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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

ABSTRACT

Background: Anesthesia trainee may initially take longer time to intubate and unintentionally place the endotracheal tube
(ETT) in the esophagus. The present study determined if ultrasound is the fastest method of confirmation of correct placement
of ETT compared to capnography, and chest auscultation in trainees.

Methods: First year anesthesia residents performed intubation in 120 patients recruited after ethical clearance and informed
consent. Time to visualize flutter in trachea, double trachea sign, time to appearance of first and sixth capnography, and time

to execute chest auscultation was noted.

Results: Ultrasonography was statistically fastest method to determine endotracheal intubation (36.50 + 15.14 seconds) vs
unilateral chest auscultation (50.29 + 15.50 seconds) vs bilateral chest auscultation (51.90 + 15.98 seconds) vs capnography
first waveform (53.57 + 15.97 seconds) vs capnography sixth waveform (61.67 + 15.88 seconds).

Conclusion: When teaching endotracheal intubation to novice anesthesia residents using conventional direct laryngoscopy,
ultrasonography is the fastest method to confirm correct ETT placement compared to capnograph and chest auscultation.
Mentor can guide trainee to direct ETT towards trachea and can promptly detect esophageal intubation by double trachea sign.

Key words: Endotracheal intubation; trainee anaesthetist; ultrasound

Footnote: Presented at Canadian Anesthesia Society, Annual
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Introduction

Confirmation of endotracheal intubation is commonly
done by chest auscultation and capnograph executed only
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after the endotracheal tube (ETT) is placed in the trachea.
Endotracheal intubation is the most important technique
that an anesthesia trainee learns which initially may take
longer time to perform with unintentional placement of ETT
in esophagus causing oxygen desaturation in the patient
with morbidity."
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For teaching endotracheal intubation, simultaneous
visualization of the airway by both trainee and mentor would
be ideal for which a video laryngoscope is not the choice as
it involves modification from the conventional laryngoscopy
and thus is not the initial teaching tool for trainees.

Ultrasound has recently been used to confirm endotracheal
intubation with real time images by placing a linear
ultrasound probe transversely on the anterior aspect of the
neck at the level of the cricothyroid membrane.

We hypothesized that as ultrasound visualization of
endotracheal intubation is in real time, it would be the
fastest method to confirm correct ETT placement when
being performed by novice anesthesia trainees compared to
conventional methods of chest auscultation and capnography,
which can be performed only after endotracheal intubation
is done.

The primary objective was to determine whether ultrasound
is the fastest method of confirmation of correct placement
of ETT compared to capnography, and chest auscultation
when performed by novice anesthesia trainees. Secondary
objective was to determine if ultrasound could aid to guide
the endotracheal tube towards the trachea if going towards
esophagus.

Methods

The present study was a prospective, single-blinded, controlled
clinical trial to assess the reliability of ultrasound-guided
intubation as a method for confirmation of endotracheal
intubation conducted in the department of anaesthesiology,
pain medicine, and critical care at All India Institute of
medical Sciences in New Delhi. The institutional ethics
committee approval was obtained. 120 patients, who were
scheduled for elective surgery requiring general anesthesia
with oro-tracheal intubation, were enrolled in the study.
A written informed consent was taken from all the patients.
Inclusion criteria was consenting males and female patients
aged between 18-80 years with BMI <30 kg/m? posted
for elective surgeries requiring general anaesthesia with
oro-tracheal intubation. Exclusion Criteria included refusal to
participate in the study, patients with predictors of difficult
intubation; Modified Mallampati class 3 and 4, Thyromental
distance <6.5 cm, negative upper lip bite test, restricted neck
movements (flexion <25 degrees, extension <85 degrees)
and previous history of difficult intubation.

Novice anesthesia residents in first year of training period as
postgraduate residents in the specialty of anaesthesiology

were the subjects who performed endotracheal intubation.
They were grouped into residents in their first six months of
training and residents who were in the sixth to twelfth month
of training period. Two attending anaesthesiologists who had
prior experience in using ultrasound for airway assessment in
their clinical practice performed all ultrasound assessments.

Patients were kept nil per oral overnight and were
premedicated with tablet Alprazolam 0.25 mg and tablet
Ranitidine 150 mg (per oral, at bedtime and in the coming
morning of surgery with sips of water) along with any other
routine medications taken by the patient. On the day of
surgery, the patient was shifted to the operating room and
all the standard monitors were attached and an IV access
was secured. After pre-oxygenation with 100% oxygen for
3 minutes, anesthesia was induced with standard drugs.

Sonosite M-Turbo ultrasound machine (Sonosite, Inc, Bothell,
WA, USA) with a HFL38 linear transducer (6-13 MHz) was
placed transversely on the anterior aspect of the neck, at a
level just below the cricoid cartilage by observer (one of the
two attending anaesthesiologist with experience of using
ultrasound for airway assessment) to visualize the trachea and
esophagus in the same visual field. The first year anesthesia
resident performed the intubation, and simultaneously
the observer visualized the trachea in ultrasonography
and noted the passage of the endotracheal tube through
the trachea. In case the ETT was observed to be moving
towards/hitting/passing through the esophagus, the observer
immediately asked the resident to redirect the ETT towards
the direction where trachea was present.

After the intubation was performed, second observer
confirmed the placement of the ETT into the trachea by
quantitative waveform capnography, and noted the time to
appearance of the first and sixth capnography waveform.
Third observer auscultated the chest for the presence of
bilateral air entry and noted the time. All three observers
were blinded to each other’s observations and were not
allowed to communicate with each other.

Observer one noted the time from removal of the facemask
to the ultrasound confirmation of endotracheal intubation
by passage of ETT through the trachea, seen as a brief flutter
alongside an empty esophagus. Observer two noted the time
for intubation from removal of the facemask till confirmation
by capnography and the appearance of first waveform, and
the appearance of the sixth waveform. Simultaneously,
observer three performed chest auscultation and noted
the time from removal of the facemask till confirmation
with unilateral as well as bilateral air entry. The number of
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times the ETT on ultrasound was see hitting the esophagus,
passing into the esophagus or hitting any other structure
was also noted.

In all the patients the placement of the ETT was confirmed
by all three methods, namely: Ultrasonography, waveform
capnography and chest auscultation for air entry. The
following parameters were noted; time to intubation
confirmed via ultrasound, time to intubation confirmed via
appearance of the first waveform on capnography, time to
intubation confirmed via appearance of the sixth waveform
on capnography, time to intubation confirmed via chest
auscultation on the right side for air entry, time to intubation
confirmed via chest auscultation on both sides for air entry,
number of times the ETT hit the esophagus or any other
structure, desaturation of SpO, below 95%.

In any ambiguity was seen in the above observations, the
mentor came to the head end of the patient and confirmed
the correct placement of the ETT, by performing a repeat
direct laryngoscopy. These patients were noted but were
excluded from the present study. Also, in case the resident
took more than three minutes for intubation or if the
oxygen saturation of the patient decreased (SpO, <95%) an
experienced anaesthesiologist performed the endotracheal
intubation. All these patients were also excluded from the
study.

Statistical analysis

Anticipating a sensitivity of 94% (on the lower side) and
prevalence of esophageal intubation of 12.5%, the estimated
sample size was 103 patients, with a 95% confidence interval.
Assuming a dropout rate of 15%, the final number of patients
enrolled in the study was 120.

Agreement and time comparison was done between the
three techniques of confirming the correct placement
of endotracheal tube. The data was analyzed using IBM
SPSS Statistics version 16. To validate the reliability of
ultrasonography as a method for confirmation of correct
placement of the ETT, as compared to capnography and
chest auscultation, Pearson’s correlation test and reliability
analysis using interclass correlation coefficient calculation
were used. Confirmation by ultrasonography was compared
with confirmation with capnography by the appearance of
the first waveform as well as appearance of sixth consecutive
waveform. Similarly, ultrasonography was also compared
with chest auscultation both unilaterally as well as bilaterally
as methods of confirmation of correct placement of ETT.
Comparisons of the mean time taken for confirmation of
correct placement of ETT by the three methods included in

this study were done using the student’s paired t test. P value
less than 0.05 was considered as statistically significant.

A reliability analysis using the calculation of interclass
correlation coefficient (ICC) was done to assess the degree of
agreement between the three methods included in the study.

Results

The demographic parameters of all the patients including
age, sex, weight, height, and BMI were comparable between
both groups [Tables 1 and 2].

Ultrasonography confirmation of endotracheal intubation
was at mean time of 36.50 = 15.14 seconds (mean * SD).
Confirmation using chest auscultation for air entry showed
a mean time of 50.29 *= 15.50 seconds (mean = SD)
for unilateral chest auscultation and a mean time of
51.90 += 15.98 seconds (mean = SD) for bilateral chest
auscultation. Confirmation with capnography using
appearance of first waveform was found with a mean time
of 53.57 *+ 15.97 seconds (mean = SD), and a mean time of
61.67 = 15.88 seconds (mean = SD) was recorded for the
appearance of sixth waveform on capnography [Table 3].

The mean time differences were calculated and analyzed
using Pearson’s correlation test. The mean time difference

Table 1: Demographic data of the study population

Variable Mean=+SD
Age (years) 39.02+13.19
Weight (kg) 62.28+11.56
Height (cm) 157.68+9.24
BMI (kg/m?) 24.89+3.10

Table 2: Sex and modified Mallampati (MIMP) class of study
population

Variable Number (%)
Sex

Male 34 (28)

Female 86 (72)
MMP class

| 46 (41)

1l 74 (59)

Table 3: Mean time to confirm correct placement of ETT

Variable Total time taken for
confirmation (s) mean+SD

Ultrasound 36.50+15.14

U/L chest auscultation 50.29+15.50

B/L chest auscultation 51.90+15.18

Capnography (15t waveform) 53.57+15.97

Capnography (6" waveform) 61.67+15.88
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between ultrasound and unilateral as well as bilateral
chest auscultation was found to be statistically significant
(P < 0.001), 13.79 = 4.12 seconds (mean = SD) and
15.41 = 4.22 seconds (mean = SD), respectively. On
comparison with capnography, the appearance of first
waveform had a statistically significant meantime difference
of 17.07 = 3.56 seconds (mean * SD) with ultrasonography
(p of <0.001). The appearance of the sixth waveform
on capnography showed a mean time difference of
25.17 = 4.40 seconds (mean = SD) with ultrasound
(p of < 0.001) [Table 4].

Pearson’s correlation test showed a strong positive association
between ultrasonography, capnography and chest auscultation
[Table 5]. Pearson’s correlation test between ultrasound
confirmation and chest auscultation showed a strong positive
correlation (with r values of 0.964 for U/L chest auscultation
and 0.961 for B/L chest auscultation) which was statistically
significant, P < 0.001. Pearson’s correlation coefficient
(‘r’ value) of 0.975 was obtained between ultrasonography
confirmation and the appearance of the first waveform on
capnography and ‘r’ value between ultrasonography and
appearance of the sixth waveform on capnography was 0.961,
both were statistically significant with P < 0.001.

ICC value for ultrasound and U/L chest auscultation was
0.9816 (p < 0.001). ICC value of ultrasound with B/L chest
auscultation was 0.9803 (P < 0.001). ICC value of ultrasound
with the first waveform on capnography was 0.9867
(P < 0.001). ICC for ultrasound with appearance of the sixth
waveform on capnography was 0.9795 (P < 0.001). Thus
ultrasonography was found to be in strong agreement with
both chest auscultation and capnography [Table 6].

In five out of 120 patients ETT hit the esophagus as seen on
ultrasound and the ETT was redirected towards the trachea.
No ETT entered the trachea. All 120 endotracheal intubations
were confirmed by capnography and chest auscultation. In
one patient the observer was not able to visualize flicker of
the trachea however there was also no visualization of double
hump sign indirectly confirming the trachea to be in trachea.
Sensitivity and specificity of ultrasound to correctly identify
endotracheal intubation was found to be 99.17% and 100%
respectively [Table 7].

Experience of the novice anaesthesiologist, intubating the
patient divided into two groups. Group A included residents
who were in their first six months of training and Group B
included residents who were in the 6-12 months period
of training. Out of the total 120 intubations which were
performed in the study, 69 were done by residents belonging
to group A, while 51 of them were performed by residents
belonging to group B. All five intubation attempts, where ETT
hit the esophagus was done by Group A residents.

None of the patients in the study had a desaturation of less
than 97%, and there were no complications or adverse effects.

Discussion

In the present study the mean total time taken for
endotracheal confirmation with ultrasound was significantly
less at 36.50 = 15.14 seconds compared to confirmation
with unilateral chest auscultation (mean total time of
50.29 * 15.50 seconds; time lag of 13.79 = 4.12 seconds
compared to ultrasound), bilateral chest auscultation
for air entry (51.90 = 15.18 seconds; time lag of
15.41 = 4.22 seconds), capnography first wave and
capnograph sixth wave. In five patients, ultrasound detected
ETT hitting the esophagus. During endotracheal intubation
in one patient, flutter of the ETT passing into the trachea
was not detected on ultrasound however absence of a double
trachea sign confirmed placement of ETT in the trachea.

Teaching the correct method of endotracheal intubation is an
important part in the training of anesthesia residents. In the
beginning of the training period, novice anesthesia residents
may take longer time to intubate and the ETT may accidently
be placed in the esophagus causing oxygen desaturation
especially in patients with low functional residual capacity
like obese patients.!l

In the traditional method of teaching ETT, the mentor stands
by the side of the resident who performs intubation. While
performing direct laryngoscopy only the resident can view
the progress of ETT towards larynx. Before intubation is
attempted the mentor may confirm the view of larynx by
coming to the head end of the patient however this does not
ensure that the ETT would be placed correctly in trachea.

Table 4: Mean time difference between ultrasonography with chest auscultation and capnography

Variable Time difference from usg: mean+SD (s) Pearson’s correlation value P

U/L chest auscultation 13.79+4.12 0.964 <0.001*
B/L chest auscultation 15.41+4.22 0.961 <0.001*
Capnography (1 waveform) 17.07+3.56 0.975 <0.001*
Capnography (6" waveform) 25.17+4.40 0.961 <0.001*

P<0.05, statistically significant, usg: Ultrasonography
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Confirmation of correct placement of ETT is done by a repeat
laryngoscopy by mentor, by capnograph or by bilateral chest
auscultation.

Disadvantage of repeat laryngoscopy include hypertensive
response with oral secretions obscuring airway view.
Disadvantage of bilateral chest auscultation is missed
esophageal intubations in many instances.” Disadvantages
of capnography include waiting for at least 6 continuous
capnographic waveforms or for 1 minute after intubation
to be certain that the capnographic trace is from the
trachea.®” The present study demonstrated that ultrasound
confirmation of correct ET intubation is statistically faster
than capnography even with first waveform. Moreover
capnography relies on physiological factors like ventilation,
adequate pulmonary perfusion and gas exchange for its
confirmation. In conditions of impaired ventilation like
bronchospasm and inadequate pulmonary perfusion like
cardiac arrest or pulmonary embolism, capnography may fail
to correctly identify an endotracheal intubation.®’!

On placing a linear ultrasound probe on the anterior part of
the neck at the level on cricoid, trachea is visualized in the
midline as an inverted-U shaped structure, characterized
by hyperechoic air-mucosal interface with a reverberation
artifact posteriorly.">'"! The esophagus is visualized deep to
the trachea on its left side and can be easily identified, before
induction, by the peristaltic movements seen on asking the
patient to swallow.'"” When ETT, passes through the trachea,
it appears as a hyperechoic bright structure, seen as a brief
flutter, producing acoustic shadowing or comet-tail artifacts,
which helps in visualizing it.'"*?! If the ETT accidentally enters
the esophagus, it is seen as a bright hyperechoic curved line
with a distal dark shadow, which is present posterior, and

Table 5: Pearson’s correlation of ultrasonography with chest
auscultation and capnography

Variable Pearson’s correlation P
coefficient (r)

U/L chest auscultation 0.964 <0.001*

B/L chest auscultation 0.961 <0.001*

Capnography 1%t waveform 0.975 <0.001*

Capnography 6" waveform 0.961 <0.001*

*(P<0.05 statistically significant)

to the left of the trachea, giving rise to a double trachea
sign [Figure 1].524 This technique is independent of the
patient’s physiological state as it relies on the anatomical
visualization of structures and also doesn’t interfere with
the act of performing a laryngoscopy.

In a study on 25 patients posted for elective surgery,
lung ultrasound (using pleural sliding sign) for verifying
endotracheal intubation was compared with auscultation.
Median time for verification by lung ultrasound was
40 seconds vs. 42 seconds for auscultation alone, with a mean
difference of 0.88 seconds in favor of lung ultrasound.™!
As the authors performed lung ultrasound and compared
auscultation with the total time consumed till bilateral
pleural sliding sign was observed, not much significant time
difference was observed. However in the present study
auscultation with real time trans-cricoid ultrasonography
for visualization of passage of endotracheal tube was done
which gave a significant time lag of 14-15 seconds. Muslu
et al. conducted a blinded prospective randomized study
in seventy-five adult patients posted for elective surgery
where anaesthesiologist randomly intubated the trachea or
esophagus with direct laryngoscopy and the sonographers
had to identify them with ultrasound with transducer
placed transversely on the neck above the suprasternal
notch. The sonographers were able to detect tracheal tube
placement within 3 seconds of intubation with sensitivity and
specificity of ETT to be 100% concluding, ultrasonography

Figure 1: ETT inside esophagus (double trachea sign)

Table 6: Interclass correlation coefficient (ICC) of ultrasonography, chest auscultation and capnography

Variable ICC value 95% confidence interval P
Upper limit Lower limit

Ultrasound with U/L chest auscultation 0.9816 0.9735 0.9872 <0.001*

Ultrasound with B/L chest auscultation 0.9803 0.9717 0.9863 <0.001*

Ultrasound with capnography (1 waveform) 0.9867 0.9809 0.9908 <0.001*

Ultrasound with capnography (6™ waveform) 0.9795 0.9706 0.9858 <0.001*

*(P<0.05 statistically significant)
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Table 7: Ultrasonography in detecting correct placement of the
ETT

Statistical test Value (%) 95% Confidence interval
Lower limit ~ Upper limit
Specificity 100 47.82 100
Sensitivity 99.17 95.44 99.98
Positive predictive value 100 96.95 100
Negative predictive value 83.33 35.88 99.58

to be a fast and effective technique for confirming tracheal
intubation.™ In a systematic review and meta-analysis of
12 studies involving adult patients and cadaveric models,
ultrasonography was found to have a high diagnostic value for
identifying esophageal intubations. Detection of esophageal
intubations had a pooled sensitivity of 93% and a specificity
of 97%. This makes ultrasound a valuable adjunct in airway
assessment, especially in situations where capnography may
be unreliable.?®! A prospective study conducted in an urban
teaching hospital in New York, concluded that bedside upper
airway ultrasonography is a feasible method/tool to verify the
placement of endotracheal tube as compared to continuous
capnography.'® Pfeifer et al. in their study compared the
temporal relationship between ultrasound with chest
auscultation and capnography in comparing ETT placement
in emergency setting. They found that ultrasound is faster
than the standard method of auscultation and capnography.?”
However their study was conducted in emergency setting.
Ultrasonography is not affected by physiological factors and
can be very useful in similar situations where capnography
results are ambiguous.

Though video laryngoscopy and fiberoptic bronchoscopy
have been found to be effective in training residents in
the skill of intubation, they involve modifications of the
conventional technique and are not the first method of
training the trainees to perform ET intubation.?3% The
video based methods are difficult to perform when blood or
secretions are present in the airway and obscure the view.
These do not affect ultrasonography as it relies on visualizing
the airway and the process of intubation from outside.

In one male patient with a BMI of 29 kg/m? ultrasonography
was not able to identify endotracheal placement of the ETT
possibly due to higher BMI which could have made flutter at
intubation not very clear. Also the flash of acoustic shadow
observed on endotracheal placement of the ETT is very rapid
and can be missed. As the esophagus remained empty and
collapsed in this patient with no double trachea sign, it was
certain on ultrasound assessment that the ETT was not in the
esophagus, which was also confirmed, by chest auscultation
and capnography.

Another significant clinical finding observed in the present
study was that, in all five patients in whom the ETT hit the
esophagus, it was promptly detected by the ultrasound and
the resident was asked to redirect the tube towards the
trachea immediately. This real time, immediate detection
saves valuable time and prevents morbidity and desaturation
in patients. The five residents who while attempting
endotracheal intubation, inadvertently ended up hitting the
esophagus with the ETT were all in their first six months
of training period in anesthesia. Accidental esophageal
intubations is more commonly done by the residents in the
initial period of their training even when performing direct
laryngoscopy and passing the ETT through the vocal cords
under direct vision. In the present study however, all the
misplaced intubations were promptly detected and none of
the patients had an arterial oxygen saturation drop below
97%. In the present study, we found ultrasound to be a
reliable method for confirming endotracheal intubation when
compared to capnography and consumed lesser time than
both chest auscultation and capnography. Also ultrasound
was able to detect the misplaced esophageal intubations
promptly and redirect the ETT towards the trachea.

The limitations of the present study were that all intubations
were performed on patients with MMP class | and II. Thus the
results cannot be extrapolated to intubations carried out by
novice anesthesia residents on patients with an anticipated
difficult airway but in these situations in all probability the
intubation would not be handed to the novice anesthetist. In
the present study ultrasonography was used only to visualize
the passage of the ETT through the trachea and was not used
to determine endobronchial intubation. Also blinding was not
possible in the five instances where the ETT hit the esophagus
and the mentor had to guide the resident to redirect the ETT
towards the trachea.

In conclusion, when teaching endotracheal intubation
to novice anesthesia residents using conventional direct
laryngoscopy, ultrasonography can be used as a reliable
method to confirm correct placement of ETT, when
compared to capnography and chest auscultation it is the
fastest method. Ultrasonography can also promptly detect
esophageal intubations by the appearance of double trachea
sign and the resident can be guided to redirect the ETT
towards the trachea.
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