
Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com
This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits unrestricted use,  

distribution, and reproduction in any medium, including commercial use, provided the original work is properly cited
497

Review J Clin Med Res. 2026;18(8):497-514

Airway Ultrasound: Applications in Pediatric Anesthesiology 
and Critical Care
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Abstract

The clinical uses and potential applications of point-of-care ultra-
sound (POCUS) have seen a significant increase in the practice of 
anesthesiology and critical care medicine. While initially used for 
regional anesthesia and vascular access, POCUS has since expanded 
to have significant applications for airway management and evalua-
tion. Ultrasound has been effectively used to visualize the anatomical 
structures of the hypopharynx and anterior neck including the crico-
thyroid membrane, tracheal rings, esophagus, and aerated lung in a 
simple, rapid, and non-invasive manner. POCUS has demonstrated 
utility across multiple aspects of airway management including pre-
operative airway assessment, identification and evaluation of the dif-
ficult airway, confirmation of endotracheal intubation, verification of 
cuff position in relation to the cricoid ring, endotracheal tube depth, 
and localization of the cricothyroid membrane for emergency airway 
access. This educational review outlines the novel uses of POCUS in 
airway evaluation and management in various clinical scenarios with 
a focus on the pediatric-aged patient.

Keywords: Point-of-care ultrasound; Airway management; Endotra-
cheal intubation; Airway assessment; Cricothyrotomy

Introduction

Over the past decade, point-of-care ultrasound (POCUS) has 
seen a significant increase in utilization within anesthesiol-
ogy and critical care medicine. Training in POCUS is now 
included in most curricula for trainees across both specialty 
tracks. While initially utilized primarily for central venous 

access and regional anesthesia, POCUS has expanded into 
various diagnostic and therapeutic domains. Current clinical 
applications include facilitation of peripheral venous access, 
assessment of gastric volume and aspiration risk, regional an-
esthesia (peripheral and neuraxial blockade), confirmation of 
one-lung ventilation (OLV), identification of pneumothorax or 
pleural effusions, and detection of intra-abdominal bleeding 
during trauma care [1–3]. More recently, ultrasound has been 
increasingly studied as a modality for airway evaluation and 
management across various clinical scenarios [4, 5]. It enables 
identification of airway anatomy including the bones and soft 
tissues of the hypopharynx and anterior neck, the cricothyroid 
membrane (CTM), tracheal cartilages, esophagus, and aerated 
lung in a simple, rapid, and non-invasive manner.

The applicability and advantages of POCUS have been 
demonstrated in various aspects of airway management, and 
these applications continue to expand (Table 1). This edu-
cational review outlines the novel use of POCUS in airway 
evaluation and management with a focus on pediatric-aged 
patients. The literature regarding the applications of POCUS 
across various clinical scenarios is reviewed including assess-
ment of the airway and identifying the potentially difficult or 
compromised airway, confirmation of endotracheal intubation, 
documentation of appropriate endotracheal tube (ETT) place-
ment including depth of placement, identification of the cor-
rect site for potential cricothyroidotomy, and documentation 
of effective lung isolation during OLV.

An online search of PubMed and Google Scholar was per-
formed to identify appropriate manuscripts for inclusion using 
a combination of the following key words: ultrasound, airway, 
endotracheal intubation, pediatric anesthesiology, pediatrics, 
cricothyrotomy, and cricothyroidotomy. The subsequent re-
view included case reports and case series, retrospective and 
prospective studies, systematic reviews and meta-analyses, 
clinical guidelines, and other narrative reviews. The literature 
search was restricted to studies published in English. The au-
thors who have clinical experience in anesthesiology, pediatric 
anesthesiology, and pediatric critical care medicine reviewed 
the articles and decided which studies to include for the re-
view by consensus, with a specific focus on relevant pediat-
ric anesthesiology and pediatric critical care articles as well 
as illustrative articles from the adult literature. These specific 
adult studies were included if they focused on novel aspects of 
airway ultrasound, which may have applications in pediatric-
aged patients, but which have not been specifically performed 
in that age group. Systematic reviews and meta-analyses were 
preferentially selected, followed sequentially by randomized 
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controlled trials, prospective studies, retrospective studies, 
case reports, and other narrative reviews when alternate data 
were not available. Additionally, the reference list of included 
articles was reviewed and additional published manuscripts 
identified.

Airway Assessment

Endotracheal intubation remains a primary tool for airway 
management in various clinical scenarios in operating rooms, 
intensive care units, and emergency departments [6]. Tradi-
tionally, airway assessment includes the history of previous 
endotracheal intubations, assessment of cervical spine mobil-
ity, and an appraisal of head, neck, and intra-oral anatomy [7]. 
Endotracheal intubation and its depth are confirmed by direct 
visualization during laryngoscopy, chest auscultation, capnog-
raphy, and a chest radiograph. Due to its superior diagnostic 
accuracy, portability, familiarity, accessibility, safety, and non-
invasive nature, POCUS has emerged as an important tool for 
airway assessment and management [4, 8, 9]. Reported appli-
cations of airway ultrasound include assessment of the airway 
prior to endotracheal intubation to identify patients with an 
unanticipated difficult airway. POCUS can also serve to con-
firm ETT placement particularly during resuscitation in a pa-
tient with cardiac arrest where capnography can be unreliable. 
Airway ultrasound has also been used to rule out esophageal 
or main stem intubation and to identify the CTM prior to cri-
cothyrotomy in the “cannot intubate – cannot ventilate” situa-
tions [10–13].

Sono-Anatomy of the Upper Airway

Ultrasound of the airway can be performed using transverse, 
sagittal, and parasagittal views at multiple levels including the 

suprahyoid, thyrohyoid, thyroid, cricothyroid, and suprasternal 
levels, allowing detailed visualization of airway structures (Fig. 
1). Both the linear and the curvilinear probes are used for visu-
alization of the upper airway. The linear probe has been shown 
to be useful in visualizing the superficial structures of the airway 
which include the epiglottis, vocal cords, and the CTM [4, 5]. 
The curvilinear probe is better suited for visualization of deeper 
structures such as the base of tongue and the esophagus. Specific 
measurements, such as the thyromental distance, may also use 
the curvilinear probe due to its larger footprint.

The transverse and the sagittal views are usually sufficient 
for airway visualization (Fig. 2). The parasagittal axis can be 
used to aid in better visualization of midline structures such as 
the CTM during cricothyroidotomy. Scanning is done with the 
patient in a supine position with the neck in neutral, ramped, or 
hyperextended position. Hyperextension allows for increased 
surface area for the probe footprint and may improve visuali-
zation of structures. Patient maneuvers can be utilized to better 
elucidate airway anatomy. Having the patient swallow may aid 
in the visualization of the esophagus and having the patient 
phonate can help to evaluate vocal cord function [14].

Ultrasound to Evaluate Laryngoscopy and the 
Difficult Airway

Adult investigations

The incidence of difficult airway and difficult endotracheal in-
tubation varies from 5% to 22%, depending on the definition 
and patient population studied. Although relatively uncom-
mon, these events can lead to significant morbidity or mortal-
ity if not anticipated [15–17]. Importantly, even patients clas-
sified preoperatively as having an “easy airway” may prove 
difficult to intubate or ventilate [16–18]. Conventional airway 

Table 1.  Ultrasound for Airway Evaluation and Management

1. Assessment of the airway
    a. Airway assessment and identifying the difficult airway
    b. Grading or identification of obstructive sleep apnea
    c. Identifying airway abnormalities including subglottic stenosis
2. Endotracheal intubation
    a. Choosing endotracheal tube size
    b. Confirming endotracheal intubation
        i. direct assessment with transtracheal visualization
        ii. indirect assessment with lung sliding or diaphragmatic movement
3. Assessing depth of endotracheal tube placement
    a. Cuff placement
    b. Tip of the endotracheal tube placement
4. Identification of the site for cricothyroidotomy
5. Miscellaneous applications
    a. One lung ventilation
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Figure 1. Ultrasound of the airway can be performed using transverse, sagittal and parasagittal views at multiple levels includ-
ing the suprahyoid, thyrohyoid, thyroid, cricothyroid, and suprasternal levels, allowing detailed visualization of airway structures. 
CTM: cricothyroid membrane; ETT: endotracheal tube; POCUS: point-of-care ultrasound.

Figure 2. Sagittal ultrasound view of the airway showing the cricoid cartilage to the left at the top of the airway, the cricothyroid 
membrane (blue line), and tracheal rings. Air can be seen in the inflated endotracheal tube (ETT) cuff.
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assessment relies on bedside physical examination tools such 
as the modified Mallampati score, upper lip bite test, mouth 
opening, and thyromental distance. Although widely used, 
these tools have limited sensitivity and specificity, reducing 
their reliability and applicability as screening tests [19, 20]. 
Composite scoring systems such as the Simplified Predictive 
Intubation Difficulty Score (SPIDS) and Total Airway Score 
(TAS) were developed to improve prediction by incorporating 
multiple clinical parameters. Although these composite scores 
may improve discrimination compared with individual airway 
measurements, their predictive performance remains variable 
across patient populations [21, 22].

Ultrasound, with its wide availability and non-invasive 
nature, is readily tolerated by patients and may have a role as 
an adjunct to these clinical airway assessment tools. POCUS 
may be able to complement traditional physical examination 
by providing real-time visualization and measurement of key 
oropharyngeal and tracheal structures including the epiglottis, 
tongue, hyoid, and vocal cords that previously required radio-
graphic imaging [23]. Rapid ultrasound assessment may iden-
tify difficult laryngoscopy using ultrasound measurements of 
anterior neck soft tissue thickness, evaluation of tongue size, 
oral cavity space, and laryngeal position. Ultrasound derived 
measurements can be precise, comparable with other radiologic 
imaging techniques, presenting unique opportunities for meas-
uring relevant pathology and structures in the airways [24].

A meta-analysis of adult studies by Bhargava et al evalu-
ated sonographic predictors of difficult direct laryngoscopy in 
adults across three principal domains or measurements [25]. 
The three domains included the anterior neck tissue thickness 
domain (TTD), anatomic position domain (APD), and the oral 
cavity space domain (OSD). The anterior TTD, which includes 
distance from the skin to epiglottis (DSE), demonstrated a 
pooled sensitivity of 76% and specificity of 77%. The APD, 
assessed primarily through assessment of the hyo-mental dis-
tance (HMD) in the neutral position, showed the strongest pre-
dictive accuracy, with a specificity of 86% and a sensitivity of 
74%. In contrast, the OSD, comprising tongue thickness and 
oral cavity height, offered a lower pooled sensitivity of 53%, 
but retained moderate specificity (77%).

Subsequent studies have reinforced these findings. Carsetti 
et al evaluated ultrasound-based predictors of difficult direct la-
ryngoscopy in adult patients undergoing elective surgery [15]. 
The study confirmed the diagnostic value of DSE, skin to hyoid 
bone distance (DSHB), skin to vocal cord distance (DSVC), and 
ratio of pre-epiglottic space to the epiglottis-to-vocal cords dis-
tance. While all parameters differed significantly between easy 
versus difficult direct laryngoscopy, DSE emerged as the most 
reliable and widely adopted metric associated with difficult di-
rect laryngoscopy. The predictive value of DSE for difficult di-
rect laryngoscopy in various ethnicities and patient populations 
is well supported by other studies [9, 24–29].

When comparing and evaluating these studies, identifying 
which specific ultrasonographic measurement is the best pre-
dictor of difficult direct laryngoscopy and endotracheal intuba-
tion is essential. Evaluating the OSD, Ohri et al used two-di-
mensional ultrasonography to calculate tongue volume in real 
time and correlate it with the modified Cormack-Lehane grad-

ing observed during direct laryngoscopy [23]. A larger tongue 
volume correlated with a higher incidence of difficulties with 
direct laryngoscopy and endotracheal intubation. These find-
ings correlate with the clinical assumption that size and vol-
ume of tongue affect direct laryngoscopy and view of the glot-
tis due to limitations of the submandibular space. HMD has 
been shown to be the best predictor of difficult laryngoscopy 
and difficult endotracheal intubation within the APD [25]. Fur-
thermore, Gomes et al identified HMD as the most consistent 
predictor overall, whereas tongue thickness was found to be 
the most reproducible measure within the OSD [9].

Lin et al in their comprehensive review on the utility of 
POCUS in airway management proposed the Difficult Airway 
Evaluation with Sonography (DARES) protocol to unify these 
approaches, which integrated validated parameters across do-
mains to enhance standardization and risk stratification [14]. 
These sonographic measurements offer objective, quantifiable 
data that enhance the prediction of difficult direct laryngos-
copy with greater precision and consistency than traditional 
bedside physical examination alone.

Applications in pediatric-aged patients

The application of POCUS for airway assessment in children 
is an evolving field, with several sonographic parameters dem-
onstrating potential utility as predictors of difficult direct la-
ryngoscopy and endotracheal intubation. While the literature 
is still developing and specific conclusions may be limited 
by heterogeneity in study design and patient populations, key 
measurements have emerged as promising tools in pediatric 
airway evaluation. Among pediatric predictors, the hyo-mental 
distance ratio (HMDR), calculated as the HMD at maximum 
head extension divided by the HMD in the neutral head posi-
tion, has shown promising predictive value. In children less 
than 2 years of age, an HMDR cutoff of approximately 1.055 
predicted difficult direct laryngoscopy with a sensitivity of 
100% and specificity of 86.9%, while in children 5–12 years 
of age, a shortened hyo-mental distance in extension (HMDE) 
was associated with difficult laryngoscopy [30, 31]. Consistent 
with adult data, an increased DSE in children has been shown 
to correlate with a more anterior epiglottis and reduced glottic 
exposure [31]. Tongue-related POCUS measurements, includ-
ing tongue thickness (TT), TT/oral cavity height (TT/OCH), 
and TT/thyromental distance (TT/TMD) ratios, have demon-
strated potential, although their applicability may be limited by 
variability across age groups (Figs. 3 and 4) [14, 32].

Finally, sonographic parameters in children targeting 
proximal airway landmarks, such as the epiglottis and hyoid, 
may offer superior diagnostic accuracy compared with those 
measured near distal structures like the CTM or vocal cords 
[32, 33]. These studies seem to support the potential clinical 
utility of proximal ultrasound markers in predicting difficult 
direct laryngoscopy in children.

In pediatric patients, especially infants and toddlers, stand-
ard airway examination and other conventional airway assess-
ment tools (e.g., Mallampati classification) may be impractical 
due to lack of cooperation and limited sensitivity and specific-
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ity when compared with the adult population. This makes ac-
curate preoperative airway assessment using clinical and phys-
ical assessment tools particularly challenging in children. The 
non-invasive and objective nature of ultrasound makes it ideal 
for pediatric airway assessment in young patients, encouraging 
future clinical research and endeavors in this area [34].

Grading or Identification of Obstructive Sleep 
Apnea (OSA)

POCUS has emerged as a potential tool for identification and 
grading of patients with previously undiagnosed OSA [35, 

36]. Within this context, ultrasonography has the benefit of not 
requiring sedation or anesthesia for completion of an exam, 
thereby offering advantages over computed tomography (CT) 
or magnetic resonance imaging (MRI) in infants and younger 
children. Ultrasonography can be performed rapidly at the 
bedside without need for prior planning or scheduling. Unlike 
CT imaging, there is no radiation exposure and unlike MRI, no 
concerns of ferromagnetic materials or other MRI associated 
safety concerns.

Sleep disordered breathing (SDB) includes a clinical dis-
ease spectrum ranging from snoring and upper airway resist-
ance to a complete upper airway obstruction or OSA. The 
prevalence of SDB in children ranges from 9% to 12%, while 
that of OSA is 1–3% [37, 38]. Traditionally, the severity of 

Figure 3. Airway ultrasound in children with measurement of the hyo-mental distance (HMD). For this measurement, the probe 
is placed in the sagittal plane in the submental area.

Figure 4. Oropharyngeal ultrasound in children. Measurement of the distance between the lingual arteries at the base of the 
tongue (left) and measurement of the width (1) and height (2) of the tongue at its base at the back of the oropharynx (right).
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OSA has been described in terms of the apnea-hypopnea in-
dex (AHI) with classification into mild (5–15/h), moderate 
(15–30/h), and severe (> 30/h) based on the number of events 
per hour. Although polysomnography remains the gold stand-
ard in the diagnosis of OSA, its widespread use is limited by 
cost, accessibility, and the need for overnight hospitalization. 
In addition, sleep studies are time-consuming, and may result 
in missed school or work days, creating further inconvenience 
for patients and families. Commonly used questionnaire-based 
screening tools offer a more accessible alternative, but they 
may lack specificity and have a poor negative predictive value 
[39, 40]. A recent systematic review and meta-analysis evalu-
ating POCUS in adults identified several parameters, including 
distance between lingual arteries, resting tongue thickness, and 
tongue base thickness during Muller maneuver, all of which 
correlated moderately with moderate-severe OSA [35]. Ad-
ditionally, the non-airway parameter of carotid intimal media 
thickness was identified as having a low to moderate correla-
tion with moderate to severe OSA in adults.

Burns et al in a systematic review of 12 studies (1,237 
pediatric patients) evaluated the role of surface ultrasound as a 
POCUS modality for OSA screening in pediatric-aged patients 
[36]. The review examined both airway-related and non-air-
way sonographic parameters and categorized the studies into 
two major groups based on the nature of their association with 
OSA severity and diagnosis. One group of parameters directly 
correlated with polysomnographic indices including AHI, res-
piratory-disturbance index (RDI), and mean oxygen saturation. 
The authors reported that lateral pharyngeal wall thickness, 
total retropharyngeal neck thickness, carotid intima–media 
thickness (cIMT), and carotid distensibility showed meaning-
ful associations with disease severity. The second group ex-
amined indirect relationships, primarily focusing on adenot-
onsillar anatomy (tonsillar dimensions and adenoid thickness). 
Importantly, tonsillar volume alone did not reliably correlate 
with OSA diagnosis or severity; instead, these metrics were 
validated against surrogate reference standards (surgical speci-
men volume, radiography, and nasopharyngoscopy). Figures 4 
and 5 demonstrate examples of the use of ultrasonography for 
airway imaging in children with measurement of the distance 
between the lingual arteries, height and width of the tongue, 
and direct ultrasonography of the tonsil.

Lin et al in a study cohort of 82 pediatric patients demon-
strated positive correlation between OSA and lateral pharyngeal 
wall thickness (LPW) during both the Muller maneuver and at 
rest [41]. There was also a positive correlation between OSA and 
total neck thickness. However, there was no correlation between 
AHI and tonsil volume. Au et al in two studies demonstrated an 
association between LPW and OSA (AHI > 1) (odds ratio (OR) 
= 1.73; 95% confidence interval (CI), 1.05–2.83), when adjusted 
for age, sex, body mass index (BMI), and Z-score [42, 43]. The 
association with moderate to severe OSA was more significant 
(OR = 3.65 95%; CI, 1.53–8.68). Collectively, these findings 
underscore the potential of airway ultrasound while highlighting 
the need for standardized pediatric protocols.

Tonsillar size is the most frequently evaluated airway 
parameter despite the absence of a consistent direct correla-
tion with OSA severity. Although pediatric OSA guidelines 
emphasize tonsillar hypertrophy, relatively few studies have 

examined its relationship with objective measures such as the 
AHI. Available evidence suggests a moderate to strong cor-
relation between tonsillar size assessed by ultrasound with 
either intraoperative findings or excised surgical specimens, 
supporting the validity of imaging-based tonsillar size as-
sessment. While current guidelines support tonsillectomy for 
children with OSA confirmed on overnight polysomnography, 
tonsillar hypertrophy represents only one component of upper-
airway obstruction [44]. Additional soft-tissue structures and 
craniofacial skeletal features may play an important role in de-
termining airway patency and contribute to the multifactorial 
etiology of pediatric OSA, which may be better assessed in a 
dynamic real-time fashion using airway ultrasonography [45].

Regarding non-airway parameters, several studies have 
examined the association between long standing OSA and vas-
cular markers (cIMT and carotid distensibility) assessed us-
ing ultrasound [46–48]. While the relationship between OSA 
and these vascular parameters has been well documented in 
adult populations with cardiovascular disease, findings in the 
pediatric population have been inconsistent. In pediatric stud-
ies, Iannuzzi et al, Marshall et al, and Tagetti et al reported no 
significant association or correlation between OSA and cIMT 
[49–51]. Tagetti et al demonstrated no correlation between 
cIMT and OSA severity, as assessed by the AHI, nor with other 
respiratory indices including oxygen saturation, RDI, or oxy-
gen desaturation index [51]. However a weak, but statistically 
significant association was identified between carotid distensi-
bility of the internal carotid artery and AHI (P = 0.03), suggest-
ing that functional vascular alterations may precede detectable 
structural changes in children with OSA.

When compared with adults, relatively few pediatric stud-
ies have directly evaluated ultrasound-derived measures, wheth-
er vascular or airway-related, and their correlation to OSA. One 
of the challenges in this area when focusing on the pediatric-
aged patient remains the variability in the association of vari-
ous physical features (BMI, tonsillar size, neck circumference) 
with OSA and AHI. These factors highlight the heterogeneity of 

Figure 5. Submandibular ultrasound showing identification of tonsil-
lar size.
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OSA in pediatric-aged patients especially the pre-pubertal group 
where there are marked differences between etiology and pres-
entation when compared to adults or even adolescents. These 
variabilities identify important gaps in understanding the struc-
tural and functional correlations of pediatric OSA.

Identifying Airway Abnormalities Including 
Subglottic Stenosis

Various studies have evaluated the use of ultrasound to visual-
ize the trachea and subglottic area (Fig. 6). Giguere et al in one 
of the earliest ultrasound studies compared US and video bron-
choscopy to direct caliper measurements of the dissected larynx 
in an animal model, demonstrating agreement of the two meth-
ods in measuring the subglottic lumen diameter with a CI of 
95%, thus validating ultrasound as a potential tool for measuring 
the subglottic lumen [52]. Miles described the use of ultrasound 
for assessment of vocal cord movement while Kundra et al dem-
onstrated the utility of airway ultrasonography for diagnosing 
superior laryngeal nerve and recurrent laryngeal nerve injuries 
after thyroid and parathyroid surgery in adults [53, 54].

Garel et al described the use of trans-laryngeal ultrasound 
for evaluating upper-airway pathology in infants and children 
[55]. In this early feasibility study of 33 patients (1 day to 15 
years of age), ultrasound effectively identified several func-
tional abnormalities, including vocal cord paralysis, using dy-
namic maneuvers such as deep breathing and phonation. The 
authors also demonstrated the utility of ultrasound in detecting 
pathologic lesions, including subglottic masses and subglot-
tic stenosis. For patients with subglottic stenosis, ultrasound 
allowed visualization of arytenoid motion and identification 
of anterior synechiae when present, highlighting its potential 
complementary role to airway endoscopy. Bisetti et al reported 
laryngeal ultrasound as a safe and accurate tool in diagnos-
ing vocal cord pathology including hemangiomas, laryngeal 
stenosis, and vocal cord paralysis [56]. The study compared 
the results with flexible fiberoptic laryngoscopy and suggested 
that ultrasound could be used as an effective supplemental tool 
particularly in children with a limited ability to cooperate with 

a more invasive examination.
A prospective, double-blinded pediatric clinical study 

compared ultrasonography, video bronchoscopy, and ETT siz-
ing for measurement of subglottic airway diameter [57]. Ultra-
sonographic measurements showed a strong correlation with 
both video-bronchoscopy and ETT sizing; however, ultrasound 
consistently underestimated absolute subglottic dimensions. De-
spite the authors being less enthusiastic about use of ultrasound 
for absolute airway sizing or ETT selection, they opined that it 
may serve as a useful non-invasive tool for longitudinal moni-
toring of changes in subglottic caliber over time. The study did 
not include children with established subglottic stenosis, which 
may have limited their conclusions regarding diagnostic perfor-
mance of US in airways with pathologic narrowing.

Bell et al used ultrasonography to identify extraluminal 
stents as well as glottic, subglottic, and tracheal pathology in 
four patients who had previously undergone tracheal recon-
struction [58]. US findings were compared with endoscopic 
images obtained during direct laryngoscopy and bronchosco-
py. Subglottic measurements obtained using ultrasound were 
within 0.1–0.5 mm of the outer diameter of the appropriate-
sized ETTs. They concluded that ultrasound can be used as 
a surveillance tool in patients who would require repeated 
laryngoscopy or other imaging modalities, thus avoiding 
anesthesia and radiation exposure. However, they cautioned 
that ultrasound did not visualize tracheotomy tubes or pos-
terolateral pathology. Recent work in adults has suggested 
that the improved accuracy of airway evaluations using 3D 
reconstructions with ultrasound may allow better assessment 
of airway anatomy including the anteroposterior diameter 
which is challenging to visualize using conventional ultra-
sound. The preliminary results have been shown to correlate 
well with MRI assessment in adults [59].

Endotracheal Intubation and Cuff Placement

ETT cuff position and depth of insertion

Confirming the depth and position of the ETT cuff is impera-

Figure 6. Transverse (left) and sagittal (right) ultrasound views of the area demonstrating the trachea, subglottic area, and cri-
cothyroid membrane.
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tive in reducing adverse effects related to endotracheal intu-
bation and cuff inflation such as laryngeal injury, subglottic 
stenosis, and inadvertent tracheal extubation. The cricoid carti-
lage is defined as the narrowest rigid aspect of the pediatric air-
way. If the ETT cuff lies at the cricoid, mucosal ischemia and 
ulceration may occur, leading to post-extubation stridor or sub-
glottic stenosis. Positioning the cuff entirely below the cricoid 
cartilage against the more distensible tracheal rings is gener-
ally recommended as a means of limiting airway trauma [60]. 
When a high-frequency linear probe is placed on the anterior 
neck in the sagittal or para-sagittal long-axis plane, the cricoid 
cartilage and tracheal rings appear as anechoic structures in the 
two dimensional image (Fig. 7). A linear hyperechoic line seen 
posteriorly on the longitudinal plane of the trachea is formed 
by reverberation artifacts from the air-mucosal interface of the 
cuff against the tracheal mucosa. A saline-inflated cuff is seen 
as a hyperechoic band with posterior shadowing (Fig. 8). By 
confirming that the cuff is distal to the cricoid, clinicians can 
safely adjust ETT depth in real time [5, 61].

In a prospective, non-randomized study of 80 pediatric-
aged patients aged 1–78 months, ultrasound was used to locate 
the ETT cuff relative to the cricoid and tracheal rings [61]. 
The cephalad end of the ETT cuff was found at the level of the 
cricoid in 16.3% of patients, at the first, second, and third tra-
cheal rings in 27.5%, 23.8%, and 17.5% patients, respectively, 
and at or below the fourth tracheal ring in 15% of patients. The 
authors suggested that this observed inconsistency highlights 
known variability in pediatric airway anatomy, underscor-
ing the value of real-time ultrasound imaging. These findings 
align with anatomical data obtained from an in vitro dissec-
tion study of pediatric larynxes, which demonstrated that the 
cuff location on modern ETTs frequently overlaps the cricoid 
cartilage rather than remaining entirely distal to it [62]. With 
the currently available ETTs, especially in the smaller sizes, 

the proximal portion of the cuff may impinge upon the cri-
coid. The cuff malposition may lead to mucosal ischemia and 
subsequent subglottic injury. Based on these observations, the 
authors advocated for a redesign of cuff position on the ETT 
by current manufacturers. Together, both ultrasound evidence 
in vivo and anatomical data in vitro reinforce the principle that 
optimal cuff position below the cricoid cartilage may not be 
achieved in a significant percentage of patients. This gap fur-
ther strengthens the role of POCUS as a real-time, non-inva-
sive tool for confirming and correcting cuff depth to minimize 
airway morbidity while avoiding the radiation related to radio-
graphic imaging.

Recent evidence has expanded the role of POCUS for con-
firming the depth of ETT placement and as a means of avoiding 
mainstem intubation. The tracheal carina cannot be visualized 
directly with ultrasound because air-filled lungs create acous-
tic artifacts that obscure the structure. Therefore, adjacent vas-
cular landmarks, most commonly the right pulmonary artery 
or the apex of the aortic arch are used as reliable sonographic 
surrogates for estimating the position of the carina. Levkovitz 
et al demonstrated a strong correlation between the ultrasound 
distance from the ETT to the right pulmonary artery (RPA) and 
the ETT to carina distance on standard chest radiographs, sup-
porting the use of the RPA as a surrogate anatomical landmark 
for the carina [63]. Consequently, positioning the tip of the 
ETT 0.5–1.5 cm above the RPA provides a reasonable estimate 
for mid-tracheal placement when the head is in a neutral posi-
tion. The accuracy of this technique was confirmed by Salva-
dori et al, who demonstrated that using the superior margin of 
the RPA as a landmark, is as reliable as a chest radiograph, but 
significantly faster with a median performance time for ultra-
sound of 3.2 min [64].

Using the RPA as a reliable surrogate marker for the carina, 
a systematic review and meta-analysis by Congedi et al evalu-

Figure 7. High-frequency linear probe placed on the anterior neck in the para-sagittal, long-axis plane (left) for airway ultrasonog-
raphy. The cricoid cartilage and tracheal rings appear as anechoic structures. The anterior row of tracheal cartilages (anechoic 
structures) in the longitudinal plane is sometimes referred to as a “string of beads.” The air-filled cuff of the endotracheal tube 
also appears as an anechoic structure deep to the tracheal cartilages in a two-dimensional plane.
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ated 602 neonatal endotracheal intubations across 14 stud-
ies [65]. The authors specifically evaluated the capability of 
POCUS to determine the correct ETT insertion depth. Across 
the studies, the ETT tip was most closely referenced to the 
superior aspect of the RPA or the apex of the aortic arch, both 
serving as reliable surrogates for the carina. POCUS identified 
the ETT in 96.8% of cases, with a sensitivity of 93.4% for 
detecting an appropriately positioned tip compared with chest 
radiography. The RPA landmark yielded the highest sensitivity 
(approaching 100%), whereas the aortic arch marker showed 
slightly lower accuracy. Although specificity remained limited 
due to the relative paucity of mal-positioned ETTs, these find-
ings highlight that ultrasound can provide real-time, radiation-
free localization of the ETT tip in neonates, allowing clinicians 
to detect ETTs that are positioned too high or too low within 
the trachea.

A transverse ultrasound scan at the suprasternal notch has 
been evaluated as a surrogate marker of ETT depth when a 
fluid-filled cuff is used in older infants and children. A pro-
spective study in 75 pediatric patients demonstrated that ul-
trasound visualization of a saline-inflated cuff with the probe 
placed at the level of the suprasternal notch correlated with 
fluoroscopic confirmation of correct ETT tip position in 95% 
of cases, with the tip reliably located below the clavicles and 
at least 1 cm above the carina [66]. This simple and reproduc-
ible technique using the acoustic window of the suprasternal 
notch helps avoid radiation exposure, and provides real-time 
confirmation of ETT placement, making it a practical, bedside 
tool to complement standard depth assessment.

Choosing correct ETT size

An appropriately sized ETT is critical for effective ventilation, 
minimizing airway trauma, and prevention of complications 
such as post-extubation stridor and subglottic stenosis. PO-
CUS has emerged as a potential tool for assessment of ETT 
size in real time. Liu et al in their systematic review analyzed 
six RCTs and 16 diagnostic studies involving 1,816 pediatric 
patients for whom ultrasound was used for ETT size measure-
ment and selection [67]. The ultrasound exam was performed 
by placing the linear probe on the anterior aspect of the neck in 
the midline and measuring the minimal transverse diameter of 
the subglottic airway at the level of the cricoid. The diagnostic 
accuracy of the studies varied somewhat, but in general, air-
way ultrasound could be used to determine ETT size, confirm 
endotracheal intubation, and document ETT position with a 
clinically useful degree of diagnostic accuracy. When specifi-
cally considering the accuracy of airway ultrasound in predict-
ing ETT size, US was consistently better than traditional meth-
ods, such as height formula, age formula, and the width of the 
little finger with the majority of the studies demonstrating an 
accuracy ≥ 90%.

Singh et al in a prospective study of 100 patients (12–60 
months of age) demonstrated that US was the most sensitive 
(100%) method in predicting the appropriate ETT size [68]. 
Tracheal diameter was measured as the transverse air column 
diameter at the cephalad end of the cricoid cartilage which is 
narrower than the caudal part. The authors judged their ETT 
size selection as “best fit” if the air leak was satisfactory at 

Figure 8. Ultrasonographic images of the airway and endotracheal tube (ETT). The cricoid is an anechoic structure to the right 
and the tracheal rings are numbered (T1 to T4). To enhance visibility on ultrasound, the cuff of the ETT is filled with saline (white 
arrow). The cephalad aspect of the cuff is positioned at the lower aspect of the cricoid. A linear hyperechoic line (red arrows) on 
the longitudinal plane of the trachea is formed by reverberation artifacts from the air-mucosa interface within the trachea (red 
arrows). The walls of the ETT within the trachea are seen as two hyperechoic lines (yellow and green arrows).
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15–20 cm H2O airway pressure, upsizing 0.5 mm if the leak 
occurred at a pressure < 10 cm of H2O and downsizing by 0.5 
mm if resistance was met or no leak was detected. Using Pear-
son’s correlation, the authors demonstrated that ultrasound 
correlated more strongly with actual ETT size (r = 0.943) than 
alternative methods including age-based formula (r = 0.743), 
body length-based formula (r = 0.683), finger-based formula (r 
= 0.587), and multivariate formula (r = 0.741).

Similarly, Hao et al evaluated a cohort of children with 
congenital scoliosis and found a strong correlation between 
best-fit ETT size and the ETT size predicted by ultrasound, 
particularly in patients with thoracic and lumbar scoliosis [69]. 
Kim et al demonstrated a strong correlation between ultrasound 
measured subglottic diameter and the actual outer diameter of 
the ETT (ETTOD). Using these data, they developed an empiri-
cal equation with the ETTOD (mm) = (0.01 × age (months) + 
0.02 × height (cm) + 3.3) for choosing an appropriate ETT in 
children ≥ 12 months of age [70]. The formula functions reli-
ably across both cuffed and uncuffed ETT variations. These 
findings are reinforced by Shibasaki et al who evaluated pa-
tients 1 month to 6 years of age and reported a 98% rate of 
agreement for cuffed ETTs and 96% for uncuffed ETTs when 
using ultrasound to measure subglottic upper airway diameter 
[71].

Notably, none of the reviewed studies reported any pro-
tocol discontinuations due to adverse events and no specific 
adverse effects pertaining to ultrasound were noted, thereby 
highlighting the safety of this non-invasive technique. Ahn 
et al reported that pediatric patients tolerated ultrasound well 
which could result in fewer airway related adverse events [72]. 
They also reported a lower incidence of adverse events such 
as the need for ETT exchange, ETT cuff herniation, endobron-
chial intubation, and post-extubation stridor in patients where 
ultrasound was used for ETT selection. More recently, POCUS 
was used during the COVID-19 pandemic in pediatric patients 
to predict ETT size, thus helping avoid unnecessary airway 
manipulation and reducing the risk of occupational exposure 
to providers [67, 73]. Together, these studies demonstrate the 
safety and utility of using POCUS in determining ETT size as 
well as its potential advantages over traditional methods cur-
rently in place.

Confirmation of endotracheal intubation

Accurate and rapid confirmation of correct ETT placement is 
a critical step in pediatric airway management. Clinical assess-
ments including auscultation, chest excursion, and mist in the 
ETT have been used to document the intratracheal location of 
the ETT. Although quantitative capnography with a waveform 
is considered the reference standard for confirmation of ETT 
placement, its reliability may be impacted during low cardiac 
output states, cardiac arrest, or with lower tidal volume ven-
tilations [74]. This is especially true in neonates and infants 
as small tidal volumes, rapid respiratory rates, and low pul-
monary blood flow may impact the sensitivity of capnography 
[75].

POCUS has emerged as an increasingly important adjunct 

for confirmation of ETT placement in pediatric patients during 
various clinical scenarios. Ultrasound offers a rapid and non-
invasive method for confirming ETT position and identifying 
common malpositions, while not being dependent on cardiac 
output or excretion of carbon dioxide. These advantages are 
particularly relevant in children who have smaller airway di-
ameters, shorter tracheal lengths, and a higher risk of unrec-
ognized esophageal or endobronchial intubation. Sonographic 
confirmation techniques may be broadly divided into direct 
methods, which visualize the ETT within the airway, and in-
direct methods, which infer correct placement based on lung 
ventilation or diaphragmatic movement [10, 12, 76, 77].

Direct ultrasound confirmation involves visualization 
of the ETT within the trachea using a high-frequency linear 
transducer placed transversely or longitudinally over the an-
terior neck, most commonly at the level of the suprasternal 
notch or CTM. The trachea appears as a hyperechoic air–mu-
cosa interface with a posterior reverberation artifact, while the 
esophagus—when visualized—typically lies posterolateral to 
the trachea. Correct endotracheal intubation is characterized 
by visualization of a single air–mucosa interface, whereas es-
ophageal intubation produces the characteristic double tract 
sign, in which a second hyperechoic air interface is visualized 
within the esophagus due to the presence of the ETT. This sign 
can be identified in real time during ETT insertion or immedi-
ately following endotracheal intubation and has been consist-
ently described as a reliable indicator of esophageal intubation 
[11, 78, 79]. Transtracheal ultrasound allows confirmation of 
ETT location before initiation of ventilation, thereby reduc-
ing gastric insufflation and potentially, the risk of aspiration. 
In pediatric patients, the relatively superficial airway anatomy 
and thinner, soft tissues may facilitate visualization of tracheal 
structures; however, the smaller airway caliber and shorter tra-
cheal length increase the risk of inadvertent endobronchial in-
tubation, which cannot be reliably assessed using transtracheal 
ultrasound alone.

Marciniak et al demonstrated the clinical utility of airway 
ultrasound, showing its effectiveness for assessing ETT place-
ment in pediatric anesthesia practice [80]. In a study of 30 
pediatric patients (mean age of 48 months), real-time imaging 
was used to visualize passage of the ETT into the airway by 
visualization and identification of the trachea, tracheal rings, 
and the vocal cords. The authors noted widening of glottis as 
the ETT passed through the airway and correctly positioned 
the ETT by using lung sliding. A single case of esophageal 
intubation was readily recognized by visualization of the ETT 
in the esophagus in the left paratracheal space. The study doc-
umented the characteristic ultrasonographic findings of the 
pediatric airway during endotracheal intubation and provided 
preliminary evidence that ultrasonography may be useful for 
airway management in children.

Chou et al describing the tracheal rapid ultrasound exam 
(TRUE), demonstrated accurate differentiation between tra-
cheal and esophageal intubation during emergency airway 
management in adults comparing its accuracy to ETCO2 moni-
toring [11]. The ultrasound probe was placed transversely on 
the neck in the suprasternal notch. Tracheal intubation was 
confirmed by identification of only one air–mucosa (A–M) in-
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terface with comet tail artifact and posterior shadowing while 
esophageal intubation was confirmed by two A–M interfaces 
(double tract sign). The median time to perform TRUE was 
9 s and the overall accuracy was 98.2% with a high degree 
of correlation with capnography. Hoffmann et al further vali-
dated this approach, reporting high diagnostic accuracy with 
faster confirmation times compared with auscultation [78]. 
A systematic review and meta-analysis by Chen et al found 
that transtracheal US confirms endotracheal intubation in in-
tensive care unit (ICU) patients with a pooled sensitivity and 
specificity exceeding 95% [81]. Although pediatric-specific 
data remain limited, preliminary clinical evidence supports the 
feasibility and diagnostic utility of this technique in children.

Transtracheal ultrasound is rapid, reproducible, and inde-
pendent of pulmonary blood flow, making it particularly valu-
able in cardiac arrest, shock, or other clinical scenarios where 
the presence of ETCO2 may be reduced. However, it does not 
reliably assess ETT depth or detect mainstem bronchial intu-
bation. Acoustic windows may be limited by obesity, subcu-
taneous emphysema, or distorted neck anatomy. Operator ex-
perience remains a key determinant of image acquisition and 
interpretation.

Indirect assessment: diaphragmatic movement or lung 
sliding

Indirect ultrasound techniques confirm ETT placement by 
demonstrating effective lung ventilation or diaphragmatic mo-
tion following endotracheal intubation [82, 83]. These tech-
niques are typically performed after mechanical ventilation 
has begun. Diaphragmatic ultrasound is relevant in pediatric 
patients, particularly neonates and infants, as the diaphragm 
plays a dominant role in their ventilation [82]. Ultrasound is 
performed via a subcostal or low intercostal window using a 
curvilinear probe to visualize the diaphragm. Correct endotra-
cheal intubation and effective mechanical ventilation produce 
synchronous caudal diaphragmatic excursion while unilateral 
diaphragmatic movement may indicate endobronchial intuba-
tion [82, 83]. Kerrey et al compared lung ultrasound to chest 
radiography in 127 intubated pediatric patients in the emer-
gency department [82]. The primary outcome was the agree-
ment between the two modalities for ETT positioning. Chest 
radiography identified the ETT in the mainstem bronchus in 
24 patients (19%), while there were no esophageal intubations. 
Ultrasound and chest radiography agreed on ETT placement 
in 106 patients (94 tracheal and 12 mainstem), for an over-
all agreement of 0.83. The sensitivity of ultrasound was 0.91 
for tracheal placement of the ETT and 0.50 for mainstem in-
tubation. Notably chest radiography results took a median of 
8 min longer to obtain than ultrasound. The study concluded 
that although diaphragmatic ultrasound was not equivalent to 
chest radiography for ETT placement within the airway, the 
results were timelier, detected more misplacements than stand-
ard clinical confirmation alone, and were highly reproducible 
between sonographers.

Lung sliding refers to the dynamic shimmering movement 
observed at the pleural line, representing apposition and mo-

tion of the visceral and parietal pleura during respiration [83]. 
When a linear or curvilinear transducer is placed on the ante-
rior chest wall, the presence of bilateral lung sliding indicates 
ventilation of both lungs, supporting correct endotracheal in-
tubation. Absence of bilateral lung sliding raises concern for 
esophageal intubation, while unilateral absence suggests endo-
bronchial intubation. Although lung sliding has been validated 
primarily in adult populations, pediatric studies and guidelines 
support its feasibility in infants and children [75, 83]. In pedi-
atric patients, lung sliding may be more difficult to appreci-
ate due to lower tidal volumes, more rapid respiratory rates, 
or underlying lung pathology, particularly in neonates. Given 
the potential limitations of the various US approaches, an in-
tegrated US strategy combining transtracheal visualization of 
the ETT, bilateral lung sliding, and diaphragmatic movement 
has been proposed to maximize diagnostic accuracy and sup-
plement current clinical methods to validate ETT placement. 
Ultrasound confirmation of endotracheal intubation may be 
particularly advantageous in pediatric patients, a population in 
whom traditional confirmation methods such as auscultation 
and ETCO2 monitoring have notable limitations. Ultrasound 
should be viewed as a complementary tool that enhances, 
rather than replaces, established confirmation methods such 
as waveform capnography. Ultrasound identification of lung 
sliding may be useful as a primary technique to demonstrate 
effective lung separation during OLV.

Identification of the CTM and Cricothyrotomy

Emergency front-of-neck access (eFONA) represents a rare, 
but potentially life-saving intervention in pediatric airway 
management, most commonly in the context of a “cannot in-
tubate, cannot oxygenate/ventilate” scenario. Accurate identi-
fication of the CTM is crucial to the success of emergency 
airway access procedures. The pediatric larynx differs sig-
nificantly from that of adults, the larynx is positioned more 
cephalad and anterior, the thyroid cartilage is less prominent, 
the cricoid cartilage represents the narrowest portion of the air-
way, and the CTM is short in vertical height [84]. These fea-
tures make accurate identification and palpation of the CTM 
difficult and contribute to higher rates of landmark misiden-
tification in pediatric patients. Studies have demonstrated that 
palpation-based identification of the CTM in children is unre-
liable, even among experienced clinicians [84–86].

Ultrasound identification of the CTM in pediatric patients 
is performed using a high-frequency linear transducer (10–15 
MHz). The probe may be placed either transversely (short-ax-
is) or longitudinally (long-axis) along the anterior neck. In the 
transverse view, the thyroid cartilage and cricoid cartilage ap-
pear as hypoechoic structures with posterior acoustic shadow-
ing, with the CTM visualized as a hyperechoic band between 
them. In the longitudinal midline view, the thyroid cartilage, 
CTM, and cricoid cartilage can be visualized sequentially in 
a single plane, facilitating precise localization [84, 86]. Once 
identified, the CTM may be marked on the skin to allow rapid 
access should emergency airway intervention become neces-
sary [84].
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In pediatric anesthesia and critical care medicine, the 
principal clinical application of ultrasound-guided CTM 
identification lies in pre-emptive marking of the CTM in 
children with anticipated difficult airways (Fig. 9). This 
strategy may reduce delays and uncertainty during airway 
management with cricothyrotomy, improving readiness, and 
decreasing procedural time. Ultrasound may also serve as a 
useful adjunct to airway planning and elective tracheostomy 
performance, particularly in patients with abnormal anatomy, 
obesity, or prior neck surgery [86, 87]. Its role as an edu-
cational tool has been established, enhancing the clinicians’ 
understanding of pediatric airway anatomy and reducing reli-
ance on palpation, which is frequently inaccurate in younger 
children. Despite the advantages of ultrasound-guided CTM 
identification, several important limitations must be empha-
sized in pediatric practice. The CTM in infants and small 
children is extremely narrow, and even with ultrasound, sur-
gical cricothyrotomy is challenging given the small size of 
the CTM and the pliability of laryngeal structures. As such, it 
may be difficult to employ successfully in the emergent set-
ting of the “cannot intubate/cannot ventilate” scenario. For 
a full review of current recommendations for approaches to 
the “cannot intubate/cannot ventilate” scenario in pediatric 
patients, the reader is referred to Reference [88].

Surgical cricothyroidotomy may be considered in older 
children and adolescents, in whom airway dimensions more 
closely resemble those of adults and the CTM is sufficiently 
developed. The most appropriate application of airway ultra-
sound lies in anticipatory use rather than real-time emergency 

application. Furthermore, accurate identification of the CTM 
using ultrasound is dependent on operator experience and fa-
miliarity with pediatric airway sonography, which limit its ef-
fectiveness in untrained hands. Taken together, these consider-
ations underscore that ultrasound-guided identification of the 
CTM in pediatric patients should be viewed as a pre-emptive 
and adjunctive strategy, integrated within established pediat-
ric difficult airway algorithms rather than as a replacement for 
them [88].

Ultrasound for Assessment of OLV in Pediatric 
Patients

Accurate confirmation of OLV is critical in pediatric thorax 
and thoracoscopic surgery as it optimizes surgical exposure, 
providing a motionless operative lung, while protecting the 
non-operative lung. Conventional confirmation methods, such 
as auscultation or fiberoptic bronchoscopy (FOB), may be 
limited in children due to small airway size, smaller lumens 
of double lumen ETT, or limited availability of appropriately 
sized equipment. In this setting, lung ultrasound has emerged 
as a practical, non-invasive adjunct for real-time assessment of 
effective lung isolation. Confirmation of lung separation us-
ing POCUS can be performed with both the brightness-mode 
(B-mode) and motion-mode (M-mode). Lung sliding is used 
in B-mode while the seashore sign and the bar-code sign are 
important in M-mode [89]. Lung sliding is the ultrasound vis-
ualization of the visceral and parietal pleura moving against 

Figure 9. Transverse ultrasound of the neck demonstrating the cricothyroid membrane.
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each other during respiration. The hyperechoic line has been 
described as a shimmering motion at the pleural line. In the 
ventilated lung, there is a synchronized movement of these 
lines with ventilation which corresponds to the movement of 
the lung or the lung sliding sign. The seashore sign and the 
bar-code sign can be identified in M-mode. If the lung is ven-
tilated, the seashore sign will be seen while the bar-code sign 
appears in the absence of ventilation. The M-mode may be 
more helpful in older patients than in infants and young chil-
dren because a higher heart rate creates noise in the Bar-code 
sign which may be misinterpreted as seashore sign.

The published experience in pediatric-aged patients, al-
though initially limited to case reports and small series, sup-
ports the applicability of ultrasound in this clinical scenario 
to identify effective lung isolation with OLV for thoracic pro-
cedures. The first six of these published reports were single 
case reports appearing in the literature from 2015 to 2020 
[90–95]. Several of these reports were in neonates or young 
infants where OLV may be challenging. Ultrasound was sug-
gested to be more sensitive than auscultation for confirm-
ing ventilation and lung exclusion. Subsequently, two groups 
of investigators provided additional information in larger 
patient cohorts. Tognon et al reported a series of 22 proce-
dures in 20 pediatric patients in which ultrasound was used to 
confirm effective OLV during video-assisted thoracoscopic 
surgery [96]. The authors correctly defined lung exclusion 
by noting the absence of lung sliding with the preservation 
of lung pulse on the operative side in all cases. Sonographic 
findings were concordant with direct thoracoscopic visuali-
zation. Following OLV, ultrasound confirmed re-expansion 
and ventilation of the excluded lung, suggesting that US is 
a safe, rapid, and time-efficient verification method in chil-
dren. More recently, Moharir et al conducted a prospective 
blinded observational feasibility study comparing lung US 
with clinical auscultation for confirmation of OLV in 40 
patients ranging in age from 0 to 20 years [97]. After anes-
thetic induction and placement of the device for OLV, lung 
separation was confirmed by the primary anesthesia team us-
ing standard practice (FOB). A sonographer and auscultator, 
who were blinded to the FOB findings, then independently 
assessed lung isolation prior to surgery. Definitive confirma-
tion of lung isolation was obtained by direct intraoperative 
visualization of lung collapse. Lung ultrasound demonstrated 
a diagnostic accuracy of 95% (95% CI, 82.7–98.5%), signifi-
cantly higher than auscultation, which showed an accuracy 
of 68% (95% CI, 51.5–80.4%) (P < 0.001). Although US re-
quired a slightly longer assessment time, it provided substan-
tially greater diagnostic reliability, supporting its role as a su-
perior adjunct to auscultation in pediatric thoracic anesthesia.

Lung ultrasound can be used as an effective adjunct to 
auscultation to confirm effective lung separation during tho-
racic surgery. The reader is referred to References [89, 91, 93] 
for additional images demonstrating the ultrasonographic find-
ings for lung ultrasound during OLV. Keys to obtaining effec-
tive ultrasound imaging with additional pearls to guide imag-
ing techniques have been previously outlined by Yamaguchi et 
al [89]. Imaging begins with obtaining the Bat sign which is 
used to define the pleural line. Manual ventilation may make it 

easier to differentiate lung sliding from lung pulse. The cardiac 
shadow should not be included in the imaging as cardiac mo-
tion interferes with focus on the pleural line. Lung ventilation 
is identified by lung sliding in B-mode and the “seashore sign” 
in the M-mode. Lung ultrasound is non-invasive, radiation-
free, and more accurate than auscultation for confirming lung 
isolation.

Summary

Ultrasound has seen a significant expansion of its application 
in anesthesiology and critical care arenas since its initial in-
troduction to facilitate central venous access. There continues 
to be an ever-expanding role of POCUS as a practical, rapid, 
non-invasive, and increasingly indispensable adjunct in airway 
management in both adult and pediatric patients (Table 2). 
Beyond its traditional applications in vascular access and re-
gional anesthesia, ultrasound now provides real-time, non-in-
vasive visualization of airway anatomy and dynamic function. 
The literature demonstrates its utility in preoperative airway 
assessment, prediction of difficult direct laryngoscopy, con-
firmation of ETT placement, optimization of ETT cuff posi-
tion and insertion depth, and selection of appropriate ETT size 
based on subglottic diameter. Ultrasound also shows promise 
in identifying airway pathology, assisting in the evaluation of 
OSA, confirming OLV, and localizing the CTM for anticipated 
emergency airway access. While pediatric-specific data con-
tinue to evolve, current evidence supports ultrasound as a safe, 
radiation-free, and rapid bedside tool that enhances anatomi-
cal understanding and serves as an adjunct to physical assess-
ment. Its role is also expanding in the ICU setting to assess 
lung and pleural pathology including pneumonia, acute res-
piratory distress syndrome, pneumothorax, and pleural effu-
sions [98–101]. When integrated with established clinical as-
sessment methods and airway algorithms, POCUS strengthens 
diagnostic accuracy and may reduce airway-related morbidity 
in infants and children.
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Table 2.  Key Articles Regarding Airway Ultrasound

First author 
and reference Study cohort Findings

Kundra et al [5] Review article Educational review outlining the use of ultrasound (US) in various aspects of airway 
management including identification of the difficult airway as well as confirmation of 
endotracheal tube (ETT) placement, prediction of post-extubation stridor, evaluation 
of soft tissue masses in the neck, and assessment of subglottic diameter for ETT size.

Carsetti et 
al [15]

Meta-analysis of 15 stud-
ies using airway ultrasound to 
predict difficult intubation.

Airway US index tests are significantly different between patients with 
easy versus difficult direct laryngoscopy. Distance from the skin to epi-
glottis (DSE) is the most studied index test in the literature.

Singh et al [35] Systematic review and meta-
analysis of 21 studies in 
adults (7 airway and 14 non-
airway) with 3,339 patients.

Obstructive sleep apnea (moderate-severe) correlated to a moderate degree 
with the distance between lingual arteries, resting tongue thickness, and tongue 
base thickness. The non-airway parameter of carotid intimal media thick-
ness had a low to moderate correlation with moderate to severe OSA.

Husein et 
al [57]

A prospective, double-blinded 
pediatric study comparing US, 
video bronchoscopy, and ETT 
sizing for measurement of 
subglottic airway diameter.

US measurements correlated with video-bronchoscopy and ETT sizing. How-
ever, US underestimated absolute subglottic dimensions. Despite the au-
thors being less enthusiastic about use of US for absolute airway sizing or 
ETT selection, they opined that it may serve as a useful non-invasive tool 
for longitudinal monitoring of changes in subglottic caliber over time.

Wani et al [61] Prospective, non-randomized 
study of 80 pediatric patients 
(1–78 months of age).

US used to locate the ETT cuff relative to the cricoid and tracheal rings. The cephalad 
end of the ETT cuff was found at the level of the cricoid in 16.3% of patients, at the 
first, second, and third tracheal rings in 27.5%, 23.8%, and 17.5% of patients, respec-
tively, and at or below the 4th tracheal ring in 15% of patients. The authors suggested 
that this observed inconsistency highlights known variability in pediatric airway 
anatomy, underscoring the value of real-time US imaging to document cuff position.
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