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ABSTRACT

Background: Accurate and rapid confirmation of endotracheal tube (ETT) placement is critical in emergency airway
management, as unrecognized oesophageal intubation can lead to catastrophic outcomes. Although waveform
capnography is considered the gold standard, it has limitations in low pulmonary flow states. Point-of-care
ultrasonography has emerged as a useful adjunct, but the optimal choice of ultrasound transducer for ETT confirmation
remains unclear. This study aimed to compare the speed and reliability of linear and curvilinear ultrasound transducers
for confirming ETT placement in emergency intubation.

Methods: A hospital-based non-randomized controlled trial was conducted over 18 months (January 2020 to June 2021)
in the Emergency Department of a tertiary care centre in South India. Adult patients (>18 years) undergoing emergency
endotracheal intubation were included, while those in cardiac arrest with ongoing CPR or requiring surgical airways
were excluded. Participants were allocated to linear or curvilinear transducer groups using the serial-numbered opaque
sealed envelope technique. The primary outcomes were time to exclusion of oesophageal intubation and time to
confirmation of left lung sliding, while secondary outcomes included total procedure time up to five-point auscultation
and operator confidence.

Results: Eighty-seven patients were analyzed (46 linear, 41 curvilinear). Baseline characteristics were comparable
between groups. The linear transducer demonstrated significantly shorter times for exclusion of oesophageal intubation,
confirmation of left lung sliding, and total procedure time (p<0.0001 for all). Operator confidence was significantly
higher with the linear transducer. Procedural times showed no association with age or indication for intubation, though
shorter times were observed in male patients.

Conclusions: Linear ultrasound transducers provide faster and more reliable confirmation of ETT placement with
higher operator confidence compared to curvilinear transducers, supporting their preferential use in emergency airway
management.

Keywords: Airway ultrasound, Curvilinear transducer, Emergency medicine, Endotracheal intubation, Linear
transducer, Point-of-care ultrasound

INTRODUCTION or anaesthesia, support breathing, prevent aspiration, and

facilitate airway clearance. Endotracheal intubation
Endotracheal intubation is a medical procedure in which a enables medical professionals to get a better view of the
tube is inserted into the trachea, usually through the mouth, upper airway. It is performed on Pe(zpzle who cannot
to maintain airway patency, deliver oxygen, medications breathe on their own or are unconscious.
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Confirmation of the proper placement of an endotracheal
tube (ETT) is a crucial step in airway management since
unrecognized oesophageal intubation leads to catastrophic
consequences. The incidence of oesophageal intubation
was reported at 6% in emergency conditions and 1.75% in
the elective setting.> Oesophageal intubation is one of the
main causes of accidents leading to death or neurologic
damage. An investigation of anaesthesia mortality
revealed that 69% of the deaths were related to airway
management, with oesophageal intubation as one of the
contributing factors.*

Although direct visualization of the ETT passing through
the glottis is commonly used, it is not always feasible, and
therefore multiple confirmation methods such as chest rise,
auscultation, capnometry/capnography, bronchoscopy,
and chest radiography are employed, each with varying
accuracy.’ Ultrasound, once the domain of the radiologist,
has now found its place in pre-hospital applications (e.g.,
emergency responders), emergency wards, intensive care
units, and operation theatres. Portable ultrasound is easy to
carry, non-invasive, relatively economical, easily
reproducible, and widely available, and it has a good safety
record. Various studies have shown that ultrasound is a
novel tool to confirm proper ETT placement.5®

Upper airway ultrasonography is a simple, non-invasive,
and portable point-of-care tool that remains reliable in low
pulmonary flow states such as shock or cardiac arrest,
where capnography may be unreliable, and can be used for
both primary and secondary confirmation of endotracheal
tube placement, with primary verification performed
before securing the tube.’ Selection of the ultrasound
transducer is crucial, as linear (5-14 MHz), curvilinear (~4
MHz), and micro-convex (~8 MHz) probes each offer
distinct advantages for airway and lung imaging, with
micro-convex transducers being particularly useful for
posterior thoracic access in supine patients.'? Endotracheal
tube placement can be confirmed using real-time anterior
neck ultrasound, indirect pleural or diaphragmatic
ventilation assessment, or a combination of both, enabling
immediate detection and correction of oesophageal
intubation, partial differentiation of endobronchial
placement, and reliable confirmation even in very low
cardiac output states where capnography may be
unreliable, with added superiority over auscultation in
noisy environments such as helicopter retrievals.!"?
Bilateral lung ultrasound further aids in identifying
endobronchial intubation by asymmetric lung sliding and
lung pulse, guiding tube repositioning until bilateral lung
sliding is achieved, and given ongoing debate regarding
optimal transducer choice, this study was undertaken to
compare the speed and reliability of linear and curvilinear
ultrasound transducers for ETT confirmation.'?

Recent literature has increasingly demonstrated that
ultrasonography is a highly accurate modality for
confirming endotracheal tube placement, with consistently
high sensitivity and specificity across studies. Comparable
diagnostic accuracy between linear and curvilinear probes

has been reported, with faster confirmation times and
higher operator confidence using linear probes, along with
excellent pooled sensitivity and specificity on meta-
analysis and strong agreement with capnography for
detecting oesophageal intubation."'*!> Real-time tracheal
ultrasound has also shown strong concordance with
bronchoscopy in ICU patients, faster confirmation than
auscultation and capnography, improved tube positioning
using ultrasound-based depth assessment, rapid
confirmation with the T.R.U.E. method, and reliable
differentiation of tracheal versus oesophageal placement
using lung sliding in both cadaveric and elective surgery
settings.!6-2!

Multiple studies have reinforced the utility of airway
ultrasonography  across  varied clinical settings,
demonstrating improved diagnostic performance when
tracheal and lung views are combined and faster
confirmation compared with pleural, diaphragmatic, and
traditional clinical methods.?>?* Ultrasound has also
shown versatility in paediatric airway sizing, consistent
accuracy across tube sizes, rapid learnability among
novices, and the usefulness of specific signs and protocols
such as the double-line sign, three-window POCUS
approach, and transtracheal techniques, all with high
sensitivity and specificity.?*>! Several investigations have
shown ultrasound to be faster than capnography and
auscultation, with high accuracy even during CPR and
emergency intubations, and rapid skill acquisition with
minimal training.>*° Importantly, ultrasound remains
reliable in low-flow states where capnography has
limitations, supporting its effectiveness across different
providers, techniques, and clinical scenarios, including
RSI and elective surgery.*

This study aimed to compare the speed and reliability of
linear and curvilinear ultrasound transducers in confirming
endotracheal tube placement. Specifically, among adults
(>18 years) intubated for airway or breathing management
in a tertiary care hospital in Thrissur, the study compares
the mean time required to identify correct tube placement
using left lung sliding and evaluates the mean operator
confidence associated with each transducer type.

METHODS

A hospital-based non-randomized controlled trial was
conducted in the Department of Emergency Medicine at
Jubilee Mission Medical College and Research Institute,
Thrissur, South India, over an 18-month period from
January 2020 to June 2021. Adult patients (=18 years)
requiring endotracheal intubation for airway or breathing
management were included, while those in cardiac arrest
with ongoing CPR, overt tracheal injury, open thoracic
wounds, or requiring a surgical airway were excluded.

Sample size

A total of 80 patients were calculated using the below
equation based on the accuracy of two transducers
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observed in a study conducted by Mishra PR et al.?’” Of
which a minimum 40 cases for each group were needed for
the study. It was estimated with the following equation

a

_ 5 2 [zl—;+zl—ﬁ’]2
= + | R

N=s 52 (x—x)2

with 95% confidence interval and 80% power.
Study procedure

Study participants were assigned to sonography-aided
intubation using either linear or curvilinear transducers,
with transducer allocation determined by the serial-
numbered opaque sealed envelope (SNOSE) technique.
All airway management decisions and use of additional
imaging modalities were made solely by the treating
medical team, and endotracheal intubation in both groups
followed standard departmental protocols after obtaining
consent from legally authorized representatives. Time
measurements were recorded by an independent observer
using an electronic stopwatch, with the start point defined
as the laryngoscope blade crossing the incisors and the
endpoint as sonographic confirmation of lung sliding.
During the procedure, the sonographer first scanned the
tracheal rings to exclude oesophageal intubation,
identified by a hyperechoic ETT lumen with posterior
acoustic shadowing, and subsequently confirmed tracheal
placement by left lung sliding after repositioning the
probe. Intubations were performed by postgraduate
residents trained in basic airway management, sonography
was conducted by residents trained in ATLS and
ultrasound-guided intubation, and all timing parameters
were recorded by trained nursing staff.

Statistical analysis

Data were analysed using IBM SPSS Statistics version 21
for Windows, with continuous variables expressed as
mean (SD) or median (IQR) and categorical variables
presented as frequencies and percentages. Associations
were assessed using chi-square test for categorical
variables, independent samples t-test and one-way
ANOVA with Bonferroni post-hoc analysis for continuous
variables, Mann-Whitney U test for confidence scores, and
a p value <0.05 was considered statistically significant.

Ethical consideration

The ethical approval was sought from the Institutional
Ethics Committee (IEC). Informed consent was obtained
from the caretakers of the study participants before data
collection. Confidentiality was maintained by limiting the
identifying variables to the minimum.

RESULTS

A total of 87 patients undergoing endotracheal intubation
for airway or breathing management were included in the
study of which linear ultrasound transducer was used in 46

patients for confirmation of endotracheal intubation and in
the remaining 41 patients, curvilinear transducer was used
for confirmation of endotracheal intubation. The minimum
age of the patient where linear transducer was used was 18
years and a maximum of 86 years. The minimum age of
the patients where curvilinear transducer was used was 18
years and a maximum of 76 years.

Table 1: Distribution of patients by age, gender, and
indication for intubation according to ultrasound
transducer type (n=87).

Linear Curvilinear

Variable (n=46), (n=41),
N

Age (years)
Mean (SD) 48.2 (20.5) 47.5(17.4) 0.88
Gender
Male 26 (56.5) 23 (56.1) 0.96
Female 20 (43.5) 18 (43.9)
Indication for intubation
Haemodynamic
instabilit}}]/ 8 (17.4) 10 (24.4) 0.26
Poor GCS 22 (47.8) 23 (56.1)
Ventilato
Nk Y 16 (34.8)  8(19.5)

Age in years

Type of transducer

Figure 1: Distribution of patients by age (n=87).

Percentage (%)

= RTA
= ]C bleed
ARDS
m Respiratory failure

® OP poisoning

Figure 2: Provisional diagnosis of the patients (n=87).
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Table 1 and Figures 1-2 summarize the baseline
characteristics of the study population. Age, gender
distribution, and indications for intubation were
comparable between the linear and curvilinear transducer
groups, confirming baseline equivalence. Road traffic
accidents were the most common provisional diagnosis,

time from intubation to exclusion of oesophageal
intubation, the time to confirmation of left lung sliding,
and the total procedure time up to five-point auscultation
were all significantly shorter with the linear transducer
compared to the curvilinear transducer (Table 2; p<0.01
for all).

followed by intracranial bleeding (Figure 2). The mean
Table 2: Comparison of intubation-related time intervals between linear and curvilinear ultrasound

transducers (n=87).

Linear (n=46), Curvilinear (n=41),

Time parameter (seconds)

Mean (SD) Mean (SD)
Time from intubation to exclusion of oesophageal
intubation by USG 72.76 (11.48) 90.44 (10.78) <0.01
Time from intubation to confirmation of left lung sliding 80.02 (10.96) 97.10 (10.93) <0.01
Total procedure time till five-point auscultation 99.59 (7.47) 103.71 (9.41) 0.02

Table 3: Comparison of intubation-related time intervals between male and female patients (n=87).

Male, Female,
Mean (SD) Mean (SD)
Time from intubation to exclusion of oesophageal intubation by USG  72.76 (11.48)  90.44 (10.78)  <0.01
Time from intubation to confirmation of left lung sliding 80.02 (10.96)  97.10(10.93)  <0.01
Total procedure time till five-point auscultation 99.59 (7.47) 103.71 (9.41)  0.02

Time parameter (seconds) P value

Table 4: Correlation between patient age and intubation-related time intervals assessed by ultrasound (n=87).

Time from intubation to exclusion of oesophageal intubation by USG  -0.07 0.52
Time from intubation to confirmation of left lung sliding -0.03 0.73
Total procedure time till five-point auscultation -0.07 0.48

*Pearson correlation

Table 5: Comparison of intubation-related time intervals according to indication for intubation (n=87).

Time from intubation
to confirmation of left
lung sliding

Time from intubation to
exclusion of oesophageal
intubation by USG
(Mean£SD)

Total procedure

time till five-point P
auscultation value*
(Mean£SD)

Indication of intubation

Haemodynamic instability 79.28 (15.88) 86.89 (15.23) 8.70 (2.05) 0.39

Poor GCS 83.11 (14.65) 89.64 (14.54) 9.00 (1.34) 0.54

Ventilatory support 78.67 (11.86) 86.00 (11.45) 7.82 (1.59) 0.34
*ANOVA test
Table 6: Comparison of the confidence level of the use 1001

between two transducers (n=87). * =

Types of . Mean P o

transducers " rcdian IQR) rank  value* | g o P

Linear 90 (77.50-92.50) 61.61 <0.01 - o

Curvilinear 41 (40.00-55.00)  24.24 ) | g "
*Mann-Whitney U test w
Gender-based analysis showed that male patients had | ’
significantly shorter times for exclusion of oesophageal ’

Type of transducer

intubation, confirmation of left lung sliding, and total
procedure time compared to female patients (Table 3).

Figure 3: Comparison of the confidence level of the
use between two transducers (n=87).
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Correlation analysis demonstrated no significant
association between patient age and any of the measured
time intervals (Table 4), and no significant relationship
was observed between indications for intubation and
procedural times (Tables 5). Operator confidence was
significantly higher with the linear transducer compared to
the curvilinear transducer, as demonstrated by mean rank
confidence levels (Table 6 and Figure 3; p<0.01).

DISCUSSION

In recent years, ultrasound has gained increasing
popularity for confirming endotracheal tube placement due
to the ease and rapidity with which images can be obtained,
especially when other confirmation tools have limitations
or are not readily available in the emergency department.
Despite this, quantitative waveform capnography remains
the gold standard for confirming correct endotracheal tube
placement as recommended by the 2010 American Heart
Association Guidelines for CPR and Emergency
Cardiovascular Care. Airway ultrasonography is
particularly useful for ETT confirmation when end-tidal
CO: monitoring is unreliable, radiology is unavailable, the
patient arrives already intubated, or post-intubation
response is inadequate, and because it does not interrupt
CPR, it serves as an effective screening tool for verifying
tube placement. In a systematic review and meta-analysis
by Chou et al, a pooled sensitivity of 93% and specificity
of 97% was determined for detection of oesophageal
intubations in adult patients and cadaveric models.”
Gottlieb et al reported a pooled sensitivity of 98% and
specificity of 98% in a snapshot summary of a systematic
review of live adult patients.>

Our study demonstrated that use of the linear transducer
resulted in significantly shorter times for exclusion of
oesophageal intubation, confirmation of left lung sliding,
and completion of the total procedure up to five-point
auscultation compared with the curvilinear transducer. A
comparable result was reported in a study conducted by
Gottlieb et al where the mean time to identification was
significantly lower with the linear transducer as compared
with the curvilinear transducer.!* Other studies conducted
by Abhishek et al, Werner et al, where linear transducers
were used showed that the sensitivity was significantly
higher compared to other methods."'* Also, in studies by
Chou et al, Sun et al, where a curvilinear transducer was
used showed significantly higher sensitivity compared to
other methods.!*3

Ultrasonography employs high-frequency sound waves
(2.5-10 MHz) generated by piezoelectric probes, where
lower frequencies allow deeper penetration with reduced
resolution, and in airway imaging a 7.5-MHz linear probe
is preferred for superficial structures while a 5-MHz
curvilinear probe is used for deeper structures, with images
formed through reflection, refraction, scattering,
absorption, and transmission of sound through tissues.
Reflection of sound is marked at interfaces between tissues

of different acoustic impedance and the image is built from
the reflected sound signals.

Our study showed that the mean rank confidence level of
the use of linear transducer was statistically higher than the
use of curvilinear transducer. Similar finding was reported
in a study conducted by Gottlieb et al where the mean
operator confidence was significantly higher with the
linear transducer compared to the curvilinear transducer
also, all operators preferred the linear transducer over the
curvilinear transducer.'* Although our study found no
correlation between patient age and ultrasound
confirmation times, in contrast to known age-related
anatomical challenges that may prolong intubation, the
clinical significance of these findings should always be
interpreted in correlation with overall airway assessment.
Our study also reported that the meantime intubation to
confirming left lung sliding and the mean of total
procedure time till five-point auscultation were
significantly lesser in male gender as compared to the
female gender.

One of the main strengths of the study is the inclusion of
the representative sample of the population and hence the
external validity. However, randomisation was not done
which could have resulted in selection bias. Owing to the
nature of the procedure blinding was not possible and
hence the chance of regression of the study finding towards
the favourable result. BMI and ASA; the potential
confounders were not included in the study which could
have affected the study results. Furthermore, there was no
objective measurement of confidence among the
sonographers. The chances of interobserver bias could not
be ruled out.

CONCLUSION

The mean age of patients intubated using linear and
curvilinear transducers was comparable, and road traffic
accidents constituted the most common indication for
intubation. The linear transducer significantly reduced the
time to exclude oesophageal intubation, confirm left lung
sliding, and complete the overall procedure including five-
point auscultation when compared with the curvilinear
transducer. Operator confidence was also significantly
higher with the linear transducer. Procedural times showed
no significant association with patient age or indication for
intubation, though confirmation of left lung sliding and
total procedure time were shorter in male patients. These
findings suggest that linear transducers offer faster and
more reliable confirmation of ETT placement, warranting
further wvalidation through multicentric randomized
controlled trials.

ACKNOWLEDGEMENTS

Authors would like to thank the dedicated staff of Jubilee
Mission Medical College & Research Institute for their
invaluable support and cooperation during the conduct of
this study.

International Journal of Research in Medical Sciences | February 2026 | Vol 14 | Issue 2 Page 607



Dinesh D et al. Int J Res Med Sci. 2026 Feb; 14(2):603-609

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1.

10.

11.

12.

Abhishek C, Munta K, Rao SM, Chandrasekhar CN.
End-tidal  capnography and upper airway
ultrasonography in the rapid confirmation of
endotracheal tube placement in patients requiring
intubation for general anaesthesia. Ind J Anaesth.
2017;61(6):486-9.

Endotracheal intubation. Medline Plus. US National
Library of Medicine. Available at:
https://medlineplus.gov/ency/article/003449.html.
Accessed 29 September, 2021.

Mort TC. Unplanned tracheal extubation outside the
operating room: a quality improvement audit of
hemodynamic and tracheal airway complications
associated with emergency tracheal reintubation.
Anesth Analg. 1998; 86(6):1171-6.

Cook TM, Woodall N, Frerk C. Major complications
of airway management in the UK: results of the Fourth
National Audit Project of the Royal College of
Anaesthetists and the Difficult Airway Society. Part
1: anaesthesia. Fourth National Audit Project. Br J
Anaesth. 2011;106(5):617-31.

Bozeman WP, Hexter D, Liang HK, Kelen GD.
Esophageal detector device versus detection of end-
tidal carbon dioxide level in emergency intubation.
Ann Emerg Med. 1996;27(5):595-9.

Kundra P, Mishra SK, Ramesh A. Ultrasound of the
airway. Indian J Anaesth. 2011;55(5):456-62.

Chou EH, Dickman E, Tsou PY, Tessaro M, Tsai
YM, Ma MH, et al. Ultrasonography for confirmation
of endotracheal tube placement: A systematic review
and meta-analysis. Resuscitation. 2015;90:97-103.
Chou H-C, Chong K-M, Sim S-S, Ma MH-M, Liu S-
H, Chen N-C, et al. Real-time tracheal
ultrasonography for confirmation of endotracheal tube
placement during cardiopulmonary resuscitation.
Resuscitation. 2013;84(12):1708-12.

Confirming Placement of Endotracheal Tube. ACLS.
Last updated: December 26, 2020. Available at:
https://www.acls.net/confirming-placement-of-
endotracheal-tube. Accessed 21, September 2021.
Kristensen MS, Teoh WH, Graumann O, Laursen CB.
Ultrasonography for clinical decision-making and
intervention in airway management: from the mouth
to the lungs and pleurae. Insights Imaging.
2014;5(2):253-79.

Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein
DA, Mathis G, Kirkpatrick AW, et al. International
evidence-based recommendations for point-of-care
lung ultrasound. Intens Care Medi. 2012;38(4):577-
91.

Lichtenstein DA, Pinsky R, Jardin F. General
ultrasound in the critically ill. Springer, Berlin
Heidelberg; 2007.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

Laursen CB, Knudsen L, Bendtsen TF, Sloth E.
Lungeultralyd skanning (LUS). In: Bitsch M, Jensen
F (eds) Klinisk Ultralydskanning. FADL’s Forlag,
Copenhagen; 2011:167-179.

Gottlieb M, Holladay D, Burns K, Gore SR, Wulff C,
Shah S, et al. Accuracy of ultrasound for endotracheal
intubation between different transducer types. Am J
Emerg Med. 2019;37(12):2182-5.

Sahu AK, Bhoi S, Aggarwal P, Mathew R, Nayer J,
Amrithanand VT, et al. Endotracheal Tube Placement
Confirmation by Ultrasonography: A Systematic
Review and Meta-Analysis of more than 2500
Patients. J] Emerg Med. 2020;59(2):254-64.

Chen W, Chen J, Wang H, Chen Y. Application of
bedside real-time tracheal ultrasonography for
confirmation of emergency endotracheal intubation in
patients in the intensive care unit. J Int Med Res.
2020;4(3):23-8.

. Chowdhury AR, Punj J, Pandey R, Darlong V, Sinha

R, Bhoi D. Ultrasound is a reliable and faster tool for
confirmation of endotracheal intubation compared to
chest auscultation and capnography when performed
by novice anaesthesia residents - A prospective

controlled clinical trial. Saudi J Anaesth.
2020;14(1):15-21.
Akhgar A, Bahrami S, Mohammadinejad P,

Khazaeipour Z, Hossein H. A new formula for
confirmation of proper endotracheal tube placement
with  ultrasonography. Adv J Emerg Med.
2019;3(3):212-6.

Chou HC, Tseng WP, Wang CH, Huei-Ming Ma M,
Wang HP, Huang PC, et al. Tracheal rapid ultrasound
exam (T.R.U.E.) for confirming endotracheal tube
placement during emergency intubation.
Resuscitation. 2011;82(10):1279-84.

Patil V, Bhosale S, Kulkarni A, Prabu N, Bhagat V,
Chaudhary H, et al. Utility of ultrasound of upper
airway for confirmation of endotracheal intubation
and confirmation of the endotracheal tube position in
the intensive care unit patients. J Emerg Crit Care
Medi. 2019;3.

Werner SL, Smith CE, Goldstein JR, Jones RA,
Cydulka RK. Pilot study to evaluate the accuracy of
ultrasonography in confirming endotracheal tube
placement. Ann Emerg Med. 2009:49(1):75-80.
Saglam C, Unluer EE, Karagoz. Confirmation of
endotracheal tube position during resuscitation by
bedside ultrasongraphy. Am J Emerg Med.
2013;31(1):248-50.

Sethi AK, Salhotra R, Chandra M, Mohta M, Bhatt S,
Kayina CA. Confirmation of placement of
endotracheal tube - A comparative observational pilot
study of three ultrasound methods. J Anaesthesiol
Clin Pharmacol. 2019;35(3):353-8.

Gupta K, Gupta PK, Rastogi B, Krishan A, Jain M,
Garg G. Assessment of the subglottic region by
ultrasonography for estimation of appropriate size
endotracheal tube: A clinical prospective study.
Anesth Essays Res. 2012;6(2):157-60.

International Journal of Research in Medical Sciences | February 2026 | Vol 14 | Issue 2 Page 608



25.

26.

27.

28.

29.

30.

31.

32.

33.

Dinesh D et al. Int J Res Med Sci. 2026 Feb; 14(2):603-609

Hanlin ER, Zelenak J, Barakat M, Anderson KL.
Airway ultrasound for the confirmation of
endotracheal tube placement in cadavers by military
flight medic trainees-A pilot study. Am J Emerg Med.
2018;36(9):1711-4.

Gottlieb M, Holladay D, Nakitende D, Hexom B,
Patel U, Serici A, et al. Variation in the accuracy of
ultrasound for the detection of intubation by
endotracheal tube sizez Am J Emerg Med.
2019;37(4):706-9.

Kundra P, Mishra SK, Ramesh A. Ultrasound of the
airway. Ind J Anaesth. 2011;55(5):456-62.

Tanaka H, Suzuki A, Iwasaki H, Tampo A, Toyama
Y, Kurosawa A, et al. Visualization of the
endotracheal tube placement by using real time
ultrasonography. Am Soci Anesth. 2014;5(2):23-8.
Lahham S, Baydoun J, Bailey J, Sandoval S, Wilson
SP, Fox JC, et al. A prospective evaluation of
transverse tracheal sonography during emergent
intubation by emergency medicine resident
physicians. J Ultrasound Med. 2017;36(10):2079-85.
Gottlieb M, Bailitz JM, Christian E, Russell FM,
Ehrman RR, Khishfe B, et al. Accuracy of a novel
ultrasound technique for confirmation of endotracheal
intubation by expert and novice emergency
physicians. West J Emerg Med. 2014;15(7):834-9.
Senussi MH, Phani C, Mani L, Ali PO, Baraka K, Amr

FM, et al. Protocolized tracheal and thoracic
ultrasound for confirmation of endotracheal
intubation and  positioning: a  multicenter

observational study. Crit Care Explor. 2020;2(9):12-
8.

Thomas VK, Paul C, Rajeev PC, Palatty BU.
Reliability of ultrasonography in confirming
endotracheal tube placement in an emergency setting.
Indian J Crit Care Med. 2017;21(5):257-61.

Sun JT, Sim SS, Chou HC, Chong KM, Ming Ma MH,
Lien WC. Ultrasonography for proper endotracheal
tube placement confirmation in out-of-hospital
cardiac arrest patients: two-center experience. Crit
Ultrasound J. 2014;29(2):112-9.

34.

35.

36.

37.

38.

39.

40.

Chenkin J, McCartney CJ, Jelic T, Romano M, Heslop
C, Bandiera G. Defining the learning curve of point-
of-care ultrasound for confirming endotracheal tube
placement by emergency physicians. Crit Ultrasound
J.2015;7(1):14.

Kendir OT, Yilmaz HL, Bilen S, Gokay SS, Tolunay
I, Ozkaya AK, Riza, et al. The importance of bedside
ultrasonography in confirming the location of
endotracheal tube. Signa Vitae. 2019;15(2);30-3.
Hoffmann B, Gullett JP, Hill HF, Fuller D,
Westergaard MC, Hosek WT, et al. Bedside
ultrasound of the neck confirms endotracheal tube
position in emergency intubations. Ultraschall Med.
2014;35(5):451-8.

Pfeiffer P, Rudolph SS, Borglum J. Temporal
comparison of ultrasound vs auscultation and
capnography in verification of endotracheal tube
placement. Acta Anaesthesiol Scand.
2011;55(1):1190-5.

Kayina CA, Salhotra R, Chandra N, Sethi AK, Mahta
M, Bhatt S. Confirmation of endotracheal tube
placement: Comparison of ultrasound based versus
conventional methods-An exploratory study. Surgery
Curr Res. 2018;8(2):40-3.

Adi O, Chuan TW, Rishya M. A feasibility study on
bedside upper airway ultrasonography compared to
waveform capnography for verifying endotracheal
tube location after intubation. Crit Ultrasound J.
2013;4(5):1-7.

Li J. Capnography alone is imperfect for endotracheal
tube placement confirmation during emergency
intubation. J Emerg Med. 2001;20(3):223-9.

Cite this article as: Dinesh D, Suseel A, Chathappan
RP, Palatty BU. Comparative evaluation of linear and
curvilinear ultrasound transducers for confirmation of
endotracheal tube placement in emergency intubation.
Int J Res Med Sci 2026;14:603-9.

International Journal of Research in Medical Sciences | February 2026 | Vol 14 | Issue 2 Page 609



