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ABSTRACT

Objective. Endotracheal intubation may be 
associated with lethal complications when 
not applied in appropriate manner. In this 
study, we aimed to examine the e!ciency 
of transcricoid and pulmonary ultrasonog-
raphy in con"rming the position of the 
tube in comparison with classical methods. 
Methods. #is study was carried out be-
tween 2016 and 2017 in Turkey and was 
registered in Clinical Trials under  number 
NCT03081221. #e location of the tube was 
con"rmed using methods such as monitor-
ing the vocal cords during direct laryngo-
scopy, condensation on endotracheal tube 
during respiration, epigastric-pulmonary 
auscultation, radiography and capnometry. 
A$er that, the transcricoid and pulmonary 
ultrasonography were implemented by the 
blinded pediatric emergency care special-
ist. 
Results. 64 cases who needed advanced 
airway requirements were involved in this 
study. #e double-line appearance could 
not be obtained from one patient only 
when using transcricoid ultrasonography, 
but the bilateral pleural shi$ movement 
was observed among all the cases by us-
ing pulmonary ultrasonography (sensitive: 
98%-100%). 
Conclusion. #e determination  of endoe-
sophageal, endotracheal and endobronchi-
al intubations can be easily made by using 
transcricoid and pulmonary ultrasonog-
raphy. #e use of ultrasonography may 
signi"cantly contribute to critical airway 
management as fast, accurate and on time. 

Keywords: Endobronchial intubation, En-
dotracheal intubation, Ultrasonography. 

INTRODUCTION

Endotracheal intubation is applied under 
emergency or elective conditions in order 
to protect or secure the airway of critical 
patients (1). #e frequency of esophageal 
intubation (EI) in emergency units ranges 
between 6 and 16% (1, 2). #e inaccurate 
location, especially in intubations applied 
under emergency conditions, may result in 
degradation of oxygenation in vital organs 
and loss of critical hours during con"rma-
tion process. Classical con"rmation meth-
ods used are vocal cord observation by 
using direct laryngoscopy, epigastric and 
pulmonary auscultation, condensation on 
thoracic tube, observation of the ascending 
and descending movements of the thorax, 
observing the tube on the carina line by us-
ing direct radiography, pulse-oximeter, and 
capnography (1, 3). #e most useful meth-
od known is (except for the false results un-
der certain circumstances) measuring the 
end-tidal carbon dioxide (1, 4).
 In the present study, it was aimed to de-
termine the compatibility of endotracheal 
tube location con"rmation by using ultra-
sonography (USG), which is an easy, fast, 
reliable, and useful method utilized fre-
quently by the emergency unit physicians 
during critical patient management, with 
classical methods. 

METODS

#e present study was prospectively car-
ried out between March 2016 and June 
2017 in Pediatric Emergency Rooms and 
PICUs (Pediatric Intensive Care Units) 
of Çukurova University, Turkey. #e ap-

proval of ethics committee was obtained 
before the study (13/01/2017). #e study 
was registered in Clinical Trials under 
number NCT03081221. #e patients, who 
were brought when only the researcher was 
in the unit and who were in need of en-
dotracheal intubation, were involved. All 
the intubations were con"rmed using clas-
sical methods such as monitoring the vocal 
cords during direct laryngoscopy, conden-
sation on endotracheal tube during respira-
tion, observing the ascending and descend-
ing movements of the thorax, epigastric 
and pulmonary auscultation, direct radi-
ography and capnometry. #e emergency 
interventions on patients were executed 
in accordance with their clinical condi-
tions and then, by using the Sonosite Edge 
USG device and high-de"nition 6-15 MHz 
planar probe, the images of transcricoid 
membrane were taken from the transverse 
and sagittal cross-sections by palpating the 
cricoid cartilage when the patient was in 
supine position. In both cross-sections, the 
hyper-echoic double line appearance was 
sought in trachea and esophagus. #e dou-
ble line appearance in trachea was accepted 
as the accurate intubation (Figure 1). #en, 
the same probe was used in searching for 
the pleural shi$ing movement between the 
2nd and the 4th intercostal spaces in both 
of pulmonary sagittal cross-sections. #e 
bilateral lung sliding was determined to 
be endotracheal intubation, the unilateral 
appearance was accepted to be endobron-
chial intubation and non-appearance to be 
the endoesophageal intubation. #e imple-
mentation was performed by a pediatric 
emergency specialist having USG training, 
and the duration was recorded.
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RESULTS

64 patients in total (median age of 43.89 
months, IQR: 7.23-94.62), of whom 38 
(58.4%) were girls, who underwent en-
dotracheal intubation when the single 
researcher, who carried out the present 
study, was alone, were involved in this 
study. 15 patients were intubated under 
the emergency conditions while the oth-
ers underwent intubation under elective 
conditions. 
#e endotracheal intubation was most 
frequently applied because of respiratory 

or cardiovascular failures (27 patients - 
42.18%). #e second most frequent reason 
was the central nervous system pressure, 
followed by the patients prophylactically 
intubated because of other reasons. Five 
patients were brought to the emergency 
unit with cardiac/respiratory arrest (Table 
1). 
Except for the patients brought to the 
emergency unit with cardiac-respiratory 
arrest, all the patients were sedated/ given 
analgesics at least once before the intuba-
tion, and "$een patients were given para-
lyzing agent once. Midazolam, fentanyl, 

and rocuronium bromur were preferred.
In Table 2, the success rates of classical 
methods in con"rming the endotracheal 
intubation are presented, whereas Table 3 
shows the success rates of ultrasonography 
method.
A$er the "rst evaluation of patients, the 
double line appearance was sought in 
sagittal and transverse images taken us-
ing transcricoid USG, and this appearance 
could not be seen in one patient only (sen-
sitiveness 98%) (Figure 2). Among all the 
patients, the movement was observed in 
trachea when the endotracheal tube was 
moved. #is movement was con"rmed 
with formation of color line in trachea 
by using the color Doppler in 54 patients 
(83%) (Figure 3). 
Pleural shi$ing was observed in pulmo-
nary USG assessments of all the patients 
(sensitiveness 100%). Since all of the pa-
tients were intubated without any compli-
cation, no sensitiveness value was calculat-
ed. #e mean duration of completing the 
imaging was 38.82 sec. 

DISCUSSION

If the endotracheal intubation is not ap-
plied appropriately or the endoesopha-
geal intubation is not successfully accom-
plished, then hypoxia, brain damage, or 
death may occur (5). #e present study 
involves data corroborating that the loca-
tion of tube can be determined in a short 
time a$er the intubation by using USG and 
that the use of USG is a reliable method in 
managing critical moments.  
#ere have been USG devices in most 
emergency units since 1990s and they 
have been widely used by the emergency 
specialists. A$er the articles published be-
tween 2009 and 2012 by the Council Emer-
gency Medicine Residency Directors, it 
started to play a signi"cant role in manag-
ing critical patients (6). In a study carried 
out by Chenkin et al. (7) on 66 emergency 
medicine specialists and assistants having 
no USG training background, it was shown 
that the participants could accurately iden-
tify the location of the tube a$er the train-
ing on USG. Similarly, in a study carried 
out by Gottlieb et al. (8) on 45 emergency 
physicians that had just started working in 
this occupation, the participants worked 
with 150 USG-imaged new cadavers and 
they successfully identi"ed the location of 
the tube in skinny cadavers (91% sensitiv-
ity and 96% speci"city). In obese cadavers, 
the participants identi"ed the location of 
the tube with sensitiveness of 100% and 
speci"city of 48%. In that study, it was 

Table 1. Demographic data of patients
Indication Number of Patients (n) Percentage (%)
Central nervous system 19 26.68
Respiratory and cardiac failure 27 42.18
Prophylactic 13 20.3
Cardiac-respiratory arrest 5 7.81

64 100

Table 2. Classic methods used in con(rming the endotracheal intubation
Classical methods used
in intubation 

Number of Patients 
(n)

Percentage 
(%)

Seeing the vocal cords during
 intubation 

64 100

Observing the ascending and 
descending movements of thorax

64 100

Condensation on the 
endotracheal tube

64 100

Intubation supported by
 auscultation (lung, stomach)

64 100

Direct radiography 64 100
Con"rmation using End-tidal 
Carbon Dioxide (EtCO2) 

64 100

EtCO2 ,End-tidal Carbon Dioxide

Table 3. Ultrasonography (USG) results in con(rming the endotracheal intubation.
Ultrasonography (USG) Results Number of Patients 

(n)
Percentage 
(%)

Double line appearance in 
transcricoid USG

63 (not observed in 1 
patient)

98

Absence of enlarged esophagus 
appearance (no double line sign)

64 100

Observing the movement in trachea when the 
endotracheal tube is shaken up-down

64 100

Observing the color line in the trachea in color 
Doppler when the endotracheal tube is shaken 
up and down

54 83

Presence of pleural shi$ing movement
 in pulmonary USG 

64 100

USG, Ultrasonography 
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reported that the success rate increased 
together with the increasing experience 
of emergency physicians (8). #e present 
study was also carried out in a unit where 
USG is frequently used. #e images were 
taken by a pediatric emergency specialist 
having USG training background, and the 
accuracy of tube locations was determined 
at 100% sensitiveness level. 

In patients with respiratory and circula-
tory failure, suppressed consciousness 
and inability to sustain airway, as well as 
in patients requiring airway openness to 
be ensured prophylactically, the endotra-
cheal intubation performed in short time 
period and without any complications is 
a life-saving intervention (1, 9). Fi$een of 
the patients involved in the present study 
were intubated under emergency condi-
tions. First, the location of tube was con-
"rmed using classical methods. Classical 
methods used in con"rming the location 
of tube in emergency practice and also in 
the present study such as monitoring the 
vocal cords during direct laryngoscopy, 
observing the condensation on endotra-
cheal tube and ascending and descending 
movements of chest a$er the implementa-
tion of balloon/mask, and epigastric and 
pulmonary auscultation are clinician-de-
pendent methods and might be a%ected 
by environmental conditions (1, 4, 10, 11). 
Previous studies showed that the pulmo-
nary auscultation has 74-91% sensitiveness 
level and 91-100% speci"city (4, 11). #e 
tube condensation might not be observed 
in patients having high airway resistance 
or those having low pulmonary capacity. 
#e gas content of stomach might suggest 
that the thoracic wall moves bilaterally, the 
patient may aspirate the stomach content 
because of the balloon mask respiration 
(3, 4, 9). Since the esophageal intubation 
might be determined earlier if the location 
of the tube is examined using USG, the pa-
tient would be protected from the aspira-
tion risk (2). Similarly to the present study, 
Moghadam et al. (2) used classical meth-
ods and reported the USG’s sensitiveness 
to be >90% and speci"city to be 80-90%. 
Moreover, Pfei%er et al. (9) compared USG 
to classical methods as in the present study 
on 22 patients, all of whom had under-
gone successful intubation, and reported 
that there was no statistically signi"cant 
di%erence between the auscultation dura-
tions in case of USG (47.5 sec.), whereas 
the USG o%ered statistically signi"cantly 
shorter period (43 sec.) when the ausculta-
tion was combined with capnography (55 
sec.) (p<0001). We didn’t record the im-
plementation times of classical methods, 
but we showed that the intubation was not 
endoesophageal but endotracheal, and that 
the localization (non-endobronchial) can 
be showed in a short time period (38.82 
sec.). In the study of Moghadam et al. (2), 
in which they took classic methods con-
sisting of thoracic-epigastric auscultation, 
tube aspiration, direct laryngoscopy and 
pulse oximeter as reference as in the pre-
sent study, the authors reported the sensi-

tiveness of USG to be >90% and speci"city 
to be 80-90%.
Even though radiography is widely used 
by many clinicians in determining the po-
sition of Endotracheal Tube, it is a time-
consuming method exposing the patient 
to radiation (3). #e end-tidal carbon 
dioxide (EtCO2) measurement is consid-
ered as the most reliable method in today’s 
practice. Among the patients having air-
way obstruction, severe respiratory failure 
and low cardiac output during cardiopul-
monary resuscitation (CPR), the EtCO2 
measurement might yield false negative re-
sults, even though it might also yield false 
positive results because of the low carbon 
dioxide content of esophagus (1, 2, 4, 10). 
In order to perform the measurement, the 
ventilation by balloon-mask is required 
and this might cause the aspiration of 
stomach content among the patients in 
whom the necessary precautions were not 
taken (2, 4). #e EtCO2 measurement does 
not allow determining the exact location of 
tube (1, 3, 9).
#e endotracheal intubation can be con-
"rmed by obtaining double line appear-
ance in trachea by using USG and by show-
ing that there is no esophageal enlargement 
by showing the double-line appearance in 
esophagus. #us, the endoesophageal in-
tubation can be excluded and the possible 
complications of endoesophageal intuba-
tion may be prevented. On the other hand, 
as aimed in the present study, the endotra-
cheal and endobronchial intubations (in 
other words, if the tube has been placed 
accurately) can be distinguished by using 
USG, and the pulmonary defect, hypoxia-
caused bradycardia and cardiac arrest, and 
the hypoxic brain damage that might oc-
cur in case of inaccurate placement can be 
prevented (5).  
In the study carried out by Adi et al (12), 
in which they involved 107 patients (6 of 
which have been undergone endoesopha-
geal intubation) and compared the cap-
nography that is nowadays accepted as 
the golden standard in con"rming the en-
dotracheal intubation, the authors report-
ed that the USG is very reliable in con"rm-
ing that the tracheal tube has been placed 
accurately (sensitiveness: 98%, speci"city: 
100%.
Moreover, USG can be also used in follow-
ing the location of the tube during follow-
up of patients in intensive care unit (5). 
Since ultrasonography enables the real-
time con"rmation of intubation for the 
patients in whom intubation is very di!-
cult, it may gain an advantage against other 
methods (5, 13).
#ere are studies in literature unlike our 

Figure 1. Image of an application in this 
study

Figure 2. Double-line image in trachea in 
this study

Figure 3. Color line in trachea taken using 
color Doppler
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study which synchronously con"rm using 
USG during intubation. In a study carried 
out on 30 patients, Park et al. (14) ob-
tained images by using transcricoid USG 
during the dynamic process of intubation 
and reported the sensitiveness value of 
96.3% and speci"city of 100%. #en they 
determined that the pleural shi$ing move-
ment in both lungs has 100% sensitivity 
and speci"city in determining if the tube 
is at endobronchial position (14). On the 
contrary to that, Tsung et al. (15) reported 
that the procedure might be con"rmed by 
seeing the empty esophagus during the dy-
namic process of intubation. In their study 
89 patients brought to the hospital during 
intubation, 3 minutes a$er intubation (the 
period of observing the clinical response), 
and 3 minutes a$er on-"eld intubation 
were involved and 115 ultrasound images 
were taken, Ho%man et al. (16) performed 
the con"rmation by seeing the tube ex-
ceeding beyond the vocal cords, monitor-

ing the preoxygenation and response, and 
using capnography. In that study, they re-
ported the sensitiveness and speci"city of 
con"rmation using USG to be 97.8% and 
90% for endotracheal intubation and 90% 
and 98.9% for endoesophageal intubation, 
and that the imaging process was accom-
plished in 5 seconds. In their study, in 
which they took direct laryngoscopy and 
capnography as reference and took the im-
ages of 120 patients during (dynamic) and 
a$er (static) intubation, Abbasi et al. (17) 
reported the sensitivity and speci"city of 
method to be 98.1% and 100% in dynamic 
phase and 100% and 100% in static phase, 
respectively.

CONCLUSION

#e present study showed that the endotra-
cheal intubation can be con"rmed by using 
transcricoid USG and that it can be easily 

determined without any complication by 
bilaterally observing the pleural shi$ing 
movement via pulmonary USG that there 
is no endobronchial intubation. More 
comprehensive studies involving higher 
number of patients, incorporating imag-
ing dynamically performed synchronously 
with the intubation process, and having a 
blind implementer are needed.

Ethical Statement

#is article does not contain any studies 
on human or animal subjects performed 
by any of the authors.

Con$ict of interest 

Authors declare no "nancial or commer-
cial con&ict of interest.

REFERENCES 

1. Rudraraju P, Eisen LA. Con"rmation of endotracheal tube position: A narrative review. J Intensive Care 2009;25(5): 283-92.
2. Moghadam HZ, Shri" MD, Rajabi H, Mousavi Bazaz M, Alamdaran A, Jafari N, et al. Screening characteristics of bedside ultrasonog-

raphy in con"rming endotracheal tube placement; a diagnostic accuracy study. Emerg (Tehran) 2017;5(1):e19.
3. Garg R, Gupta A. Ultrasound: A promising tool for contemporary airway management. World J Clin Cases 2015;3(11):926-9.
4. Budhram G, Murman D, Lutfy L,  Sullivan A. Sonographic con"rmation of intubation comparison of 3 methods in a pig model. J 

Ultrasound Med 2014;33:1925-9.
5. Sustic A. Role of ultrasound in the airway management of critically ill patients. Crit Care Med 2007;35(5);173-7.
6. Marin JR, Lewiss RE. Point-of-care ultrasonography by pediatric emergency medicine physicians. Pediatrics 2015;135(4):1113-22.
7. Chenkin J, McCartney CL, Jelic T,  Romano M, Heslop C, Bandiera G. De"ning the learning curve of point-of-care ultrasound for 

con"rming endotracheal tube placement by emergency physicians. Crit Ultrasound J 2015;7(1):14.
8. Gottlieb M, Bailitz JM, Chistian E, Russel FM, Ehrman R, Khishfe B et al.Accuracy of a novel ultrasound technique for con"rmation 

of endotracheal intubation by expert and novice emergency physicians. West J Emerg Med 2014 Nov; 15(7): 834–9. 
9. Pfeı%er P, Bache S, Iabye L, Rudolph S, Rovsing L, Borglum J. Veri"cation of endotracheal intubation in obese patient-temporal com-

parison of ultrasound vs. auscultation and capnography. Acta Ansesth Scand 2012;56:572-6. 
10. Schmölzer GM, O’Reilly M, Davis PG, Cheung PY. Con"rmation of correct tracheal placement in newborn infants. Resuscitation 

2013;84(6):731-7.
11. Takeda T, Tanigawa K, Tanaka H, Hayashi Y, Goto E, Tanaka K. #e assesment of three methods to verify tracheal tube placement in 

the emergency setting. Resuscitation 2003;56:153-7.
12. Adi O, Chuan TW, Riahya M. A Feasibility study on bedside upper airway ultrasonography compared to waveform capnography for 

verifying endotracheal tube location a$er intubation. Crit Ultrasound J 2013;5(1):5-7.
13. Bond A. Obesity and di!cult intubation. Anaesth Intensive Care 1993; 21:828–830.
14. Park SC, Ryu JH, Yeom SR, Jeong JW, Cho SJ. Con"rmation of endotracheal intubation by combined ultrasonographic methods in 

the emergency department. Emerg Med Australas 2009; 21:293-7.
15. Tsung JW, Fenster D, Kessler DO, Novik J. Dynamic anatomic relationship of the esophagus and trachea on sonography. J Ultrasound 

Med 2012;31:1365-70. 
16. Ho%mann B, Gullet JP, Hill H,  Fuller D, Westergaard MC, Hosek WT et al. Bedside ultrasound of the neck con"rms endotracheal 

tube position in emergency intubations. Ultraschall Med 2014;35(5):451-8.
17. Abbasi S, Farsi D, Zare MA,  Hajimohammadi M, Rezai M, Hafezimoghadam P. Direct ultrasound methods: a con"rmatory tech-

nique for proper endotracheal intubation in the emergency department. Eur J Emerg Med 2015;22:10-6


