure 1. In Figure 
2 we can see the midline alignment of the linear USG 
probe in the neck to get the right image.

The investigator adjusted the upper end of the cuff to 
the point P1 (10 cm above sternal angle) or just below 
the level of cricoid cartilage (P2) whichever was lower. 
If P2 was below P1, the upper end of the ETT cuff was 
positioned at P2. If the lower end of cricoid cartilage 
was above P1, the upper end of the ETT cuff was posi-
tioned at P1. The below Figure 3 illustrates the above-
mentioned points and landmarks.

First step after intubation in the interventional group 
was to readjust the proximal end of the ETT cuff by 
direct visualization using ultrasound. By keeping the 
upper end of the ETT cuff in the midline of the linear 
transducer probe the “tube cut off point” was marked 
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on the skin. The distance between the “tube cut off 
point” and P1 or P2 as indicated, was measured using 
the sterile surgical ruler and the ETT was inserted or 
withdrawn accordingly.

The position of endotracheal tube tip was recon-
firmed using chest X-ray AP view with the neck in 
neutral position. In case any complications occurred 
before X-ray confirmation, (saturation fall below 90%, 
increase in peak airway pressures, audible leak etc), the 
plan was to rule out endobronchial intubation or en-
dotracheal tube dislodgement by auscultation. The ET 
tube would then be adjusted and positioned according 
to clinical judgement and the adjusted length noted.

Distance between ET tube tip and carina was meas-
ured on the chest Xray using distance annotation tool.  
The optimal position of ETT tip on X-ray was taken 
as 3 - 5 cm above carina to determine the appropriate-
ness of the tube position. If the ETT tip position was 
found to be inappropriate, then the ETT was reposi-
tioned. The length of ETT at the level of incisor teeth 
was measured and recorded in all the three stages i.e. 
immediately after intubation, after ultrasound guided 
positioning and after taking chest x ray. 

 �Results 
A total of 50 study participants were recruited during 
the study period. All of them were included in the final 
statistical analysis of which 25 study participants were 
in the interventional (USG group) and 25 study partici-
pants were in the conventional group. Both the groups 
were matched for age, gender, height and size of the en-
dotracheal tube (Table 1).

In the USG group, the lower end of cricoid carti-
lage (P2) was seen below or at the level of point P1 in 
5 (20%) patients and hence the upper end of endotra-
cheal tube cuff was positioned at P2. The “tube cut off 
point” was aligned to P1 in the remaining 20 (80 %) 
patients.  Repositioning of the endotracheal tube was 
done after USG assessment in 14 (56%) patients in this 

Fig. 1. Ultrasound image showing cricoid cartilage (1) and 
cutoff point (2)

Fig. 2. Alignment of the linear USG probe for airway imag-
ing

Fig. 3. Schematic diagram of the trachea with ETT in situ
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group. None of these patients had any complications 
prior to x-ray confirmation that required switching 
over to the auscultation method. The mean distance 
from the lower end of cricoid cartilage to suprasternal 
notch was 4.64 ± 1.02 cm. The average length of manu-
brium sterni was 5.58 ± 0.58 cm. The mean time taken 
for USG guided positioning was 13.4 ± 6.8 minutes. 

In the conventional group also, no patients devel-
oped any complications (desaturation, high airway 
pressures or leak) prior to x ray confirmation. 

After x ray confirmation, endotracheal tube reposi-
tioning was required in 6 patients (24%) in the USG 
group and 10 patients (40%) in the conventional group. 
However, this result was analysed using Chi square 
tests and was not found to be statistically significant (p 
= 0.364). 

Among the 20 patients whose endotracheal tube cuff 
was positioned at P1 in the USG group, 4 patients re-
quired repositioning based on x ray. Whereas among 
the 5 patients in the USG group whose endotracheal 
tube cuff was positioned at the lower end of cricoid 
cartilage, 2 patients required repositioning after X-ray.  
This was also not found to be statistically significant 
by Chi square tests (p = 0.343). The endotracheal tube 
length at the level of teeth was 19.4 ± 1.35 cm among 
females and 20.95 ± 1.37 cm among males. The ETT 
length at teeth for patients with various heights were as 
given in Table 2

 �Discussion
Ultrasonography is being increasingly used in vari-
ous specialties like anaesthesia, emergency medicine 
and critical care. Its use in regional anaesthesia and fo-
cused intensive care echocardiography is now a stand-

ard practice. Its importance in point of care lung ul-
trasound in critical care is known especially since the 
Covid era [3]. Naturally intensivists got used to airway 
ultrasonography and its possibilities. But the research 
on airway ultrasonography was mainly related to intu-
bation confirmation, but not the position of the ETT 
[4,5,6]. There were proposals on the position identifi-
cation based on indirect methods like presence of lung 
sliding in both lungs [7]. The presence of bilateral lung 
slide can be as good as capnography in avoiding oe-
sophageal intubation [8,9].

Our study was done to evaluate the efficacy of ul-
trasound in assessing the position of endotracheal tube 
in ICU patients. However, we could not find a statisti-
cally significant advantage in using USG over the con-
ventional method. Probably we should conduct similar 
study in a larger group before confirming that USG 
does not change the outcome in ETT positioning. The 
upper end of the ETT cuff is easy to identify although 
only a few studies have considered it [10]. 

We feel that our skill in using USG for ETT position-
ing has improved over time so that we use USG as a 
routine to assess the airway after intubation. However, 
we do admit that the method we used in the USG group 
to confirm the positioning is time consuming though 
less compared to x ray. To use it as a routine, the airway 
USG skill of the doctors need to be improved. In the 
USG group, the average endotracheal tube length at the 
level of teeth was found to be 21± 0.68 cm for males and 
19± 1.38 cm for females. The average distance from the 
upper end of endotracheal tube cuff to the lower end of 
cricoid cartilage was found to be 0.5± 0.22 cm for males 
and 0.7± 0.35 cm for females. Hence if we could posi-
tion the upper end of the endotracheal tube cuff just 
below the lower end of cricoid cartilage in all the study 

Table 1. Demographic data

Parameter USG group  Conventional group  p value
Age (years) 52.48 ± 17.65 50.04 ± 16.61 0.617
Height (cm) 166. ± 18.9 162.7 ± 6.9 0.140
ETT size (mm) 7.9 ± 0.45 7.6 ± 0.54 0.055
Female No: (%) 5 (20%) 12 (48%)

0.072Male No: (%) 20 (80%) 13 952%)

Table 2. Length of ETT at incisors varying with height

Height(cm) Mean (± SD)

ETT	length	at	teeth	after	x	ray
<165 20.01(1.35)

165-180 20.73 (1.26)
>180 23.5 (0.50)
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participants in the USG group, the average endotrache-
al tube length at the level of teeth would be around 20.5 
cm for males and 18.5 cm for females. The methodol-
ogy we used in our study to confirm the endotracheal 
tube position was time consuming though less when 
compared to Xray.  We can easily measure the distance 
between the upper end of endotracheal tube cuff and 
lower end of cricoid cartilage and position the upper 
end of endotracheal tube cuff to just below the lower 
end of cricoid cartilage. This method would be much 
less time consuming and may also provide safe mar-
gin to prevent accidental extubation. Further research 
should be conducted to look for its generalisability; but 
we consider it as a practical and possible option.

Other limitation of our study was the lack of blind-
ing of the doctors doing the intubation and position-
ing. For this, we did consider the possibility of doing 
the conventional assessment and USG assessment in 
both the groups. But if not in position, repositioning 
after the conventional or USG assessment would then 
not be a possibility. Hence, we deferred blinding of the 
airway assessors. 

Other option used by researchers to identify the po-
sition of the ETT within the trachea was to determine 
the distance from the vocal cords to the upper end of 
the saline filled cuff. In a study involving 105 patients, 
USG was reliably used to locate the saline inflated cuff 
and the vocal cords [11]. It seems to be a reliable pos-
sibility, but needs the vocal cords to be identified prior 
to intubation which might be practically difficult. Also, 
the chance of bringing this to routine use is challeng-
ing since saline filled cuff is not a universal practice. We 
usually do not prefer the cuff to be at the level of cricoid 
and so lower level of cricoid cartilage might be a bet-
ter reference point than the vocal cords. But saline filled 
cuff has the potential advantage of reducing the learn-
ing curve of USG guided ET tube positioning [12].

Airway ultrasonography has been successfully used 
in determining the appropriately sized ET tube in pae-
diatric population. In that study, presence of bilateral 
lung sliding was used to confirm the correct tracheal 
position of ETT [13]. It is probably difficult to find a 
formula for paediatric population for correct placement 
of ETT by USG. We rather might have to depend on the 
distance from airway structures like vocal cord or cri-
coid cartilage. In neonates, the distance from the ETT 
tip to superior portion of the right pulmonary artery 
(the anatomical equivalent of the carina) was used for 
USG positioning of ETT. They found it equally accurate 
to chest Xray in determining the ETT position [14].

USG might have an advantage over the conventional 
method when it comes to other confounding factors 
like obesity. It could increase the accuracy and sensi-
tivity in detecting the correct placement of ETT when 
compared to the auscultation method [15].

In ICU the ETT position is likely to change during 
therapeutic patient position changes or during nursing 
care. It is not practical to repeat the chest x ray each time 
and USG might be an option in such scenarios [16].

Successful usage of USG in airway evaluation and 
management has been comprehensively reviewed [17]. 
USG was found reliable in predicting difficult airway, 
post extubation laryngeal oedema, cricothyrotomy 
guidance and ETT confirmation.

The practice of a fixed position of ETT at the inci-
sors for males and females varies in different parts of 
the world. Though the concept is right, it does not seem 
to be on the basis of sound anatomical evidence. On 
confirmed position after chest Xray, we found the aver-
age length to be around 19.5 cm for females and 21 cm 
for males. A similar assessment in Korean population 
found this to be around 20 cm for females and 22 cm for 
males [18]. The vocal cord – carina distance can vary. 
So, deciding on a fixed length at lip or teeth can lead to 
inappropriate positioning [19]. So, it is imperative that 
sound ETT positioning methods are in place to prevent 
inadvertent events especially in critical care units.

With more awareness in the field and increasing 
practice of airway ultrasound, a quick and reliable 
technique will surely come up [20].

 �Conclusion
Ultrasonography is a reliable method to determine 
ETT position in the trachea. But we could not find any 
statistically significant difference when compared to 
the conventional method. The average length of ETT 
at the level of incisors was 19.5 cm for females and 21 
cm for males.
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