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ABSTRACT 

Imaging-guided strategies have become a fundamental component of emergency medicine, 

significantly influencing diagnostic accuracy, clinical decision-making, and patient outcomes in 

critical care settings. This review analyzes the role of key imaging modalities, including point-

of-care ultrasonography (POCUS), computed tomography (CT), and artificial intelligence (AI)-

assisted tools, in the rapid evaluation and management of acute conditions. A structured analysis 

of recent high-impact literature (2020 onward) was conducted to identify patterns in imaging 

utilization, diagnostic performance, workflow efficiency, and clinical impact. The findings 

demonstrate that CT remains the gold standard for definitive diagnosis in high-risk scenarios, 

while POCUS provides rapid bedside assessment that facilitates early intervention. AI integration 

contributes to improved workflow efficiency, triage prioritization, and reduction in reporting 
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times. However, challenges such as imaging overutilization and variability in resource 

availability persist, highlighting the need for evidence-based protocols and optimized decision-

making frameworks. The integration of multimodal imaging approaches, adapted to diverse 

healthcare systems, is essential to enhance diagnostic precision and improve patient outcomes. 

These results support the concept that imaging is a strategic and dynamic element in emergency 

medicine, with a critical role in the evolution of modern critical care. 

. 
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INTRODUCTION 

Emergency medicine has undergone a profound transformation over the past decade, largely driven by the integration 

of advanced imaging modalities into clinical decision-making processes. In critical care settings, where time-sensitive 

interventions directly influence patient outcomes, imaging-guided strategies have become indispensable for rapid 

diagnosis, triage, and therapeutic planning. The increasing complexity of acute conditions—ranging from polytrauma 

and sepsis to acute ischemic stroke and cardiopulmonary emergencies—demands a diagnostic approach that is both 

precise and expeditious. In this context, imaging is no longer a complementary tool but rather a central component of 

modern emergency care algorithms [1], [8]. 

One of the most significant developments in emergency imaging has been the widespread adoption of point-of-care 

ultrasonography (POCUS). This modality allows clinicians to perform bedside evaluations, significantly reducing 

diagnostic delays and facilitating immediate clinical decisions. Studies have demonstrated that POCUS enhances 

diagnostic accuracy in conditions such as trauma, cardiac emergencies, and respiratory failure, particularly when 

integrated into structured protocols like the Focused Assessment with Sonography for Trauma (FAST) [3], [6], [19]. 

Its portability, safety profile, and real-time capabilities make it especially valuable in resource-limited environments, 

further supporting its adoption across diverse healthcare systems. 

In parallel, computed tomography (CT) has become the cornerstone of imaging in acute care due to its high sensitivity 

and specificity in detecting life-threatening conditions. Whole-body CT scanning, for instance, has shown significant 

clinical impact in polytrauma patients by enabling rapid identification of internal injuries and guiding surgical or 

interventional management [13], [14]. Similarly, CT pulmonary angiography remains the gold standard for the 

diagnosis of pulmonary embolism in emergency settings, while advanced neuroimaging techniques are essential for 

the timely identification and management of acute ischemic stroke [9], [16]. These advancements underscore the 

pivotal role of CT in enhancing diagnostic precision and improving patient outcomes. 

Another critical dimension of modern emergency imaging is the integration of artificial intelligence (AI) and digital 

health technologies. AI-driven tools have demonstrated promising results in automating image interpretation, 

prioritizing critical findings, and optimizing workflow efficiency in emergency radiology departments [7], [18]. These 

innovations are particularly relevant in high-demand environments, where rapid triage and accurate interpretation are 

essential to prevent delays in care. Furthermore, the COVID-19 pandemic accelerated the adoption of telemedicine 

and remote imaging interpretation, highlighting the importance of digital infrastructure in maintaining continuity of 

care during public health crises [2], [10]. 

Despite these advancements, the increasing reliance on imaging raises important considerations regarding 

appropriateness, radiation exposure, and healthcare costs. Overutilization of imaging studies in emergency departments 

has been associated with unnecessary radiation exposure and increased healthcare expenditures without proportional 

improvements in outcomes [8], [11]. Therefore, the development of standardized imaging protocols and 

appropriateness criteria remains essential to ensure optimal use of these technologies [1]. Additionally, imaging plays 

a crucial role in the evaluation of complex conditions such as sepsis, where timely identification of the infection source 

can significantly influence therapeutic strategies and prognosis [15]. 
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Given this evolving landscape, the present review aims to analyze the role of imaging-guided strategies in emergency 

medicine, focusing on their impact on diagnostic accuracy, clinical decision-making, and patient outcomes in critical 

care settings. The central research question guiding this work is: how can imaging modalities be optimally integrated 

into emergency care pathways to enhance rapid diagnosis and improve clinical outcomes while minimizing 

unnecessary interventions? This question arises from the intersection of technological advancements, clinical demands, 

and healthcare system constraints observed in contemporary emergency medicine practice. 

To address this question, this review adopts a structured analytical approach based on recent high-impact literature 

(2020 onward), encompassing key domains such as ultrasonography, computed tomography, artificial intelligence, and 

imaging protocols in acute care. The study design aligns with the objective of synthesizing current evidence to identify 

best practices, emerging trends, and existing gaps in the field. By integrating findings from diverse clinical settings 

and healthcare systems, this work seeks to provide a comprehensive perspective that supports both clinical application 

and future research. 

Ultimately, understanding the strategic use of imaging in emergency medicine is essential not only for improving 

immediate clinical outcomes but also for advancing the overall efficiency and quality of healthcare delivery. As 

imaging technologies continue to evolve, their integration into emergency care will remain a critical determinant of 

success in managing acute and life-threatening conditions worldwide. 

 

DEVELOPMENT 

The integration of imaging modalities into emergency medicine has redefined diagnostic workflows, transforming 

clinical decision-making into a more structured, evidence-based, and time-sensitive process. In critical care settings, 

where delays in diagnosis can significantly increase morbidity and mortality, imaging serves as a cornerstone for rapid 

evaluation, risk stratification, and therapeutic planning. This section provides a detailed analysis of the principal 

imaging strategies employed in emergency medicine, supported by recent high-impact evidence, and explores their 

implications across diverse healthcare systems. 

1. Imaging as a Central Axis in Emergency Decision-Making 

The contemporary emergency department operates under conditions of diagnostic uncertainty, time pressure, and high 

patient turnover. In this context, imaging has evolved from a confirmatory tool to a primary diagnostic modality. Large-

scale analyses have demonstrated that imaging utilization in emergency settings has increased substantially over recent 

years, reflecting its critical role in clinical workflows [8]. However, this expansion necessitates a careful balance 

between rapid diagnosis and appropriate use to avoid unnecessary interventions and resource overutilization [1]. 

Imaging-guided decision-making enables clinicians to rapidly differentiate between life-threatening and non-critical 

conditions. For example, in patients presenting with acute abdominal pain, standardized imaging protocols improve 

diagnostic accuracy and reduce negative surgical explorations [1]. Similarly, in chest emergencies, imaging facilitates 

early identification of conditions such as pneumothorax, pulmonary embolism, and acute respiratory distress, directly 

influencing patient management pathways [5], [16]. 

2. Point-of-Care Ultrasonography (POCUS): Real-Time Bedside Diagnostics 

Point-of-care ultrasonography has emerged as one of the most transformative tools in emergency medicine. Its ability 

to provide immediate, bedside diagnostic information allows clinicians to bypass delays associated with traditional 

imaging workflows. Evidence indicates that POCUS significantly enhances diagnostic accuracy in critically ill 

patients, particularly in the evaluation of shock, trauma, and respiratory distress [3], [19]. 

The application of structured protocols, such as the Focused Assessment with Sonography for Trauma (FAST), has 

demonstrated high sensitivity in detecting intra-abdominal bleeding, enabling rapid surgical decision-making [6]. 
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Furthermore, lung ultrasound has shown superior sensitivity compared to chest radiography in detecting conditions 

such as pulmonary edema and pneumonia, reinforcing its role in acute respiratory assessment [19]. 

From a global perspective, POCUS has proven especially valuable in healthcare systems with limited access to 

advanced imaging technologies. In regions of Latin America its portability and cost-effectiveness make it a critical 

tool for expanding diagnostic capacity in emergency departments. 

3. Computed Tomography (CT): Gold Standard in High-Risk Emergencies 

Computed tomography remains the gold standard for the evaluation of high-risk and complex emergencies due to its 

superior spatial resolution and diagnostic accuracy. In polytrauma patients, whole-body CT scanning has been 

associated with improved survival rates, as it allows for the rapid identification of multiple injuries and facilitates 

coordinated multidisciplinary management [13], [14]. 

In neurological emergencies, CT imaging plays a pivotal role in the early detection of acute ischemic stroke and 

intracranial hemorrhage. Rapid imaging is essential for determining eligibility for reperfusion therapies, such as 

thrombolysis or mechanical thrombectomy, which are highly time-dependent interventions [9]. Similarly, CT 

pulmonary angiography is indispensable for the diagnosis of pulmonary embolism, offering high sensitivity and 

specificity in acute settings [16]. 

Despite its advantages, CT imaging raises concerns regarding radiation exposure and resource utilization. Studies have 

highlighted the need for adherence to appropriateness criteria to minimize unnecessary imaging while maintaining 

diagnostic accuracy [11]. This is particularly relevant in emergency departments with high patient volumes, where 

indiscriminate use of CT may lead to inefficiencies and increased healthcare costs. 

4. Imaging in Critical Conditions: Sepsis, Trauma, and Acute Care Syndromes 

Imaging plays a crucial role in the evaluation and management of critical conditions such as sepsis, trauma, and acute 

care syndromes. In sepsis, early identification of the infection source is essential for guiding antimicrobial therapy and 

improving outcomes. Advanced imaging techniques, including CT and ultrasound, enable precise localization of 

infectious foci, thereby facilitating targeted interventions [15]. 

In trauma care, imaging algorithms that integrate ultrasonography and CT have been shown to improve diagnostic 

efficiency and reduce time to definitive care. The combination of FAST examination and whole-body CT provides a 

comprehensive assessment of both hemodynamically unstable and stable patients, optimizing clinical decision-making 

[17]. 

Additionally, imaging is essential in the evaluation of acute cardiopulmonary conditions, where rapid diagnosis can 

significantly alter patient outcomes. For instance, the use of CT and ultrasound in the assessment of acute chest pain 

allows for the differentiation between cardiac, pulmonary, and vascular etiologies, enabling tailored therapeutic 

strategies [5], [16]. 

5. Artificial Intelligence and Emerging Technologies in Emergency Imaging 

The incorporation of artificial intelligence into emergency imaging represents a paradigm shift in diagnostic medicine. 

AI algorithms have demonstrated the ability to assist in image interpretation, detect subtle abnormalities, and prioritize 

critical findings, thereby enhancing workflow efficiency and reducing diagnostic errors [7], [18]. 

In high-demand emergency departments, AI-driven triage systems can significantly reduce time to diagnosis by 

automatically flagging urgent cases for immediate review. This is particularly valuable in conditions such as 

intracranial hemorrhage and pulmonary embolism, where delays in diagnosis can have severe consequences [18]. 

Furthermore, the integration of telemedicine and remote imaging interpretation has expanded access to specialized 

radiological expertise, especially in underserved regions. The COVID-19 pandemic highlighted the importance of 

these technologies in maintaining continuity of care and supporting clinical decision-making in resource-constrained 

environments [2], [10]. 
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6. Challenges and Future Directions in Imaging-Guided Emergency Medicine 

Despite the substantial benefits of imaging in emergency medicine, several challenges persist. Overutilization of 

imaging studies remains a significant concern, with evidence suggesting that a proportion of imaging examinations 

may not contribute meaningfully to patient outcomes [8]. This underscores the importance of implementing evidence-

based guidelines and appropriateness criteria to optimize imaging use. 

Additionally, disparities in access to advanced imaging technologies continue to affect healthcare delivery in different 

regions. While high-income countries benefit from widespread availability of CT and AI tools, resource-limited 

settings must rely more heavily on cost-effective modalities such as ultrasonography. Addressing these disparities 

requires coordinated efforts to improve infrastructure, training, and resource allocation. 

Looking forward, the future of imaging-guided emergency medicine lies in the integration of multimodal approaches, 

combining ultrasonography, CT, AI, and clinical data into unified diagnostic pathways. This approach has the potential 

to enhance diagnostic accuracy, reduce time to treatment, and improve patient outcomes on a global scale. 

GENERAL OBJECTIVE AND SPECIFIC OBJECTIVES 

To critically analyze the role of imaging-guided strategies in emergency medicine, evaluating their impact on rapid 

diagnosis, clinical decision-making, and patient outcomes in critical care settings, with an emphasis on their 

applicability across diverse healthcare systems 

A. Cognitive Domain 

1. To identify the main imaging modalities used in emergency medicine, including ultrasonography, computed 

tomography, and emerging technologies such as artificial intelligence, based on current scientific evidence. 

2. To understand the diagnostic principles and clinical indications of imaging techniques in acute and critical 

conditions such as trauma, sepsis, and cardiopulmonary emergencies. 

3. To analyze the relationship between imaging utilization and clinical outcomes in emergency settings, 

considering diagnostic accuracy, time to intervention, and patient prognosis. 

4. To evaluate the appropriateness and limitations of imaging studies in emergency departments, including 

factors such as radiation exposure, cost-effectiveness, and resource availability. 

5. To synthesize current international evidence to establish structured imaging-based diagnostic strategies 

applicable to diverse clinical contexts. 

B. Psychomotor Domain  

1. To demonstrate the appropriate selection of imaging modalities based on clinical presentation and urgency 

in emergency scenarios. 

2. To apply structured protocols such as FAST and imaging algorithms in trauma and critical care settings to 

support rapid clinical decision-making. 

3. To integrate imaging findings with clinical data in order to guide immediate therapeutic interventions in 

emergency patients. 

4. To interpret basic imaging findings in common emergency conditions, including pulmonary, abdominal, and 

neurological pathologies. 

5. To adapt imaging strategies according to resource availability and healthcare system constraints in different 

clinical environments. 
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C. Affective Domain  

1. To recognize the importance of timely and appropriate imaging in improving patient safety and outcomes in 

emergency medicine. 

2. To value evidence-based decision-making in the selection and utilization of imaging modalities in acute care 

settings. 

3. To develop a critical perspective regarding the overuse or misuse of imaging studies and their ethical and 

clinical implications. 

4. To promote interdisciplinary collaboration between emergency physicians, radiologists, and critical care 

teams to optimize patient management. 

5. To commit to continuous learning and adaptation to emerging technologies, including artificial intelligence, 

in order to improve clinical practice in emergency medicine. 

OBJECT OF STUDY 

The object of study of this review is the set of imaging-guided diagnostic strategies applied in emergency medicine, 

particularly those used in critical care settings to support rapid clinical decision-making and optimize patient outcomes. 

Specifically, this study focuses on the interaction between imaging modalities and clinical workflows in emergency 

departments, analyzing how tools such as point-of-care ultrasonography (POCUS), computed tomography (CT), and 

emerging technologies like artificial intelligence are integrated into diagnostic and therapeutic pathways. These 

strategies are examined as dynamic components of a broader healthcare system, where time-sensitive decisions directly 

influence morbidity and mortality. 

The population of interest includes patients presenting with acute, life-threatening, or time-dependent 

conditions—such as trauma, sepsis, acute respiratory failure, and neurological emergencies—managed in emergency 

and critical care environments. These patients require immediate evaluation, often under conditions of uncertainty, 

where imaging plays a decisive role in identifying underlying pathologies and guiding interventions. 

Additionally, this review considers imaging not only as a diagnostic tool but as a strategic element within clinical 

algorithms, capable of modifying patient management in real time. Therefore, the object of study extends to the 

evaluation of how imaging contributes to: 

• Early detection of critical conditions 

• Risk stratification and prioritization of care 

• Reduction of diagnostic uncertainty 

• Optimization of therapeutic interventions 

In this context, the phenomenon under investigation is defined as the impact and integration of imaging-based 

diagnostic approaches in emergency medicine, emphasizing their role in enhancing the efficiency, accuracy, and 

safety of clinical care. 

METHODOLOGY 

This study was designed as a structured narrative review with an analytical approach, following the principles of 

the scientific method to ensure rigor, reproducibility, and coherence between the research question, evidence selection, 

and interpretation of findings. 

1. Study Design 
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A review-based methodological framework was adopted to synthesize and critically analyze recent evidence on 

imaging-guided strategies in emergency medicine. The design integrates elements of systematic searching and 

qualitative analysis, allowing for a comprehensive understanding of the topic while maintaining flexibility in the 

interpretation of heterogeneous data sources. 

The methodological approach was structured into sequential phases: 

(1) definition of the research problem, 

(2) literature search and selection, 

(3) data extraction and organization, 

(4) critical analysis, and 

(5) synthesis of findings. 

2. Research Approach: Scientific Method 

The study follows the classical stages of the scientific method, adapted to a review context: 

• Observation: Identification of the growing reliance on imaging modalities in emergency medicine and the 

need to optimize their use in critical care settings. 

• Question formulation: How can imaging modalities be effectively integrated into emergency care pathways 

to improve diagnostic accuracy and clinical outcomes? 

• Hypothesis: The structured and evidence-based use of imaging techniques (POCUS, CT, and AI-assisted 

tools) improves diagnostic efficiency, reduces time to intervention, and enhances patient outcomes in 

emergency settings. 

• Analysis: Evaluation of recent high-impact literature to determine the validity of the hypothesis. 

• Conclusion: Integration of findings into clinically applicable recommendations and conceptual frameworks. 

3. Literature Search Strategy 

A comprehensive literature search was conducted using major biomedical databases, complemented by high-impact 

journals in emergency medicine, radiology, and critical care. 

Search criteria included: 

• Timeframe: Publications from 2020 onward 

• Language: English 

• Study types: Review articles, clinical studies, guidelines, and meta-analyses 

• Keywords: “emergency imaging,” “point-of-care ultrasound,” “computed tomography,” “critical care 

imaging,” “artificial intelligence in radiology,” “trauma imaging,” “sepsis imaging” 

Boolean operators (AND, OR) were used to refine search results and ensure relevance. 

4. Inclusion and Exclusion Criteria 

Inclusion criteria: 

• Studies addressing imaging modalities in emergency or critical care settings 

• Articles with clinical relevance to rapid diagnosis and decision-making 
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• Publications indexed in high-impact journals 

• Studies with clearly defined methodologies and outcomes 

Exclusion criteria: 

• Studies published prior to 2020 

• Articles lacking clinical applicability or methodological clarity 

• Non-peer-reviewed sources 

• Studies focused exclusively on elective or non-emergency imaging 

5. Data Extraction and Analysis 

Relevant data were systematically extracted from selected studies, including: 

• Imaging modality evaluated 

• Clinical setting and patient population 

• Diagnostic performance and outcomes 

• Advantages, limitations, and clinical implications 

The extracted data were organized into thematic categories: 

• Point-of-care ultrasonography 

• Computed tomography 

• Artificial intelligence in imaging 

• Imaging protocols in emergency care 

A qualitative analytical approach was employed to compare findings across studies, identify patterns, and evaluate 

consistency in reported outcomes. 

6. Reproducibility and Transparency 

To ensure that this study can be replicated by other researchers, the methodology provides: 

• Clearly defined search criteria and databases 

• Explicit inclusion and exclusion parameters 

• Structured analytical framework 

Researchers aiming to replicate this work can follow the same search strategy, apply the defined criteria, and analyze 

the selected literature within the established thematic structure. 

7. Ethical Considerations 

This study is based exclusively on previously published data and does not involve direct interaction with patients or 

the use of identifiable personal information. Therefore, it does not require ethical approval. The analysis was conducted 

with academic rigor, ensuring accurate citation and interpretation of all referenced sources. 

PHASES OF DEVELOPMENT 
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Phase 1: Problem Identification and Contextualization 

 

The first phase involved recognizing the increasing dependence on imaging modalities in emergency medicine and the 

challenges associated with their optimal use. This included the identification of key issues such as diagnostic delays, 

variability in imaging utilization, overuse of advanced imaging techniques, and disparities in access to resources across 

healthcare systems. 

 

Special attention was given to the context of emergency departments in regions where differences in infrastructure and 

resource availability influence the implementation of imaging strategies. This phase established the foundation for 

defining the scope and relevance of the study. 

 

Phase 2: Formulation of the Research Question and Hypothesis 

 

Based on the identified problem, the central research question was formulated: 

How can imaging modalities be optimally integrated into emergency care pathways to improve diagnostic 

accuracy and patient outcomes? 

 

From this, a working hypothesis was developed, proposing that the structured and evidence-based integration of 

imaging techniques—particularly POCUS, CT, and AI-assisted tools—enhances diagnostic efficiency, reduces time 

to intervention, and improves clinical outcomes in emergency settings. 

 

This phase ensured alignment between the conceptual framework of the study and its analytical objectives. 

 

Phase 3: Systematic Literature Search and Selection 

 

A comprehensive search of recent literature (2020 onward) was conducted using Pubmed and high-impact scientific 

journals in emergency medicine, radiology, and critical care. 

 

The selection process followed predefined inclusion and exclusion criteria, focusing on studies with direct clinical 

relevance to emergency imaging. Articles were screened based on titles, abstracts, and full-text evaluation to ensure 

methodological quality and relevance. 

 

A total of 20 high-impact references were selected as the core evidence base for this review. 

 

Phase 4: Data Extraction and Thematic Organization 

 

In this phase, key information from the selected studies was systematically extracted and categorized. The data 

included: 

• Type of imaging modality 

• Clinical context and patient population 

• Diagnostic performance and outcomes 

• Advantages, limitations, and implications 

 

The extracted information was then organized into thematic domains: 

1. Point-of-care ultrasonography 

2. Computed tomography 

3. Artificial intelligence in imaging 

4. Imaging protocols in emergency care 

 

This categorization facilitated a structured and comparative analysis of the available evidence. 

 

Phase 5: Critical Analysis and Interpretation 
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A qualitative analytical approach was applied to evaluate the consistency, strengths, and limitations of the selected 

studies. This phase involved: 

• Comparing diagnostic performance across imaging modalities 

• Identifying patterns in clinical application and outcomes 

• Evaluating the impact of imaging on decision-making processes 

• Assessing challenges such as overutilization and resource constraints 

 

The analysis emphasized the integration of imaging into clinical workflows rather than isolated evaluation of each 

modality, highlighting its role as a dynamic component of emergency care. 

 

Phase 6: Synthesis of Evidence and Conceptual Integration 

 

The findings from the analysis were synthesized into a coherent framework that reflects current best practices in 

imaging-guided emergency medicine. This phase focused on: 

• Integrating multimodal imaging strategies 

• Identifying optimal diagnostic pathways 

• Highlighting the role of emerging technologies such as artificial intelligence 

• Proposing practical approaches adaptable to different healthcare settings 

 

The synthesis aimed to bridge the gap between theoretical evidence and real-world clinical application. 

 

Phase 7: Development of Clinical and Academic Implications 

 

Finally, the study translated the synthesized evidence into clinically and academically relevant insights. This included: 

• Implications for emergency medicine training and education 

• Recommendations for evidence-based imaging utilization 

• Considerations for healthcare systems with varying resource availability 

• Identification of gaps in current research and future directions 

 

RESULTS AND DISCUSSION 

Figure 1.  

Distribution of Imaging Modalities in Emergency Settings 

 
The distribution of imaging modalities in emergency settings demonstrates a clear predominance of computed 

tomography (CT) and point-of-care ultrasonography (POCUS), which together account for the majority of 

diagnostic imaging utilization in acute care environments. CT represents the highest proportion, reflecting its central 

role as the gold standard for evaluating high-risk and complex conditions such as polytrauma, pulmonary embolism, 
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and acute neurological events [13], [16]. Its high spatial resolution and diagnostic reliability make it indispensable in 

time-sensitive scenarios where rapid and definitive diagnosis is required. 

 

Closely following CT, POCUS shows a substantial level of utilization, highlighting its growing importance as a 

frontline diagnostic tool. The widespread adoption of ultrasonography at the bedside is supported by its ability to 

provide immediate, real-time information without the need for patient transport, which is particularly advantageous 

in critically ill patients [3], [19]. Its application across multiple clinical contexts—including trauma (FAST protocol), 

shock assessment, and respiratory evaluation—has contributed to its integration into routine emergency workflows 

[6]. 

 

In contrast, conventional radiography (X-ray) demonstrates moderate utilization. While still relevant, particularly in 

the evaluation of thoracic and musculoskeletal conditions, its diagnostic sensitivity is generally lower compared to 

CT and ultrasound, which has led to a relative decrease in its standalone use in critical scenarios [5]. Instead, it is 

often employed as an initial screening tool or in settings where more advanced imaging is not immediately available. 

 

Magnetic resonance imaging (MRI) shows limited use in emergency settings, primarily due to its longer acquisition 

times, higher cost, and reduced accessibility. Although MRI provides superior soft tissue contrast and is highly 

valuable in specific neurological and musculoskeletal conditions, its role in acute care remains restricted to selected 

cases where detailed tissue characterization is essential and time constraints are less critical [9]. 

 

Artificial intelligence-assisted imaging currently represents a smaller proportion of overall utilization; however, its 

presence in the distribution reflects an emerging trend. AI tools are increasingly being integrated into emergency 

radiology workflows to assist with image interpretation, prioritize critical findings, and enhance diagnostic efficiency 

[7], [18]. Although still in early stages of widespread implementation, their growing adoption suggests a future shift 

toward more automated and data-driven diagnostic processes. 

 

Figure 2.  

Comparative Diagnostic Performance of Imaging Modalities in Emergency Settings 

 

 
The comparative analysis of diagnostic performance reveals a clear stratification among imaging modalities, with 

computed tomography (CT) demonstrating the highest overall sensitivity, followed closely by magnetic resonance 

imaging (MRI) and point-of-care ultrasonography (POCUS), while conventional radiography (X-ray) shows 

comparatively lower diagnostic performance. 

 

CT emerges as the most sensitive modality, which aligns with its established role as the diagnostic standard in multiple 

emergency conditions. Its ability to provide high-resolution, cross-sectional imaging allows for precise identification 

of complex pathologies, including internal hemorrhage, vascular occlusions, and organ injuries [13], [16]. In acute 

neurological events such as ischemic stroke, CT not only facilitates early detection but also guides eligibility for 

reperfusion therapies, reinforcing its central role in time-critical decision-making [9]. 
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MRI demonstrates similarly high diagnostic performance, particularly in soft tissue and neurological evaluations. Its 

superior contrast resolution enables detailed characterization of brain, spinal, and musculoskeletal pathologies. 

However, despite its high sensitivity, its use in emergency settings is limited by logistical constraints such as longer 

acquisition times and reduced availability, which restrict its routine application in acute scenarios [9]. 

 

POCUS shows a strong diagnostic performance, particularly when used within structured clinical protocols. Its 

sensitivity is notably high in conditions such as intra-abdominal bleeding, cardiac tamponade, and pulmonary edema, 

where rapid bedside assessment is essential [3], [19]. While it may not reach the same level of anatomical detail as CT, 

its real-time application and immediate availability make it highly effective for initial evaluation and dynamic 

monitoring of critically ill patients [6]. 

 

In contrast, X-ray demonstrates the lowest diagnostic sensitivity among the modalities analyzed. Although it remains 

a widely used and accessible tool, particularly in initial assessments of thoracic and skeletal conditions, its limitations 

in detecting subtle or complex pathologies reduce its effectiveness in high-acuity scenarios [5]. Consequently, it is 

often supplemented or replaced by more advanced imaging techniques when clinical suspicion remains high. 

 

The differences observed in diagnostic performance highlight the importance of modality selection based on clinical 

context. Rather than competing, these imaging techniques function in a complementary manner within emergency 

care pathways. For instance, POCUS may be used for rapid initial assessment, followed by CT for definitive diagnosis, 

while MRI is reserved for cases requiring detailed tissue evaluation. 

 

These findings are consistent with current evidence, which emphasizes a multimodal imaging approach to optimize 

diagnostic accuracy and clinical outcomes in emergency medicine [1], [8]. The data suggest that the integration of 

multiple imaging modalities, rather than reliance on a single technique, is essential for effective patient management 

in critical care settings. 

 

Figure 3.  

Time to Diagnosis and Workflow Efficiency Across Imaging Modalities 

 
 

The comparison of time to diagnosis across imaging modalities highlights a critical dimension in emergency medicine: 

workflow efficiency. The data demonstrate that point-of-care ultrasonography (POCUS) provides the shortest time 

to diagnosis, followed by conventional radiography (X-ray), computed tomography (CT), and finally magnetic 

resonance imaging (MRI), which exhibits the longest diagnostic timeframe. 

 

POCUS stands out as the fastest modality, with minimal delay between clinical suspicion and diagnostic confirmation. 

Its bedside application eliminates the need for patient transport and scheduling, allowing immediate visualization of 

pathological findings. This rapid turnaround is particularly advantageous in unstable patients, where even short delays 

can significantly impact outcomes. Evidence consistently supports the role of POCUS in accelerating decision-making 
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in conditions such as shock, trauma, and respiratory distress, where real-time information is essential for guiding 

interventions [3], [19]. 

 

X-ray demonstrates relatively short diagnostic times, reflecting its widespread availability and rapid acquisition. In 

many emergency departments, radiography is readily accessible and can be performed quickly, making it a useful 

initial screening tool. However, its lower diagnostic sensitivity compared to other modalities often necessitates 

additional imaging, which may extend the overall diagnostic process despite its initial speed [5]. 

 

CT occupies an intermediate position in terms of time efficiency. While it requires patient transport and preparation, 

advancements in scanner technology and workflow optimization have significantly reduced acquisition times. In many 

institutions, CT can be performed within minutes once the patient is stabilized. Its ability to provide comprehensive 

diagnostic information in a single study often offsets the initial delay, as it reduces the need for multiple sequential 

tests [13], [14]. 

 

MRI, in contrast, shows the longest time to diagnosis, reflecting its inherent limitations in emergency settings. The 

longer acquisition times, need for patient stability, and limited availability contribute to delays in obtaining results. 

Although MRI offers superior diagnostic detail in specific conditions—particularly neurological and soft tissue 

pathologies—its use is typically reserved for cases where immediate intervention is not required or when other 

modalities yield inconclusive findings [9]. 

 

The differences observed in this figure underscore the importance of time as a determinant of imaging selection in 

emergency medicine. Rapid diagnostic capability is often prioritized over maximal anatomical detail, particularly in 

life-threatening conditions where early intervention is critical. This explains the preferential use of POCUS and CT in 

acute scenarios, where speed and diagnostic yield must be balanced effectively. 

 

Furthermore, these findings illustrate the concept of sequential imaging strategies, where faster modalities are used 

for initial assessment and triage, followed by more detailed imaging when necessary. For example, POCUS may be 

used to rapidly identify free fluid in trauma patients, prompting immediate surgical intervention or further evaluation 

with CT. 

 

 

Figure 4.  

Impact of Imaging Modalities on Patient Outcomes in Emergency Settings 

 
The distribution of relative improvement in clinical outcomes associated with different imaging modalities reveals a 

clear trend: modalities that combine high diagnostic accuracy with timely application demonstrate the greatest 

impact on patient prognosis. Among these, computed tomography (CT) shows the highest contribution to improved 

outcomes, followed by artificial intelligence-assisted imaging and point-of-care ultrasonography (POCUS). 

 

CT demonstrates the greatest relative impact on patient outcomes, which is consistent with its role as a definitive 

diagnostic tool in critical conditions. Its ability to rapidly identify life-threatening pathologies—such as internal 

hemorrhage, pulmonary embolism, and acute intracranial events—directly influences therapeutic decisions and 
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reduces time to intervention [13], [16]. In trauma and stroke care, early CT-based diagnosis has been strongly 

associated with improved survival rates and functional outcomes, underscoring its central role in emergency medicine 

[9], [14]. 

 

Artificial intelligence-assisted imaging shows a notable contribution to improved outcomes, reflecting its emerging 

role in enhancing diagnostic workflows. AI systems are increasingly used to prioritize critical findings, reduce 

interpretation delays, and support clinical decision-making. In high-volume emergency departments, these tools can 

significantly reduce time to diagnosis by automatically flagging urgent cases, thereby improving patient management 

and reducing adverse events [7], [18]. 

 

POCUS also demonstrates a substantial impact on patient outcomes, particularly in scenarios where rapid bedside 

evaluation is essential. Its role in early identification of conditions such as shock, cardiac tamponade, and pulmonary 

edema allows for immediate intervention, which is critical in unstable patients [3], [19]. Although it may not provide 

the same level of anatomical detail as CT, its speed and accessibility make it a key determinant in early-stage decision-

making and stabilization. 

 

MRI shows a moderate contribution to improved outcomes, reflecting its high diagnostic precision in specific clinical 

contexts. Its value is particularly evident in neurological and soft tissue conditions, where detailed imaging can guide 

targeted interventions. However, its limited use in emergency settings due to longer acquisition times and reduced 

accessibility restricts its overall impact on acute patient outcomes [9]. 

 

In contrast, conventional radiography (X-ray) demonstrates the lowest relative impact on patient outcomes among the 

modalities analyzed. While it remains a useful and widely accessible tool, its lower diagnostic sensitivity and limited 

ability to detect complex pathologies reduce its effectiveness in high-acuity scenarios [5]. As a result, it is often used 

as an initial assessment tool rather than a definitive diagnostic modality. 

 

The findings illustrated in this figure emphasize that improvement in patient outcomes is closely linked to both 

diagnostic capability and timing. Modalities that enable rapid and accurate diagnosis—such as CT and POCUS—

have the greatest influence on clinical outcomes, particularly in time-sensitive conditions. Additionally, the integration 

of AI represents a growing factor in optimizing these outcomes by enhancing efficiency and reducing delays in care. 

 

 

Figure 5.  

Appropriateness of Imaging Utilization in Emergency Settings 

 
 

The analysis of imaging appropriateness reveals significant variability among modalities, highlighting an important 

dimension in emergency medicine: the balance between clinical necessity and potential overutilization. Among the 

modalities evaluated, point-of-care ultrasonography (POCUS) demonstrates the highest level of appropriate use, 

while computed tomography (CT) and conventional radiography (X-ray) show comparatively lower 

appropriateness rates. 



378 
 

 

POCUS exhibits the highest appropriateness, reflecting its targeted and clinically driven application. As a bedside tool 

performed directly by the treating physician, its use is typically guided by immediate clinical questions, which reduces 

the likelihood of unnecessary examinations. Its integration into structured protocols—such as FAST or focused cardiac 

and pulmonary assessments—ensures that its use is closely aligned with specific diagnostic needs [3], [6]. This targeted 

utilization contributes to its high appropriateness and reinforces its role as an extension of the physical examination 

rather than a separate diagnostic step. 

 

CT, despite its high diagnostic value, demonstrates a lower level of appropriateness compared to POCUS. This finding 

aligns with existing evidence indicating that CT is sometimes overutilized in emergency settings, particularly in cases 

where clinical evaluation or less invasive imaging modalities may suffice [8], [11]. The high availability and diagnostic 

reliability of CT can lead to its use as a default option, even in scenarios where its added value is limited. This trend 

raises concerns regarding unnecessary radiation exposure and increased healthcare costs, emphasizing the need for 

adherence to appropriateness criteria [1]. 

 

X-ray shows the lowest appropriateness among the modalities analyzed. Although widely available and relatively 

inexpensive, its frequent use as an initial screening tool may contribute to its lower appropriateness rate. In some cases, 

radiography is performed routinely rather than based on specific clinical indications, leading to redundant or low-yield 

examinations [5]. This pattern highlights the importance of refining clinical protocols to ensure that imaging requests 

are guided by evidence-based criteria. 

 

MRI demonstrates a moderate level of appropriateness, reflecting its selective use in emergency settings. Due to its 

limited availability and longer acquisition times, MRI is generally reserved for cases where detailed tissue 

characterization is essential, such as in complex neurological conditions. This selective application contributes to a 

relatively higher appropriateness compared to CT and X-ray, as its use is typically driven by well-defined clinical 

indications [9]. 

 

The variability observed in this figure underscores the importance of clinical judgment and guideline adherence in 

imaging utilization. Appropriate use of imaging is not only essential for optimizing patient care but also for minimizing 

unnecessary interventions and resource expenditure. In emergency medicine, where decision-making must be both 

rapid and accurate, the challenge lies in selecting the most effective imaging modality without resorting to excessive 

or redundant testing. 

 

Furthermore, these findings highlight the need for standardized imaging protocols and decision-support tools, 

which can assist clinicians in selecting the most appropriate modality based on patient presentation. The integration of 

such tools, including AI-assisted decision systems, may help reduce variability in imaging utilization and improve 

overall efficiency [7], [18]. 

 

Figure 6.  

Impact of Artificial Intelligence Integration in Emergency Imaging Workflows 
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The analysis of artificial intelligence (AI) integration into emergency imaging workflows demonstrates a consistent 

improvement across multiple operational domains, particularly in workflow efficiency, triage speed, reporting time, 

and diagnostic support. Among these components, overall workflow efficiency shows the greatest relative 

improvement, followed by triage acceleration and reporting optimization. 

 

The most prominent effect is observed in workflow efficiency, indicating that AI systems significantly enhance the 

coordination and flow of diagnostic processes within emergency departments. By automating repetitive tasks, 

prioritizing critical findings, and streamlining communication between clinical teams, AI contributes to a more 

organized and responsive diagnostic environment. This improvement is particularly relevant in high-demand settings, 

where rapid patient turnover and time-sensitive decisions require optimized operational performance [7], [18]. 

 

Triage speed also demonstrates a substantial improvement, reflecting the ability of AI algorithms to identify and 

prioritize urgent cases. In emergency radiology, AI systems can automatically flag imaging studies with critical 

findings—such as intracranial hemorrhage or pulmonary embolism—ensuring that these cases are reviewed promptly 

by clinicians. This prioritization reduces delays in diagnosis and facilitates earlier intervention, which is crucial in life-

threatening conditions [18]. 

 

The reduction in reporting time further highlights the efficiency gains associated with AI integration. Automated 

image analysis and preliminary interpretation assist radiologists by reducing the time required to review and report 

imaging studies. This not only accelerates the diagnostic process but also helps mitigate the impact of increasing 

imaging volumes in emergency departments, where radiology services often face significant workload pressures [7]. 

 

Although the relative improvement in diagnostic accuracy support appears lower compared to other components, it 

remains clinically significant. AI systems enhance diagnostic confidence by assisting in the detection of subtle or 

complex findings that may be overlooked during manual interpretation. This support is particularly valuable in high-

stress environments, where cognitive overload and fatigue can affect diagnostic performance [7], [18]. 

 

The distribution observed in this figure suggests that the primary benefit of AI in emergency imaging lies not only in 

improving diagnostic accuracy but also in optimizing the entire diagnostic workflow. By enhancing efficiency at 

multiple stages—from triage to reporting—AI contributes to a more integrated and effective emergency care system. 

 

Importantly, the impact of AI must be understood within the context of human-AI collaboration rather than 

replacement. The most effective models are those in which AI supports clinical decision-making while maintaining 

the central role of physician expertise. This collaborative approach ensures that technological advancements are 

translated into meaningful improvements in patient care. 

 

DISCUSSION 

The findings presented in this review highlight the evolving role of imaging as a fundamental pillar in emergency 

medicine, particularly within critical care environments where rapid and accurate decision-making is essential. The 

results demonstrate that imaging modalities—especially computed tomography (CT) and point-of-care 

ultrasonography (POCUS)—are not only diagnostic tools but also strategic components that actively shape clinical 

pathways and patient outcomes. 

One of the most relevant observations is the complementary relationship between imaging modalities, rather than 

a competitive one. CT consistently demonstrates superior diagnostic performance and the greatest impact on patient 

outcomes, particularly in high-risk conditions such as polytrauma, pulmonary embolism, and acute neurological events 

[13], [16]. However, its role is optimally positioned within a broader diagnostic framework where POCUS provides 

immediate bedside assessment, enabling rapid triage and early intervention [3], [19]. This sequential and integrated 

use of imaging modalities aligns with current evidence suggesting that multimodal strategies enhance both diagnostic 

efficiency and clinical effectiveness [1], [8]. 

Another key aspect emerging from the results is the critical importance of time in emergency imaging. The analysis 

of workflow efficiency indicates that modalities with shorter time-to-diagnosis, such as POCUS, play a decisive role 

in the early phases of patient evaluation. In contrast, modalities like MRI, despite their high diagnostic accuracy, are 

limited by longer acquisition times and reduced accessibility, restricting their utility in acute scenarios [9]. These 
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findings reinforce the principle that, in emergency medicine, the value of an imaging modality is determined not only 

by its diagnostic precision but also by its ability to deliver timely information that can influence immediate clinical 

decisions. 

The discussion of appropriateness further underscores a persistent challenge in emergency medicine: the risk of 

imaging overutilization. While CT provides unparalleled diagnostic capabilities, its relatively lower appropriateness 

compared to POCUS reflects a tendency toward its overuse in certain clinical contexts [8], [11]. This phenomenon has 

important implications, including unnecessary radiation exposure, increased healthcare costs, and potential delays in 

care due to resource saturation. The findings support the need for stricter adherence to evidence-based guidelines and 

the implementation of decision-support systems to optimize imaging utilization [1]. 

The integration of artificial intelligence (AI) represents one of the most significant advancements identified in this 

review. The results indicate that AI contributes substantially to workflow efficiency, triage prioritization, and reduction 

in reporting times, with a moderate but meaningful impact on diagnostic accuracy [7], [18]. These findings suggest 

that AI’s primary value lies in enhancing operational efficiency rather than replacing clinical judgment. The concept 

of human-AI collaboration emerges as a central theme, where AI serves as an աջակցive tool that augments, rather 

than substitutes, physician expertise. 

Moreover, the findings suggest that imaging should be understood as part of an integrated clinical ecosystem, 

where its effectiveness depends on coordination between emergency physicians, radiologists, and support systems. 

Efficient communication, standardized protocols, and adequate training are essential factors that influence the 

successful implementation of imaging strategies in emergency settings [8]. Without these elements, even the most 

advanced imaging technologies may fail to achieve their full potential. 

It is also important to consider the limitations inherent in the available evidence. Variability in study designs, patient 

populations, and healthcare settings may affect the generalizability of the findings. Additionally, the rapid evolution 

of imaging technologies—particularly in the field of artificial intelligence—means that current evidence may not fully 

capture future developments. These limitations highlight the need for ongoing research, particularly prospective and 

multicenter studies, to further validate and refine imaging strategies in emergency medicine. 

Finally, this review supports the concept that the future of emergency medicine lies in the integration of multimodal 

imaging, technological innovation, and evidence-based clinical practice. The convergence of these elements has 

the potential to transform emergency care by improving diagnostic accuracy, reducing time to intervention, and 

ultimately enhancing patient outcomes. 

In summary, the discussion of these findings reinforces that imaging is no longer a passive diagnostic step but an active 

determinant of clinical decision-making. Its optimal use requires a balance between speed, accuracy, appropriateness, 

and accessibility—factors that must be carefully integrated to achieve the best possible outcomes in emergency and 

critical care settings. 

CONCLUSION 

The present review demonstrates that imaging-guided strategies have become a central component of modern 

emergency medicine, fundamentally influencing diagnostic processes, clinical decision-making, and patient outcomes 

in critical care settings. The integration of modalities such as computed tomography (CT), point-of-care 

ultrasonography (POCUS), and artificial intelligence (AI)-assisted tools reflects a shift toward more precise, rapid, and 

evidence-based approaches in the management of acute conditions. 

Among the modalities analyzed, CT remains the cornerstone for definitive diagnosis in high-risk scenarios, while 

POCUS plays a crucial role in early bedside assessment and immediate clinical orientation. These modalities function 

in a complementary manner, forming part of a multimodal diagnostic framework that enhances both efficiency and 

accuracy. At the same time, emerging technologies such as AI are contributing to the optimization of workflow 

processes, improving triage prioritization and reducing diagnostic delays. 

The findings also highlight the importance of balancing diagnostic capability with appropriate utilization. While 

advanced imaging techniques provide significant clinical benefits, their overuse may lead to unnecessary exposure, 
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increased costs, and inefficiencies in care delivery. Therefore, adherence to evidence-based protocols and the 

implementation of decision-support systems are essential to ensure that imaging is used judiciously and effectively. 

Ultimately, the effective integration of imaging into emergency medicine depends not only on technological 

advancements but also on clinical judgment, interdisciplinary collaboration, and system-level organization. Imaging 

should be understood as a dynamic and strategic element within emergency care pathways, capable of transforming 

patient management when applied appropriately. 

In conclusion, optimizing imaging-guided strategies in emergency medicine requires a comprehensive approach that 

combines innovation, evidence-based practice, and contextual adaptation. Such an approach has the potential to 

enhance diagnostic precision, reduce time to intervention, and improve outcomes for patients in critical conditions, 

representing a key direction for the future of emergency and critical care medicine. 
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