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ABSTRACT

Background and Aims: Confirmation of correct endotracheal tube placement is essential
immediately after intubation for general anaesthesia. In this study, we have compared upper airway
ultrasonography (USG) with reference to capnography for rapid confirmation of endotracheal tube
placement after general anaesthesia. Methods: A prospective, single centre, observational study was
conducted on 100 patients requiring tracheal intubation for general anaesthesia. Both capnography
and upper airway USG were performed immediately after intubation to confirm the endotracheal
tube (ETT) placement. Sensitivity, specificity, and positive and negative predictive values of upper
airway USG were determined against capnography as the reference method. Agreement between
the methods and time required to determine ETT placement by the two methods were assessed
with kappa statistics and Student’s t-test. Results: Upper airway USG detected all five cases of
oesophageal intubation, but could not detect five patients with correct tracheal intubation. Upper
airway USG had a sensitivity of 96.84% (95% confidence interval [Cl]: 94.25%—-96.84%), specificity
of 100% (95% CI: 50.6%—100%), positive predictive value of 100% (95% CI: 97.3%—-100%) and
negative predictive value of 62.5% (95% CI: 31.6%—62.5%). Kappa value was found to be 0.76,
indicating a good agreement between upper airway USG and capnography for confirmation of ETT
placement. Time taken for confirmation of ETT by capnography was 8.989 + 1.043svs. 12.0+1.318
s for upper airway USG (P < 0.001). Conclusion: Both capnography and upper airway USG may
be used as primary procedures for the confirmation of ETT placement.

Key words: Capnography, general anaesthesia, tracheal intubation, upper airway ultrasonography

INTRODUCTION

contributing factors.” Direct visualisation of the ETT
passing through the glottis is often applied in practice,

In operation theatre settings, tracheal intubation
is generally performed to maintain and protect the
airway during general anaesthesia. Confirmation of
correct endotracheal tube (ETT) placement is essential
immediately after intubation. Failure to diagnose
oesophageal intubation can be disastrous. 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

but it is not always possible, especially if laryngoscopy
is difficult. The alternative methods of confirmation
include auscultation, observation of chest movements,
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observation of condensation in the ETT, and
increasing heart rate. None of these indirect methods
have been proven to be fully reliable, especially
under emergency conditions. End-tidal carbon
dioxide (ETCO,) is the gold standard for identifying
oesophageal intubation. Capnography has also been
found to be the best method for rapid assessment of
ETT position.”! Capnography has 100% sensitivity
and 100% specificity in verifying the correct ETT
location which shows that waveform capnography can
be considered as the standard method for the primary
verification of ETT location.*! Several studies of upper
airway ultrasonography (USG) confirmation of ETT
position provided promising results in a cadaver
model or in patients under controlled operating room
conditions.®” In this prospective, observational study,
we have compared upper airway USG with reference
to capnography (the gold standard method) for rapid
confirmation of endotracheal tube placement after
general anaesthesia.

METHODS

A prospective, single centre, observational study was
conducted on 100 patients who required intubation
for general anaesthesia during elective and emergency
surgeries, after approval of the scientific and ethics
committee. Informed consent was taken from all the
participants before enrolment. Patients with anatomic
neck distortion, American Society of Anesthesiologists
Grades 4, 5, limited neck extension, history of
difficult tracheal intubation, abnormal airway
anatomy (e.g., Mallampati class of 4, thyromental
distance <6 cm, inter-incisor gap <3 cm, cervical spine
disease), high risk of aspiration and severe cardiac,
pulmonary, hepatic, renal or coagulative disease were
excluded from the study.

A single sonographer (researcher) identified all
intubations. The sonographer was an anaesthesiologist
who was experienced in performing airway ultrasound.
Upper airway USG was performed with a commercially
available ultrasound machine (SONOSITE-M™
SonoSite, Bothell, WA, USA). The linear ultrasound
transducer of frequency 9-12 MHz was used to perform
the study. The sonographer was blinded to the intubation
done by the laryngoscopist. The sonographer and the
laryngoscopist did not communicate with each other
verbally or visually. The ultrasound probe was placed
transversely on the neck anteriorly, superior to the
suprasternal notch before intubation. Immediately after
intubation, the transducer probe was used to visualise
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the endotracheal tube in the tracheal longitudinal and
transverse views [Figures 1 and 2]. The probe was
then moved to the left to look at the oesophagus to see
whether it was empty or distended by ETT.

Data were entered into MS Excel and analysed
in SPSS 24.0 IBM Analytic software (SPSS Inc.,
Chicago, Illinois, USA). Quantitative data were
expressed as mean, range and standard deviation,
whereas qualitative data were expressed as relative
frequencies (n/N). We compared the number of
tracheal intubations detected upper airway USG with
that detected by capnography using the Chi-square
test. Using kappa statistics, we determined the strength
of agreement between airway upper airway USG and
capnography. P < 0.05 was considered statistically
significant. Confirmation times taken by the methods
were noted. Both the methods (capnography and
upper airway USG) were applied to all the patients in
the group.

Sensitivity, specificity, positive and negative predictive
values of airway upper airway USG were determined
against capnography as the gold standard to confirm
tracheal intubation.

RESULTS

The mean distribution of age was 38.87 + 11.969 years
and mean weight 65.49 = 13.78 kg. Out of the
100 intubated patients’ capnography was able to
detect endotracheal intubation in 95 patients and
oesophageal intubation in five patients. Upper airway
USG also detected oesophageal placement of the ETT
in those 5 patients. However, upper airway USG could
not detect the ETT placement in three patients in
whom a typical waveform was seen on capnography
[P < 0.001, Table 1].
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Figure 1: Ultrasound image after tracheal intubation showing posterior
shadowing in trachea and oesophagus which is empty
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Figure 2: Ultrasound image after tracheal intubation in longitudinal
view showing the presence of endotracheal tube

To detect tracheal intubation, upper airway USG had
a sensitivity of 96.84% (95% CI: 94.25%-96.84%),
specificity of 100% (95% CI: 50.6%-100%),
positive predictive value of 100% (95% CI:
97.3%-100%) and negative predictive value of
62.5% (95% CI: 31.6%-62.5%) when compared with
waveform capnography. Kappa value was 0.762
indicating a good agreement between upper airway
USG and capnography in the confirmation of ETT
placement.

Capnography took 8.99 + 1.043 s for the confirmation
of correct ETT placement, and upper airway USG
took 12.0 * 1.318 s for the confirmation of correct
ETT placement. This difference of 3.01 s was highly
significant (P < 0.001).

DISCUSSION

This study shows a good agreement, with a kappa
value of 0.762, between upper airway ultrasound
and waveform capnography and also quick mean
confirmationtimesofboththemethods(approximately,
9 s for capnography and 12 s for upper airway USG).
Upper airway USG detected all five oesophageal
intubations but did not detect three out of 95
tracheal intubations (false negatives). Therefore,
this study suggests that upper airway USG may be
used in the primary confirmation of endotracheal
tube placement; it accurately identified oesophageal
placement, but was less accurate in identifying
tracheal intubation compared to capnography. Both
techniques are time-saving, safe and faster than other
techniques such as chest radiographs.®! This study
covers a variety of patients who differ significantly
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Table 1: 2 x 2 Table used to determine the sensitivity and

specificity of upper airway ultrasonography in comparison
to capnography

Position of ETT Capnography Total
ETT in Trachea ETT not in Trachea
Upper airway
Sonography
ETT in Trachea 92 0 92
ETT not in Trachea 3 5 8
Total 95 5 100

ETT — Endotracheal tube; P<0.001

in age, weight and surgeries they underwent. Upper
airway USG can be advantageous in situations
involving low cardiac output, bronchoconstriction
or other situations in which capnography or ETCO,
might be fallacious.” Thus, upper airway USG might
be the method of choice in the primary verification
of ETT location in upper airway in such conditions.
Upper airway USG also has few disadvantages as
seen in the study. Upper airway USG misidentified
three tracheal intubations (three false negatives)
which were identified as positive by waveform
capnography. These subjects were found to be
overweight or obese (118 kg, 82 kg and 86 kg) with
more subcutaneous fat in the neck region which might
have made identification of the hyperechoic comet
tail shape, posterior shadowing in the transverse
view difficult and therefore the ETT placement was
not detected. Another limitation is that upper airway
USG is operator dependent; hence its repeatability
and generalisability needs to be further studied.

The rate of oesophageal intubation during the initial
intubation was 5% (5 out of 100 cases). Upper airway
USG detected all five oesophageal intubations which
did not show any waveform on capnography. Therefore,
upper airway USG was found to be 100% specific
for diagnosing oesophageal intubation. The main
strengths of our study are its prospective nature, and
that a single operator performed all ultrasounds.

The sensitivity and specificity of upper airway USG
for diagnosing tracheal intubation when referenced
to capnography were 96.8% and 100%, respectively.
This is similar to the results obtained by previous
studies.['*®®! In our study, upper airway USG
misidentified three cases (three false negatives) which
were tested to be positive by capnography. In one
study, two of the false negatives patients observed
were found to have subcutaneous emphysema due to
pneumothorax which made the identification of the
two hyperechoic lines difficult.!
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Our study also showed that upper airway USG and
capnography have quick mean times of 12 s and 9 s
respectively which is comparable to the results of the
previous studies. 1013

The reliability of quantitative capnography is a
suspect in some low pulmonary flow condition like
cardiac arrest or severe shock. In such conditions,
low pulmonary flow will not disturb upper airway
USG images. Therefore, upper airway USG may
be used in such conditions to confirm the ETT
placement. After intubation, there are primary and
secondary verifications of endotracheal tube. Primary
verifications are defined as procedures performed
before the endotracheal tube is secured. Our study
showed that upper airway ultrasound is a direct
method that visualises the upper airway structures
in real time to identify endotracheal tube location.
It also determines whether tube is in the trachea
or the oesophagus after intubation. Capnography
is also a direct method that detects the amount of
carbon dioxide in the exhaled air. Our study showed
that both the methods have a good accuracy, good
correlation, good agreement and quick confirmation
times.

Ultrasound is becoming very important in upper
airway management especially in emergency
settings.['!l This is because it is easy to carry, relatively
cheap, has a proven record of safety, and does not
cause pain.¥ Capnography is not always available
in emergency settings and peripheral centres. In such
settings, ultrasound can be used for the verification
of ETT placement. In overweight and obese patients,
upper airway USG has been shown to be superior to
auscultation in speed and accuracy in detection of
placement of endotracheal.!*?

CONCLUSION

Upper airway USG is as accurate as capnography in
diagnosing oesophageal intubation. Both airway upper
airway USG and capnography have good agreement
and quick confirmation times, though capnography
is about 3 s quicker. Both capnography and upper
airway USG can be used as primary procedures for
confirmation of ETT placement.
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