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The Evolving Role of the Emergency Department in Mass Casualty Incident (MCI) Response: A Review of Triage, Surge Capacity, and Decontamination Strategies


Abstract

[bookmark: _GoBack]Mass Casualty Incidents (MCIs) represent a critical stress test for any healthcare system, positioning the hospital Emergency Department (ED) as the fulcrum of the medical response. This review article provides an exhaustive analysis of the evolving role of the ED in MCI management, synthesizing the current body of literature across three core operational domains: triage, surge capacity, and decontamination. The article traces the evolution of ED preparedness, shaped by seminal events such as the 9/11 terrorist attacks, Hurricane Katrina, and the COVID-19 pandemic, which have collectively driven a paradigm shift from isolated, reactive planning to proactive, integrated, and community-wide response frameworks. In triage, the review examines the fundamental ethical transition from individual-focused care to a utilitarian model aimed at achieving the greatest good for the greatest number. It critically compares foundational field triage systems, including Simple Triage and Rapid Treatment (START) and the nationally proposed Sort, Assess, Lifesaving Interventions, Treat/Transport (SALT) system, while also addressing the complexities of secondary triage in the ED and the unique challenges posed by special patient populations. The concept of surge capacity is deconstructed through the '4 S' framework—Staff, Stuff, Structure, and Systems—providing a comprehensive overview of innovative strategies for managing personnel, critical resources, physical space, and command and control. Finally, the article details the principles and operationalization of hospital-based decontamination, reviewing evidence for different methods and protocols for chemical, biological, and radiological threats. Principal findings indicate that these three domains are deeply interdependent, where failure in one can cascade and cripple the others. Key research gaps are identified, particularly in the validation of triage tools, sustainable models for responder mental health, and evidence-based protocols for non-ambulatory patient decontamination. The review concludes that a modern, resilient ED must be adaptable, technologically integrated, and deeply embedded within a regional healthcare coalition, committed to continuous training, simulation, and innovation to meet the challenges of an uncertain future.
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1.0 Introduction: The Emergency Department at the Epicenter of Crisis


1.1 The Modern Threat Landscape and Mass Casualty Incidents

A Mass Casualty Incident (MCI) is fundamentally defined not by a specific number of patients, but by a critical imbalance: an event in which the number and severity of casualties overwhelm the available resources and capabilities of the local healthcare system . This resource-dependent definition means that an incident producing five critically injured patients may constitute an MCI for a small rural hospital, while a larger urban trauma center may manage such a volume routinely . The modern threat landscape that can precipitate an MCI is diverse and complex, spanning a spectrum from conventional, and often predictable, events like transportation accidents and severe weather to low-frequency, high-impact chemical, biological, radiological, or nuclear (CBRN) incidents, whether from accidental release or intentional terrorism . This landscape is further complicated by catastrophic health events, such as pandemics, which represent a slow-moving, prolonged MCI that strains the entire healthcare continuum for months or years .
The impact of any MCI can be amplified by a range of complicating factors, termed “MCI Multipliers.” These include logistical challenges like limited scene accessibility, adverse weather conditions, or massive debris fields; operational factors such as the time of day, concurrent incidents draining resources, and communication gaps; and systemic issues like pre-existing hospital backlogs or a lack of interoperability between responding agencies . The increasing frequency and severity of MCIs, driven by factors from mass violence to climate-related natural disasters, have compelled a continuous and necessary evolution in emergency preparedness strategies .

1.2 The Emergency Department as the Fulcrum of Hospital Response

Within the hospital ecosystem, the Emergency Department (ED) serves as the undeniable fulcrum of the MCI response. As the primary access point for casualties arriving from an incident scene, the ED must be prepared to absorb a significant and often chaotic surge of patients in the immediate aftermath of a disaster . Its critical functions extend beyond direct patient care to include the timely recognition of the event, the rapid implementation of specialized triage protocols, the initiation of life-saving resuscitation, and the coordination of patient disposition to operating rooms, intensive care units, or inpatient wards . The ED is the operational nexus where the pre-hospital and in-hospital response converge. It is often the ED that first declares an internal MCI, triggering the activation of the hospital's overarching Emergency Operations Plan (EOP) and the mobilization of the Hospital Incident Command System (HICS) . In the initial moments of a crisis, the senior ED attending physician frequently assumes the role of the Disaster Medical Officer (DMO), taking command of all medical personnel and resources until a formal hospital-wide command structure is fully established . This central role places an immense burden on the ED's staff, systems, and physical space, making its preparedness a critical determinant of the entire hospital's ability to save lives.


1.3 Aims and Scope of the Review

This review article aims to critically analyze and synthesize the peer-reviewed and grey literature on the evolution of ED-based MCI response in the post-9/11 era. The scope of this review is focused on three interdependent pillars that form the foundation of an effective ED response:
1. Triage: The evolution of methodologies for sorting patients, from foundational principles to modern systems and future technological integrations.
2. Surge Capacity: The operationalization of strategies to manage an overwhelming influx of patients, analyzed through the comprehensive '4 S' framework of Staff, Stuff, Structure, and Systems.
3. Decontamination: The principles and implementation of protocols to manage contaminated casualties from CBRN events, ensuring both patient treatment and provider safety.
By examining these domains, the article seeks to identify key challenges, highlight evidence-based best practices, illuminate critical gaps in the current literature, and explore future trends that will shape the next generation of ED preparedness policy and practice.

2.0 Literature Review Methodology

2.1 Search Strategy
To ensure a comprehensive and relevant synthesis of the literature, a systematic search was conducted across several prominent academic and governmental databases. The primary databases searched included PubMed/MEDLINE, Scopus, and Web of Science, selected for their extensive coverage of medical, public health, and emergency management literature. The search was restricted to articles and documents published from January 2001 to the present, a timeframe chosen to capture the modern era of disaster preparedness that began in the wake of the September 11, 2001 terrorist attacks .
A structured search strategy was employed using a combination of Medical Subject Headings (MeSH) terms and free-text keywords. The search query included Boolean combinations of terms related to the incident type, the response location, and the core topics of the review. Key terms included: ("mass casualty incident" OR "MCI" OR "disaster" OR "mass violence") AND ("emergency department" OR "emergency unit" OR "hospital preparedness") AND ("triage" OR "START" OR "SALT" OR "surge capacity" OR "surge capability" OR "decontamination" OR "HAZMAT" OR "CBRN" OR "Hospital Incident Command System").
The initial search results were screened for relevance based on titles and abstracts. Inclusion criteria stipulated that articles must be peer-reviewed research papers, systematic reviews, government agency reports (e.g., from the Assistant Secretary for Preparedness and Response), or official guidance documents directly pertaining to hospital or ED-based planning and response for MCIs. Exclusion criteria were applied to filter out articles that focused exclusively on the pre-hospital environment without a clear connection to the ED, opinion pieces or editorials lacking empirical evidence, non-English language publications, and articles for which the full text was not accessible.

2.2 Thematic Analysis
Following the screening and selection process, the full texts of the included articles were analyzed using a thematic content analysis approach . This qualitative method was chosen to systematically identify, analyze, and report patterns (themes) within the data. The analysis was conducted in several phases. First, an initial coding process involved a thorough reading of each document to identify key concepts, recurring ideas, and significant findings related to ED-based MCI response. These initial codes were then collated and grouped into broader, more abstract categories based on their relationships and underlying concepts.
These categories were subsequently refined and consolidated through an iterative process of review and comparison, ultimately converging into the three primary, overarching themes that structure this review: (1) The Evolution of Triage in the Emergency Department; (2) Mastering Surge Capacity: The '4 S' Framework in the ED; and (3) Decontamination Strategies for the Emergency Department. During the synthesis of these core themes, a fourth, cross-cutting theme emerged concerning the interdependence of these domains and the future directions of preparedness, which is addressed in the discussion section. This structured analytical approach ensures that the review not only summarizes the existing literature but also synthesizes it to produce a coherent and insightful narrative on the topic.

3.0 The Evolution of Triage in the Emergency Department
3.1 Foundational Principles: Shifting from Individual to Population-Based Care

Standard, day-to-day triage in the ED is governed by a clear ethical imperative: to provide the best possible care to each individual patient, with the most critically ill or injured being treated first . This patient-centric model is a cornerstone of modern medicine. However, an MCI shatters this paradigm. By definition, an MCI creates a scenario where patient needs vastly exceed available resources, forcing a fundamental and often jarring ethical shift from individual-based care to population-based care .
The guiding principle of MCI triage is utilitarianism, an ethical framework that seeks to achieve "the greatest good for the greatest number" of people. In this context, the goal is no longer to do everything possible for every patient, but rather to allocate limited resources—personnel, equipment, and time—in a way that maximizes the number of survivors . This requires clinicians to make difficult decisions, prioritizing patients who are critically injured but have a high probability of survival with immediate intervention. Consequently, care may be intentionally delayed for patients with less severe injuries (the "walking wounded") and, most distressingly, withheld from those with such catastrophic injuries that their chances of survival are deemed minimal, even with the expenditure of significant resources . This counterintuitive approach, particularly the act of categorizing a living patient as "expectant," goes against the core tenets of daily medical practice and can be a source of profound moral distress and psychological burden for healthcare providers .

3.2 Review of Primary Field Triage Systems and Their ED Applicability
To operationalize this utilitarian principle under extreme pressure, a variety of rapid triage systems have been developed for field use. These systems are designed to be simple, fast, and reproducible, allowing first responders to quickly sort a large number of casualties. While implemented in the pre-hospital setting, a thorough understanding of these systems is essential for ED staff, as they determine the initial categorization of patients who will soon arrive at the hospital's doors.

3.2.1 Simple Triage and Rapid Treatment (START)
Developed in 1983 by staff at Hoag Hospital and the Newport Beach Fire Department, the Simple Triage and Rapid Treatment (START) system is the most widely recognized and implemented MCI triage algorithm in the United States . Its longevity and widespread adoption are attributable to its simplicity, which allows it to be taught to responders with basic first-aid skills and applied rapidly in chaotic environments .
The START methodology is based on a quick assessment (ideally under 60 seconds) of three key physiological parameters, often remembered by the mnemonic "RPM: 30-2-can do" . A patient is triaged based on:
· Respirations: Is the patient breathing? If not, after opening the airway, they are tagged BLACK (Deceased/Expectant). If they are breathing, is the rate greater than 30 breaths per minute? If yes, they are tagged RED (Immediate) .
· Perfusion: If respirations are under 30, perfusion is assessed. Is the radial pulse absent, or is capillary refill greater than 2 seconds? If yes, the patient is tagged RED (Immediate) .
· Mental Status: If respirations and perfusion are adequate, can the patient follow simple commands? If no, they are tagged RED (Immediate). If yes, they are tagged YELLOW (Delayed) .
Patients who are able to walk are directed to a collection area at the outset and are categorized as GREEN (Minor) .
Despite its widespread use, the START system has significant limitations. Numerous simulation-based studies have shown that it is prone to a high rate of over-triage—incorrectly categorizing less injured patients as "Immediate" . This is a critical flaw in a resource-scarce environment, as it directs precious attention and transport assets to patients who may not need them most urgently. The respiratory rate cutoff of >30/minute, for example, can be easily triggered by pain, fear, or anxiety in a non-critical patient . Furthermore, the algorithm fails to identify bradypnea (a respiratory rate of <10/minute) as a life-threatening sign, which can be indicative of severe head trauma or impending respiratory arrest . Another critique is its lumping of deceased victims with expectant (living but non-salvageable) victims into a single "Black" category, which presents both ethical and operational challenges . Finally, the evidence base supporting START's efficacy is derived almost entirely from drills and simulations, with a notable lack of prospective validation in actual MCI events .

3.2.2 Sort, Assess, Lifesaving Interventions, Treat/Transport (SALT)
In response to the limitations of existing systems and a call for a unified national standard, a working group sponsored by the Centers for Disease Control and Prevention (CDC) developed the Sort, Assess, Lifesaving Interventions, Treat/Transport (SALT) triage system . SALT was designed as a more comprehensive, "all-hazards" framework intended to be applicable to all patient populations, including children, in any type of MCI .
The SALT methodology is a four-step process:
1. Sort: This is a global sorting of all victims. Responders call for patients to walk to a designated area (Priority 3). Then, they ask remaining patients to wave or show purposeful movement (Priority 2). Those who are still and unresponsive or have an obvious life threat are assessed first (Priority 1) .
2. Assess: Individual assessment is performed on patients in priority order.
3. Lifesaving Interventions (LSIs): Unlike START, which permits only minimal interventions, SALT explicitly incorporates brief LSIs into the assessment process. These include controlling major hemorrhage (e.g., with a tourniquet), opening the airway, performing needle decompression for a tension pneumothorax, and administering auto-injector antidotes for chemical exposures .
4. Treat/Transport: Based on the assessment and response to LSIs, patients are assigned to one of five color-coded categories: IMMEDIATE (Red), DELAYED (Yellow), MINIMAL (Green), EXPECTANT (Gray), and DECEASED (Black) .
The introduction of the "Gray" category for expectant patients who are still alive but have injuries deemed non-survivable with available resources is a significant ethical and practical improvement over START, allowing for the provision of palliative care without expending limited life-saving resources . However, the SALT system is not without its own challenges. The added complexity and inclusion of LSIs mean that it generally takes longer to apply per patient compared to START .
The ongoing debate over whether START or SALT is superior reflects a core tension in disaster triage between the need for speed and simplicity versus the desire for greater accuracy and clinical nuance. Systematic reviews comparing the two systems have yielded mixed results. Some analyses conclude that SALT is slightly more accurate, demonstrates more consistent performance, and has a lower rate of over-triage than START. However, other studies find that providers, particularly those with less experience, prefer START for its simplicity and speed, which are critical advantages in a high-stress environment. This suggests that the optimal system may be context-dependent, varying with the scale of the incident and the training level of the responders. There may not be a single "best" system, but rather a need for scalable protocols that can adapt to the realities of a given disaster.
3.2.3 Other Notable Systems
Internationally, several other triage systems are in use. The United Kingdom's National Health Service employs the Triage Sieve, which is algorithmically similar to START . In Germany, the Munich Emergency Medical Services uses the mSTART (modified START) algorithm, which notably removes the capillary refill check for perfusion—a metric considered unreliable in poor lighting or cold temperatures—relying instead on the presence or absence of a radial pulse . These variations highlight an ongoing international effort to refine triage processes for greater accuracy and practicality.

3.3 Secondary Triage: The Critical Role of Reassessment in the ED
A common misconception is that triage is a static, one-time event. In reality, it is a dynamic and continuous process that must be repeated at multiple points along the patient's journey . A patient's condition can change rapidly; a "Delayed" patient may deteriorate and become "Immediate," or an "Immediate" patient may stabilize after an intervention. Therefore, when a patient arrives at the ED, the field triage tag serves only as an initial guide. Every patient must undergo secondary triage by hospital staff .
This in-hospital reassessment is more detailed and resource-intensive than field triage. ED clinicians can utilize a full set of vital signs, pulse oximetry, and point-of-care diagnostic tools like ultrasound to gain a much more accurate picture of a patient's injuries . This refined assessment is critical for making definitive care decisions, such as prioritizing a patient for immediate transfer to the operating room, admission to the ICU, or for advanced imaging studies . The ED must also be prepared to perform primary triage from scratch on a significant number of patients. In many MCIs, a large wave of "walking wounded" and other victims self-transport to the nearest hospital, bypassing the organized pre-hospital EMS response entirely . These patients arrive untriaged and must be sorted upon arrival to ensure they do not overwhelm the ED and divert resources from more critically injured patients arriving by ambulance.

3.4 Challenges in Special Populations
Standard adult-based triage algorithms often fail when applied to special patient populations, whose unique physiology can lead to inaccurate categorization and adverse outcomes. This comprises; pediatric triage, geriatric triage, obstetric and bariatric patients.

4.0 Mastering Surge Capacity: The '4 S' Framework in the ED

4.1 Defining Surge Capacity and Surge Capability
In the context of an MCI, the ability of a hospital to manage the sudden influx of patients is broadly termed "medical surge." This concept, however, is composed of two distinct but related components: surge capacity and surge capability . Understanding the difference is crucial for comprehensive preparedness planning.
Surge Capacity refers to the quantitative aspect of the response—the ability to evaluate and care for a markedly increased volume of patients that challenges or exceeds the hospital's normal operating capacity . It is about managing the numbers. This involves having enough beds, staff, and supplies to handle the sheer volume of casualties.
Surge Capability, in contrast, addresses the qualitative aspect of the response. It is the ability to manage patients who require unusual or highly specialized medical evaluation and care that may not be routinely available . This could include managing a large number of patients with severe burns, pediatric trauma, or exposure to a novel infectious agent requiring high-level isolation.
An effective MCI response demands both. A hospital might have the physical capacity to house 100 extra patients but may lack the capability to care for them if they all require mechanical ventilation and have been exposed to a contagious biological agent. A truly resilient system must be able to scale up not just in size, but also in specialty and complexity. The "4 S" framework—Staff, Stuff, Structure, and Systems—provides a robust and widely adopted model for deconstructing and planning for both surge capacity and capability.

4.2 Staff: The Human Element of the Response
The most critical asset in any MCI response is the hospital's personnel. A building full of equipment is useless without skilled and resilient staff to operate it.
4.3 Stuff: Managing Critical Resources
The term "Stuff" encompasses all the physical resources needed for an MCI response, including medical equipment, pharmaceuticals, and general supplies.

4.3.1 Pharmaceutical and Equipment Caches
Hospitals are required to maintain a baseline level of disaster supplies. This often takes the form of dedicated MCI caches, which may be stored in trailers, shipping containers, or designated rooms, ready for rapid deployment . These caches typically contain items like ventilators, IV pumps, wound care supplies, medications, and triage tags . However, maintaining a massive stockpile sufficient for a large-scale MCI is prohibitively expensive for a single institution due to the costs of procurement, storage, and rotation of expired items. Therefore, a more sustainable strategy involves a tiered approach: a modest on-site cache for the initial response, supplemented by participation in regional caches shared among multiple hospitals, and robust, pre-negotiated contracts with medical supply vendors that guarantee priority fulfillment during an emergency. This creates a more agile and financially viable supply chain.

4.3.2 Lessons from COVID-19
The COVID-19 pandemic served as a brutal, real-world stress test of the global healthcare supply chain, revealing critical flaws in the prevailing "just-in-time" inventory model . This model, designed for maximum financial efficiency, maintains minimal inventory, relying on frequent deliveries from distributors. When the pandemic triggered a simultaneous global surge in demand for PPE and ventilators, this lean system collapsed .

4.4 Structure: Adapting Physical Space
When an MCI occurs, the physical walls of the ED are no longer a boundary but a starting point. The ability to flexibly and rapidly expand patient care space is a cornerstone of surge management.

4.4.1 Internal Expansion
The first step in creating surge space is to maximize the hospital's existing footprint. This is a process of internal expansion, converting areas not typically used for patient care into temporary treatment zones . Hospital EOPs should include detailed, pre-developed plans for this conversion, complete with floor plans and checklists . Common areas designated for conversion include:
· Waiting rooms and lobbies for low-acuity "green" patients.
· Ambulatory procedure areas or outpatient clinics.
· Conference rooms, auditoriums, and cafeterias .
A critical and concurrent strategy is to create capacity within existing inpatient units through "reverse triage" . This involves dedicated teams of physicians and nurses rapidly assessing all current inpatients to identify those who can be safely discharged home or transferred to a lower level of care (such as a long-term care facility), thereby freeing up staffed beds for incoming MCI casualties and decompressing the ED . This prevents the ED from becoming gridlocked with admitted patients who have nowhere to go.

4.4.2 External Expansion
When the surge of patients exceeds what can be managed through internal expansion, the hospital must expand its operations beyond its physical walls. This can begin with setting up temporary structures, such as tents or mobile medical units, in parking lots or other adjacent open spaces . These can serve as external triage areas, minor treatment centers, or holding areas, protecting the main ED for the most critical patients.
For a larger or more prolonged incident, the response may require the activation of Alternate Care Sites (ACS) . An ACS is a pre-identified community facility—such as a school gymnasium, convention center, or hotel—that is temporarily converted for healthcare use . ACSs are typically designed to care for large numbers of lower-acuity patients who are too sick to go home but do not require the intensive resources of a hospital, thus preserving hospital capacity for the critically ill . Establishing an ACS is a complex logistical undertaking that requires extensive pre-planning and deep collaboration between the hospital, public health departments, and local emergency management agencies to address issues of staffing, supplies, utilities, and licensing .

4.5 Systems: Command, Control, and Communication
Effective management of Staff, Stuff, and Structure is impossible without robust Systems for command, control, and communication. These systems provide the organizational framework for the entire response.

4.5.1 The Hospital Incident Command System (HICS)
The Hospital Incident Command System (HICS) is the standardized, on-scene, all-hazards incident management system used by hospitals in the United States . Based on the principles of the broader Incident Command System (ICS) used by public safety agencies, HICS provides a flexible but clear organizational structure to manage an emergency . It establishes a clear chain of command, beginning with an Incident Commander who has overall responsibility for the response . The Incident Commander is supported by a command staff (Public Information Officer, Safety Officer, Liaison Officer) and four section chiefs: Operations, Planning, Logistics, and Finance/Administration. Each position has a pre-defined set of roles and responsibilities outlined in Job Action Sheets, which allows personnel who may not work together daily to quickly integrate into an effective management team . HICS ensures that the hospital's internal response structure can seamlessly interface with the external command structure of fire, EMS, and law enforcement, facilitating a coordinated community-wide response.

4.5.2 Patient Tracking and Information Management
In the fog of an MCI, maintaining situational awareness—knowing how many patients you have, their acuity, and their location—is a monumental challenge, yet it is essential for effective decision-making . Traditional methods relying on paper triage tags and manual whiteboards are quickly overwhelmed, leading to lost patients and chaotic resource allocation . Modern MCI management leverages technology to overcome this. The integration of the hospital's Electronic Health Record (EHR) with dedicated Patient Tracking Systems (PTS) is critical . These systems often use triage tags with unique barcodes or RFID chips that can be scanned at various points of care . This creates a real-time digital record of each patient, allowing the Hospital Command Center (HCC) to track patient flow, monitor bed availability, and make data-driven decisions about where to allocate staff and supplies .

4.5.3 Communication Strategies
Communication is notoriously one of the first things to fail in a disaster. A hospital's MCI plan must therefore include a detailed and redundant communication strategy that addresses both internal and external stakeholders .
· Internal Communication: There must be clear, pre-defined primary and backup methods for communication between the HCC, the ED, operating rooms, ICUs, and other key departments. This may include overhead paging systems, dedicated radio channels, secure text messaging platforms, and even runners to deliver messages if electronic systems fail .
· External Communication and Interoperability: The hospital does not respond in a vacuum. Constant communication with external partners is vital. The greatest challenge here is often interoperability—the ability of different agencies, with different types of equipment, to communicate with each other seamlessly and in real-time . A lack of interoperability has been a critical failure point in many past disasters . Achieving it requires hospitals to work with their regional partners before an incident to establish shared radio channels, data platforms, and protocols for coordinating patient distribution, requesting mutual aid, and sharing situational awareness with EMS, other hospitals, public health, and emergency management agencies .
The '4 S' framework makes it clear that surge capacity is not a simple number of extra beds. It is a complex, dynamic system. A hospital can have ample physical space (Structure) and supplies (Stuff), but without sufficient, well-supported Staff and the organizational Systems to manage them, the response will fail. The COVID-19 pandemic illustrated this perfectly: many hospitals had empty beds but lacked the specialized nurses and respiratory therapists to care for ventilated patients, creating a critical bottleneck. True resilience, therefore, is not found in mastering each 'S' in isolation, but in strengthening the connective tissue between them: robust communication, practiced command and control, and a deep commitment to the well-being of the human element at the heart of the response.

5.0 Decontamination Strategies for the Emergency Department

5.1 Principles of Hospital-Based Decontamination
When an MCI involves the release of a chemical, biological, radiological, or nuclear (CBRN) agent, the ED faces the dual challenge of treating life-threatening injuries while simultaneously managing a hazardous contaminant. The implementation of a hospital-based decontamination process is governed by three primary objectives: (1) to prevent the secondary contamination of the ED, its staff, and other patients, thereby protecting the hospital's ability to function; (2) to protect healthcare providers from hazardous exposure; and (3) to remove the contaminant from the victims to prevent further absorption and mitigate adverse health effects .
A critical guiding principle, however, has emerged from experience and evidence: life-saving medical interventions take priority over decontamination . A patient with critical traumatic injuries, such as an obstructed airway or exsanguinating hemorrhage, cannot be delayed in a decontamination line. In such cases, the patient should be moved directly to a designated treatment area within the ED, where providers in appropriate PPE can perform immediate stabilization while simultaneously taking measures to contain the contamination (e.g., by carefully cutting away and bagging clothing) . This pragmatic "stabilization over sterilization" approach reflects a shift from rigid, process-first protocols to a more patient-centric model where immediate clinical need dictates the workflow. This evolution requires the ED to be prepared not just to receive "clean" patients from an external decontamination unit, but to manage a critically ill, contaminated patient internally, effectively creating a controlled "hot zone" within the department itself.

5.2 Contaminant-Specific Approaches
While the general principles of decontamination are universal, the specific approach may be tailored to the nature of the hazardous agent.

5.2.1 Chemical Exposure
In a hazardous materials (HAZMAT) incident, ED staff must be prepared to manage patients with a wide range of chemical exposures . Triage in this context involves not only assessing for trauma but also recognizing specific toxidromes—constellations of signs and symptoms that point to a particular class of chemical agent (e.g., cholinergic symptoms like salivation and urination in nerve agent exposure) . This is crucial for the timely administration of specific antidotes . The decontamination process for chemical agents typically involves gross decontamination in the field, if possible, followed by a more thorough secondary or definitive decontamination at the hospital .

5.2.2 Radiological and Nuclear Threats
Responding to a radiological incident requires a clear understanding of the difference between irradiation and contamination. A person who is irradiated has been exposed to penetrating radiation (like an X-ray); their body has absorbed energy, but they are not radioactive and pose no contamination risk to others. In contrast, a person who is contaminated has radioactive material (e.g., dust, liquid) on their skin or clothing, or inside their body. This person is radioactive and can spread the contamination.
Upon arrival at the ED, potentially contaminated patients should be surveyed with radiation detection equipment, such as a Geiger-Müller (G-M) counter, to confirm the presence and location of contamination . External decontamination is typically straightforward: the patient's clothing is carefully removed, and their skin and hair are washed with soap and water. For internal contamination (radionuclides that have been inhaled, ingested, or absorbed through a wound), specialized medical countermeasures known as decorporation agents may be administered. These drugs, such as Prussian blue for cesium or thallium, or Diethylenetriamine pentaacetate (DTPA) for plutonium, americium, and curium, work by binding to the radioactive isotopes in the body and enhancing their elimination through urine or feces.

5.2.3 Biological Agents
The primary hazard from patients exposed to a biological agent is the potential for person-to-person transmission of an infectious disease. Therefore, the response is centered on strict isolation protocols and meticulous infection control practices . Patients must be triaged and cohorted based on the suspected agent and its mode of transmission (e.g., airborne, droplet, or contact). Decontamination of the patient's skin is typically accomplished with soap and water, but the decontamination of equipment and the environment is paramount and often requires the use of chemical disinfectants, such as a 1:9 solution of household bleach and water, to inactivate the agent.

5.3 Operationalizing ED Decontamination
To safely and effectively manage contaminated patients, the ED must have a well-rehearsed plan for establishing decontamination zones and a clear patient flow process.

5.4 Provider Safety and Personal Protective Equipment (PPE)
The safety of the response personnel is paramount. A response cannot be sustained if the responders themselves become casualties. The selection of appropriate PPE is therefore a critical decision, based on a risk assessment of the specific hazard. PPE is categorized by the U.S. Environmental Protection Agency (EPA) into four levels of protection:
· Level A: The highest level of protection. It consists of a fully encapsulating, vapor-tight chemical suit with a self-contained breathing apparatus (SCBA) worn inside the suit. It is used when the hazard is unidentified or when there is a high risk of vapor or splash exposure to highly toxic substances.
· Level B: Provides the highest level of respiratory protection (SCBA) but less skin protection. It includes a chemical-resistant suit that is not vapor-tight.
· Level C: Used when the airborne contaminant and its concentration are known, and an air-purifying respirator (APR) can be safely used. It includes a splash-protective suit and the APR. Hospital decontamination teams most commonly operate in Level C PPE .
· Level D: Standard work attire (e.g., scrubs, safety glasses), offering no respiratory protection and minimal skin protection. It is not used in decontamination operations.

6.0 Conclusion
The role of the Emergency Department in Mass Casualty Incident response has undergone a profound and continuous evolution, driven by a dynamic and often unforgiving threat landscape. This review has traced this transformation across the critical domains of triage, surge capacity, and decontamination, revealing a clear trajectory from isolated, event-specific plans to a more sophisticated, integrated, and systems-based approach to preparedness. The ethical foundation of the response has shifted from the individual to the population, demanding that clinicians embrace a utilitarian framework to save the most lives possible. Triage methodologies have evolved from the simple, rapid sorting of START to the more comprehensive, intervention-focused approach of SALT, with technology now promising a future of more data-driven and accurate patient categorization.
The concept of surge capacity has matured from a simple focus on physical beds to the holistic '4 S' framework, which recognizes that a resilient response is an interdependent system of well-supported Staff, well-managed Stuff, adaptable Structure, and robust Systems. The lessons of global supply chain failures during the COVID-19 pandemic have underscored the urgent need for new strategies in resource management. Similarly, decontamination has evolved from a rigid, process-driven task to a more pragmatic, patient-centered clinical function, with a growing evidence base for methods that balance effectiveness with patient safety.
Ultimately, the core argument of this review is that a modern, resilient ED must be defined not by a static plan sitting on a shelf, but by its dynamic capabilities. These capabilities are built upon a foundation of adaptability, allowing it to flex and scale in the face of the unknown; deep integration with its community and regional partners, recognizing that no hospital is an island; and an unwavering commitment to continuous improvement through realistic training, rigorous exercising, and the thoughtful adoption of innovation. In an era of increasing uncertainty, the preparedness of the Emergency Department remains a critical determinant of a community's ability to withstand crisis. The lessons of the past must continue to inform the collaborations, systems, and training of the future, ensuring that when the next MCI occurs, the healthcare system is ready to answer the call.
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