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Abstract: Emergencies such as natural disasters, industrial accidents, and mass trauma events demand 
a rapid, coordinated medical response to minimise morbidity and mortality. Effective trauma care hinges 
on structured protocols, accurate triage, resource optimisation, and interdisciplinary collaboration. 
Triage systems, including the Advanced Trauma Life Support (ATLS) protocol and Simple Triage and 
Rapid Treatment (START), prioritise patients based on injury severity, ensuring timely intervention. 
Haemorrhage control with tourniquets and haemostatic dressings is critical for survival. Immediate 
access to diagnostic imaging, point-of-care testing and early blood transfusions enhances outcomes. 
Hospital emergency plans must account for surge capacity, patient diversion, and intensive care unit 
preparedness. Trauma centres should implement damage control strategies, including resuscitative 
thoracotomy and early goal-directed therapy. The integration of telemedicine allows specialists to 
provide real-time guidance, improving diagnostic accuracy and treatment efficiency. Artificial 
intelligence (AI) and digital health tools enhance emergency response by optimising triage, predicting 
patient deterioration, and streamlining workflows. Cloud-based electronic health records and 
geographic information systems enable the real-time sharing of data and the rapid deployment of 
medical teams. Lessons from past crises highlight the need for systematic training, simulation exercises, 
and multi-agency collaboration. Disaster medicine courses equip healthcare providers with essential 
trauma management skills, and regular disaster drills enhance the resilience and preparedness of the 
healthcare system. Sustainable emergency care requires adaptable response models, continuous 
resource monitoring, and refinement of strategies based on evidence-based practices. Investment in 
healthcare infrastructure, including trauma centres, mobile field hospitals, and helicopter emergency 
medical services, is crucial for managing large-scale emergencies. In conclusion, timely emergency 
trauma care depends on well-coordinated medical responses, advanced technologies, and continuous 
training. Strengthening local community resilience through systematic preparedness is essential for 
mitigating the impact of future crises and safeguarding public health. 
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1. INTRODUCTION 

Emergencies, ranging from industrial accidents and mass casualty incidents to natural disasters 
and traffic collisions, pose significant challenges to healthcare systems worldwide. These high-
stakes events demand a rapid and coordinated medical response to reduce mortality and long-
term morbidity. As trauma remains one of the leading and preventable causes of death, 
particularly among younger populations, the effective management of trauma during crises is 
a critical public health priority  (Suda, Franke, Hertwig, & Gooßen, 2025).  

Timely trauma care hinges on rapid diagnostics, efficient resource planning, and the 
implementation of structured triage protocols. Systems such as Advanced Trauma Life Support 
(ATLS) and Simple Triage and Rapid Treatment (START) enable the prioritisation of care 
based on injury severity, ensuring that limited medical resources are allocated where they are 
most needed (Bazyar, Farrokhi, & Khankeh, 2019). In resource-limited or high-volume 
environments, the integration of digital tools such as geographic information systems (GIS), 
electronic health records (EHRs), and artificial intelligence-assisted (AI-assisted) triage 
systems has significantly enhanced clinical decision-making and operational efficiency 
(Tahernejad, et al., 2024; Ventura, Denton, & David, 2024). Equally important to clinical 
readiness is the resilience of the local community. Early response capacity is greatly improved 
through organised volunteer engagement and public education in bleeding control techniques. 
Initiatives such as “Stop the Bleed” and regular disaster simulation exercises facilitate faster 
and more effective care delivery during emergencies by strengthening coordination and 
empowering lay responders (Greenwald, Kelly, & Thomas, 2023). Special emphasis is placed 
on coordinating multiple services, communication systems and evacuation logistics, which is 
crucial in situations where the number of victims exceeds available resources. 

2. TRIAGE AND IMMEDIATE RESPONSE 

In large-scale mass casualty incidents, where the number of injured individuals often exceeds 
available medical resources, rapid and accurate assessment of victims' conditions is essential. 
Efficient triage ensures that limited resources are directed toward those with the highest 
likelihood of survival. Understanding and executing proper triage protocols is, therefore, 
critical in chaotic environments with multiple casualties. 

The START system is widely used for its speed and simplicity. It classifies patients into four 
urgency categories within 60 seconds, based on walking ability, respiratory rate, capillary refill, 
and mental status (Wisnesky et al., 2022). In addition to START, the ATLS approach is used 
for the systematic assessment and initial management of trauma patients, following the well-
established “ABCDE” algorithm: Airway, Breathing, Circulation, Disability (neurological 
status), and Exposure, while also considering patient dignity and preventing hypothermia 
(Søreide, 2008).  

Despite their widespread use, triage accuracy may be compromised under conditions of 
extreme stress, fatigue, noise, or psychological pressure (Suda et al., 2025). Errors in 
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classification can result in sub-triage, failure to identify patients who require urgent care, or 
over-triage, inefficient use of limited resources. To mitigate these risks, regular simulation-
based mass casualty training is considered one of the most effective methods for preparing both 
individuals and healthcare systems (Wisnesky et al., 2022).  

Given the growing complexity of emergency scenarios, alternative triage systems such as Sort–
Assess–Lifesaving Interventions–Treatment (SALT) have been developed. SALT offers a more 
comprehensive approach by integrating immediate life-saving interventions during the triage 
process. In parallel, digital and automated tools, particularly those powered by AI, including 
machine learning and deep learning, are being implemented to support and refine triage 
decisions. These AI-driven tools have demonstrated high accuracy in patient categorisation and 
significantly reduced decision-making time. However, challenges remain regarding clinical 
validation, system integration, and ethical and trust concerns (Tahernejad et al., 2024; Ventura 
et al., 2024).  

Another vital aspect of immediate trauma care is early haemorrhage control, as uncontrolled 
bleeding is a leading cause of preventable death in mass casualty events (Kragh et al., 2009).   
Rapid interventions such as applying direct pressure, haemostatic dressings, or correctly using 
tourniquets can be life-saving, particularly in prehospital settings where delays in medical 
assistance are common. Protocols such as Stop the Bleed further emphasise the importance of 
educating and preparing laypeople and professionals to act swiftly and effectively in managing 
severe bleeding (Goralnick et al., 2018). 

3. CRITICAL INTERVENTIONS AND DIAGNOSTIC SUPPORT 

Following initial patient stabilisation using the ABCDE algorithm, rapid diagnostic assessment 
becomes essential. One of the most valuable tools in this phase is the Focused Assessment with 
Sonography for Trauma (FAST), which enables quick identification of free fluid in the 
abdominal and pericardial cavities. This bedside procedure avoids unnecessary patient transfers 
and saves crucial time determining the need for surgical intervention. The extended version, e-
FAST, further facilitates detection of pneumothorax, haemothorax, and haemopericardium, 
supporting urgent surgical decision-making (Savoia, Jayanthi, & Chammas, 2023). 

Where available, point-of-care testing (POCT) should be utilised early in the treatment process. 
As a decentralised form of laboratory diagnostics performed at or near the site of care, POCT 
allows for rapid evaluation of haemodynamic parameters, oxygen saturation, and perfusion 
status, which are essential in guiding timely clinical interventions (Dirkmann, Britten, & Frey, 
2018). 

In parallel, trauma care often requires the implementation of damage control strategies, 
particularly in unstable patients with life-threatening injuries. Key techniques include: 
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1. Permissive hypotension: Controlled reduction of blood pressure to minimise ongoing 
haemorrhage while preserving cerebral perfusion (Kobayashi, Costantini, & Coimbra, 
2012) 

2. Tranexamic acid administration: An antifibrinolytic agent that significantly reduces 
mortality when given within three hours of injury (Olldashi et al., 2010) . 

3. Resuscitative thoracotomy: A high-risk, life-saving procedure indicated in cases of major 
thoracic trauma with imminent cardiac arrest (ATLS® Course Manual, 2018). 

In addition to clinical interventions, the structural preparedness of hospitals is paramount. This 
includes immediate availability of operating rooms, specialised surgical teams experienced in 
trauma care, and intensive care units equipped to manage critically injured patients (Hick et 
al., 2004). 

In scenarios where local resources are overwhelmed, mobile surgical units should be rapidly 
deployed to expand care capacity. Furthermore, the use of telemedicine platforms enables 
remote access to trauma specialists, enhancing diagnostic accuracy and decision-making in 
under-resourced or geographically isolated settings (Ventura et al., 2024). 

4. SYSTEM PREPAREDNESS AND INFRASTRUCTURE  

An effective response to mass casualty incidents requires a health system that is both flexible 
and scalable, capable of rapidly accommodating a sudden influx of patients. This requires pre-
established protocols for surge capacity expansion, strategic patient diversion to less burdened 
facilities, and immediate Intensive Care Unit (ICU) readiness for critically injured individuals 
(Montán et al., 2023). Trauma centres should be strategically positioned according to 
geographic accessibility and clinical capability, forming part of a multi-tiered healthcare 
network that facilitates timely patient transfer from peripheral institutions to highly specialised 
centres. This model enables efficient resource allocation based on patient acuity and 
institutional capacity (Emergency Medical Teams, 2016). Modern technologies are 
increasingly integral to crisis management. AI significantly improves triage accuracy, predicts 
clinical deterioration, and optimises resource deployment and logistics (Tahernejad et al., 
2024). The key components of a comprehensive trauma response system are outlined in Table 
1. 
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Table 1. Key Components of Effective Emergency Trauma Response 

Component Description Examples/Protocols or Tools 
Triage Rapid classification of 

patients based on injury 
severity 

START, SALT, ATLS, AI-
based triage algorithms 

Haemorrhage Control Techniques for stopping life-
threatening bleeding 

Tourniquets, haemostatic 
dressings, Stop the Bleed 
initiative 

Rapid Diagnostics Tools Rapid tools to assess internal 
injury and perfusion status 

FAST, e-FAST ultrasound, 
point-of-care tests 

Critical Interventions Life-saving procedures 
performed in the early phases 
of trauma care. 

Tranexamic acid, permissive 
hypotension, resuscitative 
thoracotomy 

Infrastructure and Surge 
Capacity 

Organisational strategies to 
expand capacity and 
redistribute patients. 

Trauma networks, mobile 
units, ICU preparedness 

Technology Integration Digital solutions that enhance 
decision-making, tracking, 
and communication. 

AI, cloud-based EHR, GIS, 
drones, wearable monitors 

Training and Simulation Regular interprofessional 
training to prepare staff for 
MCI conditions. 

Simulation drills, VR/AR, 
tabletop exercises 

Community Resilience Engaging the public and 
volunteers in prehospital care 
and preparedness. 

First aid training, Stop the 
Bleed, Medical Reserve 
Corps 

START: Simple Triage and Rapid Treatment: SALT: Sort-Assess-Lifesaving Interventions-Treatment; 
ATLS: Advanced Trauma Life Support; AI: Artificial Intelligence; FAST: Focused Assessment with 
Sonography for Trauma; e-FAST – Extended Focused Assessment with Sonography for Trauma; EHR: 
Electronic Health Record; GIS: Geographic Information System; VR: Virtual Reality; AR: Augmented 
Reality; ICU: Intensive Care Unit; MCI: Mass Casualty Incident 
 

In addition, GIS enable real-time monitoring of patient flow, hospital bed availability, and the 
location of emergency medical teams, thereby improving coordination between pre-hospital 
and hospital-based services (Ventura et al., 2024). Cloud-based EHRs further facilitate the 
secure and seamless transfer of patient data across healthcare levels, which is particularly 
crucial during inter-institutional transfers in large-scale emergencies (Lin, Jha, & Adler-
Milstein, 2018). 

4.1. Multi-agency Coordination, Communication Systems, and Patient Evacuation 

Effective emergency response depends not only on clinical preparedness but also on rapid 
coordination between medical teams, police, fire departments, civil protection units, and other 
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public safety agencies. Multi-agency cooperation ensures that resources are quickly mobilised 
and that command responsibilities are clear from the earliest phase of the incident. Many 
countries adopt integrated command frameworks such as the Incident Command System. This 
allows representatives from different services to establish shared priorities, coordinate resource 
deployment, and communicate operational decisions in real time (Colling & York, 2010; 
Kamga et al., 2025). 

Fast and reliable communication channels are critical for locating victims, assessing 
environmental risks, and ensuring safe access for rescue teams. Digital radio systems, satellite 
connections, GIS, and shared electronic platforms support real-time information exchange 
between stakeholders. These technologies enable responders to identify patient location, 
monitor scene conditions, and determine optimal evacuation routes (Kurkurina et al., 2025; 
Rosanowski et al., 2025).    

When the number of casualties exceeds available resources, on-site triage teams prioritise 
treatment and transport according to injury severity and survivability. Rapid evacuation 
planning includes identifying trauma-receiving hospitals, implementing diversion protocols 
when facilities reach capacity, and organising ground or air medical transport. Helicopter 
emergency medical services and mobile field hospitals are crucial when road networks are 
congested or damaged. Experience from disaster drills shows that joint multi-agency exercises 
substantially reduce evacuation time and improve patient outcomes (Gooding et al., 2022; 
Kamga et al., 2025).     

4.2. Economic Challenges and Sustainable Solutions in Emergency Trauma Care 

Despite advances in trauma infrastructure and technology, economic constraints remain a 
persistent barrier to effective preparedness and response, especially in low-resource or rural 
regions. The costs associated with building and maintaining scalable systems—including 
trauma centres, mobile field units, telemedicine platforms, and workforce training—can strain 
healthcare budgets and limit equitable access to timely emergency care (Okyere et al, 2024).  

A critical part of system-level preparedness involves aligning financial planning with 
emergency response goals. Cost-effective strategies such as establishing regional trauma 
networks, leveraging public–private partnerships, and implementing modular or mobile 
facilities may improve response capacity while optimising resource use (Goniewicz, Burkle, & 
Khorram-Manesh, 2025). Additionally, investment in simulation-based training has been 
shown to reduce medical errors and improve team coordination, resulting in long-term 
economic and clinical benefits (Toner et al., 2006). 

Incorporating health economics into national preparedness policies ensures more resilient 
trauma systems. Policymakers should prioritise funding mechanisms that support not only 
physical infrastructure but also operational flexibility, digital interoperability, and equitable 
service delivery during mass casualty events. 
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5. TRAINING AND SIMULATION  

Maintaining the readiness of healthcare professionals and associated emergency personnel is 
essential for effective response during mass casualty incidents. System performance in crises 
depends not only on infrastructure and resource availability but also on the preparedness, 
coordination, and competence of the response teams. 
Regular training programmes are key to ensuring system resilience. These include simulation-
based exercises, interdisciplinary tabletop drills, and cross-sectoral training, which together 
expose organisational weaknesses and enhance inter-agency communication and coordination 
(Subbarao et al., 2008). Simulation scenarios enable a practical environment to validate 
existing protocols, clarify team roles, and integrate emergency services, including civil 
protection, police, and fire departments. 
 
Beyond technical readiness, such exercises also cultivate ethical decision-making and 
emotional resilience by simulating high-pressure situations where resources are limited 
(Newton & Smith, 2024). Training curricula in the medical domain often encompass 
psychological first aid, infection control, public health surveillance, and both basic and 
advanced trauma management procedures (Ashcroft, Byrne, Brennan, & Davies, 2021). 
Modern educational technologies, particularly virtual simulations and augmented reality, offer 
safe, immersive platforms for rehearsing rare or complex emergency scenarios. These tools 
enable experiential learning that strengthens both cognitive and procedural competencies 
without exposing patients to risk (Alshowair, et al., 2024). 
 
In addition to skill acquisition, effective training must include evaluation metrics that 
objectively measure knowledge retention, response time, decision accuracy, and teamwork 
dynamics. Structured performance assessments allow organisations to identify deficits and 
provide targeted education before a real mass casualty event occurs. International models, such 
as the Disaster Medical Assistance Teams (DMAT) in the United States and the Major Incident 
Medical Management and Support (MIMMS) courses in Europe, demonstrate that standardised 
curricula significantly improve interdisciplinary coordination and consistency in 
communication across agencies (Way et al., 2024; Wexler et al., 2023).    
Sustainability of training programs is equally important. Evidence suggests that skills 
deteriorate when simulation exercises are infrequent; therefore, many countries have adopted 
mandatory annual or semi-annual drills, combined with digital refresher modules. Integrating 
psychological resilience training, including stress inoculation exercises and crisis leadership 
development, strengthens the mental preparedness of responders and reduces burnout 
following high-mortality events. By embedding structured training into national healthcare 
strategies, emergency systems remain adaptable, skilled, and operationally prepared for large-
scale crises (Kman et al., 2024; Way et al., 2024).  
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6. COMMUNITY RESILIENCE AND PUBLIC ENGAGEMENT 

Educating the general public in basic first aid and haemorrhage control significantly enhances 
laypeople’s ability to respond effectively before emergency medical services arrive. Initiatives 
such as “Stop the Bleed” have demonstrated measurable improvements in the recognition and 
management of life-threatening bleeding events (Jacobs et al., 2016). These programs 
contribute to stronger community resilience by empowering individuals to act decisively when 
professional resources are delayed, overwhelmed, or inaccessible (Goralnick et al., 2018) 

Evidence suggests that trained citizens intervene more frequently, both in simulated and real-
life emergencies, leading to reduced time to initial care and improved patient outcomes 
(Hedberg, et al., 2024). Beyond individual preparedness, comprehensive community readiness 
involves coordinated planning, establishing networks of trained volunteers, pre-positioning 
medical supplies, and maintaining efficient communication between emergency services and 
civil society actors. 

One successful model is the “U.S. Medical Reserve Corps”, which integrates local 
communities into structured emergency preparedness plans and interagency exercises 
(Subbarao et al., 2008). Importantly, community engagement strategies must also account for 
vulnerable populations, such as the elderly and persons with disabilities, ensuring equitable 
access to assistance and resources during emergencies (Fernandez, et al., 2002). 

Community resilience extends beyond first-aid education. Effective systems include 
coordinated communication strategies, multilingual risk messaging, and real-time information 
sharing through mobile alert applications or social media platforms. During previous mass-
casualty situations, rapid dissemination of public safety instructions has been shown to reduce 
panic, improve evacuation efficiency, and direct injured individuals to the nearest medical 
resources (Hinata et al., 2024; Purohit et al., 2025).   

Local governments can further support resilience by conducting community-based disaster 
planning workshops and partnering with schools, workplaces, religious organisations, and non-
governmental agencies. Establishing neighbourhood “first responder hubs” equipped with 
bleeding-control kits, AEDs, and trained volunteers ensures immediate access to lifesaving 
resources even before emergency teams arrive. When implemented broadly, these strategies 
transform civilians from passive witnesses into active participants in emergency response, 
ultimately reducing mortality and strengthening societal recovery (Dé et al., 2024; Siriwardena 
et al., 2024; Vandrevala et al., 2024). 

7. TECHNOLOGY AND INNOVATION  

Technological advancements are profoundly reshaping emergency trauma care, offering new 
tools that enhance both prehospital and in-hospital interventions. AI-assisted systems are 
increasingly being integrated into prehospital triage, supporting clinical decision-making and 



 
 
 

Proceedings of the 18th International Scientific and Professional Conference ''Crisis Management Days'' 
9 

accelerating patient classification by improving the accuracy and efficiency of frontline 
assessments  (Toy et al., 2024) 

Drones have emerged as valuable assets in emergency logistics, particularly for delivering 
automated external defibrillators (AEDs) and other critical medical supplies to remote or 
inaccessible locations. A prospective study from Sweden demonstrated that in approximately 
67% of cases, drones arrived before ambulances, with an average reduction in response time 
of 3 minutes and 14 seconds. In 33% of these cases, the timely delivery of an AED enabled 
early defibrillation, potentially saving lives (Schierbeck et al., 2023). 

Wearable devices connected to AI algorithms offer continuous, real-time monitoring of vital 
signs, enhancing patient care in both prehospital and outpatient settings by allowing rapid 
detection of clinical deterioration (van Melzen et al., 2024). 

Additionally, virtual reality (VR) and augmented reality (AR) technologies have become 
indispensable in trauma training. These tools enable high-fidelity simulations of rare and 
complex scenarios, fostering experiential learning that improves clinical knowledge, decision-
making confidence, and overall performance of healthcare professionals. (Kaim et al., 2024).    

Despite the rapidly growing adoption of digital tools, several challenges persist. Ethical 
considerations regarding patient data privacy, cybersecurity threats, interoperability, and 
fairness in AI-assisted clinical decision-making must be addressed before widespread 
implementation. Equitable access remains another limitation: high-income regions integrate 
advanced systems more quickly, while resource-limited areas may lack reliable internet 
connectivity, maintenance capacity, or skilled personnel (Rossi & Rehman, 2025; Ventura et 
al., 2024).    

Nevertheless, international experience demonstrates that cost-effective digital solutions such 
as low-bandwidth telemedicine platforms, open-source triage software, and portable ultrasound 
devices can substantially improve outcomes even in low-resource settings. Future innovation 
will likely combine robotics, remote surgical support, and fully automated supply chains, 
transforming trauma care from reactive to predictive medicine. By strategically integrating 
technology with ethical oversight, emergency systems can become faster, safer, and more 
resilient (Abualenain, 2024; Elendu et al., 2024).    

 

8. CONCLUSION 

Mass casualty incidents place extraordinary pressure on healthcare systems, making rapid 
triage, haemorrhage control, and early stabilisation essential determinants of survival. The 
evidence demonstrates that outcomes improve most when clinical interventions are supported 
by scalable infrastructure, clearly defined protocols, and seamless cooperation between 
prehospital and hospital teams. 
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Modern technologies such as AI-supported triage, wearable monitoring devices, telemedicine, 
drones, and cloud-based data systems enhance situational awareness, decision-making, and 
operational efficiency. However, technology alone is not sufficient. The success of an 
emergency response depends on the preparedness and psychological resilience of healthcare 
workers, reinforced through regular simulation-based training and cross-agency drills. 
Equally important is community engagement. Educating the public in bleeding control and first 
response bridges the critical time gap before professional teams arrive and strengthens 
collective resilience. When healthcare organisations, government authorities, and civilians act 
together, trauma systems are faster, safer, and more adaptable. 
Sustainable trauma preparedness requires continuous investment in workforce training, 
emergency infrastructure, digital innovation, and inclusive community programs. By 
integrating medical readiness with public engagement, health systems will be better equipped 
to manage future crises and protect population health. 
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