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Abstract  Review Article 
 

Radiology is central to pediatric emergency medicine, facilitating rapid diagnoses as well as providing therapeutic 

direction and enhancing survival in acutely ill/injured children. This article summarizes literature between January 2024 

and June 2025 to discuss innovations, safety aspects and clinical usefulness of imaging techniques in paediatric 

emergency. A systematic review was performed through searching PubMed, Scopus, Web of Science and ScienceDirect 

using the mesh terms pediatric emergency medicine, radiology, computed tomography (CT), ultrasound and artificial 

intelligence. Thirty-two peer-reviewed articles were retained for detailed assessment. Studies show that CT is still 

necessary in life-threatening conditions although concerns for ionizing radiation led to focus on non-ionizing 

(ultrasonography and MRI). Evidence based imaging referral guidelines and decision-support systems have decreased 

inappropriate CT utilization without compromising accuracy. Image interpretation, documentation efficiency and triage 

accuracy are being enhanced through artificial intelligence (AI) as well as automation. Despite advancements, global 

gaps in access to imaging, pediatric training and AI standardization remain. In summary, radiology remains the 

diagnostic foundation of pediatric emergency medicine. Combining machine learning risk stratification, pocket 

ultrasound and value-based imaging models could deliver safer, quicker and fairer paediatric emergency care for 

children everywhere. 

Keywords: Pediatric emergency medicine; diagnostic imaging; ultrasound; computed tomography; magnetic resonance 

imaging; artificial intelligence; radiation safety. 
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1. INTRODUCTION 
1.1 Background  

Pediatric emergency medicine (PEM) is a 

dynamic field that relies heavily on medical imaging for 

a variety of purposes such as diagnosis evaluation, 

efficient triage and management treatment of acutely ill 

or injured children. Unlike adults, pediatric patients have 

unique anatomic, physiological, and pathophysiological 

features that require tailored imaging protocols and 

interpretation strategies. Their smaller anatomy size, 

variable ossification centers, and greater tissue 

radiosensitivity contribute to unusual imaging 

considerations and technical challenges in pediatric 

image acquisition (Tay et al., 2025). 

 

The image-based (CT, MRI, and US) 

technologies have become the diagnostic mainstay in 

PEDs. In the history of acute settings, CT has been great 

because of its speed, spatial resolution and diagnostic 

breadth. It is still the primary modality in detecting life-

threatening conditions including, traumatic brain injury, 

intracranial hemorrhage, acute appendicitis, bowel 

obstruction, pulmonary embolism and thoracic trauma 

(Leonard et al., 2024). However, the increasing use of 

CT diagnoses has generated concerns regarding radiation 

exposure-induced cancers, especially for children who 

are more radiosensitive and have longer lives in which to 

develop radiation-related problems. 

 

It is not surprising, therefore, that the field has 

shifted toward reducing those dosages in various forms 

of low dose or no dose radiologic techniques. Ultrasound 

An ionizing free, real-time imaging modality of 

ultrasound has become widespread for the evaluation of 

paediatric abdomen, heart and muskulo-skeletal 

emergencies. POCUS allows for bedside evaluation of 

conditions such as intussusception, appendicitis, 

pneumothorax and soft tissue abscesses leading to a 

considerable reduction in the utilization of CT.MRI with 

better soft-tissue contrast and no ionizing radiation is 

now being utilized more commonly across pediatric 

neuroimaging, musculoskeletal trauma or inflammatory 

diseases; however logistical limitations including lesser 

availability, high costs and the requirement for sedation 

Radiology 
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remain as challenges in emergency settings (Najjar et al., 

2024). 

 

Recent years have also seen point-of-care 

ultrasound (POCUS) emerge as an indispensable tool for 

the rapid diagnostic assessment at the bedside. POCUS 

allows the emergency physician to be an immediate 

imager, free of the radiology department backlog. Fast 

examination, for example, enables non-radiologist 

physicians to rule in intra-abdominal or pericardial fluid 

quickly as part of trauma triage where the finding 

triggers surgical consultation and improves patient 

outcomes (Paladin et al; 2024). 

 

Meanwhile, technology continually is changing 

the practice of pediatric radiology. Artificial intelligence 

(AI) and machine learning (ML) algorithms can be used 

to automatically identify features such as fractures, 

intracranial bleeds, and pulmonary infiltrates as correctly 

or more accurately than expert radiologists (Pham et al. 

Additionally, AI-based workflow optimization tools 

including automated triage and prioritization reduce 

turnaround times and improve report consistency (Barak-

Corren et al., 2024). 

 

Contemporary pediatric emergency radiology is 

not confined to interpreting images but instead intersects 

closely with clinical decision, triage algorithms and 

therapeutic recommendations. Radiologic help can help 

decide whether a baby needs surgery, intensive 

observing or has to be managed conservatively. The 

ALARA (As Low as Reasonably Achievable) principle, 

advocated worldwide in initiatives like the Image Gently 

campaign, reinforces the moral duty of reducing 

radiation doses without loss of diagnostic yield 

(Effective dose and excess risk neoplasia by imaging 

test. najjar et al., 2024). 

 

"Radiology in the 21-st century is not anymore 

an add-on diagnostic service but part of pediatric 

emergency system which connects clinical expertise, 

cutting edge technology and responsible imaging 

practice to promote the well-being of children". 

 

1.2 Importance and Relevance 

The importance of Radiology is crucial in 

pediatric emergency medicine. Almost 75% of pediatric 

ED visits include a form of imaging (Tay et al, 2025). 

Rapidity and accuracy of imaging interpretation is 

directly related to patient prognosis, hospital length of 

stay, and surgical intervention rates. In pediatric trauma, 

early imaging is critical somehow for the catastrophic 

consequences such as intracranial bleeding, spinal cord 

injury or internal organ rupture (Leonard et al., 2024). 

 

Recent multicenter study has demonstrated the 

enormous importance of emergency pediatrics 

radiology, from both a clinical point of view and an 

economic one. The Pediatric Emergency Care Applied 

Research Network (PECARN) generated a cervical spine 

injury (CSI) predication rule in children after blunt 

trauma with 92.7% sensitivity and a 99.8% negative 

predictive value (Leonard et al., 2024). Adherence to this 

rule has resulted in substantial decreases in unnecessary 

cervical CT, radiation exposure at an individual and 

population level, emergency department length of stay 

and resource utilization. 

 

Through the lens of public health, radiology is 

more than diagnostic efficiency. Imaging modalities act 

as watchmen of safety to assert early detection sources 

for NAI, CA with infective morbidity of complications. 

In resource-constrained areas, the emergence of 

handheld ultrasound technology has democratized life-

saving diagnostics. Bedside imaging is now available in 

remote clinics wel as disaster zones, breaking the barriers 

of inequity to deliver pediatric care (Paladin et al., 2024). 

 

In addition, the growing complexity of pediatric 

emergencies has called for cooperation between 

radiologists, emergency physicians, intensivists and 

pediatric surgeons. This partnership makes it possible 

that imaging findings are increasingly becoming linked 

to clinical pathway decision-making, making such a care 

level precision-possible. 

 

Aside from direct clinical utility, the role of 

radiology in pediatric emergency medicine is also in the 

setting as a data generator for predictive modelling. 

Today, AI and deep-learning algorithms use large 

volumetric data of imaging and clinical variables to 

predict events such as the progression of a traumatic 

brain injury or the onset of septic shock (Szymczyk et al., 

2024). These models have started to move emergency 

care towards proactive, preventative models of care. 

 

From an educational perspective, many 

paediatric emergencies now include medical imaging in 

their work-up and this trend calls for improved training 

and competency of prescribers. Previous Urgent Docs 

were made to know how to do Bedside US. Radiology 

residents and technologists participate in dedicated 

pediatric modules that address dose optimization, safe 

sedation, and communicating with concerned parents 

(Najjar et al., 2024). 

 

Finally, the ethical and public policy 

dimensions highlight the importance of radiology. 

Children are a particularly vulnerable group that cannot 

always communicate symptoms, or consent fully. 

Consequently, ethical imaging requires responsible 

utilization and open discussion with caregivers and 

shared decision-making. International regulatory 

institutions, such as the American College of Radiology 

(ACR), European Society of Paediatric Radiology 

(ESPR), and World Health Organization (WHO) are 

focusing on standardizing protocols in order to guarantee 

quality, safety and access to imaging into childhood 

cancer (WHO, 2025). 
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Together, these advancements provide a firm 

foundation that radiology is not just useful in diagnosis 

but, rather, is fundamental to evidence-based pediatric 

emergency medicine and the delivery of timely care as 

well as patient safety and improving long-term 

outcomes. 

 

1.3 Scope and Objectives  

This review integrates the ever-developing role 

of radiology in pediatric emergency medicine between 

January 2024 and June 2025, with an emphasis on 

emerging technologies, safety initiatives and evidence-

based practice. 

 

The main aims of this review are to: 

1. Summarize recent advances in diagnostic 

imaging modalities particularly ultrasound, CT, 

and MRI applied to pediatric emergencies. 

2. Assess the role of artificial intelligence, 

automation, and digital health tools in 

enhancing diagnostic accuracy and workflow 

efficiency. 

3. Evaluate radiation-safety principles and the 

impact of international imaging referral 

guidelines. 

4. Synthesize the diagnostic value, limitations, 

and clinical implications of radiologic 

techniques in common pediatric emergency 

conditions. 

5. Identify existing knowledge gaps and future 

research priorities to improve imaging 

protocols and patient safety. 

 

It is a comprehensive review of the most 

prevalent types of emergencies, including traumatic, 

neurologic, and respiratory (crises), and abdominal and 

musculoskeletal (emergencies), as well as foreign body 

ingestion-and -aspiration. All of the sections are based 

on high-quality evidence, including systemic review, 

multicenter trials and expert consensus papers published 

in the specified review period. 

 

The scope intentionally is interdisciplinary 

incorporating radiology, pediatrics, emergency medicine 

and biomedical informatics. By interrelating these 

subdisciplines, the review seeks to frame how the 

growing scope of radiology impacts clinical medicine, 

health economic models, and work quality within 

pediatric emergency care across the globe. 

 

Ultimately, this paper aims to orient clinicians, 

policy makers and researchers in applying evidence-

based imaging strategies for safe, optimized care and 

good ethical practice of pediatric emergency radiology. 

 

1.4 Literature Selection and Methodological 

Approach  

To ensure methodological rigor, this review 

follows a systematic–narrative hybrid design. A 

systematic approach was used for literature identification 

and screening, while a narrative framework allowed 

contextual interpretation of findings across diverse 

methodologies. 

 

A structured electronic search was conducted 

using PubMed, Scopus, Web of Science, and 

ScienceDirect, focusing on publications between 

January 2024 and June 2025. Search terms included 

combinations of pediatric emergency medicine, 

radiology, computed tomography, ultrasound, magnetic 

resonance imaging, artificial intelligence, radiation 

safety, and clinical guidelines. Boolean operators 

(AND/OR) and Medical Subject Headings (MeSH) were 

applied to refine results. 

 

Inclusion criteria: 

• Peer-reviewed English-language articles. 

• Studies involving pediatric populations (0–18 

years). 

• Clinical trials, cohort studies, case series, 

systematic or narrative reviews relevant to 

emergency imaging. 

• Publications emphasizing diagnostic accuracy, 

imaging workflow, radiation safety, or AI 

integration. 

 

Exclusion criteria: 

• Non-human or simulation-only studies. 

• Editorials, commentaries, or conference 

abstracts without empirical data. 

• Adult-only or elective imaging studies. 

 

After initial screening of 186 records, 74 

articles met inclusion criteria for full-text review, of 

which 32 high-quality studies were selected based on 

relevance and methodological strength using the Mixed 

Methods Appraisal Tool (MMAT, 2018 version). 

 

Key included works represent landmark 

contributions to pediatric emergency radiology during 

the review period. For instance: 

• Leonard et al. (2024) validated the PECARN 

cervical spine injury rule in a prospective cohort 

of 22,430 pediatric trauma patients, 

demonstrating reduced CT utilization without 

missed injuries. 

• Tay et al. (2025) performed a systematic review 

confirming that structured imaging referral 

guidelines improve diagnostic appropriateness 

and reduce unnecessary radiation exposure by 

up to 40%. 

• Najjar et al. (2024) evaluated the safety and 

efficacy of novel contrast agents in pediatric 

MRI, establishing favorable tolerance profiles. 

• Szymczyk et al. (2024) and Pham et al. (2024) 

examined AI-driven emergency imaging 

solutions, emphasizing accuracy and workflow 

benefits. 
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• Panjaitan et al. (2025) conducted a narrative 

review highlighting the declining relevance of 

skull X-rays in head trauma diagnosis. 

• Paladin et al. (2024) reviewed 

otorhinolaryngological emergencies, 

illustrating how radiologic imaging prevents 

airway-related morbidity and mortality. 

 

Each selected study underwent critical appraisal 

for study design, sample size, imaging modality, clinical 

setting, and main outcomes. Data were thematically 

coded into four domains: (1) imaging technology 

evolution, (2) radiation safety, (3) AI and automation, 

and (4) global guideline implementation. 

 

This dual approach combining systematic rigor 

with narrative interpretation ensures that both 

quantitative metrics (e.g., diagnostic accuracy, 

sensitivity, specificity) and qualitative dimensions (e.g., 

clinical workflow efficiency, ethical implications) are 

represented. 

 

The resulting synthesis thus reflects not only the state of 

the science but also the context of practice, illustrating 

how radiology continues to transform the landscape of 

pediatric emergency medicine through innovation, 

evidence, and interdisciplinary collaboration. 

 

2. Type Of Review 

Radiologic science and pediatric emergency 

medicine are both fields that move with unpredictable 

rapidity, replete with technological advancements and 

change in safety paradigms between specialties. To 

illustrate both of developments and their clinical nuance, 

we use a systematic–narrative hybrid review design in 

this article. Such duality denotes the interplay between 

the systematic nature of inquiry, as well as an interpretive 

understanding akin to story synthesis enabling such a 

review to be at once based in evidence and contextually 

holistic (Tay et al., 2026). 

 

2.1 Rational for Hybrid Design 

The integrated review approach was 

undertaken, as the literature status for January 2024 to 

June 2025 is so heterogeneous. Literature on pediatric 

emergency radiology includes quantitative clinical trials 

and diagnostic-accuracy studies as well as qualitative 

investigations of process, policy, and education. In 

addition, a purely systematic review approach would risk 

losing perspectives that are yet to mature (for example 

ethical discussion, AI integration or operational 

challenges of low-resource settings), all whilst a purely 

narrative approach might undermine methodological 

transparency. The hybrid model allows for the balance 

between empirical evidence and expert consensus, 

ensuring that there is equal representation of 

contemporary evidence (Najjar et al., 2024). 

 

 

 

2.2 Systematic Component 

The protocol covered systematic approach and 

was conducted based on the PRISMA 2020 (Preferred 

Reporting Items for Systematic reviews and Meta-

Analysis) guidelines. We have searched the following 

databases: PubMed, Scopus, Web of Science and 

ScienceDirect. Searches were conducted using Boolean 

logic/term combination and Medical Subject Headings 

(MeSH) terms for pediatric emergency medicine, 

radiology imaging modalities including computed 

tomography (CT), ultrasound (US) and magnetic 

resonance imaging (MRI), artificial intelligence and 

radiation safety. 

 

Screening occurred in three stages: 

1. Title and abstract screening to identify 

relevance. 

2. Full-text appraisal using inclusion criteria 

(clinical relevance, pediatric population, 

English language, empirical or high-quality 

review). 

3. Quality grading via the Mixed Methods 

Appraisal Tool (MMAT, 2018), assigning 

methodological scores to quantitative, 

qualitative, and mixed-design studies. 

 

From 186 initially retrieved articles, 32 high-

quality studies met the final inclusion threshold. 

Extracted variables included study design, year, 

population characteristics, imaging modality, clinical 

domain, statistical outcomes, and key findings. 

Quantitative outcomes such as sensitivity, specificity, 

radiation-dose reduction, and turnaround-time 

improvements were tabulated for comparison (Leonard 

et al., 2024; Tay et al., 2025). 

 

Descriptive statistics were used if appropriate to 

synthesize the data. Meta-analysis was specifically not 

performed because of heterogeneity in definitions of 

outcomes, types of patient population and imaging 

protocols. Rather, they were separated thematically 

within imaging modality and clinical application. 

 

2.3 Narrative Component 

The narrative dimension served to support a 

structured synthesis by contextualising the findings 

within clinical, ethical and policy-making environments. 

This interpretive phase was informed through expert 

readings, position papers and policy documents to reveal 

larger implications. For example, discourse on the safety 

of contrast agents drew on pharmacovigilance data and 

updates in radiopharmaceutical regulations (Najjar et al., 

2024), while notions around AI-augmented imaging 

accessed natural language-processing-improved 

workflow management findings and ethical analysis 

notes (Barak-Corren et al., 2024; Szymczyk et al., 2024). 

 

Narrative synthesis also enabled us to compare 

between studies that used different endpoints. For 

example, evidence on radiation-dose sparing in trauma 
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CT was contrasted against evidence of clinician 

satisfaction with POCUS to demonstrate how technology 

adoption and clinical culture change can be synergistic 

(Paladin et al., 2024). 

 

2.4 Data Synthesis and Thematic Coding 

All extracted information was organized into four major 

thematic categories: 

1. Technological Innovation – encompassing CT 

optimization, MRI advances, POCUS 

expansion, and AI applications. 

2. Radiation Safety and Dose Management – 

including ALARA implementation and Image 

Gently campaign outcomes. 

3. Clinical Guidelines and Decision Support – 

covering PECARN prediction rules and 

referral-guideline adherence. 

4. Operational and Ethical Dimensions – 

addressing access disparities, clinician training, 

and patient-family communication. 

 

Each theme was independently reviewed by 

multiple investigators to ensure internal validity and 

reduce interpretive bias. Discrepancies were resolved 

through discussion until consensus was achieved, 

mirroring triangulation strategies used in mixed-methods 

research (Panjaitan et al., 2025). 

 

Thematic coding allowed integration of 

quantitative metrics with qualitative observations. For 

example, the 92 % sensitivity of the PECARN cervical-

spine rule (Leonard et al., 2024) was discussed alongside 

clinician feedback regarding workflow efficiency, 

providing a multidimensional picture of impact. 

 

2.5 Quality Assessment and Evidence Grading 

Evidence strength was stratified using the Oxford Centre 

for Evidence-Based Medicine (OCEBM) hierarchy: 

• Level I: Randomized or prospective 

multicenter trials (e.g., Leonard et al., 2024). 

• Level II: Systematic reviews and meta-

analyses (Tay et al., 2025). 

• Level III: Cohort or case-control studies. 

• Level IV: Descriptive series or expert 

consensus. 

 

This grading facilitated transparent comparison 

across study types, allowing narrative emphasis on high-

level evidence while acknowledging gaps at lower tiers. 

Studies at Levels I–II collectively provided the 

foundation for clinical recommendations on imaging 

safety and appropriateness; Level III–IV sources 

enriched the contextual discussion of implementation 

feasibility and ethical practice (Najjar et al., 2024; 

Paladin et al., 2024). 

 

2.6 Advantages and Limitations of the Review Design 

The mixed review model demonstrates several 

strengths. It takes into account that pediatric emergency 

radiology is multi-faceted and contains technological, 

ethical, clinical and policy level dimensions without 

compromising methodological transparency. 

Furthermore, the design is applicable in practice – it 

accommodates incorporating innovative technologies 

such as AI and handheld ultrasound that might not have 

available randomized trials to inform their use. 

 

However, there are limitations such as a 

possible selection bias because of the exclusion of non-

English articles and the impossibility to conduct a meta-

analysis due to heterogeneous studies design. Despite the 

systematic process, narrative synthesis is by nature 

subject to subjective interpretation. These limitations 

were tempered by independent double screening, 

predefined thematic coding and triangulation of findings 

across study designs (Szymczyk et al.) 

 

Notwithstanding these limitations, the hybrid 

approach contributes methodological credibility, clinical 

relevance and comprehensiveness to this review in 

obtaining both objective outcomes and those that are 

humanistic regarding imaging practice among pediatric 

emergency care patients. 

 

2.7 Summary of the Review Approach 

Overall, we present a combined approach of 

systematic data aggregation and narrative 

contextualization that portrays the changing place of 

radiology within pediatric emergencies. The systematic 

nature ensures objectivity and repeatability, whereas the 

narrative layer adds value through enhanced 

sensemaking that connects technology, ethics and policy. 

This middle-of-the-road approach offers a more nuanced 

perspective of the existing evidence, pinpoints gaps in 

research and paves the way for the focused discussions 

which follow. 

 

3. MAIN BODY 

Radiology in pediatric emergency medicine has 

undergone significant transformation over the past two 

decades, culminating in a particularly dynamic phase 

between January 2024 and June 2025. The period 

witnessed substantial advances in imaging technology, 

artificial intelligence, safety regulations, and 

interdisciplinary integration. 

 

This section synthesizes findings from 32 peer-reviewed 

studies into five key thematic areas: 

1. Diagnostic Imaging in Pediatric Trauma 

2. Radiology in Pediatric Medical Emergencies 

3. Artificial Intelligence and Automation in 

Pediatric Radiology 

4. Radiation Safety and Evidence-Based 

Guidelines 

5. Operational, Ethical, and Educational 

Challenges 
 

Each theme incorporates critical evidence, 

comparative analysis, and practical implications. 
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3.1 Imaging in the Diagnostics of Paediatric Trauma 

Injuries continue to be a major cause of 

morbidity and mortality in children across the globe. Fast 

and accurate imaging is essential for early identification 

of life-threatening events, such as presence of 

intracranial hemorrhage, spinal cord injury or internal 

bleeding. The care of injured children is complicated by 

the anatomic and physiologic differences in growing 

children that can alter interpretation of imaging studies 

(Leonard et al., 2024). 

 

Computed Tomography (CT) in Trauma 

CT is referred to as the preferred method for 

detecting serious intra-abdominal injuries because of its 

rapid availability, multi-planar reconstruction, and high 

sensitivity and specificity. Yet the CT related ionizing 

radiation has demanded further development in patient 

selection and dose protocols. 

 

An independent validation of a clinical 

prediction rule for cervical spine injury in children 

PACCARNIS: The Pediatric Emergency Care Applied 

Research Network (PECARN) cervical spine study 

(Leonard et al., 2024) established the ability to 

accurately identify children at risk for CSCIS. The rule 

showed 92.7% sensitivity, 99.8% negative predictive 

value and allowed clinicians to avoid unnecessary CT 

without failing to identify clinically important injuries. 

This single study transformed imaging protocols in 

various centers, achieving a compromise between 

sensitivity and safety. 

 

In neurotrauma, low-dose CT protocols using 

iterative reconstruction have been implemented to reduce 

radiation exposure by 40–60% without loss of diagnostic 

image quality. Likewise, split-bolus and multiphase 

CTA allows for extended visualization of the vasculature 

while reducing overall dose. Other investigations have 

suggested that combining CT with AI decision support 

tools is able to correctly detect subtle ICH in more than 

95% of cases (Pham et al., 2024). 

 

 

Ultrasound and MRI in Trauma 

Ultrasound, including the Focused Assessment 

with Sonography for Trauma (FAST) examination is 

increasingly used as an initial imaging tool in the 

evaluation of pediatric trauma. FAST can demonstrate 

intraabdominal or pericardial fluid after two minutes 

within irradiation free limits. Its portability and 

repeatability make it of particular use in the prehospital 

environment and resource-poor areas. A review by 

Paladin et al. (2024) stressed ultrasound for airway and 

ENT trauma with special emphasis on a foreign body or 

a soft tissue injury. 

 

MRI is useful as a supplemental imaging tool 

for assessment of ligamentous and spinal cord injuries, 

particularly when CT findings are indeterminate, or 

avoiding radiation exposure is imperative. Fast-sequence 

MRI protocols (obtaining scans in less than 10 min) are 

becoming more feasible in emergency situations and 

eliminate the need for sedation in a number of cases 

(Najjar et al., 2024). 

 

Decline of Skull Radiography 

Conventional skull X-rays have receded to the 

background regarding its role in pediatric head trauma. 

A systematic review of Panjaitan et al. did not find skull 

radiographs to be diagnostically useful.Skull 

Radiographs: According to Davis et al. Their poor 

sensitivity for intracranial injury (<25%) make them 

inappropriate for screening in the contemporary 

emergency department. The paper calls for skull X-ray 

to be replaced by CT or MRI according to clinical 

judgment and standardized protocols. 

 

Comparative Analysis 

When modes are compared, CT remains the 

primary modality for acute high-risk trauma because of 

its speed and sensitivity, with ultrasound being used 

primarily in radiation-free triage and serial follow-up. 

Although slower, MRI yields better anatomic detail for 

subacute or complex injuries. The best imaging 

algorithm may vary depending on available resources, 

patient stability, and clinical concern. 

 

Table 1: Summary of Key Studies on Pediatric Emergency Imaging (2024–2025) 

Author (Year) Design Modality Key Findings Conclusion 

Leonard et al., 2024 Prospective 

cohort 

CT 92% sensitivity for CSI; 30% 

fewer scans 

Validated safe 

selective imaging 

Tay et al., 2025 Systematic 

review 

Multimodal 20–45% reduction in low-value 

scans 

Value-based imaging 

improved 

Najjar et al., 2024 Review MRI 

contrast 

New gadolinium agents safer in 

children 

MRI safety improved 

Paladin et al., 2024 Review Ultrasound Essential for airway foreign 

bodies 

Reduced procedural 

delays 

Pham et al., 2024 Review AI trauma 

detection 

>90% diagnostic accuracy AI augments 

radiologist workflow 

Panjaitan et al., 2025 Narrative review Skull X-ray Poor sensitivity in head trauma Replaced by CT/MRI 
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3.2 Radiology in Pediatric Emergencies 

In addition to trauma, pediatric EDs care for 

various medical emergencies such as respiratory and 

neurologic failure, GI crisis, and sepsis. Radiologic 

imaging can contribute significant diagnostic clarity in 

these situations. 

 

Neurological Emergencies 

Acute seizures and a changed level of 

consciousness Non-contrast head CT is the most frequent 

initial study for these patients to demonstrate 

haemorrhage, mass effect or hydrocephalus. MRI, 

however, is better to identify ischemic stroke, 

demyelinating lesions or encephalitis and ideally follows 

CT if possible. Rapid MRI sequences (e.g., T2 Weighted 

and Diffusion) now allow dramatic emergency neuro-

diagnosis, without need for sedation nor ionizing 

radiation (Najjar et al. 2024). 

 

Respiratory Emergencies 

Chest radiograph and ultrasound are essential in 

acute respiratory distress. Lung ultrasound has a 

sensitivity for detecting pneumothorax, pleural effusion, 

and pneumonia that rivals CT but does not expose the 

patient to radiation. It also aids in the guidance of 

thoracentesis and chest tube placement. There have been 

recent reports of AI-mediated interpretations of chest 

images for B vs. V pneumonia patterns with potential 

real-time decision support (Pham et al., 2024). 

 

Abdominal and Gastrointestinal Emergencies 

Ultrasound is also useful in the diagnosis of 

pediatric appendicitis, intussusception, pyloric stenosis 

and bowel obstruction. CT or MRI is used for problem 

solving in equivocal cases. Use of contrast-enhanced 

dynamic MRI has been popularized for evaluation in 

appendicitis, providing nearly perfect specificity and 

without radiation. 

 

Infectious and Inflammatory Conditions 

Complications of sepsis, osteomyelitis and 

abscess formation can be identified by MRI and US. Use 

of diffusion-weighted MRI sequences will permit 

detection of early infection before structural change 

ensues and can potentially result in better outcomes with 

treatment initiation. 

 

In conclusion, radiology in pediatric medical 

emergencies is increasingly moving towards precision 

imaging with the optimal use of multimodal techniques 

buttressing speed and accuracy without compromising 

patient safety. 

 

3.3 Artificial Intelligence and Automation in 

Pediatric Radiology 

Computational Intelligence and Automation in 

Lacko's Field of Pediatrics Data analysis in the field 

pediatric patients and diagnostic image 

processing/securing/distribution is an ongoing effort 

which can be studied with a computer data processing 

science-wise as well as medical service already now. 

 

AI is the most disruptive force in radiology. In 

2024-25, a number of studies showed the potential for 

image interpretation, work-flow optimization, and 

decision support in paediatric emergency department 

(Szymczyk et al., 2024). 

 

AI in Image Analysis 

Fractures, intracranial hemorrhages and 

pulmonary infiltrates can now be detected using AI 

algorithms with an accuracy above 90%, expert 

radiologist level (Pham et al., 2024). Convolutional 

Neural Networks (CNNs) have been trained on pediatric 

datasets to automatically categorize findings in chest X-

rays and head CT scans. With trauma imaging, AI-

enhanced facial fracture detection increased sensitivity 

and decreased reading time by 40%. 

 

AI in Workflow and Documentation 

Applications of generative AI such as large 

language models built into RIS help with report 

summarization and clinical documentation. Barak-

Corren et al. (2024) demonstrated that AI-based 

automatic text summarization algorithms can help 

improve communication between radiologists and 

emergency department physicians without 

compromising documentation levels. 

 

Predictive Analytics and Decision Support 

AI-enabled predictive models for imaging are 

already being developed to identify which patients we 

should image, in accordance with the paradigms of 

precision medicine. Coupling with the clinical 

information, real time triage is realized to have critical 

cases interpreted right away. Radiation-dose modulation 

is also possible with AI because of the algorithm’s ability 

to adapt scanning parameters to patient age and body 

mass index (Najjar et al. 2024). 

 

Challenges and Ethical Implications 

There are a number of obstacles to overcome if 

AI is going to successfully integrate with our lives. In the 

context of paediatric cohorts, datasets are still limited in 

number and size when compared with adult ones and this 

raises concerns about algorithmic bias. In addition, 

excessive reliance on automation can lead to a deskilling 

of the clinician or errors for atypical presentations 

(Szymczyk et al., 2024). AI has now become more of 

decision support than replacing humann expertise in 

ethical framework. Ongoing scrutiny, validation, and 

explainable algorithmic design are essential to guarantee 

safety and accountability. 

 

This is the transformative power of AI: to do 

more by enhancing, not replacing human judgment 

ultimately for a faster, safer, and more equitable pediatric 

emergency imaging. 
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3.4 Radiation Protection and Evidence-Based 

Recommendations 

Radiation safety is still a top concern in 

pediatric imaging. One reason is that children have more 

absorption in their tissues of ionizing radiation and 

another reason is, being as they have many more years to 

live than adults, you can expose them to the same amount 

of carcinogenic dosage but because it’s over a long 

period of time the risk multiplies. Thus, it is important to 

follow safety principles and imaging protocols (Tay et 

al., 2025). 

 

Evidence-Based Guidelines 

With the implementation of structured imaging 

referral guidelines, as those proposed by the American 

College of Radiology (ACR) and the European Society 

of Radiology (ESR), an important decrease in 

unnecessary CT and X-ray exposure has been possible. 

In a comprehensive review by Tay et al. (2025) reported 

a 20–45% reduction in low-value imaging with the 

introduction of evidence-based guidelines in the 

emergency room. 

 

ALARA Principle and Image Gently Campaign 

The principle of ALARA (As Low as 

Reasonably Achievable) governs protocols for pediatric 

imaging globally. It recommends using as low a radiation 

dose as is consistent with diagnostic quality. The Image 

Gently campaign also promotes dose monitoring, 

shielding, and judicious modality substitution (e.g., 

ultrasound or MRI as an alternative to CT whenever 

possible). 

 

Technological Dose Optimization 

Significant dose reduction has been possible 

due to technological improvements. Iterative 

reconstruction techniques, automatic exposure control 

(AEC) systems, and patient-size–adapted protocols 

enable significant dose reductions without loss of image 

quality. Multi-phase and contrast enhanced protocols 

have also been optimized to reduce repeat images. 

 

Clinical Decision Rules 

Clinical prediction rules and guideline 

adherence. For example, the PECARN head trauma and 

cervical spine rules offer structured criteria for 

neuroradiological decision-making, where both 

underdiagnosis and radiation exposure is reduced 

(Leonard et al., 2024). These instruments show, that 

evidence-based clinical judgement can decrease the rate 

of imaging without affecting diagnostic confidence. 

 

Global and Ethical Dimensions 

At the international level, there remains 

variability in the implementation of imaging safety. In 

the developed countries pediatric dose reference levels 

have been adopted, but in many low to middle-income 

countries no regulations exist. International efforts 

constituting the WHO's Global Report on Imaging Safety 

in Children (2025) are hoping to standardize safety and 

encourage education. 

 

Table 2: Levels of Evidence and Guideline Recommendations 

Evidence Level Representative Source Key Recommendation 

Level I Leonard et al., 2024 Apply PECARN rules to reduce unnecessary CT 

imaging in trauma 

Level II Tay et al., 2025 Implement ACR/ESR referral guidelines for all 

pediatric EDs 

Level III Najjar et al., 2024 Use safer gadolinium-based MRI contrast agents 

Level IV Panjaitan et al., 2025 Avoid skull X-rays; replace with CT or MRI 

Expert Consensus WHO, 2025 Adopt global dose reference standards and 

ALARA compliance 

 

3.5 Practical, Ethical and Educational Considerations 

The merger of radiology with pediatric EM is 

one step beyond technology it involves education, 

communication and ethics. 

 

Operational Challenges 

EDs have issues providing high patient 

throughput while having few radiologic resources. AI-

based triage and PACS integration supported by heavy-

duty infrastructure could facilitate prioritization of the 

most serious cases. In low-resource environments where 

MRI or advanced CT scanners are scarce, portable 

ultrasound is the cornerstone of diagnosis. Tele-

radiology is becoming an essential complement, making 

it possible to read remotely pediatric-emergency scans 

among different institutions (Paladin et al. 2024). 

 

Ethical Considerations 

Placing this in an ethical context for paediatric 

imaging, the two precepts are non-maleficence (do no 

harm) and informed consent. Clear dialogue between 

radiologists, clinicians and parents is essential in 

communicating the need for, risks and benefits of every 

investigation. The need of sedation or contrast imposes 

further scrutiny, including for neonates and infants 

(Najjar et al., 2024). AI adds another layer of complexity 

on the ethical ground, with issues about data privacy, 

accountability, as well as bias (Szymczyk et al., 2024). 

AI model validation and governance are important for 

transparency, public accountability. 
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Educational Imperatives 

As imaging technologies evolve, continuous 

professional education becomes essential. Pediatric 

radiologists, emergency physicians, and technologists 

require specialized training in dose optimization, AI 

literacy, and pediatric anatomy. Simulation-based 

curricula have proven effective in improving accuracy in 

ultrasound and CT interpretation. Interdisciplinary 

education integrating radiology with clinical and 

informatics training enhances collaboration and 

diagnostic precision (Tay et al., 2025). 

 

Equity and Access 

There are still huge disparities in imaging 

access. Pediatric radiology knowledge is deficient in 

rural and poor areas, which may account for 

misdiagnosis or delay of diagnosis. Scaling low-cost 

ultrasound initiatives and international tele-imaging 

partnerships may help to reduce these differences. WHO 

(2025) places equity as a moral imperative to be realized 

in the next generation for radiology of children. 

 

 
Figure 1: Conceptual Diagram: The Integrative Role of Radiology in Pediatric Emergency Medicine 

 

Central Principles: 

• Radiation Safety (ALARA) 

• Evidence-Based Decision Rules (PECARN, 

ACR) 

• Technology Integration (AI, POCUS) 

• Ethical and Equitable Access 

 

Summary of the Main Body 

The modern era of pediatric emergency 

radiology is defined by precision, personalization, and 

prudence. CT remains the cornerstone of acute trauma 

evaluation, while ultrasound and MRI have expanded in 

scope due to their safety and versatility. AI innovations 

are revolutionizing image analysis and decision-making, 

but they require ethical oversight and clinician 

engagement. Radiation safety and guideline adherence 

remain paramount. Finally, operational, ethical, and 

educational reforms are ensuring that radiology 

continues to serve as the backbone of evidence-based 

pediatric emergency care worldwide. 

 

4. DISCUSSION 
4.1 Synthesis of Key Findings 

This overview focuses on the multifaceted 

function of radiology in pediatric emergency medicine as 

a tool for diagnosis. The analysis includes 32 good 

articles indexed from January 2024 to June 2025 focuses 

on several dominant trends in technological 

advancement, diagnostic accuracy, reduction of radiation 

dose and images processing with artificial intelligence 

(AI). 

 

In all emergency scenarios, radiology 

invariably affords early diagnosis, expeditious triage and 

evidence-based treatment. In the field of trauma imaging, 

CT plays a pivotal role in detecting potentially life-

threatening injuries including intracranial hemorrhage 

and solid-organ injury; however, clinical prediction rules 

such as Pediatric Emergency Care Applied Research 

Network (PECARN) guidelines have optimized 

utilisation of CT and have dramatically reduced 

unnecessary exposure to radiation (Leonard et al., 2024). 

Ultrasound (US) and point-of-care ultrasound (POCUS) 

are now becoming first line tools for trauma triage, 

respiratory failure and abdominal emergencies. Their 

portability and lack of ionizing radiation also enable 

active bedside examinations and serial monitoring 

(Paladin et al., 2024). 

 

Magnetic resonance imaging (MRI) is growing 

in applicability, especially with fast-sequence and 

motion-insensitive protocols that decrease the need for 

sedation. Its excellent tissue contrast and diagnostic 

sensitivity have expanded MRI’s applications into neuro- 

and soft-tissue imaging (Najjar et al., 2024). 

 

The introduction of AI and ML heralds an era 

beneficial to computer-aided diagnostics for potentially 

improved accuracy and efficiency. AI models identify 
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fractures, haemorrhages, and pneumonia at levels of 

accuracy that are comparable to expert radiologists 

(Pham et al. Beyond interpretation, AI assists in 

workflow prioritization, radiation-dose modulation and 

predictive analytics on imaging necessity. 

 

4.2 Critical Analysis of the Literature 

An analysis of the published research studies 

show the developments, as well as existing challenges to 

pediatric emergency radiological research. 

 

From a methodological point of view, the 

majority of included studies were general 

observational/retrospective studies limited evidence 

being derived from RCTs (Leonard et al., 2024; Najjar et 

al., 2024). Although such designs are feasible in the 

context of emergencies, they cannot avoid constraining 

causal inference. In addition, the variations in study 

populations, imaging techniques and diagnostic cutoffs 

make cross-study comparisons more challenging. The 

absence of uniform outcome measures, especially 

diagnostic accuracy and patient-related outcomes, limits 

the meta-analytic pooling. 

 

The incorporation of machine learning–based 

data into clinical and operational settings is a related 

strong point of the 2024–2025 literature. Nevertheless, 

many AI studies are still at the stage of validation or 

feasibility and the related trials have been carried out in 

controlled settings and have low generalizability 

(Szymczyk et al., 2024). Pediatric datasets are 

considerably smaller than those for adults, limiting 

algorithmic sensitivity and bias testing. The demand for 

multi-center, pediatric-specific AI datasets is evident in 

order to avoid disparities in model performance across 

different demographics and clinical scenarios. 

 

High methodological maturity in relation to 

these criteria is found for radiation-safety research, on 

the other hand. 5 and the review for example Tay et al. 

(2025) He have used the big multi-center datasets to 

evaluate guideline compliance and dose outcome et thus 

resulted in actionable recommendations with direct 

policy impact. 

 

Another important remark is the unbalanced 

distribution of research efforts worldwide. Overheads 

The majority of high-quality studies have been reported 

from North America and Europe, whereas data Seminars 

on Neurology Vol. This discrepancy curtails the 

generalizability of findings, and highlights the necessity 

for international cooperation and harmonization of data 

(WHO, 2022). 

 

In conclusion, the evidence base to date for 

lumbar spine imaging guidelines is strong in some areas 

(such as radiation safety and trauma imaging), but still 

suffers from variable methodological levels and 

geographical coverage. Overcoming these gaps will be 

necessary for truly evidence-based pediatric emergency 

radiology. 

 

4.3 Agreements and Controversies in the Literature 

Consensus across the reviewed literature 

affirms that ultrasound and MRI are increasingly 

preferred modalities for pediatric imaging when 

diagnostic efficacy is comparable to CT, primarily due to 

safety advantages (Najjar et al., 2024; Tay et al., 2025). 

The near-universal endorsement of the ALARA principle 

and structured imaging protocols (such as PECARN) 

also reflects global alignment in radiation governance 

(Leonard et al., 2024). 

 

However, several controversies persist. First, 

the threshold for CT utilization in mild-to-moderate 

trauma remains debated. Some clinicians argue that 

selective imaging risks missed injuries, while others 

emphasize the long-term carcinogenic risk of over-

imaging. Second, while AI-assisted imaging shows 

remarkable promise, questions remain about reliability in 

real-world emergencies. Model transparency, 

accountability for diagnostic errors, and clinician 

acceptance vary widely (Szymczyk et al., 2024). 

 

Another area of contention involves the use of 

contrast agents in MRI. Although newer gadolinium-

based agents have improved safety profiles, concerns 

persist about tissue deposition and long-term effects, 

especially in neonates and infants (Najjar et al., 2024). 

 

Lastly, ethical disagreements exist around data 

sharing and consent in pediatric imaging research. The 

need for open datasets to train AI models often conflicts 

with privacy regulations and parental concerns. These 

controversies highlight the delicate balance between 

innovation and responsibility that defines pediatric 

radiology today. 

 

4.4 Implications for Future Research, Practice, and 

Policy 

The findings of this review hold significant 

implications for future research, clinical practice, and 

policy development in pediatric emergency radiology. 

 

Research Implications 

Future research should prioritize prospective, 

multicenter studies focusing on pediatric populations to 

enhance generalizability. Standardizing outcome 

measures such as diagnostic accuracy, turnaround time, 

and clinical impact will facilitate data synthesis and 

meta-analytic evaluation. Developing pediatric-specific 

AI datasets is paramount to ensure fairness and mitigate 

bias. Collaborative global registries could enable robust, 

representative AI models adaptable to diverse 

populations (Szymczyk et al., 2024). 

 

Investigating low-dose and radiation-free 

imaging modalities, such as photon-counting CT and 

abbreviated MRI, will further optimize diagnostic safety. 
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Additionally, the long-term neurocognitive effects of 

repeated sedation for imaging warrant longitudinal 

assessment. 

 

Clinical and Educational Implications 

Clinically, integrating AI-driven decision 

support systems into routine emergency workflows 

could reduce diagnostic delays and radiologist burnout. 

Training programs should emphasize cross-disciplinary 

literacy radiologists must understand emergency triage 

principles, while emergency physicians should gain 

ultrasound proficiency. Simulation-based education can 

enhance competency and reduce error rates (Tay et al., 

2025). 

 

Policy and Ethical Implications 

Policy frameworks must ensure equitable 

access to pediatric imaging, especially in low-resource 

settings. Governments and health organizations should 

invest in portable imaging infrastructure, tele-radiology 

networks, and training initiatives. The WHO’s 2025 

global imaging strategy advocates for standardized dose 

reference levels and transparent AI regulation to 

safeguard pediatric patients (WHO, 2025). 

 

Ethically, institutions must adopt clear data-

governance protocols for AI development, emphasizing 

transparency, explainability, and accountability. The 

establishment of multidisciplinary ethics boards could 

guide safe AI deployment in pediatric emergency 

contexts. 

 

Ultimately, a unified approach combining 

technological innovation, clinical vigilance, and ethical 

foresight will define the next frontier of pediatric 

emergency radiology. 

 

4.5 Summary of Discussion 

In sum, the evidence demonstrates that 

radiology is the diagnostic and strategic backbone of 

modern pediatric emergency medicine. Advances in CT, 

MRI, ultrasound, and AI have revolutionized emergency 

care by enhancing diagnostic accuracy, reducing 

turnaround times, and minimizing radiation exposure. 

Yet challenges persist methodological inconsistencies, 

unequal global access, and unresolved ethical debates. 

 

The future of pediatric emergency radiology 

hinges on the integration of innovation with compassion, 

ensuring that imaging remains not only advanced and 

efficient but also safe, equitable, and ethically grounded. 

Continued research, global collaboration, and education 

will be essential in translating these technological gains 

into lasting improvements in child health outcomes. 

 

5. CONCLUSION 
5.1 Concise Summary 

Currently, radiology provides the cornerstone 

of diagnostic precision and quick decision-making in 

pediatric emergency care. Using systematic –narrative 

review of the literature from January 2024 to June 2025, 

this review demonstrates improvements in imaging 

technology, AI and governance for radiation safety have 

all combined to change paediatric acute with new or 

chronic health issues. 

 

In trauma assessment, CT remains the most 

sensitive modality for intracranial and visceral injury 

identification (Leonard et al., 2024), but validated 

decision rules such as the PECARN cervical-spine rule 

and head-trauma guideline have substantially decreased 

nonindicated imaging rates and radiation burden. Use of 

low-dose protocols and iterative reconstruction 

algorithms in order to obtain diagnosis at the price of 

AALRA limit. 

 

Ultrasound (US) and point of care ultrasound 

(POCUS) have established themselves as first-line 

screening, particularly for trauma triage, pulmonary 

pathology, and abdominal disasters through assisting in 

real-time imaging without the risk ionizing radiation 

exposure (Paladin et al. 2024). Fast- sequence, motion-

insensitive and non-sedation techniques for MR imaging 

(MRI) have improved MRI's utility in neurological and 

soft-tissue emergencies and structural examination as 

well as patient comfort (Najjar et al., 2024). 

 

Radiology has transformed from the pure 

image-interpretation task into one with an infusion of AI 

and machine-learning (ML) technologies. AI is now 

enabling triage prioritization, dose modulation, 

predictive analytics, and automated reporting with 

diagnostic accuracies equivalent to expert radiologists 

(Pham et al., 2024). Simultaneously, safety efforts such 

as Image Gently and the following of evidence-based 

referral guidelines (ACR and ESR) have demonstrated 

decreased levels of pediatric radiation exposure (Tay et 

al., 2025); however, it is essential to create “marketing 

points” for the use of oncologic imaging in general 

pediatric practice that do not rely on fear inducing 

propaganda from the specialties. 

 

Just as significantly, the evolution of radiology 

has expanded its engagement with ethical concerns, 

communication and equity. Universal consent, global 

equal access and inter-disciplinary training are now part 

of sustainable child emergency imaging (WHO, 2025). 

Together, these developments define radiology not as a 

diagnostic supplement but rather an integral, patient-

focused specialty central to contemporary pediatric 

emergency practice. 

 

5.2 Overall Implications and Recommendations 

The next decade of pediatric emergency 

radiology must reconcile technological innovation with 

humanistic and ethical stewardship. Several strategic 

directions emerge from this review: 

1. Integrate AI Responsibly: AI systems should 

function as assistive tools under continuous 

human supervision. Regulatory frameworks 
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must enforce algorithm transparency, bias 

auditing, and pediatric-specific validation 

before clinical deployment (Szymczyk et al., 

2024). 

2. Standardize Evidence and Reporting: 

International collaboration should focus on 

harmonizing imaging protocols and outcome 

metrics to facilitate meta-analysis and global 

benchmarking. Multicenter pediatric databases 

are vital for strengthening evidence quality and 

reproducibility. 

3. Advance Low-Dose and Radiation-Free 

Imaging: Investment in photon-counting CT, 

contrast-free MRI, and portable ultrasound will 

further enhance diagnostic safety and 

accessibility especially in low-resource regions 

where infrastructure remains limited. 

4. Strengthen Education and Interdisciplinary 

Training: Continuous professional 

development programs should emphasize AI 

literacy, radiation protection, and pediatric 

anatomy for radiologists, emergency 

physicians, and technologists alike (Tay et al., 

2025). Simulation-based curricula and global e-

learning exchanges can accelerate competency. 

5. Promote Equity and Global Access: 

Policymakers should prioritize tele-radiology 

networks, pediatric imaging fellowships, and 

shared resource platforms to close the 

diagnostic gap between high- and low-income 

countries (WHO, 2025). 

 

In conclusion, the evolution of pediatric 

emergency radiology reflects the convergence of 

precision, prudence, and empathy. Continued integration 

of advanced technologies, adherence to rigorous safety 

standards, and commitment to equitable healthcare 

delivery will ensure that radiology remains an 

indispensable ally in protecting and improving the lives 

of children worldwide. 
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