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ABSTRACT

Point-of-care ultrasound (POCUS) has emerged as an invaluable tool in pediatric emergency medicine, offering 

rapid, non-invasive, and radiation-free diagnostic and procedural support directly at the bedside. Its applica-

tions span three major domains: resuscitation, diagnostics, and procedures. In resuscitation, protocols such as 

e-FAST and RUSH facilitate rapid assessment of trauma, shock, and cardiac function, enabling timely interven-

tion. Diagnostic uses encompass a broad spectrum, including soft tissue infections, pulmonary conditions, gas-

trointestinal emergencies, musculoskeletal injuries, renal pathology, testicular torsion, and ocular abnormalities. 

Procedurally, POCUS enhances accuracy and safety in endotracheal tube placement, vascular access, lumbar 

puncture, arthrocentesis, and suprapubic bladder aspiration. Evidence supports that POCUS can improve diag-

nostic accuracy, reduce time to intervention, and optimize patient management in pediatric emergency settings. 

However, its effectiveness and safety are dependent on rigorous, competency-based training programs that 

move beyond minimum scan numbers to include objective assessment and quality assurance, as highlighted 

in recent international guidelines. Limitations include operator dependence, potential misinterpretation, inabil-

ity to visualize certain pathologies, and variability in integration into clinical workflows. Future research should 

focus on standardizing pediatric-specific protocols, defining competency thresholds, and evaluating the cost-

effectiveness and patient-centered outcomes of POCUS implementation. Multicenter trials are needed to vali-

date its role in diagnostic algorithms, assess its impact on patient flow, and explore novel applications such as 

artificial intelligence-assisted interpretation. Given its versatility and growing evidence base, POCUS represents 
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Introduction

Point-of-care ultrasound is a focused ultrasound 
examination performed by the clinical pediatrician, 
conducted and interpreted at the patient’s bedside, 
which allows the clinician to supplement the assess-
ments made during the physical examination with 
images acquired within minutes. Point-of-care ultra-
sound (POCUS) should be considered a screening 
examination intended to provide dichotomous yes/no 
answers to specific questions that arise in the clinical 
evaluation of the patient in an emergency care setting 
(1). In recent years, clinician-performed ultrasound has 
expanded from a trauma screening test to being used 
by almost every medical specialty for diagnosis, moni-
toring, and procedural guidance (2). POCUS has also 
generated debate: some physicians believe they have 
acquired adequate ultrasound skills but avoid formal 
image reporting, unlike radiologists; others argue that 
being highly operator-dependent, POCUS extends 
beyond the scope of an emergency physician already 
managing a heavy workload. Importantly, POCUS 
in emergency settings is best used as a tool to rule in 
rather than rule out a condition. For example, the in-
ability to visualize an inflamed appendix when clinical 
suspicion is high should prompt further investigation 
with alternative imaging modalities (1). The trend of 
ultrasonography use in pediatric emergency has been 
documented to increase tremendously from 2006 to 
2011, from 57% to 88%, through surveys of emer-
gency pediatric residents (3). Much of this revolution 
was initiated in tertiary care centers; however, with in-
creasing pressure for expedited diagnosis and efficient 
use of manpower resources across healthcare, POCUS 
has been adopted in settings ranging from outpatient 

clinics to critical care units (4). Given the growing use 
of POCUS by pediatricians and strong evidence sup-
porting its diagnostic accuracy in pediatric care, the 
first policy statement on its use by emergency-urgency 
pediatricians was published in 2015 (1). Multiple stud-
ies confirm that POCUS performed by pediatricians 
in emergency settings can achieve high diagnostic ac-
curacy when preceded by appropriate training (5–7). 
An important advantage in pediatric care is its safety, 
as ultrasound does not use ionizing radiation. This is 
particularly relevant given the well-documented risks 
of radiation exposure in children, who are more vul-
nerable due to a higher organ-specific dose, greater 
tissue radiosensitivity, and longer life expectancy (8). 
Despite its rapid growth, widespread adoption, and 
demonstrated benefits, several unmet needs remain. 
These include variability in operator training and com-
petence, the absence of standardized protocols tailored 
to pediatric populations, uncertainty regarding its role 
in complex or equivocal cases, and the challenge of in-
tegrating POCUS findings into established diagnostic 
pathways without delaying care. Importantly, beyond 
these limitations, there is still no universally accepted 
framework defining competency benchmarks for the 
core applications of pediatric POCUS. Although con-
sensus statements and training curricula exist, they 
vary considerably in scope and rigor, leaving gaps in 
defining minimum skill levels, required case numbers, 
and performance metrics for independent practice. 
Addressing this lack of standardization has become a 
primary focus of ongoing research and guideline de-
velopment, with the goal of ensuring reproducibility, 
safeguarding patient safety, and promoting consistent 
training outcomes across institutions. Given its ra-
pidity, portability, and absence of ionizing radiation, 

a critical adjunct in pediatric emergency medicine, with the potential to reshape diagnostic and procedural strat-

egies while improving safety and efficiency in acute care. (www.actabiomedica.it)

Key words: point-of-care ultrasound, pediatric emergency medicine, e-FAST, resuscitation, procedural guid-

ance, diagnostic imaging
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POCUS has the potential to transform pediatric 
emergency care, but its optimal applications, training 
requirements, and integration into diagnostic and pro-
cedural pathways require clarification. This narrative 
review aims to summarize the current evidence, high-
light practical applications, and discuss limitations of 
POCUS in pediatric emergency settings, with the goal 
of guiding clinicians in its effective and safe use.

Methodology

To perform this narrative review, a comprehen-
sive literature search was performed to identify stud-
ies addressing the use of point-of-care ultrasound 
(POCUS) in pediatric emergency room settings. The 
search strategy included two major electronic data-
bases: PubMed and Google Scholar. The time frame 
for inclusion was from January 2000 to June 2025, 
ensuring coverage of both foundational and recent de-
velopments in the field, with particular emphasis on 
studies published within the last 25 years to capture 
the most up-to-date evidence. The following search 
terms and Boolean operators were applied in vari-
ous combinations: “ultrasound” OR “POCUS” AND 
“pediatrics” OR “children” OR “childhood” OR “ado-
lescent” AND ““emergency” OR “diagnostic” OR 
“procedures”. The reference lists of key articles were 
manually reviewed to identify additional relevant 
publications not captured in the initial search. Inclu-
sion criteria were: human studies, age 0-18, studies on  
POCUS conducted in emergency settings. No lan-
guage restrictions were initially applied; however, only 
studies available in English or Italian were ultimately 
considered for inclusion. Exclusion criteria were stud-
ies performed in neonates and in adult populations. 
Titles and abstracts were screened for relevance, and 
full texts were retrieved for studies that met the in-
clusion criteria or where eligibility could not be de-
termined from the abstract alone. Priority was given 
to articles providing original data, systematic reviews, 
meta-analyses, clinical guidelines, or consensus state-
ments relevant to POCUS in pediatric emergency 
care. Since this work is not a systematic review, a 
PRISMA flowchart has not been made.

Applications of POCUS in pediatric emergency

In 2013, Vieira and collaborators published con-
sensus educational guidelines for emergency pediatrics 
residents, proposing a structured framework for the 
use of POCUS in clinical practice (9). These guidelines 
organized pediatric emergency ultrasound applications 
into three main domains: resuscitation, diagnostic, and 
procedural. Resuscitation-focused POCUS is primar-
ily used to evaluate critically ill patients who may have 
life-threatening conditions. In this context, the ex-
tended focused assessment with sonography for trauma 
(e-FAST) plays a central role, enabling the rapid iden-
tification of intraperitoneal and pericardial fluid as well 
as thoracic injuries such as pneumothorax and hemo-
thorax. Alongside e-FAST, focused cardiovascular 
ultrasound is employed to detect pericardial effusion, 
assess cardiac contractility, evaluate right ventricular 
strain, and confirm the presence of thoracic complica-
tions. These examinations are often performed during 
trauma evaluation, shock resuscitation, or cardiac ar-
rest, where timely information can decisively influence 
clinical management. The second domain, diagnostic 
applications, encompasses a broad range of conditions 
and organ systems. In soft tissue assessment, POCUS 
assists in differentiating between cellulitis and ab-
scesses, identifying retained foreign bodies, and guid-
ing drainage procedures. Chest ultrasound can be used 
to diagnose pleural effusion, pneumothorax, pneumo-
nia, and other parenchymal pathologies. Abdominal-
focused ultrasound allows the evaluation of suspected 
appendicitis, intussusception, and hypertrophic pyloric 
stenosis, while biliary tract studies can reveal cholecys-
titis, cholelithiasis, or biliary obstruction. In the mus-
culoskeletal field, ultrasound can detect fractures, joint 
effusions, and tendon or ligament injuries. Renal and 
bladder studies enable the identification of hydrone-
phrosis, the assessment of urinary retention, and the 
estimation of bladder volume. Acute scrotal pain can 
be evaluated to identify or exclude testicular torsion, 
and ocular ultrasound can detect retinal detachment, 
vitreous hemorrhage, or increased optic nerve sheath 
diameter suggestive of raised intracranial pressure. 
These diagnostic uses provide real-time information 
without radiation exposure, potentially accelerating 
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evaluating cardiac function, pericardial effusion, and 
shock states. When integrated into structured protocols 
such as Rapid Ultrasound in Shock (RUSH), POCUS 
enables clinicians to rapidly differentiate between 
causes of hemodynamic instability—whether hypov-
olemic, obstructive, cardiogenic, or distributive—while 
simultaneously guiding therapeutic interventions. The 
following sections detail the principal resuscitation ap-
plications of POCUS in pediatric emergencies, high-
lighting their indications, technical considerations, 
diagnostic performance, and current limitations.

e-FAST in Trauma

The term Focused Assessment with Ultrasound 
for Trauma (FAST) was formally introduced at the 
1997 International Consensus Conference to define 
a rapid, real-time ultrasound protocol for the initial 
evaluation of trauma patients. FAST involves scan-
ning four anatomical regions: the pericardial, perihe-
patic, perisplenic, and pelvic spaces, visualized via right 
upper quadrant (RUQ), left upper quadrant (LUQ), 
pelvic, and cardiac windows. The RUQ view typi-
cally focuses on Morrison’s pouch (between the liver 
and right kidney), the subhepatic space, and the right 
pleural recess. The LUQ view examines the splenore-
nal recess, the subphrenic space above the spleen, the 
area beneath the left kidney, and the left pleural recess. 
The pelvic view, essential in pediatric trauma because 
the pelvis is a common site of free fluid accumula-
tion, uses the bladder as an anatomical landmark to 
identify hemoperitoneum. The cardiac view, accessed 
via the subxiphoid window, evaluates for pericardial 
fluid, which may appear anechoic or echogenic if clot-
ted; effusions are classified by their distribution around 
the heart. The extended FAST (e-FAST) protocol in-
corporates thoracic imaging to detect pneumothorax 
and hemothorax, offering a more complete assessment 
than traditional FAST (10). Despite advantages such 
as speed, portability, non-invasiveness, and absence of 
radiation, pediatric FAST remains less standardized 
than adult protocols (11). One limitation is its reduced 
ability to detect solid organ injuries without associated  
hemoperitoneum; approximately 25% of intra-abdominal 
injuries in children present without free fluid (12). 
Consequently, a normal FAST cannot reliably exclude 

triage, guiding clinical decisions, and reducing the 
need for more resource-intensive imaging. Procedural 
applications represent the third domain of POCUS in 
pediatric emergency medicine. Ultrasound guidance is 
increasingly utilized to improve the accuracy and safety 
of various interventions. Endotracheal tube placement 
can be confirmed in real time, which is particularly 
valuable in difficult pediatric airways. Vascular access, 
whether peripheral, central, or femoral, benefits from 
ultrasound visualization, especially in patients with 
challenging anatomy. For lumbar puncture, POCUS 
helps to identify the optimal intervertebral space, an 
advantage in infants or those with anatomical varia-
tions. In arthrocentesis, ultrasound can localize joint 
effusions and guide needle placement for aspiration 
or injection, while in suprapubic bladder aspiration, 
it ensures adequate bladder distension and safe nee-
dle insertion. By integrating resuscitation, diagnostic, 
and procedural capabilities, POCUS has become a 
versatile and indispensable tool in pediatric emergency 
medicine. Its capacity to provide immediate, radiation-
free, bedside information has the potential to shorten 
diagnostic timelines, enhance procedural precision, 
and improve patient safety, provided its use is sup-
ported by adequate operator training and standardized 
clinical protocols.

Applications of resuscitation

In pediatric emergency medicine, POCUS plays 
a pivotal role during resuscitation by providing rapid, 
real-time imaging that can guide life-saving interven-
tions in critically ill or injured patients. Its ability to 
assess hemodynamic status, detect life-threatening 
pathology, and support procedural precision makes it 
particularly valuable in high-acuity scenarios where 
every second counts. Unlike in adult care, the use of 
resuscitation-focused POCUS in children requires 
careful adaptation to smaller anatomical structures, 
unique physiological parameters, and the often subtle 
presentation of critical illness in this age group. Key 
applications include the Focused Assessment with So-
nography for Trauma (FAST) and its extended version 
(e-FAST) for rapid detection of free fluid and pneu-
mothorax, as well as focused cardiac ultrasound for 
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while <50% variation with a distended vessel may in-
dicate hypervolemia or obstructive physiology (25). 
However, variability in pediatric data means IVC as-
sessment should complement—rather than replace—
clinical judgment and other POCUS findings (26,27). 
This limitation has been confirmed in recent system-
atic reviews, which demonstrate that IVC dynamics 
in spontaneously breathing children have only modest 
accuracy for predicting fluid responsiveness and should 
not be used in isolation. For example, Orso et al. (26) 
conducted a large systematic review and meta-analysis 
showing significant heterogeneity across studies and 
limited predictive value of IVC collapsibility, rein-
forcing the recommendation that IVC assessment be 
interpreted in conjunction with clinical findings and 
other POCUS parameters. In select cases, RUSH can 
be expanded to include transfontanellar ultrasound to 
detect intraventricular hemorrhage in neonates (28). 
Serial examinations allow monitoring of resuscitation 
effectiveness, tracking parameters such as left ven-
tricular contractility, IVC dynamics, extravascular lung 
water, and bladder filling (29,30). In summary, both 
e-FAST and RUSH enhance pediatric emergency care 
by providing rapid, bedside information that can guide 
immediate interventions (Table 1). While limitations 
remain—particularly in sensitivity for certain injuries 
and a lack of large pediatric validation studies—these 
protocols represent valuable adjuncts to the clinical as-
sessment of trauma and shock in children.

Diagnostic applications of POCUS in 
pediatric emergency medicine

POCUS has emerged as an indispensable di-
agnostic adjunct in pediatric emergency medicine, 
offering rapid, radiation-free, and bedside imaging 
that complements clinical evaluation and expedites 
decision-making. Unlike traditional imaging modali-
ties, POCUS enables immediate visualization of a wide  
range of anatomical structures and pathological pro-
cesses without requiring patient transfer, sedation, or 
prolonged waiting times—factors particularly advan-
tageous in pediatric populations, where cooperation 
may be limited and minimizing distress is essential. 
Over the past two decades, evidence has accumulated 

significant injury. In a meta-analysis, Holmes et al. re-
ported a sensitivity of 80% for detecting hemoperito-
neum, dropping to 66% when hemoperitoneum was 
absent (13). Computed tomography (CT) remains the 
gold standard for identifying intra-abdominal inju-
ries but carries substantial radiation risks, particularly 
in children. To minimize unnecessary CT scans, the 
Pediatric Emergency Care Applied Research Network 
(PECARN) developed a clinical prediction rule to 
stratify injury risk (13). In low-risk children, a normal 
FAST (negative likelihood ratio ≈ 0.2) may reduce the 
need for CT (13). Evidence suggests that e-FAST can 
shorten time to intervention and safely decrease CT 
utilization in appropriately selected pediatric trauma 
patients (2).

e-FAST and the RUSH protocol in shock

The Rapid Ultrasound in Shock (RUSH) pro-
tocol provides a structured approach to identifying 
the cause of circulatory compromise by evaluating 
“the pump” (heart), “the reservoir” (inferior vena cava 
(IVC)), and “the pipes” (major vessels) (14,15). Al-
though pediatric-specific RUSH data are limited, 
qualitative cardiac, IVC, and abdominal assessments 
can be adapted from adult practice (16). In pediatric 
resuscitation, focused cardiac ultrasound (FOCUS) 
is most commonly used to detect pericardial effusion 
or tamponade, assess global contractility, evaluate left 
ventricular function and right ventricular filling, and 
guide the management of pulseless electrical activity 
or asystole (15,17,18). Standard cardiac windows in-
clude subxiphoid, parasternal long and short axis, and 
apical four-chamber views (19). Evidence supports the 
reliability of pediatric emergency physicians in per-
forming FOCUS after training. Longjohn et al. dem-
onstrated sensitivity and specificity of 95% and 83%, 
respectively, compared with formal echocardiography, 
with strong interobserver agreement (20). Case reports 
highlight how timely POCUS can expedite diagnosis 
of tamponade (21,22), infective endocarditis (23), and 
pulmonary embolism (24). Assessment of the IVC is 
another component of RUSH, offering indirect es-
timation of intravascular volume. In spontaneously 
breathing children, >50% respiratory variation in IVC 
diameter with easy collapse suggests hypovolemia, 
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of 65 pediatric patients, clinical examination alone had 
a sensitivity of 78% (95% CI: 71–84%) and specificity 
of 66% (95% CI: 47–81%) for abscess detection. When 
POCUS was added, sensitivity rose to 97% (95% CI: 
90–99%) without significant change in specificity (34). 
Other studies have shown that POCUS can alter man-
agement decisions in 22% of cases (33), particularly 
when clinical findings are equivocal. An additional 
benefit is reduced ED length of stay compared with 
radiology-performed ultrasound, which helps allevi-
ate ED crowding and may improve patient throughput 
(35). However, POCUS cannot reliably differentiate 
between sterile inflammatory and infectious collec-
tions, and deep abscesses may be missed, resulting in 
false negatives (36).

Soft tissue foreign bodies

POCUS can detect retained foreign bodies in 
cases of penetrating trauma, non-healing wounds, or 
recurrent infections (37,38). Both radiopaque (metal, 
glass) and radiolucent (wood, plastic) materials are 
usually hyperechoic, often accompanied by posterior 
acoustic shadowing, comet-tail reverberation artifacts, 
or a surrounding hypoechoic halo caused by inflamma-
tory reaction (37).

A pediatric study of 131 wounds suspected of 
containing a foreign body found that ultrasound had 
comparable diagnostic accuracy to plain radiography, 
though specificity was lower (76.5% vs. 88%) (39). 
Limitations include obstruction of the sonographic 
field by air introduced during injury, difficulty detect-
ing very small or deep foreign bodies, and potential 
confusion with normal structures such as fascia, fibrous 
septa, cartilage, or bone—especially in extremities (33).

Pulmonary POCUS

In pediatric patients, the small thoracic dimen-
sions allow superior visualization of lung parenchyma 
compared to adults (40). For infants and small chil-
dren, a high-frequency linear transducer is preferred 
for its superior resolution, while in older children, a 
low-frequency curved probe offers better penetra-
tion (41). In emergencies, a rapid evaluation typically 
includes the anterior chest (to detect pneumothorax 

demonstrating that pediatric emergency physicians, 
with appropriate training, can achieve diagnostic ac-
curacy comparable to radiology specialists across mul-
tiple clinical scenarios, from differentiating cellulitis 
from abscesses to diagnosing life-threatening condi-
tions such as pneumothorax, appendicitis, and testicu-
lar torsion. Beyond accelerating diagnosis, POCUS 
often directly alters patient management, reducing the 
need for additional imaging, guiding procedures, and 
improving resource utilization in the emergency de-
partment. The following subsections present a compre-
hensive overview of the major diagnostic applications 
of POCUS in pediatric emergency settings, organ-
ized by anatomical system—soft tissues, pulmonary, 
gastrointestinal, musculoskeletal, genitourinary, and 
ocular—summarizing key techniques, sonographic 
findings, clinical relevance, and limitations for each 
application.

Soft tissues

Skin and soft tissue infections

POCUS is a valuable adjunct for the rapid assess-
ment of suspected cellulitis, abscesses, or lymphadenitis 
in pediatric patients presenting with tender, erythema-
tous, and fluctuant lesions (31). The superficial muscle 
fascia—or tendon/bone in muscle-deficient areas—
serves as the key landmark to distinguish superficial 
from deep infections that may require more complex 
surgical management. Cellulitis typically appears as 
“cobblestoning” of subcutaneous fat caused by lobula-
tion and hyperechoic interlobular septa separated by 
hypoechoic interstitial fluid (31). Abscesses are irregu-
larly shaped, predominantly anechoic fluid collections 
with posterior acoustic enhancement. Applying gentle 
downward pressure may reveal swirling movement of 
pus (“pus swirling” sign). Color Doppler is essential 
to confirm that the lesion is avascular, thereby exclud-
ing lymph nodes or vessels. Lymph nodes appear as 
well-defined, hypoechoic cortical rims with hyper-
echoic central hila, and color Doppler typically shows 
central vascularity and perinodal hyperemia (32,33). 
Distinguishing cellulitis from abscess clinically is of-
ten difficult, particularly in children where procedural 
drainage may require sedation. In a prospective study 
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(10,46-50). Classic sonographic signs include: 1) ab-
sent lung sliding (no shimmering of the pleural line 
with respiration); 2) loss of comet-tail/B-line arti-
facts; 3) lung point—transition zone between normal 
lung and pneumothorax, 100% specific when present 
(50). However, comet-tail artifacts are less common in 
healthy pediatric lungs (49), and single-point anterior 
scanning (common in adults) is less reliable in pediat-
ric trauma (48).

Pneumonia

Historically considered secondary to radiography, 
lung POCUS is now supported as a first-line diag-
nostic tool in pediatric pneumonia due to portability, 
absence of ionizing radiation, and high diagnostic ac-
curacy (51,52). A meta-analysis of eight studies (795 
children, ages 0.03–5.6 years) found pooled sensitiv-
ity of 96% (95% CI: 94–97%) and specificity of 93% 
(95% CI: 90–96%) (53). Positive likelihood ratio was 
15.3 and negative likelihood ratio 0.06, indicating 
high rule-in and rule-out value. POCUS is especially 
valuable for detecting subpleural, retrocardiac, or sub-
diaphragmatic consolidations invisible on plain ra-
diographs (54,55). Its limitations include inability to 
detect central consolidations not abutting the pleura, 
particularly in perihilar or paracardiac regions (56).

Other parenchymal pathologies

Thoracic POCUS findings correlate with severity 
in bronchiolitis, predicting hospitalization and need for 
respiratory support (57,58). In pediatric COVID-19, 
ultrasound features mirror adult cases, including pleu-
ral line irregularities, scattered B-lines, and subpleural 
consolidations, though more pediatric-specific studies 
are needed (59). Other neonatal and pediatric respira-
tory conditions assessed include respiratory distress 
syndrome, meconium aspiration syndrome, and bron-
chopulmonary dysplasia (60,61).

Gastrointestinal emergencies

Acute appendicitis

POCUS performed by pediatric emergency phy-
sicians yields sensitivity of 85% (95% CI: 75–95%) and 

in a supine patient) and the costophrenic angles  
(to detect fluid accumulation) (41). Awareness of nor-
mal anatomic mimics is critical (Table 2)—e.g., the 
spleen with gastric air may simulate a consolidation, 
and the thymus can appear as an echogenic lung-like 
structure but lacks air bronchograms (4).

Main pediatric pulmonary POCUS applications 
include pleural effusion, pneumothorax, and parenchy-
mal disease (Table 3).

Pleural effusion

POCUS can detect pleural effusions as small as 
5 mL, with near 100% sensitivity for volumes >100 
mL (42). It outperforms both physical examination 
and chest radiography in detection and characteriza-
tion, and offers diagnostic accuracy comparable to CT 
(42). In children, Hajalioglu et al. demonstrated that 
ultrasound—alone or combined with radiography—
could replace CT for assessing pleural effusion and 
empyema without loss of diagnostic accuracy (43). Ef-
fusions appear as anechoic or complex fluid between 
the parietal pleura and collapsed lung, layering accord-
ing to gravity (44).

Pneumothorax

While uncommon after blunt pediatric trauma 
(<4% prevalence on CT) (47), pneumothorax is more 
typical after penetrating injury. Ultrasound surpasses 
chest radiography in sensitivity for pneumothorax de-
tection and can identify occult cases missed on X-ray 

Table 2. Normal pulmonary ultrasound findings.

Findings

Pleural line: horizontal hyperechoic line. With the probe in 
a static position, the line “crawling” back and forth  
(it represents the normal pleural flow) should be seen.  

Lines A: horizontal white lines.  They are reflexes of the 
pleural line, in fact they run parallel to it.  

Tide sign: Pulmonary slipping is a round-trip movement 
in correspondence pf the pleural line, which spreads 
downwards. The “M-mode” helps to understand that this 
movement is related to the surface tissues. 

Bat wing sign: The association of ribs and pleural line forms 
a solid point of reference.  
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pericholecystic fluid. Gas, obesity, and anatomic varia-
tions are common limitations.

Musculoskeletal

Fractures

In pediatric trauma, POCUS is increasingly used 
to detect and monitor fractures, particularly of long 
bones (89,90). It can also confirm alignment following 
reduction before casting, potentially avoiding repeat 
radiographs (91–94). High-frequency linear probes al-
low detection of cortical disruptions as small as 1 mm 
(95). Distal forearm fractures are the most common 
pediatric fracture type. In a cross-sectional study of 169 
children (4–17 years) with suspected non-angulated  
distal forearm fractures, POCUS had a sensitiv-
ity of 94.7% (95% CI: 89.7–99.8) and specificity of 
93.5% (95% CI: 88.6–98.5) (96). Ultrasound-guided 
fracture reduction is associated with decreased seda-
tion use, reduced pain, fewer repeat radiographs, and 
higher caregiver satisfaction (97,98). In elbow injuries, 
POCUS can detect posterior fat pad displacement 
and lipohemarthrosis as indicators of occult frac-
ture. A prospective study found a sensitivity of 98%  
(95% CI: 88–100%) for detecting fractures (99). Some 
injuries—such as sternal and rib fractures—are better 
visualized with ultrasound than radiography, particu-
larly in detecting associated hematomas or soft tissue 
injury (100). This is particularly important in sus-
pected child abuse cases, where early identification of 
occult skeletal injuries is crucial (101). Other fracture 
sites described in pediatric POCUS literature include 
scaphoid (102), skull (103), and clavicle (104,105). 
While POCUS demonstrates high diagnostic accu-
racy for many pediatric fractures—particularly long 
bones of the forearm, humerus, tibia, and fibula—its 
performance can be comparatively lower in certain age 
groups and anatomical sites. In very young children, 
unossified epiphyses and wide physes can obscure 
cortical landmarks and make subtle injuries harder to 
detect. Conversely, in older children and adolescents, 
thicker, soft tissues and more complex injury patterns 
(e.g., transitional fractures) may reduce sonographic 
conspicuity compared with radiography. Anatomi-
cally, accuracy is consistently lower for small, complex 

specificity of 94% (95% CI: 88–97%) for diagnosing 
acute appendicitis (62-65), aligning with the Ameri-
can College of Radiology’s recommendation as first-
line imaging in children <14 years (66). Diagnostic 
criteria include a blind-ending, non-compressible tu-
bular structure >6 mm in diameter, wall thickness >1.7 
mm, periappendiceal inflammation, and free fluid. In 
perforated appendicitis, a phlegmon or abscess may be 
visualized even without the appendix itself (67-69).  
Limitations include variable visualization rates  
(22–98%) and false positives from Crohn’s disease or 
inflamed bowel loops.

Intussusception

Ileocolic intussusception is the leading cause of 
intestinal obstruction in young children, yet the clas-
sic triad of pain, mass, and bloody stool is present in 
<50% (70,71). Ultrasound is the gold standard, with 
POCUS showing 94.9% sensitivity and 99.1% speci-
ficity (72,73).

Sonographic signs include the transverse “tar-
get” or “donut” and the longitudinal “pseudokidney” 
sign (74-76). Doppler evaluation can detect ischemia 
(absent mural blood flow), predicting reduced success 
of pneumatic or hydrostatic reduction (77-79).

Pyloric stenosis

POCUS matches radiology in diagnosing hy-
pertrophic pyloric stenosis (HPS), with some studies 
reporting 100% sensitivity and specificity (80,81). Cri-
teria include pyloric muscle thickness >3 mm and canal 
length >15 mm, though thresholds vary, and prolonged 
observation (5–10 min post-feeding) is recommended 
to exclude transient pylorospasm (82–84).

Biliary tract

Although rare, pediatric gallstone disease is in-
creasing due to obesity and better imaging access 
(85-87). POCUS diagnosis of cholelithiasis is based 
on hyperechoic intraluminal foci with posterior acous-
tic shadowing and mobility (88). For acute cholecys-
titis, major signs include gallstones, wall thickening, 
hypervascularity, sonographic Murphy’s sign, and 
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and examination time can be limiting factors (106). 
Limitations include difficulty distinguishing cartilage 
growth plates from fractures, mistaking sutures for 
skull fractures, and the need for circumferential and 
orthogonal scanning of bones.

Joints

POCUS is frequently used to assess joint effusions 
in children with acute pain or limp, particularly the hip 
joint (107,108). Ultrasound measurement of the an-
terior synovial recess is considered positive if >5 mm  
or if there is a >2 mm difference from the contralateral 
side (109). A prospective study of 28 children with hip 
pain reported sensitivity of 80% (95% CI: 51–95%) 
and specificity of 98% (95% CI: 85–99%) when per-
formed by pediatric emergency physicians (110). In 
suspected radial head subluxation, absence of effusion 
or lipohemarthrosis on POCUS can support safe re-
duction without further imaging (111). Limitations 
include pain-related restriction of probe movement, 
difficulty ensuring identical positioning for compari-
son, and the possibility of symptomatic effusions not 
meeting diagnostic thresholds (112).

Tendons

Tendon POCUS is indicated for suspected rup-
ture, laceration, or tendinopathy following trauma or 
overuse (113). Tendons with sheaths (wrist, ankle) and 
those without (Achilles, patellar) have different sono-
graphic appearances, which must be recognized for 
accurate assessment. Healthy tendons display fibril-
lar echotexture with anisotropy, while injury results in 
fiber disruption, hypoechoic gaps, and loss of normal 
parallel alignment. Limitations include reduced image 
quality for deep tendons, the need to scan in multiple 
planes, and interference from hematoma or edema.

Kidney evaluation

In suspected renal colic, POCUS offers a 
radiation-free alternative to CT (111,112). While less 
sensitive for detecting small (<3 mm) calculi, these are 
usually clinically insignificant and pass spontaneously 
(114). POCUS can identify hydronephrosis, renal 

bones of the wrist and hand (e.g., scaphoid/carpals, 
phalanges) and for subtle, non-displaced metaphyseal 
injuries; these sites may yield false negatives if scans 
are not meticulously circumferential and orthogonal. 
By contrast, ribs and the clavicle—where the cortex is 
superficial—are well suited to ultrasound, and detec-
tion may equal or exceed radiography in experienced 
hands. Taken together, ultrasound should be used as a 
first-line tool where evidence is strongest (long bones, 
clavicle, selected elbow findings), with a low thresh-
old for confirmatory radiographs when clinical suspi-
cion persists at small-bone or subtle-injury sites, or in 
age groups where anatomic factors limit sonographic 
windows (104, 105). Maximizing cooperation and im-
age quality in young children hinges on workflow and 
technique. Practical steps include: (1) early analgesia 
(oral acetaminophen/ibuprofen; intranasal analgesia 
when appropriate) before scanning; (2) child-friendly 
positioning with caregiver involvement (caregiver 
holding/comforting; limb supported in a comfort-
able, neutral position); (3) distraction strategies (video, 
bubbles, toys) and use of warm gel to reduce startle 
and guarding; (4) selecting a high-frequency linear or 
small-footprint “hockey-stick” probe for small anat-
omy, using generous gel, light transducer pressure, and 
short, focused sweeps; (5) scanning in two orthogonal 
planes with circumferential cortical interrogation and 
immediate comparison to the contralateral limb; and 
(6) marking the point of maximal tenderness to guide 
targeted, time-efficient views. Applying a removable 
splint before scanning can reduce pain-related motion 
for markedly tender injuries. These measures, cou-
pled with pediatric-specific training that emphasizes 
growth plate anatomy and common mimics, have been 
associated with higher first-pass diagnostic yield and 
fewer false negatives in everyday ED practice (104, 
105). While fracture diagnosis is relatively well stud-
ied, other musculoskeletal applications—such as the 
use of POCUS for subtle or non-displaced fractures, 
osteomyelitis, or soft tissue pathology—require further 
validation in large pediatric cohorts. Integration of 
musculoskeletal ultrasound into pediatric emergency 
training curricula, with dedicated emphasis on growth 
plate anatomy, will be key to safe and reliable adop-
tion. Pain scores during ultrasound are generally simi-
lar or lower than with radiography, though cooperation 
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distinguishing it from posterior vitreous detachment 
(123,124). In pediatrics, a case of Coats disease with 
retinal detachment was successfully diagnosed by 
POCUS despite clinical examination being limited by 
poor cooperation (125). Vitreous hemorrhage appears 
as mobile hyperechoic material within the posterior 
chamber (126,127), with pooled sensitivity of 90% and 
specificity of 92% in meta-analysis (128,129). Raised 
intracranial pressure causes optic nerve sheath dilata-
tion. Measurements >4.5 mm in children >1 year and 
>4.0 mm in those <1 year are abnormal (130). Studies 
have shown a correlation with invasive ICP measure-
ments (131), though diagnostic reliability decreases 
without adequate training (132).

Procedural applications

POCUS has become an invaluable adjunct for a 
wide range of pediatric emergency procedures, offering 
the ability to visualize anatomy in real time, improve 
procedural accuracy, and reduce complication rates. In 
children—where small anatomical targets, variable co-
operation, and the need to minimize discomfort and risk 
are constant challenges—ultrasound guidance is par-
ticularly advantageous. By enabling direct visualization 
of vessels, organs, and target structures, POCUS allows 
clinicians to perform procedures with greater precision 
and confidence, even in critically ill or anatomically 
complex patients. Common procedural applications in 
pediatric emergency medicine include guidance for vas-
cular access, confirmation of endotracheal tube place-
ment, assistance in lumbar puncture, arthrocentesis, 
and suprapubic bladder aspiration. These techniques 
not only enhance procedural success rates but also help 
reduce the need for multiple attempts, limit exposure to 
ionizing radiation, and improve the overall patient and 
caregiver experience. The following section reviews the 
key procedural uses of POCUS in pediatric emergency 
care, emphasizing technique, benefits, and evidence 
supporting its clinical impact.

Endotracheal tube placement

POCUS can be a valuable adjunct for confirm-
ing tracheal intubation and assessing the size and 

pelvic dilatation, and secondary signs of obstruction in 
urinary tract infection (115). Color Doppler can re-
veal twinkling artifacts from stones and assess ureteral 
jets—absent or diminished jets suggest obstruction 
(116). Limitations include poor visualization in obese 
patients and operator dependence.

Testicular ultrasound

POCUS is a first-line tool for acute scrotum 
evaluation, differentiating emergent conditions such as 
testicular torsion from inflammatory processes or hy-
drocele. Sensitivity and specificity for torsion exceed 
90% in most series (117).

A pediatric ED study found that POCUS by 
trained physicians produced diagnoses highly con-
cordant with radiology, expediting surgical decision-
making (118). Wing-Chuen Lan et al. demonstrated 
that Doppler ultrasound reduced unnecessary surgi-
cal explorations from 92% to 8% without increasing 
rates of unsalvaged testes (119). Recent evidence has 
further strengthened these findings. A 2023 meta-
analysis focusing specifically on POCUS for pediatric 
testicular torsion reported a pooled sensitivity of 97% 
and specificity of 99%, underscoring its reliability as 
a frontline diagnostic tool in the acute scrotum. So-
nographic findings in torsion include an enlarged, hy-
poechoic testis with absent intratesticular blood flow 
on color Doppler. Limitations include false negatives 
in early torsion and difficulty in small, uncooperative 
children. Larger pediatric-specific prospective studies 
are needed to standardize protocols (120).

Ocular ultrasound

Advances in high-resolution probes have enabled 
detailed imaging of anterior and posterior ocular seg-
ments (121). Structures include the cornea (thin hy-
poechoic line), anechoic anterior chamber, echogenic 
lens, vitreous body, and posterior retina-choroid com-
plex. Ocular POCUS is valuable in detecting retinal 
detachment, vitreous hemorrhage, lens dislocation, 
and signs of raised intracranial pressure (121). A meta-
analysis reported 100% sensitivity and specificity for 
retinal detachment when performed by highly trained 
operators (122), although novices may have difficulty 
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Table 3. Diagnostic Applications of POCUS in Pediatric Emergency Medicine.

Area/Condition Main Indications Key Ultrasound Findings
Reported 
Diagnostic Accuracy Limitations

Soft Tissue 
Infections 
(Cellulitis vs 
Abscess)

Tender, erythematous, 
fluctuant lesion; 
lymphadenitis

Cobblestoning pattern 
(cellulitis), anechoic/
hypoechoic fluid with 
posterior enhancement 
(abscess), pus movement, 
Doppler for vascularity

Sensitivity ↑ from 
78% (clinical 
exam) to 97% with 
POCUS; specificity 
~69% (34)

Cannot distinguish 
infectious from sterile 
fluid; deep abscesses may 
be missed

Soft Tissue 
Foreign Bodies

History of penetrating 
injury or persistent 
infection

Hyperechoic object with 
posterior shadow, comet tail 
artifact, hypoechoic halo

Specificity 76.5% vs 
88% for radiography 
(39)

Air obscuration; 
difficulty with small/
deep objects; false 
positives from normal 
anatomy

Pleural Effusion Respiratory distress, 
suspected effusion/
empyema

Anechoic fluid between 
pleura; minimal detection 
threshold ~5 mL

Sensitivity 100% 
(>100 mL effusion) 
(42); equivalent to 
CT

Overlying structures 
may mimic consolidation

Pneumothorax Blunt/penetrating chest 
trauma

Absence of lung sliding/
comet tails; lung point 
pathognomonic (100% 
specificity) (51)

More sensitive than 
X-ray (10,46)

Cannot detect all PTX; 
false positives in fibrosis/
adhesions

Pneumonia Fever, respiratory 
distress

Subpleural consolidation, air 
bronchograms, B-lines

Meta-analysis: Sens 
96%, Spec 93% (53)

Cannot detect deep 
lesions not reaching 
pleura

Bronchiolitis & 
COVID-19

Bronchiolitis severity 
assessment; COVID-19 
lung changes

B-lines, subpleural 
consolidation, pleural line 
irregularity

Correlates with 
severity (57,58)

Findings non-specific; 
needs more pediatric 
data

Appendicitis Abdominal pain, 
suspected AA

Non-compressible tubular 
structure >6 mm, wall >1.7 
mm, periappendiceal fluid

Sens 85%, Spec 94% 
(62,63)

Appendix not always 
visualized; false positives 
with Crohn’s/enteritis

Intussusception Abdominal pain, bloody 
stool, palpable mass

Target/donut (transverse), 
pseudokidney (longitudinal)

Sens 94.9%,  
Spec 99.1% (72)

Missed if incomplete 
scan; false positives from 
stool/masses

Pyloric Stenosis Projectile non-bilious 
vomiting in infant

Pyloric muscle >3 mm, 
length >15 mm

Sens & Spec 100% in 
some series (80)

Transient thickening 
(pylorospasm) may 
confuse diagnosis

Biliary Tract RUQ pain, suspected 
cholelithiasis/
cholecystitis

Hyperechoic gallstones with 
shadowing, wall thickening, 
Murphy sign

Limited pediatric 
data

Overlying gas; wall 
thickening in non-biliary 
disease

Fractures Limb trauma, suspected 
fracture

Cortical disruption on  
high-frequency probe

Distal forearm: Sens 
94.7%, Spec 93.5% 
(96); elbow: Sens 
98% (99)

Need full circumferential 
scanning; growth plate 
misinterpretation

Joint Effusion Limp, joint pain, 
suspected septic arthritis

Synovial recess >5 mm or  
>2 mm asymmetry

Sens 80%, Spec 98% 
(110)

Pain limits exam; 
bilateral disease 
complicates comparison

Tendon Injury Trauma, loss of function Fiber disruption, hypoechoic 
gap

No large pediatric 
accuracy studies

Deep tendons harder 
to image; anisotropy 
artifacts
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shown sensitivities and specificities above 90% in pedi-
atric and neonatal populations (9). Unlike radiography, 
which requires patient transport and introduces delay, 
or capnography, which may be unreliable in low-flow 
states such as cardiac arrest, POCUS offers immedi-
ate, bedside confirmation without radiation exposure. 
Despite these advantages, there are important limita-
tions in specific populations. In very small neonates, 
narrow anatomical windows, incomplete ossification, 
and the small size of the airway structures may reduce 
sonographic resolution and make interpretation more 
challenging. In critically ill children, especially those 
requiring rapid resuscitation, the need for probe po-
sitioning and image acquisition can introduce brief 
procedural delays if operators are not highly practiced. 
Additionally, excessive probe pressure in neonates may 
risk airway distortion or desaturation. For these rea-
sons, POCUS should be viewed as a complementary 
tool to standard confirmation strategies, with particu-
lar caution in the smallest and most unstable patients. 
Research into the use of POCUS for airway manage-
ment in children is expanding. Hasan et al. conducted 
one of the first major investigations into the role of 
POCUS for confirming endotracheal tube placement 
in neonates requiring respiratory support. Misplace-
ment of the tube into the esophagus is one of the most 
common and dangerous errors during intubation, and 

position of airway devices, helping to avoid excessive 
tracheal pressure, optimize ventilation, and minimize 
the number of intubation attempts. This is particularly 
important in children, where anatomical characteristics— 
such as a relatively small oral opening, proportionally 
larger tongue, higher larynx, and more anterior glot-
tic position—can make visualization of the airway 
challenging and increase the risk of repeated intuba-
tion attempts. Multiple attempts not only increase 
the risk of airway trauma but can also result in rapid 
arterial desaturation, given the higher oxygen con-
sumption and lower functional residual capacity in 
pediatric patients (133). Ultrasound provides several 
rapid, easily recognizable signs to differentiate tracheal 
from esophageal intubation (9). In the correct tracheal 
position, real-time imaging at the suprasternal notch 
typically shows a single, bright air–mucosal interface 
within the trachea and bilateral symmetric pleural 
sliding on lung scans. By contrast, esophageal intuba-
tion produces a “double tract” sign—two parallel air– 
mucosal interfaces—indicating the presence of a second 
gas-filled lumen in addition to the trachea. Absence of 
pleural sliding or asymmetry on lung ultrasound can 
further suggest mainstem intubation or malposition. 
Compared with auscultation and chest radiography, 
ultrasound confirmation is consistently faster—often 
within 10–30 seconds of image acquisition—and has 

Area/Condition Main Indications Key Ultrasound Findings
Reported 
Diagnostic Accuracy Limitations

Kidney/ 
Urolithiasis

Flank pain, suspected 
stone

Hydronephrosis, twinkling 
artifact, absent ureteral jets

Slightly less sensitive 
than CT but misses 
only small (<3 mm) 
stones (114)

Obesity; gas interference

Testicular Torsion Acute scrotal pain Enlarged hypoechoic testis, 
absent flow on Doppler

Sens & Spec >90% 
(117); reduces 
unnecessary 
surgery from 
92%→98% (119)

Early torsion may have 
preserved flow

Ocular Visual changes, trauma, 
suspected ICP

Retinal detachment, vitreous 
hemorrhage, optic nerve 
sheath diameter

Retinal detachment: 
Sens/Spec up to 100% 
(122); VH: Sens 90%, 
Spec 92% (128)

Needs skill to 
differentiate vitreous 
vs retinal detachment; 
pediatric data limited

Abbreviations: AA: Acute Appendicitis; ACR: American College of Radiology; B-lines: Vertical comet-tail artifacts from pleural line; CI: Confidence 
Interval; CT: Computed Tomography; ICP: Intracranial Pressure; POCUS: Point-of-Care Ultrasound; PTX: Pneumothorax; RUQ: Right Upper 
Quadrant; Spec: Specificity; Sens: Sensitivity; VH: Vitreous Hemorrhage.
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visualization of the spinal canal and the conus medul-
laris. Ultrasound can be particularly useful in patients 
with difficult-to-palpate anatomical landmarks, small 
interspinous spaces, or obesity, where landmark-based 
identification of the puncture site may be inaccurate. In 
such cases, POCUS can improve first-attempt success 
rates and reduce the need for multiple punctures (4).

Arthrocentesis

POCUS enables emergency physicians to identify 
joint effusions—most notably in the hip—and to guide 
arthrocentesis directly in the emergency department, a 
role traditionally limited to orthopedic surgeons or ra-
diologists. Ultrasound guidance should be considered 
in all children presenting with atraumatic hip pain, as it 
can reduce the need for imaging modalities that expose 
the patient to ionizing radiation (140,141). In the study 
by Scheier et al., POCUS was effective in confirm-
ing joint effusion, measuring its size, and supporting 
decision-making on the initiation of antibiotics while 
avoiding unnecessary radiographs (142). Arthrocente-
sis under ultrasound guidance allows real-time visuali-
zation of needle trajectory, increasing the likelihood of 
successful aspiration and reducing the risk of injury to 
adjacent structures. Before needle insertion, it is criti-
cal to identify the femoral vessels—using color Dop-
pler when available—and to distinguish hypoechoic or 
anechoic joint fluid from articular cartilage. Clinicians 
should note that infection may be present even in the 
absence of visible effusion, and that small amounts of 
cartilage may be misinterpreted as fluid.

Suprapubic bladder aspiration

Suprapubic aspiration (SPA) is performed to obtain 
a sterile urine specimen in patients unable to void vol-
untarily or when urethral catheterization fails. POCUS 
can significantly improve the success rate of this pro-
cedure. Static ultrasound can be used to assess bladder 
size, shape, and position, while dynamic ultrasound al-
lows real-time visualization of the needle entering the 
bladder. On ultrasound, a well-filled bladder appears 
as an anechoic structure; conversely, an empty bladder 
will be collapsed and may not be visible. Continuous 
visualization of the needle tip during advancement is 

ultrasound has shown promise as a simple, safe, and 
rapid method for differentiating between tracheal  
and esophageal placement (134–136). Simulation 
studies have further demonstrated that POCUS can 
reduce interpretation time for tube location, poten-
tially enabling faster clinical decision-making during 
neonatal intubation (137).

Vascular access

Ultrasound guidance has been shown to facilitate 
both central and peripheral vascular access in pediatric 
patients, particularly for femoral, internal jugular, and 
subclavian vein catheterization. In the femoral region, 
POCUS can reliably distinguish the femoral vein from 
the femoral artery, an important consideration given 
that anatomical variation—including partial overlap 
of the two vessels—occurs in a significant proportion 
of children. This makes reliance on external landmarks 
alone potentially misleading. For peripheral intrave-
nous (IV) access, dynamic ultrasound guidance allows 
real-time visualization of the needle entering the vessel, 
whereas static ultrasound can assist in identifying ves-
sel location before cannulation. Although overall success 
rates for peripheral IV placement may not differ signifi-
cantly between ultrasound-guided and landmark-based 
techniques, ultrasound guidance has been shown to re-
duce procedure time and the number of needle passes— 
especially in children with difficult venous access 
(138,139). To optimize safety, vessels should be scanned 
in both transverse (short-axis) and longitudinal (long-
axis) planes to avoid inadvertent puncture of nearby 
arteries or nerves. Arterial pulsation and color Doppler 
can aid in differentiating arteries from veins; however, 
in patients with shock or low cardiac output, these signs 
may be less reliable. Nerves, which are typically non-
compressible and often accompany major vessels, should 
be identified and avoided during needle advancement.

Lumbar puncture

POCUS can assist lumbar puncture (LP) by 
providing real-time visualization of the spinous pro-
cesses, interspinous spaces, and optimal insertion 
site. In infants, its utility is enhanced by the cartilagi-
nous composition of the spine, which permits better 
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These include lung ultrasound for pneumonia, pleural 
effusion, and pneumothorax (10,45,41,49,52); abdom-
inal applications such as intussusception and pyloric 
stenosis (70-72,78); appendicitis pathways that prior-
itize ultrasound-first in children <14 years (61,64,67); 
soft-tissue infection/abscess evaluation (30,33); frac-
ture detection in common long-bone and elbow in-
juries (94,97); testicular torsion assessment with high 
diagnostic accuracy (115–117); and ultrasound guid-
ance for key procedures including vascular access and 
endotracheal tube confirmation (135,136,131–134). 
Conversely, several areas remain promising but com-
paratively under-studied or heterogeneous in chil-
dren: IVC dynamics for fluid responsiveness (modest 
and variable predictive value) (25–27); comprehensive 
hemodynamic protocols (e.g., pediatric adaptations of 
RUSH/FOCUS) beyond detection of pericardial ef-
fusion and gross dysfunction (16,20); bronchiolitis/
COVID-19 severity scoring (supportive yet still evolv-
ing pediatric datasets) (55–57); biliary tract disease 
and early/central appendicitis not abutting the pleura 
(54,83–86); renal colic and ureteral jets/twinkling ar-
tifacts (111–114); subtle or small-bone fractures and 
tendon pathology (110); joint effusion thresholds and 
standardization across ages (108,110); and ocular met-
rics such as pediatric ONSD cut-offs for intracranial 
pressure (127–129).

Conclusions

Emergency ultrasound is an important skill 
with the potential to significantly enhance pediat-
ric emergency care. POCUS can be mastered with a 
relatively rapid learning curve; importantly, the fo-
cus is on achieving defined competencies rather than 
completing a fixed training duration (9). During resi-
dency, structured programs on POCUS integrated 
with supervised practice, might provide sufficient 
exposure for physicians to acquire fundamental skills. 
Incorporating pediatric-specific image libraries, case-
based simulations, and deliberate practice on high-
yield applications (e.g., lung, cardiac, vascular access, 
and musculoskeletal scans) accelerates learning while 
ensuring skills remain directly relevant to pediatric 

essential to avoid injury to adjacent structures such 
as bowel loops. By confirming adequate bladder fill-
ing before needle insertion, POCUS can also help 
avoid unnecessary attempts (143). To maximize first-
pass success, the bladder should be confirmed as ad-
equately distended on ultrasound. Practical thresholds 
reported in pediatrics include a sagittal (cephalocaudal) 
diameter >20 mm and an anteroposterior diameter  
>15 mm—criteria associated with near-100% success—
and/or a transverse diameter ≥3.5–4.0 cm, below which 
unsuccessful aspirations are more likely. When these 
sonographic cut-offs are not met, deferring SPA and 
rehydrating/feeding or waiting is recommended. The 
following is the procedure for keeping the needle tip 
continuously in view: (i) use a high-frequency linear 
probe and a shallow, midline approach 1–2 cm above 
the pubic symphysis; (ii) align the needle in-plane with 
the ultrasound beam so the entire shaft and echogenic 
tip are visible throughout advancement; (iii) advance 
slowly until anterior bladder wall tenting is seen, then 
enter the lumen with minimal additional pressure; (iv) 
avoid excessive probe pressure that may collapse a small 
bladder. If visualization is difficult, slightly adjust the 
probe to maintain needle–beam alignment rather than 
advancing blindly. Real-time (dynamic) guidance is pre-
ferred over static marking in neonates and small infants. 
Multiple pediatric studies demonstrate that ultrasound 
increases SPA yield while reducing needle passes and 
delays (143). Early work in emergency departments 
also showed that portable ultrasound improved success 
and limited non-productive attempts (144). A recent 
meta-analysis demonstrated that POCUS guidance 
enhances both first attempt and overall success of SPA 
also in neonates and infants (145). Notably, studies sug-
gest that dynamic, real-time needle visualization pro-
vides the greatest benefit compared to static pre-scan 
marking (146,147). Table 4 summarizes procedural ap-
plications of POCUS in pediatric emergency medicine.

Strength of evidence across pediatric  
POCUS applications

Across the pediatric literature, several POCUS 
applications are now well supported by prospective 
studies, meta-analyses, or guideline endorsements. 



Acta BiomedICA 2026; Vol.97, N.3: 18209  DOI: 10.23750/abm.2026.1820916

highlight that POCUS use is associated with reduced 
emergency department length of stay, decreased reli-
ance on CT imaging, and overall improvements in cost-
effectiveness. These findings provide a strong argument  
for its broader adoption, as they underscore not only 
the clinical but also the economic value of integrat-
ing POCUS into routine practice (148). However, its 
adoption is not without challenges. Misinterpretation 

emergency care. The advantages of POCUS—low 
cost, ease of execution, non-invasiveness, and ability 
to yield essential diagnostic information despite lim-
ited patient cooperation—make it an attractive tool 
in emergency settings. Although evidence supporting 
its full integration into pediatric emergency medicine 
is still developing, data demonstrating its impact on 
clinical workflows are growing rapidly. Recent reviews 

Table 4. Procedural Applications of POCUS in Pediatric Emergency Medicine.

Procedure
Purpose & Main 
Applications Key Technical Points Advantages Limitations/Challenges

Endotracheal 
Tube (ETT) 
Placement

Confirm tracheal vs. 
esophageal intubation; 
assess ETT position and 
size to optimize ventilation 
and reduce trauma.

High-frequency linear probe 
placed transversely over 
the anterior neck; dynamic 
assessment during and after 
intubation.

Rapid, bedside 
confirmation; 
avoids delays; 
reduces risk of 
unrecognized 
esophageal 
intubation.

Requires operator skill; 
less effective in detecting 
mainstem intubation; 
training needed for 
accurate interpretation.

Vascular Access 
(Central & 
Peripheral)

Guidance for central 
venous catheterization 
(femoral, internal jugular, 
subclavian); assist 
peripheral IV placement in 
difficult cases.

Scan vessels in short and 
long axis; use color Doppler 
to distinguish arteries from 
veins; avoid adjacent nerves.

Improves 
success in 
difficult 
access; reduces 
procedure 
time; real-time 
visualization 
minimizes 
complications.

Requires training; 
anatomic variation; arterial 
pulsation may be unreliable 
in shock.

Lumbar 
Puncture (LP)

Identify optimal puncture 
site; visualize spinal canal in 
infants.

Linear probe for superficial 
scanning; mark insertion 
site before procedure; in 
infants, cartilage improves 
visualization.

Improves first-
attempt success; 
reduces multiple 
punctures; 
useful in 
patients with 
poor landmarks.

Limited visualization 
in older children/
adolescents due to ossified 
spine; requires patient 
cooperation.

Arthrocentesis Identify and quantify joint 
effusions (esp. hip); guide 
needle placement for 
aspiration or injection.

Use linear or curvilinear 
probe; identify vessels with 
Doppler; differentiate 
cartilage from fluid.

Reduces need 
for radiographs; 
improves 
accuracy and 
safety; enables 
ED-based 
procedure.

Effusion not always 
present in infection; 
misinterpretation 
of cartilage as fluid; 
dependent on patient 
cooperation.

Suprapubic 
Bladder 
Aspiration (SPA)

Obtain sterile urine 
specimen when voiding 
or catheterization is not 
possible.

Assess bladder filling 
with static US; dynamic 
guidance during needle 
insertion; ensure needle tip 
visualization.

Increases 
success 
rate; avoids 
unnecessary 
attempts; 
reduces 
complications.

Requires adequate 
bladder filling; bowel 
loops may obscure view; 
operator-dependent.

Abbreviations: ETT: Endotracheal Tube; IV: Intravenous; LP: Lumbar Puncture; SPA: Suprapubic Aspiration; US: Ultrasound.
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diagnostic confidence, particularly in resource-limited 
or high-volume emergency settings. Ultimately, strate-
gies for embedding POCUS seamlessly into pediatric 
emergency workflows must prioritize patient safety, 
operational efficiency, and equitable access, ensuring 
that its considerable potential is fully realized in rou-
tine clinical practice.
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