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Abstract

:

Background: Emergency medical services (EMS) are essential in providing timely medical attention and transportation to people in need during times of crisis. Effective EMS operations are crucial for delivering prompt and effective healthcare. However, the landscape of EMS operations is constantly evolving, posing a number of challenges that require rigorous research and innovative solutions. Objectives: To highlight the key challenges facing EMS departments in their daily operations and discuss potential solutions. Methods: A narrative literature review was conducted. Relevant studies were identified by searching electronic databases, such as PubMed, MEDLINE, CINAHL, and Google Scholar. Results: The main challenges facing EMS departments include an increasing demand for services, limited resources, aging infrastructure, technological advancements, and regulatory compliance. Operational-level solutions that can be used to address these challenges include investing in technology, cross-training personnel, developing contingency plans, and partnering with other organizations. Conclusion: EMS departments today face a variety of challenges. However, there are a number of approaches that can be taken to address these challenges. By investing in technology, cross-training personnel, developing contingency plans, and partnering with other organizations, EMS departments can improve their operations and provide the best possible care to patients.
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1. Introduction


Emergency medical services (EMS) departments play a vital role in providing timely and effective medical care to individuals in critical situations. However, the EMS landscape is constantly evolving, posing several challenges that necessitate innovative solutions. This comprehensive narrative review explores the key challenges facing EMS departments in urban and suburban settings and offers evidence-based solutions informed by scholarly articles, research projects, and industry reports.



Operations Research (OR) tools are analytical methods that can help EMS departments make better decisions about resource allocation, service delivery, and operational efficiency, as studied by Shane et al. [1]. OR tools, such as mathematical modeling, simulation techniques, and optimization algorithms, can enable EMS departments to streamline operations, improve response times, and enhance resource utilization. For example, OR tools can be used to develop optimal ambulance deployment plans, determine the best placement of new EMS stations, and design more efficient patient transport routes.



Triage systems are essential for managing patient flow and allocating resources effectively in EMS departments. As Aghabarary et al. [2] point out; Standardized triage protocols enable EMS personnel to efficiently and accurately assess patients, ensuring that the most critical patients receive immediate attention. Validated triage tools and algorithms can help EMS departments optimize resource allocation, reduce unnecessary transfers, and improve patient outcomes. For example, triage systems can be used to prioritize patients based on the severity of their condition, the availability of resources, and the distance to the nearest appropriate hospital.



Workforce shortages pose a significant challenge to EMS department operations, impacting the quality and timeliness of care provided. Gujranwala et al. [3] emphasize the impact of workforce shortages on the quality and timeliness of care provided. Potential solutions to this challenge include recruitment and retention strategies, enhanced training programs, and the incorporation of telehealth technologies. By adopting innovative strategies to attract and retain EMS personnel, such as offering competitive compensation packages, providing ongoing training and education, and promoting a supportive work environment, EMS departments can mitigate the effects of workforce shortages and ensure a sustainable workforce. For example, EMS departments can partner with local colleges and universities to develop recruitment and training programs, and they can offer financial incentives to EMS personnel who stay with the department for a certain period of time.



Interagency and interprofessional coordination and communication are essential for efficient EMS department operations. EMS personnel, hospitals, and other healthcare providers must communicate effectively to ensure seamless patient transfers, handoffs, and continuity of care. However, challenges remain in developing robust information systems and collaborative frameworks that enable efficient information sharing and coordination. As Reisman et al. [4] point outs, there are still challenges in developing robust information systems and collaborative frameworks that enable efficient information sharing and coordination. Implementing interoperable electronic health records, telemedicine, standardized communication protocols, and training programs can significantly improve interagency communication and patient outcomes. For example, EMS departments can implement interoperable electronic health records that allow them to share patient information with hospitals and other healthcare providers in real time. They can also use telemedicine platforms to provide remote consultations with physicians and other specialists.



Technology-driven solutions have the potential to revolutionize EMS department operations. The article by Yang et al. [5] highlights the use of artificial intelligence (AI) and machine learning (ML) techniques to enhance resource allocation, predictive modeling, and decision support systems in the EMS context. AI and ML algorithms can analyze large volumes of data, identify patterns, and provide real-time insights to EMS personnel, aiding in efficient decision making and resource allocation. For example, AI and ML algorithms can be used to develop predictive models of patient demand, which can help EMS departments deploy their resources more effectively. Additionally, the integration of mobile applications, telemedicine platforms, and wearable devices can improve communication, data collection, and the real-time monitoring of patients, leading to more effective and personalized care. For example, EMS departments can use mobile applications to track the location of ambulances and to provide patients with information about their estimated arrival time.



By addressing the key challenges and implementing innovative solutions, EMS departments in urban and suburban settings can enhance their operational efficiency, responsiveness, and overall quality of care, ultimately improving patient outcomes and saving lives.




2. Aim: To Provide a Comprehensive Overview of the Use of Operations Research (OR) Tools in Emergency Medical Services (EMS)


	
Objectives:






To discuss the challenges faced by EMS staff;



To describe the potential benefits of OR tools in EMS;



To identify the barriers to the wider adoption of OR tools in EMS



To suggest ways to overcome these barriers;



To make recommendations for future research on the use of OR tools in EMS.




3. Materials and Methods


3.1. Identification of Relevant Literature


To identify relevant literature, a comprehensive search of academic databases, such as PubMed, Scopus, and Google Scholar, was conducted using relevant keywords related to EMS department operations, challenges, and solutions. Studies published in peer-reviewed journals, industry reports, and empirical research that addressed the identified challenges in EMS operations were included. Inclusion and exclusion criteria were implemented to ensure the selection of high-quality and relevant literature.




3.2. Data Handling


The identified literature was reviewed to identify relevant data related to the challenges and solutions in EMS department operations. Data were extracted from the literature using a standardized data extraction form, which included the following fields: Author(s), Publication year, Study design, Sample size, Key challenges addressed, Proposed or implemented solutions, and Outcomes or findings.



The extracted data were cleaned and organized in a spreadsheet to facilitate further analysis and synthesis.




3.3. Analysis and Synthesis


The extracted data were analyzed to identify recurring themes, patterns, and trends related to the challenges in EMS department operations and the proposed or implemented solutions. The literature was grouped based on common themes or categories, such as Operations Research tools, workforce strategies, interagency coordination, and technology-driven solutions. The findings from the literature were synthesized to provide a comprehensive overview of the challenges, solutions, and their effectiveness in addressing these challenges. Any gaps, inconsistencies, or areas requiring further research or exploration were identified.




3.4. Writing the Review Article


The synthesized information was organized into a coherent narrative structure, ensuring logical flow and coherence. The challenges faced by EMS departments were presented, providing an in-depth analysis of each challenge and its impact on operations. The proposed or implemented solutions were discussed, evaluating their effectiveness and providing supporting evidence from the literature. The key findings and insights were summarized, highlighting the implications for EMS department operations and suggesting future directions.





4. Results


4.1. Challenges Faced by EMS Department


4.1.1. Workforce Shortages


Emergency medical services (EMS) workforce shortages are a growing concern worldwide, with EMS departments struggling to recruit and retain qualified personnel. This is likely due to a combination of factors, including low pay, poor working conditions, and limited opportunities for professional development and advancement. A multistate review study by Kurth et al. (2023) found that one in four certified EMS clinicians in the United States left the workforce over a four-year period. While the rate of new EMS clinicians entering the field was high enough to offset these losses, resulting in an overall 8% increase in the EMS workforce, the findings highlight the magnitude of the problem. The EMS workforce shortage has the potential to have a significant impact on public health and safety, as it can lead to longer patient response times and poorer outcomes. Addressing the shortage will require a comprehensive approach that includes improving pay and working conditions, investing in EMS education and training, and creating opportunities for professional development and advancement [6].




4.1.2. Increasing Demand for Services


Emergency medical services (EMS) departments around the world are facing an unprecedented surge in demand, driven by a myriad of factors such as an aging population, increasing rates of chronic diseases, the rise of multidrug-resistant infections, social determinants of health like poverty and homelessness, and the COVID-19 pandemic. EMS departments must devise innovative strategies to effectively handle this surge in demand. One approach is to use predictive analytics to anticipate demand and deploy resources accordingly. Another is to develop partnerships with other healthcare providers to create alternative care options for patients who do not require emergency department care. For example, EMS departments could collaborate with primary care providers to offer urgent care services at convenient locations, or with community health centers to provide care for patients with chronic diseases. By taking a collaborative and proactive approach, EMS departments can ensure that all patients have access to the care they need, when they need it [7].




4.1.3. Communication and Coordination


Effective communication and coordination between EMS personnel, hospitals, and other healthcare organizations are essential for seamless patient care. However, antiquated communication technologies, information shortages, and fragmented workflows can hinder timely decision making and patient handoffs. EMS and disaster response rely heavily on effective communication and strong relationships. Before a disaster strikes, authorities must collaborate and become familiar with each other. This can be accomplished through emergency preparedness exercises or drills. Maintaining communication throughout routine operations, rather than just in the event of a disaster, can help to strengthen interagency ties. Building relationships is important, but so is resolving jurisdictional disputes and developing a mutual-aid infrastructure. This requires establishing a clear chain of command [8].




4.1.4. Financial Constraints


Despite recent improvements in health outcomes in low- and middle-income countries (LMICs), a new reality is emerging. Shifting health needs, rising public expectations, and ambitious new health goals are raising the bar for health systems to achieve better health outcomes and higher social value. However, financial constraints often prevent EMS departments from making the necessary investments in infrastructure and resources. Budget limitations have a significant impact on equipment maintenance, staff retention, and service delivery. To overcome financial challenges, it is critical to focus on forward-looking strategies such as grant opportunities, public–private partnerships, and cost-effective resource management [9].




4.1.5. Data Collection and Analysis


Data collection and analysis are essential for improving EMS operations and making evidence-based decisions. Developing robust data collection methods, implementing different types of data analysis tools, and using performance indicators can help inform decision making and drive continuous improvement [10]. Identifying four key challenges facing EMS operations lays the foundation for developing targeted solutions to improve the overall effectiveness of emergency medical services. By addressing resource shortages, managing high call volumes, enhancing communication, and developing innovative solutions to financial constraints, EMS departments can improve patient outcomes and ensure the safety of both clinicians and patients.





4.2. Potential Benefits of OR Tools in EMS


Tools for Operations Research (OR) are mathematical and analytical methods that can be applied to tackle challenging issues. EMS agencies might gain a lot by using OR technologies in a variety of ways, as discussed below.



4.2.1. Improved Decision Making


OR technologies can help EMS agencies improve decision making, resulting in better response planning and resource allocation. For example, OR tools can be used to create a schedule that minimizes response times or to determine the optimal number of ambulances to deploy to a specific area. The EMS function is influenced by a variety of factors, including call volume, traffic conditions, setup costs, and operating costs. As a result, the best EMS system design, which includes the placement of emergency medical bases and the allocation of ambulances, contributes to improved service delivery. Adel et al. used simulation-based optimization techniques and mathematical modeling to study the design of an emergency medical services system. Their study combined simulation and optimization techniques to determine the optimal EMS configuration and ambulance allocation to maximize survival rates and minimize costs across the EMS system. The study showed that survival rates can be increased by incorporating them into the design of EMS facilities [11].




4.2.2. Resource Optimization


EMS departments can use OR (Operations Research) techniques to distribute their resources more effectively. For example, OR tools can be used to optimize the allocation of ambulances, dispatchers, and other personnel to meet demand in following ways discussed below.




4.2.3. Determine the Optimal Number of Ambulances to Deploy to a Certain Area


OR technologies can be used to analyze historical data on demand for EMS services in different locations to determine the optimal number of ambulances to deploy to each area. This can help to prevent resource waste and ensure that there are enough ambulances available to meet demand [12,13].




4.2.4. Develop Schedules That Minimize Response Times


OR tools can be used to develop EMS staff schedules that minimize response times. This can be performed by considering a number of factors, including the locations of ambulances and patients, as well as the expected demand for EMS services throughout the day and on different days of the week [14].




4.2.5. Balance the Demand for EMS Services with the Availability of Resources


OR technologies can be used to balance the demand for EMS services with the supply of resources. This can be performed by considering a number of factors, including the number of ambulances available, the availability of dispatchers, and the expected demand for EMS services at different times of the day and on different days of the week [15]. Overall, OR technologies have the potential to significantly improve the way that EMS departments allocate their resources. By using OR tools, EMS departments can ensure that they are making the best use of their resources.





4.3. Barriers to the wider Adoption of OR Tools in EMS


4.3.1. Lack of Awareness and Understanding of OR Tools


Operational research (OR) is a set of modeling techniques used to organize, analyze, and solve problems related to the design and operation of complex human systems. While OR may be largely unknown to many healthcare workers, it plays a significant role in improving healthcare services. This element explores the history of OR in the military and introduces several ways that OR practitioners can support healthcare organizations. These methods include addressing well-defined decision-making problems, considering multiple stakeholder perspectives, and modeling how changes to the configuration or operation of services can impact system performance. Many EMS workers are unaware of the existence of OR tools and how they can be used to improve EMS operations. OR rarely provides a complete solution to the complex challenges that EMS workers often face in practice, but it almost always offers a new perspective and can make some very useful contributions [16].




4.3.2. Lack of Training and Expertise in OR Tools


The past few decades have seen numerous disasters, including the most recent COVID-19 pandemic, which have led to shortages of healthcare resources and changes in healthcare practices. In response to these impacts, the Operations Research (OR) community has developed a number of strategies to improve emergency medical responses.



One of the emergency medical response strategies to ensure the continued delivery of medical services during disasters is the effective coordination of healthcare facilities and the OR team. Many EMS providers lack the knowledge or training to properly use OR tools. This can be a barrier to the use of OR tools, as EMS departments need employees who are qualified to use them. One of the most recent studies by Tippong [17] and team provides a comprehensive review of the contributions of OR to the coordination of EMS during disasters. Based on their research, they have identified a number of potential future operational points (Table 1) that could be integrated into EMS operations and offer a clear path for coordinated future work between EMS personnel and OR researchers.




4.3.3. Barriers to the Wider Adoption of OR Tools and Other Administrative Changes in EMS


Implementing changes in healthcare settings, such as EMS departments, is not easy. Only a small percentage of healthcare professionals are typically change-inclined, meaning that they are willing to participate in or accept changes [18,19]. Changes are more likely to be met with resistance, skepticism, or even rejection by regular workers. This opposition to larger reforms is often summarized as “any change is a bad change,” and it is supported by the culture that permeates healthcare organizations [20]. Similarly, EMS personnel may be reluctant to change and unwilling to adopt new ways of doing things. This is because implementing OR technologies may require significant changes to EMS operations. Stefánsdóttir and team conducted an in-depth study of a specific example of an administrative change: the creation of a new emergency department (ED). Their study, which was conducted at a university hospital in the Capital Region of Denmark, examined how managers and key staff at the ED and specialty departments reacted to and viewed the planned introduction of the new ED [21].




4.3.4. Overview of Participants’ Perceptions of the New ED


Modifying the patient journey: Study participants (EMS personnel) disagreed on what defines the ideal acute patient pathway and whether the new ED’s proposed organizational structure would improve it. Some participants believed that the new ED would improve patient flow, while others were concerned that it would result in longer wait times and lower patient satisfaction.



Placement of the new ED: Study participants also had mixed views on the placement of the new ED in a newly constructed hospital wing. Some study participants argued that the new location would provide more space and better facilities for patients and staff, while others expressed concern about how difficult it would be for patients and visitors to find and access the new ED.



A new medical specialty gaining its foothold in hospital: Some participants expressed both optimism and frustration about the newly constituted medical specialty of emergency medicine (EM), which is associated with the implementation of the new ED. Some participants believed that EM is an important new specialty that will raise the standard of care provided to patients in the ED, while others were concerned that it would lead to higher costs and more fragmented care. Overall, opinions on the new ED were mixed. The upcoming changes caused a mixture of excitement and trepidation. The study demonstrated the complexity of implementation processes in the healthcare industry and the fact that not only the content of the implementation but also how managers and other key personnel responsible for the process view these components and the context in which they operate play a role in the process’ success and outcomes. Implementers of OR changes must keep in mind that the process cannot be predicted in advance. This requires a flexible implementation plan and strong implementation management skills [22].




4.3.5. Coetsee’s Theory of Change Responses


Coetsee’s framework of change responses suggests that employee acceptance of change is essential for successful implementation. Acceptance can range from passive support to active commitment, with the latter being the most effective. Involvement, such as participation in the change process, is a strong indicator of acceptance. Positive attitudes towards change, even if not accompanied by active support, also signal acceptance.



The center of the framework represents indifference, which is characterized by neutral sentiments and a passive acceptance of change. Mild objection to change is known as passive resistance, and examples include voicing unfavorable opinions and considering quitting one’s job. Strong opposition to change is known as active resistance, which includes unfavorable attitudes and disruptive behaviors (such as protesting). Finally, aggressive resistance is the strongest type of opposition to change and may encompass sabotage, rumors, and other forms of disruption.



Coetsee argues that acceptance and opposition to change should not be viewed as separate phenomena with no connection to each other. Instead, the relationship between the two oppositions allows for a more nuanced analysis and new perspectives on the types of responses.



In addition to the challenges of acceptance and opposition, there are a number of other obstacles that must be overcome in order to improve the use and accessibility of OR technologies for EMS departments. However, the use of OR tools in EMS is growing. A number of EMS agencies are beginning to pilot and use OR technologies to improve their operations. As OR tools become more widely available and user-friendly, their adoption by EMS departments is likely to increase in the future.





4.4. Training on Operational Research Tools


EMS workers must be informed of the availability of OR tools and how they can be used to improve EMS operations. Training courses, workshops, and conferences can be used to achieve this [23]. Universities, professional organizations, and other training providers can offer OR tools training courses for EMS workers. These courses should cover the fundamentals of OR tools as well as how to use them to address EMS challenges. EMS departments, professional organizations, and other groups can organize workshops on OR tools for EMS workers. These workshops can provide EMS workers with hands-on experience using OR tools to address real-world EMS issues.



4.4.1. Develop Affordable and User-Friendly OR Tools


Cutting-edge technologies and high-quality network services can help EMS professionals improve healthcare delivery and make it accessible to more people. For example, telemedicine is a promising technology that can facilitate the delivery of effective services and make it easier for EMS personnel to provide emergency medical treatment. Similar types of affordable and easy-to-use cutting-edge technologies need to be developed, tailored to the specific needs of EMS departments [24].




4.4.2. Provide Training and Support to EMS Departments


Access to training and support on how to efficiently adopt and use OR tools is essential for EMS departments. While there have been many efforts to standardize the education and training of disaster and emergency responders, these have primarily focused on individual professional development rather than improved team operational effectiveness. There is currently no established overarching framework to guide EMTs through fundamental training or recommend effective training methods. A consensus curriculum and open access training materials for EMTs still need to be fully developed. The WHO, EMT organizations, universities, professional bodies, and training organizations can all play a role in developing professional and highly effective teams, but they must be aware that only a collective approach will improve EMT field performance and, most importantly, lead to better care for those affected by large-scale health emergencies [25].




4.4.3. Promote the Use of OR Tools through Case Studies and Testimonials


Case studies and endorsements from EMS departments that have successfully used OR tools can encourage other EMS departments to adopt them. By implementing these actions, we can remove the barriers to the wider adoption of OR tools in EMS and improve the efficiency and effectiveness of EMS operations [26].





4.5. Ways to Overcome Operations Barriers in Emergency Medical Services


Enhance communication and coordination with other stakeholders, including hospitals, dispatch centers, and first responders. This is something all EMS agencies must do. Standardized protocols, collaborative training initiatives, and the use of interoperable communication technologies can all be used to accomplish this [27].



EMS organizations need to invest in technology to increase their efficacy and efficiency. This can apply to items like GPS-enabled ambulances, mobile dispatch systems, and electronic patient records [28].



Cross-train personnel: Cross-training should be provided to EMS staff so they can handle a variety of jobs. In the event of a disaster, this will help to ensure that there are always enough employees to satisfy demand [29].



Develop contingency plans: EMS organizations must create backup strategies for handling operational disruptions. This can entail having backup workers, ambulances, and dispatch centers.



Collaborate with other organizations: To enhance their operations, EMS agencies can collaborate with other groups, including for-profit and non-profit organizations. For instance, EMS organizations can collaborate with non-profits to offer volunteers free or inexpensive training, or they can collaborate with companies to receive discounts on tools and supplies.



Use data to find and fix issues: EMS organizations can use data to find and fix operational issues. As an illustration, EMS organizations might utilize data to pinpoint regions with lengthy response times or staffing shortages.



Give employees the authority to make decisions: EMS personnel should have the freedom to decide on the spot. This will contribute to enhancing the effectiveness and efficiency of EMS operations.



Establish a culture of continual improvement: EMS organizations ought to do this. This entails continually seeking ways to increase the efficacy and efficiency of operations.



These actions will help EMS organizations overcome operational obstacles and raise the standard of care they offer.




4.6. Six Sigma for EMS


Six Sigma is a data-driven process improvement methodology that can be used to solve a variety of challenges faced by EMS departments. It uses a five-step DMAIC approach to define measure, analyze, improve, and control processes. Six-Sigma provides a solid foundation for both individual projects and organizational improvement programs [30].



4.6.1. The DMAIC Framework


The DMAIC framework is an acronym for the high-level steps in the life cycle of a process improvement project:



Define: Clearly state what you want to improve, ensuring that it is aligned with the organization’s mission, values, and strategic plan;



Measure: Establish a baseline for the current design and performance of the process to be improved;



Analyze: Identify the variables that have the greatest impact on process performance, keeping those variables in mind;



Improve: Test potential improvement ideas using the scientific method to determine if they are effective; this may involve testing multiple concepts;



Control: Implement methods to track the process performance over time and make planned interventions if performance deteriorates.




4.6.2. Six Sigma in an EMS Department


The first step in implementing Six Sigma in an EMS department is to identify a specific challenge or problem that needs to be solved. Once a challenge or problem has been identified, the Six Sigma DMAIC process can be used to define measure, analyze, improve, and control the related process. The DMAIC approach should be implemented by a team of qualified and experienced Six Sigma practitioners. Six Sigma training is offered by many institutions, including universities, professional associations, and private consulting firms. It is important to monitor the results of a Six Sigma project after it is completed and make any necessary adjustments. Six Sigma is a continuous process, so it is important to keep striving for improvement. Here, are some examples of how Six Sigma can be used to improve EMS operations: reduce response times, improve patient outcomes, increase employee productivity, reduce costs, and enhance quality and safety. Six Sigma is a powerful tool that can be used to help EMS departments improve their operations and provide better care for patients [31,32,33].




4.6.3. Transport System Models (TSMs) for Emergency Services


In addition to the challenges and solutions discussed in the previous sections, it is important to consider the role of transport system models (TSMs) in improving the efficiency and effectiveness of emergency services. TSMs are mathematical models that represent the physical and operational characteristics of a transportation system. They can be used to simulate the behavior of the system under a variety of conditions, including natural disasters and man-made emergencies. TSMs can be used to develop and evaluate evacuation plans, assess the impact of traffic congestion on emergency response times, and identify potential bottlenecks in the transportation system.



Training and exercise are also essential for testing emergency plans and increasing the level of preparedness. Training exercises can be used to familiarize responders with TSMs and to test their ability to use them to make informed decisions in emergency situations. By incorporating TSMs into training exercises, emergency responders can develop the skills and knowledge they need to use these tools effectively in real-world emergencies. TSMs are also becoming increasingly important for testing and improving emergency plans. By simulating different scenarios, planners can identify potential problems with their plans and make changes before an emergency occurs. Additionally, TSMs can be used to train emergency responders on how to use the transportation network effectively during an emergency.



So, TSMs can be used to estimate the evacuation time for a given area, identify bottlenecks in the transportation network, develop traffic management plans, and evaluate the effectiveness of different evacuation routes [34,35,36].






5. Discussion


The implementation of OR tools and other administrative changes in EMS departments can be challenging, but it is essential for improving the efficiency and effectiveness of EMS operations. One of the biggest challenges to adoption is the resistance to change that is often present among EMS personnel. This resistance can be due to a variety of factors, such as the lack of awareness of the benefits of OR tools, a fear of the unknown, or concerns about the impact of change on their jobs [37].



Another challenge is the lack of standardized training and support for OR tools in EMS. This can make it difficult for EMS departments to implement and use OR tools effectively. Additionally, the cost of OR tools can be a barrier for some EMS departments. Despite these challenges, there are a number of steps that can be taken to encourage and support the adoption of OR tools and other administrative changes in EMS departments [38]. First, it is important to educate EMS personnel about the benefits of OR tools and how they can be used to improve patient care and EMS operations. This can be achieved through training programs, workshops, and other educational initiatives [38].



Second, it is important to provide EMS departments with the resources and support they need to implement and use OR tools effectively. This includes providing access to standardized training materials, as well as technical support and troubleshooting assistance. Third, it is important to make OR tools affordable for EMS departments. This can be achieved by providing subsidies or grants, or by negotiating discounts with OR tool vendors [39].



Finally, it is important to create a culture of continuous improvement within EMS departments. This means encouraging EMS personnel to identify and implement new and innovative ways to improve the efficiency and effectiveness of EMS operations. By taking these steps, we can overcome the challenges to adoption and make OR tools and other administrative changes a standard part of EMS practice.




6. Future Research Recommendations


	
Create and assess OR tools for particular EMS issues: Issues including resource allocation, patient routing, and ambulance dispatch require the creation and assessment of specific OR tools. The development of tools that are useful and simple for EMS professionals should be the main goal of this research.



	
Integrate OR tools with current EMS systems: It is important to integrate OR tools with current EMS systems, including electronic patient records and dispatch systems. EMS workers will find it simpler to use OR tools in their daily work as a result of this.



	
Evaluate the impact of OR tools on EMS performance: This evaluation will encompass response times, patient outcomes, and costs. The utility of OR tools for EMS will be determined with the aid of this study.



	
Create OR tools for readiness and reaction to disasters: These tools must be created for preparedness and response to disasters. These resources could make it easier for EMS organizations to prepare for and deal with emergencies.



	
This study aims to research human factor considerations, when using OR tools in EMS: It is critical to research human factor considerations when utilizing OR equipment in EMS. The results of this study will contribute to the development and safe application of OR technologies.







7. Conclusions


EMS departments are currently dealing with a variety of difficulties. To sum them, these difficulties include escalating service demand, constrained resources, outdated infrastructure, technology development, and regulatory compliance. There are several approaches that can be used to deal with these difficulties. Investing in technology, cross-training staff, creating backup plans, and collaborating with other organizations are some of these alternatives. We can develop a more resilient and sustainable EMS system by tackling the problems EMS departments are now facing. This will make it possible for EMS departments to service the communities that they are responsible for.
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Table 1. Emerging trends in EMS Operations Research.






Table 1. Emerging trends in EMS Operations Research.





	Research Direction
	Potential Impact
	Challenges





	Patient and staff allocation
	Improve outcomes and reduce costs
	Develop models to capture the complex and uncertain nature of EMS operations



	Network design
	Improve system resilience
	Develop effective and efficient network structures



	Integrative care models
	Improve outcomes and reduce costs
	Develop models to incorporate real-time data on integrative care capacity



	Adding external resources
	Improve system resilience
	Develop models to incorporate real-time data on resource availability



	Ambulance sharing
	Improve efficiency and effectiveness
	Develop models to incorporate real-time data on ambulance location and availability



	Surge capacity for patient allocation