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Objective: This study aimed to undertake a systematic review and meta-analysis to summarize evidence
on the diagnostic value of ultrasonography for the assessment of endotracheal tube placement in adult
patients.

Methods: The major databases, PubMed, EMBASE, and the Cochrane Library, were searched for studies
published from inception to June 2014. We selected studies that used ultrasonography to confirm endo-

{(ety V‘éoz,ds" tracheal tube placement. The search was limited to human studies, and had no publication date or country
ntubation restrictions. Exclusion criteria included case reports, comments, reviews, guidelines and animal studies.
Airway management . . . .

Ultrasonography Two reviewers extracted and verified the data independently. We summarized test performance char-

acteristics with the use of forest plots, hierarchical summary receiver operating characteristic (HSROC)
curves, and bivariate random effect models. Meta-regression analysis was performed to explore the
source of heterogeneity. The methodological quality of individual studies was evaluated using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) tool.
Results: A total of 12 eligible studies involving adult patients and cadaveric models were identified
from 1488 references. For detection of esophageal intubation, the pooled sensitivity was 0.93 (95%Cl:
0.86-0.96) and the specificity was 0.97 (95%Cl: 0.95-0.98). The area under the summary ROC curve was
0.97 (95%CI: 0.95-0.98). The positive and negative likelihood ratios were 26.98 (95%CI: 19.32-37.66) and
0.08 (95%CI: 0.04-0.15), respectively.
Conclusions: Current evidence supports that ultrasonography has high diagnostic value for identifying
esophageal intubation. With optimal sensitivity and specificity, ultrasonography can be a valuable adjunct
in this aspect of airway assessment, especially in situations where capnography may be unreliable.

© 2015 Published by Elsevier Ireland Ltd.

Resuscitation
Meta-analysis
Critical care

1. Introduction

Tracheal intubation serves as definite airway control when
resuscitating critically ill patients. Confirmation of proper tube
placement should be completed in all patients at the time of initial
intubation. Unrecognized misplacement of the endotracheal tube

% A Spanish translated version of the abstract of this article appears as Appendix
in the final online version at http://dx.doi.org/10.1016/j.resuscitation.2015.02.013.
* Corresponding author at: No.579, Sec.2, Yunlin Road, Douliou, Yunlin County
640, Taiwan.
E-mail addresses: erichaochang@gmail.com (E.H. Chou), cclee100@gmail.com
(C.-C. Lee).
1 Address for reprints: Department of Emergency Medicine, Maimonides Medical
Center, 965 48th street, Brooklyn, NY 11219, USA.
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0300-9572/© 2015 Published by Elsevier Ireland Ltd.

may lead to avoidable morbidity including neurological damage,
and death, with a reported incidence of 6-16%.!2 Thus, immedi-
ate post-intubation airway assessment is an essential clinical skill
for every physician in emergency medicine (EM), anesthesia and
critical care medicine. There are multiple options for confirming
tracheal intubation and all methods have unique limitations.>—>
According to the 2010 American Heart Association (AHA) guideline,
endotracheal tube position should be verified by both clini-
cal assessments and confirmation devices after intubation.® No
single confirmatory method is entirely reliable in emergency
situations.>->

According to the 2009 American College of Emergency Physi-
cians (ACEP) policy statement on the verification of endotracheal
intubation, physical examination methods, such as auscultation
of the chest and epigastrium, visualization of chest movement,
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and fogging in the tube, are not sufficiently reliable to confirm
endotracheal tube placement.” Similarly, pulse oximetry and chest
radiography are not reliable as sole techniques to determine endo-
tracheal tube location.” In addition, chest radiography takes time
and is not available during cardiopulmonary resuscitation (CPR).
Quantitative waveform capnography is recommended as the crite-
rion standard for confirming correct endotracheal tube placement
in the 2010 AHA Guideline. However, it has well-known limita-
tions in cardiac arrest patients, and can be affected by low cardiac
output, low pulmonary blood flow or epinephrine use.8

Focused ultrasonography is a novel tool for airway assessment.
In the last decade, there have been many studies provid-
ing promising results for endotracheal tube confirmation using
ultrasonography.®-2! The 2009 ACEP policy statement on the ver-
ification of endotracheal intubation described ultrasonography as
a possible future adjunct.” Many studies with updated data were
published after the policy was written.?-!” However, most of
these studies had a small sample size, had heterogeneous design
and demonstrated mixed results. In this study, we systematically
reviewed the literature and performed a meta-analysis to deter-
mine the diagnostic value of ultrasonography for the assessment of
endotracheal tube placement in adult patients.

2. Methods
2.1. Data sources and searches

The meta-analysis was performed in accordance with the Pre-
ferred Reporting Items for Systemic reviews and Meta-Analysis
(PRISMA) guidelines and the Assessment of Multiple System-
atic Reviews (AMSTAR) tool.?22> General bibliographic databases
(PubMed and EMBASE) were searched from inception to June
2014. The medical subject heading (MeSH) and text words for
the term “intubation” were combined with the MeSH term “ultra-
sonography”. The search terms for the primary intervention
included “intubation”, “endotracheal intubation” or “esophageal
intubation”. The search results were then cross-checked for the
population of interest and searched using the terms, “ultrasonogra-
phy,” “ultrasound,” “sonogram,” “sonography”, “sono” and “echo”.
The search was limited to human studies, and there were no pub-
lication date or country restrictions. In addition to the electronic
search, reference lists in all known reviews and primary studies
were checked manually.

” o« ” o«

2.2. Selection criteria

This meta-analysis focused on studies in which the bedside
ultrasound was used to detect esophageal intubation in adult
patients. We included studies using a cohort design or case-control
design with appropriate controls. Selection of pertinent studies
was performed independently by two reviewers. Discrepancies
between the reviewers were resolved by a consensus meeting ini-
tially and using arbitration by a third reviewer if consensus could
not be reached. Data collected included study design and set-
ting, participants, sonographer experience, ultrasound transducer
type, sonographic method, and criterion standard. One reviewer
extracted the data and a second reviewer independently verified
the correctness of the extracted data. Exclusion criteria included
case reports, comments, reviews, guidelines and animal studies.
Studies enrolling pediatric patients were excluded as well.

2.3. Data abstraction and quality assessment
Data were extracted for overall study characteristics (includ-

ing the first author, country, language, and date of publication),
settings, patient characteristics, sonographic scanning methods

and time of measurement, sonographers’ experience, criterion
standard, and quantitative data required for construction of a 2 x 2
table (including number of participants, sensitivity, and specificity).
One reviewer extracted the data and a second reviewer verified
the data independently. In studies that reported multiple pairs
of sensitivity and specificity data, we consistently used the data
with the highest Youden index (sensitivity +specificity — 1) and
performed a sensitivity analysis at a later stage. We used the Qual-
ity Assessment of Diagnostic Accuracy Studies (QUADAS) tool to
assess the methodological quality of the select studies before meta-
analyses.2* This tool evaluated characteristics of study designs,
population, index tests, and reference standards that may be asso-
ciated with risk of bias.

2.4. Quantitative data synthesis

We performed a meta-analysis of diagnostic accuracy of ultraso-
nography for the detection of esophageal intubation. We calculated
the pooled sensitivity and specificity, positive and negative like-
lihood ratios, and the diagnostic odds ratio of ultrasonography,
along with the respective 95% confidence intervals (CIs), using a
bivariate meta-analysis model.2> When 2 x 2 tables contained 0
cells, we performed continuity correction by adding 0.5 to each cell.
We constructed a hierarchical summary receiver operating charac-
teristic (HSROC) curve that plots sensitivity versus specificity and
calculated the area under the curve (AUROC).%6 We evaluated the
degree of between-study heterogeneity by using the 2 test.2” To
explore the clinical sources of heterogeneity, we defined the poten-
tial explanatory variables a priori and performed subgroup analysis
to see if the accuracy estimates changed significantly across vari-
ous subgroups. The presence and the effect of publication bias were
examined using a combination of the Begg and Egger tests.?8 Statis-
tical analyses were conducted using the statistical package STATA
(Version 11.0, Stata Corp, College Station, TX), notably with the
user-written “midas” and “metandi” programs. All statistical tests
were two-sided and statistical significance was defined as a P value
less than .05.

3. Results
3.1. Search results and study characteristics

The flow of inclusion and exclusion is summarized in Fig. 1.
Using our search criteria, we identified 1488 studies, of which 659
were from PubMed and 829 were from EMBASE. A total of 1413
citations were excluded based on pre-defined criteria. No addi-
tional citations were identified from the reference lists. A total
of 75 articles were retrieved for full-text review, and 63 were
excluded due to various reasons detailed in Fig. 1. A total of 12
studies that evaluated the accuracy of ultrasonography in detec-
ting esophageal intubation were included in the meta-analysis. The
12 studies included a total of 1656 intubation attempts, and 550
(33.2%) were identified as esophageal intubation.

3.2. Characteristics of included studies

Table 1 lists the study and population characteristics.
Three studies used different ultrasound techniques in their
subgroups independently, so that they can be regarded as dif-
ferent estimates.®!”20 Three studies included human cadaver
models'62021  while three recruited patients in an operating
room (OR) setting!4!81° and six recruited emergency depart-
ment (ED) patients.”'21517 Tracheal ultrasonography was used
in ten studies®!11214-20 and lung ultrasonography was used in
four studies® %1721 Two studies used both tracheal and lung ultra-
sonography to confirm endotracheal tube placement®!”. Seven
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590 studies from PubMed
744 studies from EMBASE

Review of titles and abstracts:

1259 studies excluded for lack of relevance

Y

| 75 studies |

Review of full texts: (63 studies excluded)

21 Narrative/Systematic reviews, editorials, posters or
case series

> 31 Studies regarding irrelevant to the topic

7 Studies without reporting clinical outcomes or test
characteristics

4 Studies regarding pediatric patients

N
12 studies

Fig. 1. Literature search flow diagram.

studies used capnography or EtCO, detectors as criterion standard
of tracheal intubation? 111214151719 '\whereas the remaining stud-
ies used other traditional methods, such as direct laryngoscopy,
chest auscultation, or chest radiography.!0.16.18.20.21 The sensitiv-
ities and specificities of the various studies are summarized in
Table 1.

3.3. Quality assessment

Results of the quality assessment of studies of diagnostic
accuracy are summarized in Table 2. Study types included prospec-
tive cohort design and case-control studies. Enrolled subjects
included human cadaver models, patients with impending respi-
ratory failure, patients in cardiac arrest, and patients undergoing
elective surgeries. There were three studies using human cadaveric
models.!620.21 The anatomical structure of fresh, unfrozen cadav-
ers can have a similar sonographic appearance when compared to
patients in cardiac arrest. Although some studies did not specify
the reference standard or blinding process, the determination of
esophageal intubation by ultrasonography was not affected and the
risk of incorporation bias was minimal.>!?.14.20 None of the studies
reported indeterminate results or subjects that were withdrawn
from the final analysis.

3.4. Diagnostic accuracy indices

Table 3 shows the results of individual sensitivity and specificity
estimates for the tests. The estimated sensitivity and speci-
ficity were relatively variable across studies [I?2=61.7% (95%CI:
34.0-77.7)]. The estimated pooled sensitivity and specificity for

ultrasonography was 0.93 (95%Cl: 0.86-0.96) and 0.97 (95%Cl:
0.95-0.98), respectively. The pooled positive likelihood ratio was
26.98 (95%CI: 19.32-37.66) and the negative likelihood ratio was
0.08 (95%ClI: 0.04-0.15). The area under the ROC curve showed an
acceptable overall accuracy (0.97, Table 3 and Fig. 2). Fig. 3 shows
the forest plot of the overall odd ratios.

We performed subgroup analyses by evaluating studies with
a similar methodology. We found the specificities of the sono-
graphic examination were generally comparable, while there was
a small variation in sensitivities across different subgroups. Tra-
cheal ultrasonography was used in ten studies®!1.12.14-20 and lung
ultrasonography was used in four studies.?1917.21 Studies using the
direct tracheal scan approach have a comparable sensitivity (0.92,
95%Cl: 0.84-0.97) to the overall estimate (sensitivity: 0.93, 95%CI:
0.86-0.96).

In tracheal ultrasonography, attending physicians demon-
strated superior sensitivity (0.98, 95%CI: 0.96-0.99) when com-
pared to resident physicians (0.92, 95%Cl: 0.78-0.96). Different
settings also affected the accuracy. Tracheal ultrasonography per-
formed in the ED had a lower sensitivity (0.88, 95%Cl: 0.76-0.94) in
comparison to other settings. Tracheal ultrasonography performed
in real-time was associated with superior sensitivity (0.94, 95%CI:
0.86-0.98) than that performed in a static (post-intubation) fashion
(0.91,95%ClI: 0.70-0.98). Despite the variation of sensitivities noted
in different subgroups, none of these comparisons was significant.

4. Discussion

In this systematic review and meta-analysis, the performance
of ultrasonography for the detection of esophageal intubation was

Please cite this article in press as: Chou EH, et al. Ultrasonography for confirmation of endotracheal tube placement: A systematic review
and meta-analysis. Resuscitation (2015), http://dx.doi.org/10.1016/j.resuscitation.2015.02.013

19

192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

214

216

217
218


dx.doi.org/10.1016/j.resuscitation.2015.02.013

G Model
RESUS63121-7

test for detection of esophageal intubation is not recommended,
given the grave consequences of endotracheal tube malposition.

Point-of-care ultrasonography was considered a promising
method for airway confirmation in previous narrative reviews.29-31
The confirmation of endotracheal tube placement can be made
either directly by scanning the anterior neck during the intu-
bation, indirectly by looking for ventilation at the pleural or
the diaphragmatic level, or by combining these techniques. The
reported diagnostic accuracy varied by different study setting,
patient population, and ultrasound scanning methods. To the best
of our knowledge, this is the first meta-analysis of studies examin-
ing the test characteristics of ultrasonography for the detection of
esophageal intubation in adult patients.

Chest auscultation and observation of chest wall expansion are
the most common methods to confirm tracheal intubation. Based
on the most recent AHA guidelines, capnography is the criterion
standard for intubation assessment. For detection of esophageal
intubation, chest auscultation and capnography both have high
sensitivity but suboptimal specificity values, especially in patients
with cardiac arrest or low pulmonary blood flow.>3? Tracheal
ultrasonography has three major advantages for airway assess-
ment. First, tracheal ultrasonography can be performed in real
time as the tube is passed through the trachea or esophagus. Mis-
takes can be identified before any ventilation commences. Second,
ultrasonography has excellent specificity for esophageal intubation
detection. It can be used when the results of capnography are equiv-

4 E.H. Chou et al. / Resuscitation xxx (2015 ) xXx-Xxx
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Fig. 2. Hierarchical summary receiver operating characteristic model for diagnosis
of esophageal intubation using ultrasonography.

excellent, especially in its specificity value. Different settings, oper-
ator experience, and timing of the ultrasound can cause a small but
non-significant influence on the diagnostic accuracy. Ultrasonogra-
phy can be a useful tool for confirmation of tracheal intubation.
However, the use of ultrasonography or any method as the sole

ocal, and may therefore reduce unnecessary intubation attempts in
critically ill patients. Finally, tracheal ultrasonography can be per-
formed during CPR without interruption of chest compressions.!!
In this analysis, tracheal ultrasonography was the most com-
mon ultrasound technique to detect esophageal intubation and
was used in ten studies.!!12.14-20 The sensitivity and specificity
are both high in cadaveric models, ORs, and EDs. In general,
real-time sonographic imaging during intubation has higher sensi-
tivity for detection of esophageal intubation than post-intubation

%

Author Year QOdds ratio (95% Cl) Weight

T
Weaver B 2005 —{—0— 1144.00 (68.61, 19075.79) 5.45
Werner SL 2007 —:0— 300.00 (17.33, 56194.15) 538
Milling TJ 2007 —_—— 105.00 (8.18, 1347.30) 5.98
Ma G 2007 —i—‘—- 630.00 (54.63, 7265.18) 6.22
Ma G 2007 —— E 11.29 (2.91, 43.85) 8.88
Park SC 2009 —_— 112.00 (5.79, 2168.27) 517
Park SC 2009 —0—%— 54.00 (3.93, 741.79) 584
Goksu E 2010 : — 1228.33 (426.95, 3533.91) 9.60
Muslu B 2011 E—O—) 5776.00 (354.77, 94037.63) 5.50
Chou HC 2011 —E—O— 1504.00 (89.47, 256283.76) 543
Adi O 2013 —_— 233.33 (21.39, 2544.90) 6.34
Chou HC 2013 —0:— 290.50 (23.34, 3615.42) 6.05
Hosseini JS 2013 —OI— 236.50 (19.61, 2852.86) 6.12
Abbasi S 2014 + 189.00 (15.11, 2363.81) 6.04
Abbasi S 2014 —:1'0— 477.00 (27.30, 8332.98) 5.36
Abbasi S 2014 . 390.00 (40.81, 3726.88) 6.64
Overall (l-squared = 61.6%, p = 0.001) <> 294.45 (116.68, 743.06) 100.00

1
NOTE: Weights are from random effects analysis E

LILLILALI

Fig. 3. Forest plot presents the odds ratio of ultrasonography for detection of esophageal intubation. The dot refers to the point estimate for the odds ratio, and the line
represents the 95%CI. The vertical line is the summary odds ratio, and the diamond represents the associated 95%CI. Note that weights are from random effects analysis.
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Table 1

Summary of included studies.

Author Design Population Time of Settings Operater training levels Scan type Intubation attempts  Esophageal Sensitivity  Specificity

characteristics measurement intubation

Weaver (2006) Case control study Cadavers Post-intubation Laboratory ~ EM physicians Lung US 68 37% 100.0% 100.0%

Werner (2007) Case control study Adults Real-time OR EM physicians Tracheal US 33 58% 100.0% 100.0%

Ma (2007) Case control study Cadavers Real-time Laboratory  EM residents Tracheal US 70 50% 97.1% 100.0%

Post-intubation Laboratory  EM residents Tracheal US 70 50% 51.4% 91.4%

Milling (2007) Prospective cohort Adults Real-time OR EM physicians/residents  Tracheal US 40 13% 100.0% 97.0%

study

Park (2009) Prospective cohort Adults Real-time ED EM residents Tracheal US 30 10% 100.0% 96.3%

study
Post-intubation ED EM residents Lung US 30 10% 100.0% 100.0%

Goksu (2010) Case control study Cadavers Real-time Laboratory  EM physicians/residents  Tracheal US 560 50% 98.2% 95.7%

Muslu (2011) Case control study Adults Post-intubation OR Anesthesiologists Tracheal US 150 50% 100.0% 100.0%

Chou (2011) Prospective cohort Adults Post-intubation ED EM residents Tracheal US 112 15% 94.1% 98.9%

study

Adi (2013) Prospective cohort Adults Post-intubation ED EM residents Tracheal US 107 6% 100.0% 98.0%

study

Chou (2013) Prospective cohort Adults (cardiac Real-time ED EM residents Tracheal US 89 8% 85.7% 100.0%

study arrest)

Hosseini (2013)  Prospective cohort Adults Post-intubation ED EM residents Diaphragm movement 57 21% 91.7% 95.6%

study

Abbasia (2014) Prospective cohort Adults Real-time ED EM residents Tracheal US 60 10% 100.0% 98.1%

study
Post-intubation ED EM residents Tracheal US 60 13% 100.0% 100.0%
Post-intubation ED EM residents Lung US 120 12% 100.0% 97.2%
EM, emergency medicine; US, ultrasonography; OR, operation room; ED, emergency department.
Table 2
Quality assessment by QUADAS criteria.

Author Representative  Clear Adequate Shorttime  All patient Same RS inde- Adequate Adequate Blinding for  Blinding for  Clinical Report of Description
spectrum of description of RS period verified by RSused pendentof index test RS index test RS data uninter- of
patients selection between RS RS index test description available ruptible withdrawals

criteria and index test result
test

Weaver (2006) No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Werner (2007)  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Ma (2007) No Yes Unclear Yes Yes Yes Yes Yes No Yes Unclear No Yes Yes

Milling (2007) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Park (2009) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

GOksu (2010) No Yes Unclear Yes Yes Yes Yes Yes No Yes Yes No Yes Yes

Muslu (2011) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Chou (2011) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Adi (2013) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Chou (2013) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Hosseini (2013)  Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Yes Yes

Abbasia (2014)  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes

RS, reference standard.
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60.62-92.46)

82.77

435.01 (50.16-3772.35)

0.98-1.00)

0.99

0.02-0.36)

0.09

39.05(14.30-106.67)

0.98 (0.94-0.99

0.70-0.98)

0.91

Static

ED, emergency department; LR, likelihood ratio; OR: odds ratio.
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@ Either tracheal or lung ultrasonography.

scanning.®!116-20 Ma et al.?® reported high sensitivity and speci-
ficity in real-time, dynamic assessment, but poor sensitivity in
static, post-intubation assessment in cadaveric models. How-
ever, static assessment can still achieve excellent sensitivity and
specificity on live patients in the OR and ED.?121415 The sensi-
tivity, but not specificity, of ultrasonography varied in different
settings and level of operators. Ultrasonography is highly operator-
dependent, and ultrasounds performed by residents had a lower
sensitivity than those performed by attending physicians. Ultra-
sonography also demonstrated decreased sensitivity in the ED
setting, which is likely due to the emergent nature of many ED
intubations.

Lung ultrasonography can provide indirect dynamic evidence of
correct endotracheal intubation. Pleural and diaphragmatic move-
ments, which are the indicators of lung expansion, can be identified
with ultrasonography. Bilateral lung sliding and equal diaphragm
movement synchronized with ventilation can be seen if the tube
is in the trachea. Compared with tracheal ultrasonography, lung
ultrasonography can be used to confirm endotracheal intubation
and detection of main stem intubation.'>2! Four studies using
lung or diaphragm ultrasonography were enrolled in our final
analysis.>191721 These indirect ultrasound methods also achieved
high sensitivity and specificity for detection of esophageal intu-
bation. Lung ultrasonography can also be used to identify main
stem intubation.'21:33 In this study, we did not pool the results of
diagnostic accuracy of lung ultrasonography for detection of main
stem intubation, because only a few studies were found in the adult
population.'321:33 Future studies are still needed to clarify the value
of this application.

There are several limitations in this study. First, three studies
were performed in cadaveric models, and these results may not
be reproduced when imaging actual patients. Two studies utilized
only one cadaveric model for intubation attempts that may induce a
potentially significant source of bias.!20 Second, we found moder-
ate heterogeneity among the included studies, which was a result
of differences in study setting, patient characteristics, and ultra-
sound scanning techniques between studies. This heterogeneity
may affect the reliability and precision of the final test charac-
teristics results. In addition, there was incomplete adherence of
the included studies to the QUADAS tools. Fourth, the accuracy of
ultrasonography depends on the operator’s experience. However,
the nature of training requirements for tracheal or lung ultrasono-
graphy was not investigated. Finally, we did not pool the results of
diagnostic accuracy specific to cardiac arrest patients or mainstem
intubation because only a few studies were found in adult popula-
tions related to these specific areas. To reduce the heterogeneity of
this meta-analysis, pediatric studies were not included because the
ultrasound techniques for detection of esophageal intubation are
different between adult and pediatric studies. In pediatric patients,
the researchers usually used diaphragmatic ultrasonography>4°°,
but not tracheal or lung ultrasonography, to confirm endotracheal
intubation. Several studies used tracheal ultrasonography to con-
firm tracheal intubation in pediatric patients.>®37 However, the
researchers looked for direct visualization of the endotracheal tube
in the trachea, but not the sonographic sign of esophageal intu-
bation that was used in adult patients. Future systematic reviews
and meta-analyses are still needed for this application in pediatric
patients.

5. Conclusion

The pooled results of published studies suggest that ultrasono-
graphy can be used to detect esophageal intubation with a high
degree of diagnostic accuracy. With optimal sensitivity and near-
perfect specificity, ultrasonography can be a valuable adjunct in
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s this aspect of airway assessment, especially in situations where
323 capnography may be unreliable.
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