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Analytic Reviews

Confirmation of Endotracheal Tube
Position: A Narrative Review

Praveen Rudraraju, MD, and Lewis Ari Eisen, MD

Endotracheal tube (ETT) insertion is the primary
method of definitive airway protection and control in
critically ill patients. Detection of ETT malposition in
a timely fashion is crucial in both elective and emergent
intubation. In this review, we describe classic tests and
highlight several new technologies that may assist the
practitioner in determining ETT position within the
esophago-tracheal complex, namely ultrasonographic
and impedance-based methods. Strengths and weak-
nesses of particular methods are highlighted. Although
many physical examination maneuvers have been
described, reliance on the physical examination alone
is insufficient for confirmation. Touted methods that
appear failsafe, such as direct visualization of the ETT
traversing the vocal cords have limitations, especially
when dealing in the emergency setting accompanying

a difficult to visualize airway. While carbon dioxide
detection is an excellent confirmatory method, it is not
infallible. Esophageal detection devices are useful as an
alternative means of confirmation. New methods such
as ultrasonic location of the ETT show promise but
require further study. The clinician performing ETT
insertion should have multiple confirmation methods
that allow the practitioner to adapt to a variety of clin-
ical situations, depending on local costs and availabil-
ity. Finally, when the clinician still has uncertainty,
or multiple tests give conflicting results, the availability
of bronchoscopy at the bedside to visualize the carina
through the ETT is useful.

Keywords: intubation; intratracheal; oximetry;
carbon dioxide/analysis; critical care; auscultation

Introduction

Endotracheal tube (ETT) insertion is the primary
method of definitive airway protection and control
in critically ill patients. According to the 2000
Advanced Cardiac Life Support guidelines, after
insertion of the ETT, a confirmatory procedure
should be performed to exclude esophageal or endo-
bronchial intubation.1 Undetected esophageal intu-
bation can result in serious complications
including hypoxemia, regurgitation, aspiration,

cardiac dysrhythmia, and death.2-12 Furthermore,
after intubation, the clinician’s ability to verify
proper position of the ETT will speed recognition,
diagnosis, and interventions to correct other etiolo-
gies of hypoxemia. In this review, we investigate var-
ious methods of confirmation of ETT position.

Physical Examination

Auscultatory Methods

Auscultation of 5 points on the chest and abdomen,
2 sites on each side of chest and 1 in the epigastric
region area, has been a traditional method of ETT
positioning confirmation. Unfortunately, it is bur-
dened by low accuracy due to noisy environments
and the possibility of referred sounds and misinter-
pretation.13 Sixty percent of patients with mainstem
intubations had bilateral breath sounds in 1 series.14

In one study evaluating intubations performed
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by paramedics, 35/1643 (2%) of intubations were
ultimately determined to be nontracheal. Overall,
21 (60%) had multiple confirmatory techniques
employed by paramedics. The most commonly docu-
mented was ‘‘equal lung sounds’’ (91%), followed by
‘‘visualized cords’’ (52%).15 Other studies of intuba-
tions by paramedics have shown ETT misplacement
as high as 15%.3,4,6,7,8,12 Visualizing the vocal cords
prior to intubation does not guarantee that the
ETT is positioned between them following passing
of the ETT.

Because of the unreliability of standard ausculta-
tion, other methods have been developed. Perform-
ing bag-valve mask ventilation with the cuff
deflated has been used as a differentiating test. The
sound from a leak in the trachea is reported to be
more high-pitched than the sound from the esopha-
gus. The performance characteristics of this test are
unknown.16,17 Furthermore, there is a concern for
regurgitation and aspiration with this technique,
therefore it is not clinically advisable.

A classic maneuver to try to assess ETT position
consists of pressing forcefully over the sternum while
listening over the end of the ETT for a rush of air.
Unfortunately, it is difficult to distinguish air passing
through the ETT from air passing next to the ETT if
misplaced in the esophagus. In addition, air passing
through the nose may give a similar sound. Finally,
air insufflated into the esophagus from prior bag-
valve mask ventilation or prior esophageal intubation
may contribute to a rush of air heard exiting the
esophagus.18

A unique method of detecting ETT position by
physical examination was suggested by Baigel and
Safranski. By intentionally advancing an ETT into the
right main bronchus, auscultation of unilateral right-
hand sided breath sounds should exclude esophageal
positioning, 91% of placements were correctly identi-
fied by this method.19 Patients with severe lung dis-
ease, especially right-hand side predominant, may
suffer hypoxemia during this maneuver. During this
maneuver, ETT tip ‘‘hang-up’’ on the carina or more
distal bronchial divisions may add to differentiation
from the tubular, smooth muscle esophagus.

Tactile Methods

In addition to auscultation, several different tactile
methods have been proposed for determining ETT
location. The roll test consists of gently rolling the

cricoid cartilage side to side, which theoretically
should not be possible with tracheal intubation.20,21

However, palpating the trachea above the sternal
notch, the roll test and attempting to feel the ETT
during cricoid pressure are all unreliable.14,20,22

Horton et al studied methods of palpating the
ETT to determine its location by placing fingers
inside the patient’s mouth. Palpation of the ETT
within the interarytenoid groove was found to be reli-
able with 95% sensitivity. Limitations of such meth-
ods include insufficient mouth opening, insufficient
neck flexibility, and the need for small hands by the
operator. Additionally, sharp teeth may endanger the
examiner.23

Some clinicians report that during bag-valve-
mask ventilation, there is a characteristic feel as the
bag refills, differentiating ETT location in either the
trachea or the esophagus. This may be unreliable in
patients with high airway resistance. Case reports
suggest that reliance on this method is unsatisfac-
tory.9,13,18 A noncollapsing oxygen reservoir bag
would not provide feedback during this maneuver.

Cuff palpation in the suprasternal notch is
another tactile method to confirm ETT distance
from the carina.24 While successful in preventing
endobronchial intubation, the authors caution that
it cannot reliably differentiate between esophageal
and tracheal positions especially in the short stout
neck or in the face of neck pathology.

Visual Methods

Visualization of the ETT going through the vocal
cords is considered a gold standard confirmation
technique. However, anatomical irregularities such
as a large tongue, prominent teeth, or a short neck
may make visualization of ETT position within the
glottis difficult. Blood and secretions may also pre-
vent visualization of the vocal cords.25 Although this
method has been described as failsafe, it is so only
under optimal clinical circumstances when the
practitioner can easily view the glottis with standard
laryngoscopy. Newer methods of intubation, that
is, video laryngoscopy, allow visualization of the
glottis in many difficult situations and may
augment this method’s reliability. Lastly, if not
rechecked by an additional practitioner, this
reported viewing is not foolproof.15 A distinction
must be made between visualizing the glottis prein-
tubation and postintubation.
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The presence of gastric contents in the ETT may
suggest a malpositioned tube26 but does not differ-
entiate between gastric contents in the stomach and
gastric contents aspirated into the lungs.16 Further-
more, the absence of gastric contents does not rule
out esophageal intubation.

Observing or tactile sensing of chest wall rise is
another sign often relied upon by clinicians. However,
gas insufflation of the esophagus and stomach may
simulate bilateral chest wall rise.13,18 In addition,
obesity or chest rigidity may interfere with detection
of chest wall rise in appropriately positioned tubes.16

Another sign clinicians look for is visualization of
air distention in the stomach. Abdominal distention
with or without gastric ‘‘gurgling’’ may indicate eso-
phageal intubation. Unfortunately this sign may be
misleading in patients with obesity. If air escapes
from the stomach by any means, it will not become
distended. Additionally, the presence of a nasogas-
tric tube may decompress the stomach.17 Moreover,
clinically detectable distention may be a very late
sign of esophageal intubation.18

In addition to observing the chest and abdomen
after intubation, many clinicians also examine the
ETT for mist or ‘‘tube frost,’’ suggesting condensa-
tion of water vapor being eliminated from the tra-
cheabronchial tree. However, it can also occur in
esophageal intubations.17,27

A final visual sign of a misplaced ETT is observing
the patient for cyanosis, a very late and unreliable sign
of esophageal intubation. Observers differ markedly
on their assessment and interpretation of cyanosis
despite the presence of profound hypoxemia.28

Pulse Oximetry

All patients being intubated should have continuous
pulse oximetry. While useful, the pulse oximeter may
not detect a hypoxemic event until well after it has
occurred, especially in patients preoxygenated with
100% oxygen.29-33 In addition, there is often a delay
in desaturation detection between the pulmonary
tree and the digit where pulse oximeters are often
placed. Intense daylight, fluorescent, incandescent,
xenon, and infrared light sources have been reported
to cause spurious pulse oximetry readings.34 Hemo-
globin variants may interfere with pulse oximetry.
Pulse oximetry readings can be falsely low in the set-
tings of hypothermia, hypotension, poor perfusion,
anemia, and nail polish.34,35

Fiberoptic Methods

Fiberoptic bronchoscopy is an excellent method to
confirm ETT placement. Performing bronchoscopy
through the ETT and visualization of the carina
should confirms proper placement. However, imme-
diate availability in all clinical settings is impractical
and its usefulness is limited by clinician inexperi-
ence. Massive secretions, blood, or gastric contents
may block a bronchoscopic view. It is labor intensive
and not cost-effective to perform in all cases.36,37

However, if the use of bronchoscopy obviated the
need for chest radiographs after the procedure, it
might be cost-effective.36

Chest Radiography

Most patients who are intubated outside the
operating room setting will have a chest radiograph.
In one series, chest radiography detected 14% of
patients needing tube repositioning.14 While chest
radiographs are useful for detecting endobronchial
placement,38 detecting esophageal intubation may
be difficult as the esophagus lies posterior to the
trachea. It should never be relied upon to detect
esophageal intubation as morbidity and mortality
may result if ETT misplacement is not detected until
a radiograph is obtained and then interpreted.

Carbon Dioxide Detection

The measurement of the CO2 concentration in
exhaled gas has become one of the standard methods
for verifying ETT location, but it is not failsafe.39

Both qualitative (capnography) or quantitative (cap-
nometry) assessment methods are available.40

Single-use, low-cost, and disposable devices that use
a colorimetric method may be contaminated by
blood, emesis, or pulmonary edema secretions, pro-
hibiting interpretation of any color change. Carbon
dioxide detection is reliant on the presence of pul-
monary circulation (eg, it may not be detected during
inadequate chest compressions during cardiopul-
monary resuscitation). In addition, severe airway
obstruction may prevent sufficient CO2 exhalation
to be detected by capnometers.40 If the ETT lies nei-
ther in the trachea nor in the esophagus, an open
glottis may allow detection of CO2. Small concentra-
tions of carbon dioxide may be detected after an eso-
phageal intubation, especially if bag-and-mask
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ventilation has insufflated previously exhaled air into
the stomach.41 Observing several insufflated breaths
may overcome this problem.42 Patients who have
recently ingested carbonated beverages may also
have carbon dioxide detected in the stomach.41

A meta-analysis by Li in 2001 showed that based on
2192 intubations, capnography had a sensitivity of
93% and a specificity of 97% for emergency tube pla-
cement confirmation. The false-negative failure rate
(tube in trachea but capnography suggests esophagus)
was 7% and the false-positive rate (tube in esophagus
but capnography suggests trachea) was 3%.41

Because capnography has certain limitations,
some authors have argued that waveform capnome-
try should be performed due to superior performance
characteristics. Capnography is often used to
describe a qualitative method that detects the
absence or presence of CO2 and produces an output
such as color change. Waveform capnometry refers
to a continuous tracing measuring exhaled carbon
dioxide. In a study of 345 patients, Grmec showed
that waveform capnometry had 100% sensitivity and
specificity compared to a sensitivity of 88% for cap-
nography.43 Other authors have confirmed these
excellent results for waveform capnometry.44,45

Waveform capnometry has the advantage of rapidly
differentiating tracheal from esophageal place-
ment.31 However, the limited availability of this
technology outside the operating room and the lim-
ited number of patients studied in emergent situa-
tions prevent the drawing of definitive
conclusions.45-47 Newer, battery-operated handheld
devices that offer both capnography and waveform
capnometry are becoming available for clinical use.
Further study is required.

Suction Devices

Esophageal detection devices have been studied as
confirmatory devices especially in cases where car-
bon dioxide detectors may be expected to fail, that
is, CPR. Bulb devices such as the Esophageal Intu-
bation Detector (EID) or the tracheal detecting-
bulb (TDB) are diagnostic tools for confirmation of
tracheal intubation.48 A bulb device is placed onto
the proximal end of an ETT. The compression of the
bulb followed by its release will allow inflation
depending on ETT location. The cartilaginous rings
of the trachea prevent the trachea from collapsing
and since the thorax and lung possess elastic recoil,

gas freely flows. Therefore, if the ETT is in the tra-
chea, the trachea will maintain its structural integ-
rity and air will pass into the device. With an
esophageal intubation, the lack of supporting struc-
tures in the esophagus and the lack of elastic recoil
cause the esophagus to collapse, thus air will not
enter the EID and the device will remain collapsed.

The TDB uses a similar principle. If the endo-
tracheal tube is in the trachea, when a breath is
delivered, intrathoracic pressure increases, and gas
in the lungs flows to the TDB and the latex bulb
fills. When the compression is removed, intrathor-
acic pressure decreases, subatmospheric pressure
draws the gas back to the lungs and the latex bulb
collapses. The rhythmic fill-collapse of the bulb
confirms positioning. The TDB correctly detected
esophageal or tracheal intubation of the ETT in all
400 patients.49

Syringe devices use a similar method.50,51 If the
tube is in the trachea, air will easily be aspirated into
the syringe. These devices are designed to be nonreli-
ant on cardiopulmonary blood flow. The sensitivity and
specificity of the esophageal detector bulb (EDB) in
verifying an esophageal intubation were 80% and
97%, respectively, and the overall accuracy was 96%.52

False negatives with suction devices have been
reported in cases of secretions, bronchospasm, preg-
nant, and obese patients.17,51,53-56 False-positive
result has been reported in patients with massively
distended stomachs and obese patients as well.57,58

Pressure Transduction

The use of pressure transduction may augment the
utility of an EID. In a study published by Wolfe
et al, 27 morbidly obese patients and 37 pulmonary
failure patients were studied with the Electronic
Esophageal Detector Device (EEDD), which uses
pressure transduction to adapt the signal of a stan-
dard EID. The device detects pressure changes and
produces an electronic signal that makes the clini-
cian’s interpretation of position easier.59 The EEDD
correctly identified all tracheal intubations in these
difficult patients where standard esophageal detec-
tion devices might have poor performance.

Light Transmission

The light stylet (light wand) is designed with an illu-
minating bulb at the end. When the stylet is passed
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through the orotracheal or nasotracheal tube, a cir-
cumferential light is seen over the skin, if the ETT
is in the trachea. When the light is emitted from the
ETT-stylet complex, intratracheal position will allow
circumferential light (glow) to be observed over the
anterior and lateral neck tissue. If the tube is in the
esophagus, the circumferential light is absent or
obscured. In a study by Stewart et al, 55/56 intratra-
cheal placements were correctly identified. Of 112
esophageal placements, 111 were correctly identi-
fied.60 Methods using light transmission suffer from
false negatives in patients with obesity,60 dark skin,
or neck swelling.61 False-positive results can be seen
in very thin patients.60

Sound Transmission

The use of a stethoscope to detect ETT position may
be augmented by computer analysis and filtering of
breath sounds. Although its performance in a small
number of patients was excellent in 2 studies, some
caveats remain. The patient group included were
non-obese patients and lacked pulmonary pathology.
In addition, all patients were intubated electively in a
quiet environment.62,63 Performance in other set-
tings may vary.

To improve the poor performance of standard
chest auscultation, Nicoll et al designed an adapted
stethoscope for a method coined ‘‘airway ausculta-
tion.’’ By removing the bell and diaphragm and fash-
ioning a new attachment, they created a device that
could be inserted through the ETT. Of 100 ETT pla-
cements, 91 were correctly identified. Conversely,
the clinician’s subjective impression suggested there
were breath sounds present in 1/50 esophageal
intubations.64

Another device designed to overcome the defects
of standard auscultation is the Sonomatic Confirma-
tion of Tracheal Intubation (SCOTI) device. The
SCOTI device is a handheld, battery-operated intu-
bation monitor. After being attached to an endotra-
cheal tube, feedback is provided in 3 forms: an
audible tone, a variable 3-color light-emitting diode
(LED), and a numeric liquid crystal display (LCD).
It produces sounds in the normal human audio range
and detects whether the tube is in the trachea or the
esophagus. Analogously to SONAR, the SCOTI
device emits sound waves and then analyzes the
reflection.65 In one of the larger head-to-head trials
of confirmation devices, it was compared with the

modified Wee esophageal intubation detection
device in 50 elective surgical patients.51 All patients
had simultaneous tracheal and esophageal intuba-
tions. The Wee device correctly detected esophageal
and tracheal placement of the tracheal tube in all
50 patients. The SCOTI device correctly identified
49 of 50 tracheal intubations and was unable to iden-
tify the position of another. It correctly identified all
50 esophageal intubations. The authors concluded
in this study that the SCOTI and Wee devices
were of equal value.66 However, the SCOTI device
requires calibration in a quiet environment before
use and can only be used in apneic patients.65

Finally, detection of sound transmission can be
augmented by adding a visual component. Acoustic
reflectometry can be used to create a ‘‘one-
dimensional image’’ of a cavity, such as the airway
and lung, with the image displayed as an area-
length curve. The reflectometer generates an acous-
tic impulse and analyzes the reflection. In a pilot
study, acoustic reflectometry was successfully used
to differentiate between tracheal and esophageal
intubations.67

Use of Cuff Pressures

The cuff pressures are different in esophageal and
tracheal intubations. In the study conducted by Lin
et al, a pig esophagus and trachea were intubated
separately and cuff pressures measured after each
milliliter increment of air. Esophageal pressures
were higher than tracheal pressures after equal
amounts of air. It was concluded in this animal
model that pressures could be used to distinguish
between tracheal and esophageal intubations.68 In
human participants, performance may be variable.69

Tactile Methods

Tracheal placement of an ETT can be correctly iden-
tified in a high percentage of patients (93%) using a
tracheal tube introducer or ‘‘Bougie.’’ The clinician
may use the ETT introducer to feel for ‘‘clicks’’ of the
lower tracheal rings, but most significantly to assess
for ‘‘hang up’’ of the introducer as it is advanced to
the level of the carina and main stem bronchi.
Absence of these findings is meant to indicate eso-
phageal intubation.70 While detection of ‘‘clicks’’ is
not infallible, ‘‘hang up’’ of the bougie tip is often
helpful plus easily and rapidly performed.
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Gas Flow Monitoring

Leon et al have used an artificial neural network to
differentiate between gas flows and gas pressures
associated with esophageal and tracheal intubations.
An artificial neural network is a computer represen-
tation of a natural neural network (such as the
human brain). By analyzing inputs and outputs
repeatedly, the network can ‘‘learn’’ to distinguish
between tracheal and esophageal intubations. In
their study, a pressure transducer was hooked up to
the end of a respiratory circuit. The transduced sig-
nal was then analyzed by an artificial neural network.
They found that the artificial neural network
was able to perfectly distinguish between gas
flows and gas pressures in esophageal and tracheal
intubation. While performance characteristics were
good, they concluded that more studies are needed
in different populations.71,72 One case report in par-
ticular revealed this method’s shortcomings by not-
ing that an ETT in the esophagus may return a
tidal volume as high as 180 mL and peak flows as
high as 50 L/min.73

Impedance Methods

Impedance is defined as the opposition to current
flow. Variations in impedance can be used to detect
ETT position.74 An alternating current is passed
repeatedly between 2 electrodes on the chest
(Figure 1). If the ETT is placed in the trachea, lung
volumes will increase during inspiration, which
causes increased impedance to the current. If the
ETT is in the esophagus, there will not be any signif-
icant change in lung volumes or aeration and
impedance will be unchanged.74,75 Figure 2 shows
an example of an impedance study with the ETT
positioned correctly in the trachea. When the patient
is bagged and lung expansion occurs, impedance
increases. When the patient is apneic, no increase
from baseline impedance is seen. This is also found
in esophageal intubations.

In a study by Mehta et al in anesthetized
patients, an ETT were placed simultaneously in both
the esophagus and the trachea; a breathing system
was attached to 1 tube chosen randomly. The posi-
tion of every tube connected to the breathing system
was correctly identified. The median time to cor-
rectly identify tracheal and esophageal tubes was
3 and 5 seconds, respectively.74

Instead of using specialized detectors, some
groups have used standard defibrillator pads. In a
study done by Kramer-Johansen et al, transthoracic
impedance changes detected using standard defibril-
lator pads were able to detect malpositioned tubes,
including those in patients without spontaneous cir-
culation.76 Two additional small studies found simi-
lar results.77,78

Figure 1. Electrode placement with a 3-lead set for impe-
dance respirometry. LL indicates left leg; LA ¼ left arm; RA ¼
right arm.
Adapted from Wiley-Blackwell Publishing. Figure 1 in Absolom
M, Roberts R, Bahlmann UB, et al. The use of impedance
respirometry to confirm tracheal intubation in children.
Anaesthesia. 2006;61:1145-1148.

Figure 2. Respirogram showing transition from apnea to hand
ventilation and then returning to apnea. HR indicates heart
rate; RESP ¼ respiration.
Adapted from Wiley-Blackwell Publishing. Figure 4 in Absolom
M, Roberts R, Bahlmann UB, et al. The use of impedance
respirometry to confirm tracheal intubation in children.
Anaesthesia. 2006;61:1145-1148.
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Ultrasonic Methods

Visualization of the Diaphragm and
Pleural Line

Transthoracic ultrasound (US) is a promising new
method of ETT confirmation. Ultrasound provides
indirect dynamic evidence of correct ETT position.79

Ultrasound can quickly and efficiently visualize
diaphragmatic and pleural motion, which are indica-
tors of lung expansion.80,81 If the ETT is in the tra-
chea, bilateral equal motion of the diaphragm
toward the abdomen is seen. In addition, the ‘‘lung-
sliding’’ sign at the pleural interface is seen—a ‘‘to-
and-fro’’ movement of the pleura synchronized with
ventilation.79,82

***If the ETT is in the esophagus, ventilation
will not result in expansion of the lungs and lung
sliding will be absent. Esophageal intubation will
either result in no motion or paradoxical motion of
the diaphragm. Due to increased intra-abdominal
pressure caused by positive pressure ventilation
being directed into the esophagus, the diaphragm
may paradoxically move cephalad.80 The absence of
the lung-sliding sign will result in visualization of the
vibrations of the pleura in rhythm with the heart beat
termed the ‘‘lung pulse.’’ The ‘‘lung pulse’’ is a sign of
complete atelectasis, which is observable immedi-
ately before radiological changes.81

If the ETT is in the right mainstem bronchus,
there will either be no motion or paradoxical motion
of the left diaphragm. There will be no lung sliding
on the left side of the chest. Lung pulse should be
visible. The right diaphragm should move normally
and lung sliding will only be seen on the right side
of the chest.82-84 For a summary of these findings see
Table 1.

Ultrasonic Direct Visualization of the
ETT

The ETT can also be directly visualized by US as it is
positioned in the trachea. Retaining a stylet in the

ETT or filling the ETT cuff with fluid or foam may
enhance echogenicity.85-88 In a study by Werner
et al, the sensitivity and specificity of US was 100%
for identifying ETT position.89 In a randomized
double-blinded trial in human cadavers, transcri-
cothyroid ultrasonography to confirm endotracheal
tube placement was performed. A small 7.5-MHz
US probe was placed longitudinally over the cri-
cothyroid membrane as cadavers were randomly
intubated in either the trachea or esophagus in
2 phases: (1) as the intubation was being performed
(dynamic) and (2) after intubation had been com-
pleted (static). Dynamic assessment resulted in
97% sensitivity and 100% specificity for detecting
esophageal ETT placement. Static assessment
resulted in only 51% sensitivity and 91% specificity.
Dynamic transcricothyroid US may be a potentially
accurate method of confirming ETT placement dur-
ing the intubation process.90 In a study by Hsieh et al
using the US imaging method, all of 2 esophageal
intubations and 8 incidents of main stem intubation
were successfully identified. Finally, all 59 of the
correct placements of ETT in the trachea were
identified.91

Conclusion

Detection of ETT malposition in a timely fashion is
crucial for patient safety. Reliance on the physical
examination alone is neither sensitive nor specific.
This may be a particular problem in morbidly obese
patients. The ideal confirmation device would be
cheap, fast, 100% sensitive and specific, available
at the bedside and work in all patient populations.
Unfortunately no single device meets all of these cri-
teria. While carbon dioxide colorimetric detection is
usually the best first confirmatory method, it does
not have perfect performance. Operating room cap-
nometry has been reported to have excellent sensitiv-
ity and specificity. Conversely, further study in
emergent airway situations including asystolic
patients is required to better define its limitations.

Table 1. Ultrasound Findings at the Diaphragm and Pleural Surface After ETT Placement

ETT position Right Pleural Surface Left Pleural Surface Right Diaphragm Motion Left Diaphragm Motion

Tracheal intubation Sliding lung Sliding lung Normal Normal
Right mainstem intubation Sliding lung Absent sliding lung Normal Absent or paradoxical
Esophageal intubation Absent sliding lung Absent sliding lung Absent or Paradoxical Absent or paradoxical

ETT, Endotracheal tube
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Esophageal detection devices, either bulb or syringe,
are useful as a second device. New methods such as
ultrasonic location of the ETT show promise but
require further study. We suggest that multiple
methods be available to determine ETT position
after intubation, depending on local costs and avail-
ability. When faced with an uncertain position after
intubation, passing a bougie (or an equivalent) is
rapid and reliable. Finally, the availability of
bronchoscopy at the bedside is quite useful.
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79. Sustić A. Role of ultrasound in the airway management of

critically ill patients. Crit Care Med. 2007;35(5 suppl):

S173-S177.

80. Gerscovich EO, Cronan M, McGahan JP, Jain K,

Jones CD, McDonald C. Ultrasonographic evaluation

of diaphragmatic motion. J Ultrasound Med. 2001;

20(6):597-604.

81. Müller NL. Imaging of the pleura. Radiology.

1993;186(2):297-309.

82. Lichtenstein DA, Menu Y. A bedside ultrasound sign rul-

ing out pneumothorax in the critically ill: lung sliding.

Chest. 1995;108(5):1345-1348.

83. Hsieh KS, Lee CL, Lin CC, Huang TC, Weng KP,

Lu WH. Secondary confirmation of endotracheal tube

position by ultrasound image. Crit Care Med.

2004;32:S374-S377.

84. Lichtenstein DA, Lascols N, Prin S, Mezière G. The

‘‘lung pulse’’: An early ultrasound sign of complete

atelectasis. Intensive Care Med. 2003;29(12):2187-

2192.

85. Chun R, Kirkpatrick AW, Sirois M, et al. Where’s the

tube? Evaluation of hand-held ultrasound in confirming

endotracheal tube placement. Prehosp Disaster Med.

2004;19(4):366-369.

86. Sustic A. Ultrasound-guided percutaneous dilatational
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