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Abstract

Objective: Critically ill patients often require emergency endotracheal intubation and mechan-
ical ventilation. When esophageal intubation is not confirmed early, treatment may be delayed,
even for life-threatening conditions. We examined the accuracy of bedside real-time airway
ultrasonography in confirming the endotracheal tube (ETT) position during emergency endotra-
cheal intubation in patients in the intensive care unit (ICU).

Methods: This single-center prospective observational study included | I8 patients who under-
went urgent endotracheal intubation in the ICU of Taizhou Hospital of Integrated Traditional
Chinese and Western Medicine. Tracheal ultrasonography was used to confirm the ETT position
during endotracheal intubation, after which fiberoptic bronchoscopy was performed. The accu-
racy of bedside real-time tracheal ultrasonography in determining the ETT position was
examined.

Results: Twelve (10.2%) patients underwent endotracheal intubation. The kappa value was 0.844,
indicating perfect consistency between tracheal ultrasonography and fiberoptic bronchoscopy in
identifying esophageal intubation. The sensitivity, specificity, and positive and negative predictive
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values of tracheal ultrasonography in determining the ETT position were 75.0%, 100%, 100%, and

97.2%, respectively.

Conclusions: Bedside real-time tracheal ultrasonography accurately assesses the ETT position
in the ICU and can identify the ETT position during intubation. These findings have important
clinical applications and are of great significance for treatment of ICU patients.
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Introduction

Patients in the intensive care unit (ICU)
often require emergency endotracheal intu-
bation and mechanical ventilation; howev-
er, endotracheal intubation is often difficult
because of unfavorable conditions. Proper
placement of an endotracheal tube (ETT) is
a key step in airway management, and inap-
propriate ETT placement can lead to severe
complications. The most serious of these
complications is esophageal intubation,
which occurs at incidences as high as 6%
to 16%."? If esophageal intubation is not
confirmed early, treatment can be delayed,
even for life-threatening conditions.>*
Current guidelines recommend that the
ETT position should be confirmed as soon
as possible while minimizing interference
with other rescue efforts.’ Therefore, endo-
tracheal intubation for emergency airway
management should focus on early confir-
mation of esophageal intubation.

Several methods are used in clinical prac-
tice to judge the ETT position, such as aus-
cultation of breath sounds, fiberoptic
bronchoscopy, direct viewing of the ETT
through the glottis, chest radiographs, and
observation of thoracic undulations during
respiratory sac-assisted ventilation. The
accuracy varies among these different

methods, and each method has its own lim-
itations.®” Because of the impact of the
rescue environment and personal experien-
ces, these traditional methods often provide
inaccurate information on the ETT posi-
tion, which can cause treatment delays in
critically ill patients. To increase the success
rate of endotracheal intubation, the
American Heart Association recommends
the wuse of end-tidal carbon dioxide
(ETCO,) monitoring to confirm the ETT
location.® However, continuous ETCO,
monitoring is prohibited for some patients,
especially those with cardiac arrest and
large-scale  pulmonary  embolisms.® '°
Moreover, continuous ETCO, monitoring
is not commonly used. Furthermore, many
doctors in hospitals that are clinically eligi-
ble to use ETCO, technology have poor
compliance. In 2005, a survey showed that
only 14% of doctors “always” applied this
technology that and 57% of doctors
“never” or “rarely” used it.'!" Many
primary-level hospitals do not yet carry
this technology.

Any delay in confirmation of esophageal
intubation may result in the occurrence of
severe complications and increased mortal-
ity. Therefore, accurate and timely confir-
mation of the ETT position is of
particular importance. Confirmation of the
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ETT position by ultrasonography has
become increasingly popular because of
the advantages of ultrasonography, which
include high accuracy, cost-effectiveness,
high speed, ease of transport, and high fea-
sibility during intubation.'” Several studies
have confirmed the safety and effectiveness
of ultrasonography in confirming the ETT
location in rescue patients in the operating
room and emergency department as well as
during out-of-hospital emergencies.'> ' In
these studies, the accurate position of the
ETT was determined within a short time
after endotracheal intubation using ultraso-
nography to avoid delays in rescue. Few
clinical studies have focused on the use of
real-time tracheal ultrasonography for con-
firming the ETT position in the ICU, espe-
cially with respect to real-time tracheal
ultrasonography assessment of the airway
during endotracheal intubation.>'” The
present study was performed to examine
the accuracy of bedside real-time tracheal
ultrasonography in determining the ETT
position in patients in the ICU.

Patients and methods

Study design and subjects

This single-center prospective observational
study included 129 patients who underwent
urgent endotracheal intubation in the ICU
of Taizhou Hospital of Integrated
Traditional Chinese and Western Medicine
from January 2016 to March 2019. Patients
who underwent endotracheal intubation
under direct laryngoscopy were considered
for inclusion. Patients who met one or more
of the following conditions were excluded
from this study: age of <18 years, cervical
spine injury, neck tumor, subcutaneous
emphysema of the neck, history of neck sur-
gery or radiotherapy, and family members’
refusal to allow the patient to participate in
this study. This study was approved by the
Hospital Medical Ethics Committee.

Methods and outcome measures

An ultrasonography study group was estab-
lished. This group included three attending
physicians who had more than 3 years of
experience in ultrasonography application
in critically ill patients, had completed tra-
cheal application training for critically ill
patients, and had obtained a certificate of
qualification. Tracheal ultrasonography
was performed using a portable ultrasound
machine (LOGIQ; GE Healthcare, Chicago,
IL, USA) with a high-frequency probe
(6-13 MHz). During treatment in the ICU,
the ultrasonography study group was
notified once there was an indication for
emergency endotracheal intubation.
Anesthesiologists performed the endotrache-
al intubation, and patients who could not
cooperate were sedated. During endotrache-
al intubation, the members of the ultraso-
nography study group placed the
transducer laterally, more than 2 cm above
the sternal notch, and moved the device to
the left until the trachea and esophagus were
clearly displayed (Figure 1). When the ETT
was placed under the laryngoscope, the
members of the ultrasonography study
group determined whether the ETT was in
the trachea or the esophagus. On ultraso-
nography scans, esophageal intubation is
characterized by esophageal dilation or a
“double-track sign” in the esophagus
(Figure 2). Endotracheal intubation shows
a transient artifact, and tracheal ultrasonog-
raphy shows no findings of esophageal intu-
bation when the ETT enters the trachea.” In
the present study, this process was per-
formed when the ETT was placed and
before fiberoptic bronchoscopy was com-
pleted to facilitate blind processing. After
endotracheal intubation, the position of the
ETT was confirmed by fiberoptic bronchos-
copy (BF-XP40; Olympus, Tokyo, Japan). If
the ICU medical team felt that the presence
of the ultrasonography study group inter-
fered with the patient’s treatment, the
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Figure |. Tracheal ultrasonography reveals the trachea and esophagus. T, trachea; E, esophagus.

Figure 2. Esophageal intubation. A dilated esophagus and esophageal “double-track sign” were observed. T,

trachea; E, esophagus.

ultrasonography study group members
immediately discontinued the procedure.
During the procedure, we tried to ensure
that the ultrasonography study group mem-
bers and the fiberoptic bronchoscope
operators were unaware of the ETT posi-
tion. If the fiberoptic bronchoscopy con-
firmed that the ETT was in the esophagus,
endotracheal  intubation  guided by

fiberoptic bronchoscopy was performed
immediately to increase the efficiency of
patient rescue.

Basic patient information, indications
for endotracheal intubation, drugs for
rapid induction of endotracheal intubation,
body mass index, ETT model, and the
results of the ETT position confirmation
were collected for both methods.
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Statistical analysis

The sample size required for this study was
estimated to be 114 patients, and according
to the study by Gottlieb et al.,'® the sensitivity
and specificity of tracheal ultrasonography in
determining the ETT position was expected
to be 92%. When performing endotracheal
and esophageal intubations, the maximum
allowable error for tracheal ultrasonography
and fiberoptic bronchoscopy was 0.05, and
the confidence interval was calculated as
95%. This simple nomogram is based on
the sample size and is used to estimate the
sensitivity and specificity of medical tests.'’
All data were first tested for normality, and
the normally distributed measurement data
are expressed as mean =+ standard deviation.
Data that were not normally distributed or
had unequal variances are expressed as
median (interquartile range). Count data are
expressed as the rate/percentage/composition
ratio, and the chi-square test was used to
compare data between groups. At an alpha
level of 0.05, P values of <0.05 were consid-
ered statistically significant. The fiberoptic
bronchoscopy results were used as the gold
standard for determining the ETT position,
and the sensitivity, specificity, positive predic-
tive value, negative predictive value, and
accuracy of bedside real-time tracheal ultra-
sonography were calculated. The kappa sta-
tistic was used to examine the consistency
between bedside tracheal ultrasonography
and fiberoptic bronchoscopy in confirming
the ETT position. The kappa results were
interpreted as follows: 0.81 to 1.00, almost
perfect consistency; 0.61 to 0.80, substantial
consistency; 0.41 to 0.60, moderate consisten-
cy; 0.21 to 0.40, fair consistency; and <0.20,
no to slight consistency.?® SPSS 19.0 software
(IBM Corp., Armonk, NY, USA) was used
for statistical analyses and figure preparation.

Results

The study flow chart is shown in Figure 3.
In total, 118 patients were included in the

study, of whom 71 (60.2%) were men and
47 (39.8%) were women. The patients had
an average age of 71.5 years (range, 59.0—
82.0 years). Coma was the main reason for
endotracheal intubation and was present in
45 (38.1%) patients (Table 1). During intu-
bation, 14 (11.9%) patients did not use sed-
ative drugs. Midazolam was the main
sedative drug and was used by 65 (55.1%)
patients (Table 2). The tracheal ultrasonog-
raphy results showed that among the 109
patients who underwent endotracheal intu-
bation, esophageal intubation occurred in 3
patients (Table 3). The accuracy of endotra-
cheal ultrasonography in identifying esoph-
ageal intubation was 97.4%, with a kappa
value of 0.844; this suggests that endotra-
cheal ultrasonography and fiberoptic bron-
choscopy had almost perfect consistency in
identifying esophageal intubation. The fiber
bronchoscopy results were used as the gold
standard for determining esophageal intu-
bation. The sensitivity, specificity, positive
predictive value, and negative predictive
value of bedside real-time tracheal ultraso-
nography were 75.0%, 100%, 100%, and
97.2%, respectively. No related complica-
tions occurred during the study.

Discussion

The results of the current study indicate
that bedside real-time tracheal ultrasonog-
raphy can effectively identify endotracheal
intubation and esophageal intubation with
an accuracy of 97.2% and has good consis-
tency with fiberoptic bronchoscopy (kappa
value of 0.844). These findings are consis-
tent with the results reported by Arya
et al.>! Moreover, bedside real-time tracheal
ultrasonography also shortens the time
needed for determining the ETT position.
Tracheal ultrasonography can identify
esophageal intubation by revealing esopha-
geal dilatation and the double-track sign
produced by the adjacent trachea.
Compared with traditional methods of
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Figure 3. Study flow chart.

Table |. Basic information of |18 patients includ-
ed in this study.

Basic information Value
Patients, n 118
Age, years 71.5 (59.0-82.0)
Male sex 71 (60.2)
Female sex 47 (39.8)
Body mass index, kg/m> 21.6+27
Cause of intubation
Coma 45 (38.1)
Acute respiratory failure 34 (28.8)
Shock 33 (28.0)
Others 6 (5.1)

Data are presented as n, n (%), median (interquartile
range), or mean = standard deviation.

confirming the ETT position, tracheal
ultrasonography is simple and convenient
and can guide clinical decision-making in
real time. Clinically, if real-time tracheal

ultrasonography is used to detect esophage-
al intubation, the operator can make appro-
priate  decisions immediately = without
waiting for confirmation by other methods.
In this study, the negative predictive value
of bedside real-time tracheal ultrasonogra-
phy was 97.2%. Therefore, once real-time
tracheal ultrasonography confirmed intra-
tracheal intubation, the likelihood of esoph-
ageal intubation was only 2.8%.

During ICU rescue, the ETT position
must be identified quickly and accurately.
Many methods are available for clinical
confirmation of the ETT position, but
each has its limitations. ETCO, monitoring
provides false-negative and false-positive
results and has an accuracy of only 67.9%
in patients with respiratory arrest.”?
Tracheal ultrasonography compensates for
this deficiency without affecting
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Table 2. Characteristics and results of intubation operations.
Characteristics Value
Number of intubations 1.0 (1.0-1.0)
Sedative drug use
No use 14 (11.9)
Midazolam 65 (55.1)
Propofol 21 (17.8)
Dexmedetomidine 38 (38.2)
Diameter of ETT, mm 8.0 (7.5-8.5)
Number of patients who underwent esophageal intubation 12 (10.2)
Number of patients who underwent endotracheal intubation 106 (89.8)
Data are presented as median (interquartile range) or n (%).
ETT, endotracheal tube.
Table 3. Identification of esophageal and tracheal intubation using bedside real-time tracheal
ultrasonography.
Fiberoptic bronchoscopy
Tracheal ultrasonography Tracheal intubation Esophageal intubation Total
Tracheal intubation 106 3 109
Esophageal intubation 0 9 9
Total 106 12 118

cardiopulmonary resuscitation. However,
Karacabey et al.”® showed that the accuracy
of tracheal ultrasonography in identifying
the ETT position in patients with cardiac
arrest was 76.7% because it was affected
by cardiopulmonary resuscitation. We also
found that some differences influence the
results obtained from each method. First,
there are inherent differences between the
methods themselves. Notably, Karacabey
et al.?® used static methods to evaluate the
ETT position after intubation; however,
dynamic methods may be better than
static methods for confirming the ETT posi-
tion in patients with cardiac arrest. Second,
prior studies reported higher rates of esoph-
ageal intubation (38.0%) than our study
(10.2%), which could be due to the impact
of false-positive and false-negative findings
during esophageal intubation. Additionally,
tracheal ultrasonography can identify the

ETT position in the absence of mechanical
ventilation, and there is no risk of acute
gastric dilatation or aspiration due to inap-
propriate ETT positioning. However, in
special circumstances, such as emergency
control, disaster scenes, and areas where
medical resources are scarce, conventional
equipment for detection of the ETT posi-
tion is difficult to acquire or transport or
is not allowed.** Tracheal ultrasonography
can be effectively applied in these cases
because of its simplicity, convenience, por-
tability, and repeatability.

Clinically, static tracheal ultrasonogra-
phy has been used to confirm the ETT posi-
tion. Usually, after tracheal intubation, a
linear probe is used to examine the cross
section of the trachea. A double-track sign
in the trachea suggests endotracheal intuba-
tion, the lack of an intratracheal double-
track sign suggests dilatation of the
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esophagus, and a double-track sign in the
esophagus suggests esophageal intubation.
A study by Bin Osman et al.'® suggested
that the sensitivity and specificity of static
tracheal ultrasonography in determining
the ETT position were 98% and 100%,
respectively, and that static tracheal ultra-
sonography could be performed in only
16.447.33 seconds. Gottlieb et al.'® used
dynamic and static methods to evaluate
240 ETT locations, and their results
showed that the sensitivity and specificity
of the static evaluation method in determin-
ing the ETT locations were 93.6% and
98.3%, respectively. The corresponding
sensitivity and specificity for dynamic eval-
uation methods were 92.1% and 91.2%,
respectively, and no statistically significant
differences were found between the sensitiv-
ity and specificity of dynamic and static
evaluation methods.'® Dynamic real-time
evaluation involves real-time operation,
which reduces the time required to identify
the ETT position and saves valuable rescue
time. The sensitivity of tracheal ultrasonog-
raphy in the present study was only 75.0%,
which is significantly lower than the sensi-
tivity of 93.6% reported in the study refer-
enced above. The main reasons for this
difference are as follows. First, the above
study was performed with cadavers, which
have an anatomical structure different from
that of living patients. Second, some
patients in the present study were not well
sedated or did not take sedative drugs,
which could have led to coughing and sway-
ing during intubation, thus affecting imag-
ing results. Furthermore, some scholars
have indirectly evaluated the ETT position
by observing pleural patency through the
intercostal space or by observing diaphrag-
matic activity under the right rib. However,
these two methods are susceptible to the
effects of mechanical ventilation pressure,
tidal volume, and lung lesions (such as
pneumothorax, lung consolidation, and

thickening), which limit their

25,26

pleural
application.

Tracheal ultrasonography misclassified
esophageal intubation as endotracheal intu-
bation in only three cases in the present
study. In two of these cases, obvious cough-
ing occurred during intubation, which pre-
vented the acquisition of high-quality
images. In the last case, the error was
caused by a laterally bending esophageal
anomaly. The double-track sign was not
seen during intubation because the ETT
caused a shift in the esophageal position
and was thus inserted into the esophagus.
We observed the double-track sign on the
other side of the neck with tracheal
ultrasonography.

This study has several limitations. First,
although the members of the ultrasound
study group had undergone relevant train-
ing, their actual operating experience and
skill level may have affected the evaluation
results. Second, the patients included in this
study were in urgent need of rescue, and the
double-blind principle was not well imple-
mented. Third, the different sedation status-
es of the patients may have affected the test
results because of coughing and irritability,
which affect the imaging quality. Fourth,
the proportion of obese patients in this
study was not high, which may have
increased the sensitivity and specificity of
the detection method.

Overall, the results from this study
suggest that it is feasible to perform
bedside real-time tracheal ultrasonography
to identify the ETT position in patients
in the ICU. Bedside real-time tracheal
ultrasonography can identify the ETT posi-
tion during intubation, which is of great
significance for the emergency rescue of
ICU patients and is worthy of clinical appli-
cation. A multicenter large-scale study is
needed to further validate the clinical
value of applying of bedside real-time tra-
cheal ultrasonography.
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