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Accuracy of Real-time Intratracheal Bedside Ultrasonography and
Waveform Capnography for Confirmation of Intubation in Multiple Trauma

Patients

Abstract

Background: A secure airway and effective ventilation are key components of advanced life support,
and misplacement of endotracheal tube (ETT) can lead to morbidity in multiple trauma patients.
The purpose of this study was to investigate the accuracy of ultrasound in diagnosis of direction
for tracheal intubation. Materials and Methods: This descriptive-analytical study was conducted
on 100 traumatic patients requiring intubation in 2016 in the Emergency Department of Al-Zahra
and Kashani Medical Education Centers in Isfahan. Surface probe was placed transversally in the
front of the neck at the top of the suprasternal notch, and the position of trachea was specified
by front of comet-tail artifact which is the contour between hyperechoic air-mucosa (A-M) and
a posterior reverberation artifact. Intubation accuracy by capnography was investigated, and the
results were recorded in each patient’s profile. Tracheal sonography was done during placement, or
as soon as, the ETT has been embedded. The scanning time was minimized and it was carried out
in total time of 10 s. Results: The diagnosis of intubation accuracy indicated that it was successful
in 94 individuals (94%) and unsuccessful in 6 ones (6%). Intubation accuracy in 93 people (93%)
was confirmed, and inaccuracy of intubation in 7 people (7%) was diagnosed. Ultrasound
sensitivity in diagnosis of intubation accuracy was 97.9% (92.94) with 83.3% (5.6%) specificity.
The positive and negative predictive values were 98.9% (92.93) and 71.4% (5.7%) respectively.
Conclusion: Ultrasound method has high sensitivity and specificity to determine the correct
placement of the tracheal tube, and it can be implemented as a reliable method given the acceptable
positive and negative predictive values.
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Introduction of secondary methods such as capnometry,
. . . . capnography, esophageal detector device
Tracheal  intubation in  respiratory PROSIapAy, ©eSopuag ’
. . . and chest radiography are used for ETT
management of critically ill patients . . -
. . . intubation routinely. Capnometry and
who suffer from airway impairment

capnography are known as the most
effective secondary methods, but they
can be associated with false-positive or
false-negative responses.!!

or ventilation for any reason plays an
important role in the treatment process.!!
Unfortunately, in some cases, doing such
activity is difficult even if it is done by

skilled and experienced individuals. The
most dangerous and serious complication
of endotracheal intubation is esophageal
intubation in an unknown way which
results in hypoxia in the brain.?)

Abundant primary methods for proper
endotracheal tube (ETT) intubation can
be used, including observation of vocal
cords, observation of the chest symmetrical
movement, monitoring of the abdominal
distention of respiratory sounds, and
epigastric auscultation each of which has
its own limitations.*! However, a variety
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None of the secondary methods are reliable,
and pulmonary ventilation is needed.l”
The risk of pulmonary aspiration in these
patients increases due to stomach ventilation
to confirm the insertion of the tracheal
tube if the tube is placed randomly in the
esophagus. Therefore, passing tracheal tube
into the esophagus is catastrophic. This
case usually happens in an emergency.
The occurrence of these events in an
emergency has been reported in 6%—16%
of cases.[®! Therefore, efforts which are
performed to intubate in the emergency
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department should focus on preventing tube from going
into the esophagus. Unfortunately, capnography is not
always available, especially in small centers. Therefore, an
auxiliary method is required to confirm the intubation of
tracheal tube. The ideal method should be fast, simple, and
noninvasive and normally available.

Ultrasonography has this characteristic as it easily
recognizes neurovascular structures and not affected
by very little pulmonary flow. Unlike the capnography,
esophageal intubation by ultrasound can be used in earlier
detection and prevent from stomach ventilation and other
complications.®!

However, if the accuracy and reliability of ultrasound
in performing the tracheal intubation is proven, it can
be used in emergency section or special care units that
difficult intubation is observed so much. A study conducted
in California, USA, for proving tracheal intubation in
which sonography images were taken from the location
of cricothyroid cartilage. The purpose of research was to
investigate the sensitivity and specificity of the method.
The research was a prospective and coincidental study, and
it was shown that dynamic methods were better than static
methods to evaluate the location of the tube of intubation,
but this study was done on the corpses."

There are different ways to find ETT location by
ultrasound. These methods are divided into two types:
direct and indirect. Direct method is referred to direct
observation of trachea which was used in this study. The
true method that was previously mentioned is different
from trans-cricothyroid membrane ultrasound because it
uses a convex transducer on suprasternal notch. As it is
obvious from the name, convex probes of ultrasound have
lower frequency that they cause the tissues to be visible on
the hard skin. Calcifications within the thyroid gland lead
to false-negative reports for the tracheal tube.?!%

An ultrasound evaluation can also be done in dynamic and
also static modes. Static method was used in the present
study for sonography of the upper airways. Although
dynamic techniques may be more accurate, they disrupt
the process of intubation.!!! Proving ultrasonic intubation
is shown and taken into account by indirect methods in two
other windows well.

One of the windows is intercostal and another one is
subxiphoid window for observing diaphragm movements!'?
which acts based on movements of the diaphragm and
pleura.l'” However, these methods operate based on
positive ventilation pressure, and in cases of pathology such
as pneumothorax and pneumonia, they can disrupt it. In
addition, several studies have shown that ultrasonography
can specify tracheal and esophagus intubation in models of
corpse autopsies.?>!"13 Two recent studies have shown that
the use of ultrasonography in support of ETT placement
on the tracheal tube has sensitivity and specificity close

2

to 100% in human living samples under controlled
conditions.!!+!¢]

As far as we know, few studies have been done in assessing
the accuracy of ultrasound in emergency situations on real
patients instead of controlled conditions or its results on
dead person. Therefore, their outcomes can be generalized
to intubation in emergency situations to fewer extents.
Although ultrasound is dependent to the experience of the
person performing this activity, studies have shown that
it can be done after the correct training of inexperienced
physicians."!

Due to increasing number of traumatic patients who require
intubation in emergency section and the need of a quick
cheap, affordable, and reliable method to verify intubation,
the present study was done with the aim of determining the
value of intubation diagnosis in traumatic patients referred
to the Emergency Department of Al-Zahra and Kashani
Hospitals of Isfahan who needed intubation.

Materials and Methods

The research is a descriptive-analytic study to evaluate
diagnostic tests which was conducted in 2014 in the
Emergency Department of Al-Zahra and Kashani Medical
Education Centers in Isfahan. The surveyed community
included traumatic patients requiring intubation who were
referred to mentioned center.

The required sample size for this study was determined
101 patients using the estimating sample size formula
for outbreak studies considering the confidence level of
95% (Z1-0/2 = 1.96) and test power of 80%.

The sensitivity of ultrasound to correct intubation was
considered as 0.5% due to lack of similar study (P = 0.5)
and accepting error rate of 0.1 (d = 0.16). Finally, for more
certainty, 100 patients were studied. Sampling method in
this study was in an easy and accessible way, and patients
who had criteria for entering the study were selected in
order of admission to the hospital during 2014.

Inclusion criteria were the patients with multiple traumas
requiring endotracheal intubation in emergency department
as well as lack of damage to trachea area and the
surrounding region.

In case of failed airway, laryngeal fracture, anterior neck
injury which prevents endotracheal intubation, lack of
possibility of checking the intubation with ultrasound for
various reasons (abnormal anatomy, tumor, goiter, and
tracheotomy), thyromental distance <6 cm, spinal cord
disease and coagulation disorders of patients, and patients
with cardiac arrest were excluded from the study. All
patients with multiple traumas who require intubation
for maintenance from patient ventilation were examined
in emergency section. Thyromental distance has been
considered as neck circumference. Anesthetic measures
were completely standardized. Patient monitoring included
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heart monitoring, pulse oximetry, capnography, and
noninvasive method of blood pressure measurement. The
head and neck of the patient were in the supine state.
Intubation was carried out with the slightest extension of
the neck in sniffing mode with the Macintosh laryngoscope
to see the epiglottis with appropriate size for each patient.
Standard size of tracheal tube was selected for each patient
and it was conducted by related attending.

Gold standard method for confirmation of endotracheal
intubation is a combination of physical examination and
capnography in auscultation and exhaling co, (after at least
5 breaths <4;.") along with typical wavy co, of mainstream
capnography. Esophageal intubation is detected when there
are no respiratory sounds and capnography is an abnormal
waveform. Tracheal sonography is done during placement or
as soon as the ETT has been embedded. The scanning time
was minimized and it was carried out in total time of 10 s.

Surface probe was placed transversally in the front of
the neck at the top of the suprasternal notch, and the
position of trachea was specified by the front of comet-tail
artifact which is the contour between Hyper Ecoline of
air-mucosa (A-M) and a posterior reverberation artifact.
Position of ETT, when it is placed in trachea, is defined
as observable contour between A-M and comet-tail artifact.
If the second contour is appeared, it will be similar to the
second airway which is called double-tract sign.

If position of the esophagus is suspected of being exactly
behind the trachea, operator of ultrasound can specify the
location of the esophagus by moving the probe to the left
and right sides during scan.

To respect blindness, three persons including the ones who
doing intubation, ultrasound, and capnography worked
independently. Assessments were carried out, and the verbal
communication was prevented by headphones. Moreover,
ultrasound and capnography operators did not intervene in
care measures of patients.

All three individuals (intubation, ultrasound, and
capnography operators) were not aware about the results
of each other’s actions during the intubation. Ultimately,
intubation accuracy by capnography was investigated,
and the results were recorded in each patient’s profile.
Other patient information includes age, sex, body mass
index (BMI), neck circumference, thyromental distance,
blood pressure, number of pulses, type and severity of
trauma, used drugs, intubation method, tube size, size of
the laryngoscope blade, and its type and the number of
attempts to intubate was recorded in the questionnaire.
Finally, the collected information was analyzed by
SPSS software (ver. 20) (SPSS Inc. in Chicago). using
Mann—Whitney and Rock analysis tests. The significance
level was considered <0.05.

To calculate sensitivity, specificity, positive predictive
value, and negative predictive value of ultrasound for
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confirmation, the following formulas were used based on
the agreed table 2 x 2:

» Sensitivity = TP/(TP + FN)

» Specificity = TN/(FP + TN)

» Positive predictive value = TP/(TP + FP)

* Negative predictive value = TN/(FN + TN).

Results

In this study, 100 patients with multiple trauma including
73 males and 27 females were identified for endotracheal
intubation with the mean age of 57.53 + 22.44 years. Type
of trauma in 41% was falling, in 49% was motorcycle or
car accident, and in 10% was dedicated to other items.
The drug used in all of them was RSI, and all patients had
direct laryngoscopy in which the type of laryngoscopy was
Macintosh [Table 1].

The diagnosis of intubation accuracy indicated that it
was successful in 94 individuals (94%) while it was
unsuccessful in 6 ones (6%) based on the results of
capnography (true diagnosis of intubation). Moreover, based
on ultrasound, intubation accuracy in 93 people (93%) was
confirmed while inaccuracy of intubation in 7 people (7%)
was diagnosed. in diagnosis of intubation accuracy the
sensitivity and specificity of ultrasound were 97.9% (92.94)
and 83.3% (5.6%) respectively.

The positive predictive value was 98.9% (92.93)
and its negative predictive value was 71.4% (5.7%)
(area under the receiver operating characteristic
curve = 0.906, P = 0.001) [Table 2 and Figure 1]. As
it was mentioned, there were only three errors in the
ultrasound method compared to the capnographic method
for intubation accuracy (Mismatch of the intubation
accuracy results between the two methods) in two men
and one woman with the mean age of 49.00 + 6.24 years.
Means of BMI and thyromental distance in cases of fault
diagnosis of intubation accuracy using ultrasound method
were 28.78 + 1.34 kg/m? and 6.50 + 0.26 cm, respectively,
and were 2527 + 3.87 kg/m? and 6.83 + 0.44 cm,
respectively, in cases of correct diagnosis of the intubation
accuracy (P = 0.122, 0.204). Therefore, patients, who
detection of intubation accuracy for them using ultrasound
was diagnosed with error, had higher amount of BMI and
less thyromental distance, but these disparities were not
recognized as significant differences due to the low error
rate [Table 3].

Discussion

The purpose of this study was to investigate the accuracy
of ultrasound in the diagnosis of direction for tracheal
intubation. According to the results of this study,
ultrasound method in determining the correct location
of the tracheal tube has high sensitivity and specificity.
Moreover, it is comparable to capnography in our study.
In setting of emergency materials, correct determination of
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Table 1: Main and clinical characteristics of the studied

patients

Characteristics nor mean  Percentage or SD
Age (year) 57.53 22.44
Sex

Male 73 73%

Female 27 27%
BMI (kg/m?) 25.38 3.87
Neck circumference (cm) 38.61 2.66
Thyromental distance 6.81 0.44
SBP (mmHg) 118.50 31.32
DBP (mmHg) 71.05 17.76
Pulse rate 100.42 16.63
Trauma

Falling 41 41%

Accident 49 49%

Other 10 10%
Direct laryngoscopy 100 100%
ETT size (ml) 7.76 0.33
Laryngoscope blade size (ml) 4.09 0.64
Time of attempt

1 92 92%

2 8 8%
Confirm with capnography 94 94%
Confirm with sonography 93 93%

BMI: Body mass index, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, ETT: Endotracheal tube,
SD: Standard deviation

Table 2: Sonography compared with capnography for
diagnosis confirmatory for endotracheal tube

Sonography Capnography

Confirm Nonconfirm Total
Confirm 92 (TP) 1 (FP) 93
Nonconfirm 2 (FN) 5(TN) 7
Total 94 6 100

TP: True positive, TN: True negative, FP: False positive, FN: False
negative

the ETT is one of the most important measures which is
essential and important to prevent brain hypoxic injury.!'#!
If misplacement of tracheal tube whose prevalence is about
6%—16% was not diagnosed, it causes brain damage and
death.'®) Therefore, it is necessary for any physician
that works in an emergency section to confirm correct
placement of the tracheal tube.l'”! There are several ways
to confirm the proper placement of the tracheal tube.
Each of which has limitations and problems.!"”! Based on
America’s heart guideline (American Heart Association),
it was stated in 2010 that confirmation of the correct
intubation must be done by clinical evaluation as well as
a machine method."® According to studies, only physical
examinations such as listening to the lungs and patient’s
epigastric pain, observing chest movements, and steam out
of the tracheal tube are not secure methods to evaluate the
correct placement of the tracheal tube. In addition, pulse
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Figure 1: Receiver operating characteristic for comparison of sonography
versus capnography for diagnosis confirmatory for endotracheal tube

oximetry and chest X-ray (CXR) are not reliable methods,
and CXR also needs time, which cannot be performed
during the recovery period."® It was stated by advanced
cardiac life support in 2015 that continuous clinical
evaluation along with the evaluation of capnography is
one of the most reliable assessments to check the correct
placement and monitoring.[') Therefore, capnography is a
gold standard method for proper evaluation of the tracheal
tube.? However, this method has its own limitations.
Capnography measures the amount of carbon dioxide.
Thus, this method is reliable in patients who have a lung
airflow, but it cannot be evaluated in patients with cardiac
arrest and pulmonary massive embolism as well as the
cases in which the patient has complete apnea.l''! On the
other hand, capnography is not available in all emergency
departments.?!! Using ultrasound is a reliable and useful
method in evaluating the correct placement of the tracheal
tube.

The reasons that made this method as a reliable technique

include the following points:

1. An ultrasound device is available in most emergency
departments

2. Using an ultrasound machine requires less experience
and training. Moreover, most doctors who work in an
emergency department can use it for evaluation

3. Using ultrasound method is very convenient,
noninvasive and it needs a little time. In addition, it
does not interfere in the recovery process of patients

4. An ultrasound machine is a portable device and it is
easy to use

5. Ultrasound images are not affected by pulmonary
airflow and the heart condition of patient unlike the
capnography that cannot be assessed in case of cardiac
arrest or lack of pulmonary flow

6. Unlike the capnography, an ultrasound evaluation can
be used before the bag-valve-mask tube intubation.*?)
Therefore, diagnosis of esophageal intubation in the early
stages can be done; before the time, the airflow enters
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Table 3: Comparison of main and clinical characteristics
of patients in terms of the correct and false diagnosis of
intubation using ultrasound method

Factors Result of intubation Mean+SD P
accuracy in sonography
versus capnography

Age (year) Error (n=3) 49.00£6.24  0.507
True (n=97) 57.79+22.72

BMI (kg/m?) Error (n=3) 28.78+1.34  0.122
True (n=97) 25.27+3.87

Neck (cm) Error (n=3) 38.33+0.58  0.859
True (n=97) 38.61+2.70

Thyromental Error (n=3) 6.50+0.26 0.204

distance (cm) True (n=97) 6.83+0.44

SBP (mmHg) Error (n=3) 101.67£16.07 0.347
True (n=97) 119.02431.58

DBP (mmHg) Error (n=3) 63.33£15.27  0.448
True (n=97) 71.29+17.84

Pulse rate Error (n=3) 96.334£23.67  0.668
True (n=97) 100.55+16.52

ETT size (ml) Error (n=3) 7.83+0.29 0.717
True (n=97) 7.76+0.33

Laryngoscope Error (n=3) 4.00+0.01 0.805

blade size (ml) True (n=97) 4.09+0.65

BMI: Body mass index, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, ETT: Endotracheal tube,
SD: Standard deviation

into the stomach and causes subsequent complications
such as aspiration, nausea, vomiting, and abdominal
distention. In addition, sonography can be used in the
outside of hospital setting as the outside of medical
centers is where the most complications occur caused
by abnormalities in placement of the tracheal tube and
the outcome of brain hypoxemia. Considering a lot of
advantages and benefits of ultrasound, it has become as
a reliable and attractive method to check the tracheal
tube.

According to the results of the current study, an ultrasound
method has high sensitivity and specificity to determine
the correct placement of the tracheal tube and it can be
implemented as a reliable method given the acceptable
positive and negative predictive values. The latest and most
reliable study that has been conducted recently in this area
is referred to a systematic review and meta-analysis study
in 2015 by Chou et al. which included 12 studies which
have been done in this field. It consisted of 1656 attempts
for intubation in which 550 of them (33.2%) were
diagnosed as esophageal intubation. Finally, they came to
the conclusion that using the ultrasonography method to
detect esophageal intubation in case of wrong insertion of
esophageal tubes is significant according to the results of
this meta-analysis, especially because of its high specificity
value.”! Of course, in accordance with the results of this
valuable research based on 12 studies, different settings,
experiences of the person performing the ultrasound, as
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well as the type of ultrasound device and time of doing
ultrasound cause very little but nonsignificant impact on
ultrasound diagnostic accuracy.

These effects are not very specific and effective, and in
fact, the mentioned research is the first meta-analysis
study which has been done in this regard. The result
of this meta-analysis is that ultrasonography with a
favorable sensitivity and excellent specificity can detect
esophageal intubation especially when capnography
is not available. Another study was carried out by Ma
et al. in 2007, and 7 residents of emergency medicine
investigated 70 cases of ultrasound intubation in dynamic
mode (when intubation was in progress) and 70 cases of
ultrasound in static mode (after completion of intubation).
Finally, they concluded that dynamic transcricothyroid
ultrasound is a reliable method for evaluation which has
sensitivity of 97% and specificity of 100%. Static method
has sensitivity of 51% and specificity of 91% to diagnose
esophageal intubation. They advised that dynamic method
is the most reliable technique among others.'” Among
other benefits of using ultrasound, it can be said that
there is no need to disconnect chest compression during
the recovery operation to check the proper placement of
the tracheal tube. In this regard, a study was carried out
by Jen Tang in 2014 in which 96 patients with cardiac
arrest who needed tracheal intubation were selected, and
assessment of trachea was done by ultrasound. It was
concluded that 7 individuals (7.3%) among 96 patients had
esophageal intubation; they also represented that sensitivity
and specificity as well as positive and negative predictive
values of the ultrasound method are excellent and can
be used as a useful method in evaluating these patients
even without chest compression which is also one of the
advantages of this method. An ultrasound method has
its own limitations such as operator dependency which
depends on the experience of the person performing it. In
case that is done by attending, it has more sensitivity and
specificity in comparison with residents. Moreover, it rests
on the setting of the device, and the ways and location
of doing it affect the accuracy of diagnosis. That is why
sensitivity and specificity are expressed in different ways
in various studies. One limitation of the current study is
that ultrasonography has been compared with capnographic
method in low volume and in a time range. However,
method of capnography has its own limitations.

It is recommended that this study was done with higher rate
of volume and more samples and in patients with a specific
diagnosis. It is also suggested that this method be evaluated
with other available methods such as clinical assessment so
that it can be used in case of confirmation in the clinic.

Conclusion

The malposition of the tracheal tube in the early minutes
of resuscitation can make irreparable complications to the
patient. Therefore, diagnosis of correct placement of the
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tracheal tube is of vital importance. Secondary sonography
method has many advantages and can be implemented
in setting of inside and outside the hospital due to high
specificity and sensitivity. Other studies are required in this
regard to confirm these outcomes and it is suggested that in
view of the high sensitivity and specificity of this method
in other studies, the study of a combination of ultrasound
and clinical evaluation (for example, hearing lung sounds
at two points or aspiration procedure) compared to the gold
standard to achieve specificity and sensitivity of 100% was
done.
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