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ABSTRACT
It is important for clinicians to be aware of the sensitivity and limitations of commonly used meth-
ods to confirm endotracheal tube placement. Overreliance on insensitive indicators can lead to
delayed recognition of esophageal intubation. The case presented highlights this concern.

RÉSUMÉ
Il est important pour les cliniciens de connaître la sensibilité et les limites des méthodes couram-
ment utilisées pour confirmer la position de la sonde endotrachéale. Une trop grande confiance
accordée à des indicateurs insensibles peut conduire à une identification retardée d’une intuba-
tion oesophagienne. Le cas présenté dans cet article met en lumière une telle préoccupation.
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Introduction

Ensuring proper endotracheal tube (ETT) placement is
paramount in emergency airway management. In attempt-
ing to acquire a definitive airway, it is not uncommon to
inadvertently intubate the esophagus. Clinicians rely upon
various signs and techniques to recognize this error,
thereby preventing serious morbidity or mortality. These
methods are well described in the literature; however, it is
important for clinicians to adhere to these confirmatory
tests and to recognize their limitations. The case presented
is that of delayed recognition of an esophageal intubation
resulting in the demise of the patient. This case helps to
identify common misconceptions and pitfalls in verifying
ETT placement.

Case report

A 6-year-old male was brought to the emergency depart-
ment (ED) 30 minutes after an accidental gunshot wound to
the abdomen (.44 calibre hand gun). On arrival the patient
was conscious and alert, with blood pressure 130/70 mm

Hg, pulse 140 beats/min and respiratory rate 32 breaths/min.
Pulse oximetry measured oxygen saturation at 88% initially
on room air. Lung fields were clear on examination, and
capillary refill was less than 2 seconds. 100% oxygen by a
non-rebreathing mask was applied. Two 18-gauge intra-
venous lines with normal saline were inserted. The presence
of tachycardia and relative hypertension raised the suspicion
of early shock, and a 20 cc/kg fluid bolus was initiated. En-
try and exit wounds were identified at the left elbow, and a
re-entry wound was present at the left ninth intercostals
space, mid-axillary line. The .44 calibre missile was palpa-
ble sub-cutaneously in the right flank at the mid-axillary
line. A supine chest/abdominal x-ray was taken. The tho-
racic film (Fig. 1) was normal, without evidence of pneu-
mothorax. The abdominal film identified the missile in the
right flank. A nasogastric tube was inserted, with position
confirmed by epigastric auscultation following air insuffla-
tion. Appropriate blood work and cross match were sent to
the lab. The surgeon on duty and the operating room (OR)
staff were notified immediately of the case.

Despite being on supplemental oxygen, saturations were
noted to be falling, to between 77% and 80%, during the
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first 15 minutes since arrival. The patient’s hemodynamic
status remained unchanged. A decision was made to insert
a prophylactic left thoracostomy tube and intubate the pa-
tient prior to going to the OR. Rapid sequence intubation
(RSI) was initiated using atropine and fentanyl followed by
midazolam and succinylcholine. The ETT was perceived
by the operator to have been passed into the trachea by di-
rect vision. Auscultation of both axilla noted “good air en-
try,” and condensation of water vapour in the tube was also
noted. Neither an end tidal CO2 monitor nor an esophageal
detector device were used. An arterial blood gas sample
drawn during the pre-oxygenation phase of the RSI
showed that the PO2 was 286 mm Hg with 99.6% oxygen

saturation. Follow-up oxygen saturation was not docu-
mented. Blood was suctioned from the ETT shortly after
intubation. A repeat chest/abdominal x-ray (Figs. 2 and 3)
was taken, and the patient was transferred directly to the
OR. The x-ray film was not viewed by the attending physi-
cian prior to sending the patient to the OR, due to the im-
mediacy of the transfer.

Upon arrival at the OR, the patient was found to have
pulseless electrical activity, with a heart rate of 40
beats/min. A grossly distended abdomen was noted. Surgi-
cal emphysema was present across the abdomen, thorax
and neck. Immediate assessment of the airway revealed an
esophageal intubation. Airway edema and anatomic distor-
tion secondary to surgical emphysema prevented endotra-
cheal intubation, and a tracheostomy was performed. The
patient’s rhythm rapidly deteriorated to asystole and, de-
spite all efforts, resuscitation was unsuccessful.

The official x-ray reading the following day erroneously
reported the ETT to be in the right main stem bronchus.
Later, upon case review and with the benefit of clinical in-
formation as to the discovery made in the OR, a second
reading of the film identified clear indicators of ETT mis-
placement and the presence of pneumoperitoneum (Fig. 3).

Discussion

Esophageal intubation (EI) is a common complication of
definitive airway management. In a review of 610 ED intu-
bations by Sakles and colleagues,2 the incidence of inad-
vertent esophageal tube placement was found to be 5.4%.
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Fig. 1. Initial chest x-ray

Fig. 2. Chest x-ray post esophageal intubation. The distal tip
of the endotracheal tube (asterix) lies below the take-off of
the right mainstem bronchus. In comparison with Fig. 1, de-
creased aeration of both lung fields is also noted. NG tube
distal tip is at the cardia of the stomach. Left sided thoracos-
tomy tube is kinked.

Fig. 3. Abdominal film. The .44 calibre missile is present in
the right flank. Pneumoperitoneum is present creating a sil-
houette of ligamentum teres (horizontal arrow), and lower
cardiac border (vertical arrow).22 Marked subcutaneous em-
physema is also present.
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All were promptly recognized on clinical grounds and
rapidly corrected. This rate is consistent with other
studies.3,4 It has been found that experience alone does not
prevent the occurrence of EI. Consultant physicians and
trainees both have a similar incidence.5 Esophageal mis-
placement was also found to be as common in seemingly
straightforward as well as difficult intubations.5 EI is con-
sidered to be a problem of recognition as opposed to pre-
vention.6 Timely assessment of proper ETT placement is
necessary to avoid serious morbidity and mortality. Unfor-
tunately there are inherent limitations to the common
methods used to verify tube placement. Many physicians
rely solely on these error-prone clinical detection methods,
unaware of their insensitivity.

Procedures to evaluate tube position must be simple, reli-
able, inexpensive and rapidly applicable in order to achieve
widespread acceptance.7 There are 2 direct confirmatory
techniques of proper ETT placement: fiberoptic bron-
choscopy with visualization of the tracheal rings through
the ETT, and direct visualization of the endotracheal tube
passing through the vocal cords.6 Bronchoscopy is not com-
monly available to the emergency physician, therefore the
latter technique is the one more commonly felt to be the
Gold Standard.6 Verification by direct visualization, al-
though logically sound, is fraught with potential hazards. EI
can occur even when the clinician believes he or she has
observed the ETT pass through the larynx, as with this
case. It may occur if the operator is distracted at the last
moment before tube passage, she or he fails to accurately
identify the anatomy, or the tube becomes displaced into
the esophagus post-tracheal intubation.7 This may be prob-
lematic, in that a clinician convinced of proper tube place-
ment will more likely explore other causes for hypoxia first,
leading to a delayed recognition of the true cause.

Frequently, the sole method used by clinicians to verify
proper tube placement is auscultation of the chest. Detect-
ing the location of the ETT by this method may be inaccu-
rate. Air flowing through the esophagus has been shown to
easily mimic respiratory airflow.8 Auscultation of the axil-
lary region alone has been found to be insensitive for mis-
placed ETT. Andersen and coworkers demonstrated this
method failed to identify esophageal intubation in 5 of 40
cases.8 Auscultation of the chest and the epigastrium im-
proved sensitivity, but still failed to identify 1 of 40
esophageal intubations.8,9 Clearly auscultation alone should
never be relied upon as the sole method of verification.

Another commonly used method is observing condensa-
tion of water vapour during expiration. Haridas, however,
reported 42 of 60 esophageal intubations showing conden-
sation.10 It is well documented that condensation can occur

from gas emanating from the stomach.7,9,10 This observation
has proven to be unreliable, even as a supplementary sign.

Pulse oximetry should be continuously monitored during
the intubation process. Its use as a rapid detector of EI is lim-
ited. The standard practice of pre-oxygenation prior to intu-
bation delays desaturation. Delayed desaturation may lead
the clinician to not associate this with a misplaced tube.7

The chest x-ray should not be utilized as a confirmatory
test to differentiate esophageal from endotracheal tube
placement. In addition to the normal delay incurred in tak-
ing and developing the film, misreading the x-ray is possi-
ble due to projection of the esophagus over the tracheal air
column.11 The utility of the chest x-ray is primarily to en-
sure proper tube position within the trachea. Positive pres-
sure ventilation in the presence of esophageal intubation
has been reported to cause gastric rupture and pneumoperi-
toneum.12 The development of massive pneumoperitoneum
in our case was attributed to hollow viscus perforation by
the missile, along with gastric insufflation following mis-
placement of the ETT.

Over the last 2 decades capnometry (end-tidal CO2

monitoring) has been used as a reliable test to distinguish
tracheal from esophageal intubation.13 Alveolar gas con-
tains 5% carbon dioxide providing pulmonary perfusion is
adequate.7 False positive readings, reporting the tube to be
in the trachea when it is actually in the esophagus are pos-
sible. This may occur when expired alveolar gas is intro-
duced into the stomach during bag-valve-mask ventilation,
or following the ingestion of carbonated beverages or
antacids.7,14 False positive readings reporting the ETT to be
in the esophagus when it is actually in the trachea may oc-
cur in states of low cardiac output (e.g., cardiac arrest, se-
vere hypotension), severe pulmonary disease or pulmonary
embolism.14 In a meta-analysis by Li,14 capnography was
shown to have a sensitivity of 93% and specificity of 97%.
This translates to a failed recognition of esophageal intuba-
tion in 3% of cases. Qualitative colorimetric and quantita-
tive digital end-tidal CO2 detector devices are available.
The qualitative method simply measures the presence of
CO2, whereas the quantitative method produces a wave-
form that can be correlated with the respiratory cycle.15 A
detectable waveform can be identified at lower levels of
expired CO2, making it more sensitive in low flow states.16

The presence of a waveform, no matter how small, pro-
vides strong evidence of endotracheal tube placement.

Esophageal detector devices (EDDs) rely on the differ-
ences in rigidity of the tracheal and esophageal walls. If
the tube is in the esophagus there is resistance to aspira-
tion. It is a rapid and reliable indicator of proper tube
placement. Sensitivity and specificity have been reported
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to approach 100%.17–19 Reports of failure of the EDD to de-
tect esophageal intubation have been attributed to previous
air insufflation into the stomach.20 False negative readings
(i.e., failing to detect tracheal intubation) have been re-
ported to occur in the setting of chronic obstructive pul-
monary disease, copious secretions and obesity.21 The EDD
has an advantage over capnometry in the overall ED popu-
lation because of its greater sensitivity in the setting of car-
diac arrest.21,22 In the pre-hospital setting, the EDD has
been found to be less reliable. In a prospective study by
Pelucio and colleagues of 168 patients intubated in the
field by paramedics, the EDD failed to identify 5 out of 10
esophageal intubations.23 This further illustrates the need to
use multiple confirmatory methods in order to detect tube
misplacement. The EDD and the end-tidal CO2 monitor are
both excellent but imperfect devices for determining tra-
cheal versus esophageal tube placement. Even when endo-
tracheal placement is confirmed, identifying right main-
stem or ETT placement at the cords, can only be identified
by chest radiography.

The case presented demonstrated the inaccuracy of com-
monly used clinical methods to confirm proper ETT place-
ment. Direct visualization, auscultation and tube condensa-
tion were erroneously relied upon as sufficient and
accurate markers. The official chest x-ray reading as well
reflected the difficulties in using this as a confirmatory test.
Overreliance on these insensitive indicators led to an un-
necessary position of risk that ultimately resulted in the pa-
tient’s death. The end-tidal CO2 monitor and the EDD are
the most reliable instruments routinely available to confirm
proper tube placement. Both tests are highly sensitive and
specific, as well as rapid, easy and inexpensive to use. Fail-
ure to use either may lead to an unrecognized esophageal
intubation. Clinicians should utilize these objective tools in
combination with clinical confirmatory measures to verify
proper ETT placement.
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