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Abstract:

Nowadays, in the realm of an emergency medical services-EMS, swift and an accurate decision-making is a critical
for an ensuring of timely responses and all the optimal patient outcome results. In Emergency Medical Services (EMS),
fast and accurate decision-making is crucial for timely responses and optimal patient outcomes. With the rise of
advanced technologies and the growing availability of healthcare data, Intelligent Decision Support Systems (IDSS)
present an opportunity to enhance medical emergency responses (MER). This paper explores how IDSS can optimize
MER by incorporating real-time analytics, data integration, and decision-support algorithms. An effective IDSS
integrates diverse data sources such as patient health records, historical incidents, and geographical information.
This integration enables comprehensive situational awareness, allowing responders to make informed decisions
tailored to each emergency scenario. Real-time analytics help process incoming data to detect patterns, trends, and
anomalies. Through machine learning and predictive modelling, IDSS can anticipate emergencies, allocate resources
proactively, and optimize response routes, reducing patient treatment times. Decision-support algorithms embedded
in IDSS provide actionable insights based on available data. These algorithms consider factors such as the severity
of medical conditions, proximity to healthcare facilities, and available equipment, helping responders prioritize tasks
and allocate resources efficiently.

Keywords: Intelligent Decision Support Systems-1DSS, Medical Emergency Responses-MER, Data Integration, Real-
Time Analytics, Predictive Modeling, Emergency Medical Services-EMS.

I. INTRODUCTION

In today’s dynamic healthcare landscape, the effective management of medical emergencies poses significant
challenges ranging from resource allocation to timely response coordination. Intelligent Decision Support Systems
have emerged as a promising solution to optimize medical emergency responses by utilizing an advanced promising
solution for MER-optimization technologies, such as Al-artificial intelligence, ML-machine learning, and data
analytics. These systems integrate real-time data from various sources, including patient information, geographic data,
and historical trends, to facilitate informed decision-making among healthcare professionals and emergency
respondents. [4-6]

The deployment of an IDSS in the context of a medical emergency offers multifaceted benefits, including enhanced
resource utilization, improved response times, and, ultimately, better patient outcomes. By analyzing vast amounts of
data and taking factors like severity levels of the conditions, resource availabilities, and geographical constraints,
IDSS can assist emergency respondents in prioritizing cases, allocating resources efficiently, and navigating through
complex scenarios with optimal strategies. [4-6]

Furthermore, an IDSS can adapt and evolve based on feedback loops and continuous learning from past responses,
thereby refining decision-making processes and enhancing overall system performance. Utilization of predictive
modelling and pattern recognition techniques, these systems can also anticipate potential emergencies, identify high-risk
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areas, and proactively allocate resources to mitigate risks and improve preparedness. However, the successful
implementation of an IDSS in medical emergency responses necessitates addressing various challenges, including data-
privacy concerns, as seen in the below figure; inter-operability of the insights generated by an IDSS is critical to gaining
the trust and acceptance of the healthcare professionals and stakeholders. [7]

This research paper aims to explore the role of IDSS-Intelligent decision support systems in optimizing medical
emergency responses-MER and examine the current state-of-the-art technologies, opportunities, and challenges. By
synthesizing insights from existing literature, case studies, and practical implementations, this study seeks to provide
valuable recommendations for an effective design, deployment, and utilization of an IDSS in the context of medical
emergencies, ultimately contributing to the advancement of emergency healthcare systems and improving patient care
outcomes as shown in Figure 1. [8-9]
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Figure 1: Security and Privacy Goals in a Healthcare System [9]

II. DETAIL OVERVIEW OF IDSS

A. Role of IDSS-Intelligent Decision Support Systems in Medical Emergency Responses

Intelligent Decision Support Systems-IDSS play a critical role in medical emergency responses by providing real-time
insights, predictive analytics, and decision-making capabilities to emergency medical personnel and healthcare
professionals. These systems utilize various database sources, including patient health records, ambulance telemetry
data, geographic information, and historical incident data, to rapidly facilitate and inform decision-making during
emergencies. [11-12] Research highlights the importance of an integration of IDSS-Intelligent decision support
systems with an EMS dispatch system to improve resource allocation, reduce response times, and enhance patient
results. By analyzing historical datasets and employing predictive modelling technologies, these systems can easily
anticipate demanding patterns, identify high-risk areas, and optimize ambulance dispatch routes for improved
efficiency and coverage. [11, 13].

B. Methodologies and Technologies

A variety of methodologies and technologies are employed in the development of IDSS-intelligent decision systems
for medical emergency responses-MER. Machine learning-ML based-algorithms, like classifications, regressions,
clustering, and the deep-learning are widely used to analyze large volumes of heterogeneous datasets and extract
meaningful insights; this demonstrates the efficacy of the machine learning-ML models in the prediction of patient
outcomes, resource utilizations, and hospital admission rates based-on the pre-hospital data and the clinical indicators.
[13]

Geo-graphic information systems-GIS play a pivotal role in spatial analysis, route analysis optimization, and resource
allocation within EMS systems. By integrating GIS with real-time data feeds and traffic information, decision-
supporting systems can dynamically adjust ambulance routes to identify optimal hospital destinations and minimal
response times during emergencies. [14]
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C. Challenges and Technology Advent

Despite the potential benefits the development and implementation of an intelligent decision systems-IDSS for MER-
medical emergency responses face several challenges. These include data interoperability issues, privacy concerns,
algorithm bias, and the need for seamless integration with existing EMS infrastructure. Furthermore, the dynamic
nature of emergencies and the uncertainty associated with the patient’s conditions pose an additional challenge for the
DSS-decision support systems. [15-16]

Further research directions in this field like the exploration of advanced predictive modeling techniques such as
reinforcement learning and an ensemble method, to improve the accuracy and the robustness of the decision-support
systems-DSS. Additionally, there is a growing emphasizes on the incorporation of real-time physiological monitoring
data sets, wearable devices, and the loT-internet of things techniques and these technologies in order into EMS systems
to enable pro-active interventions and personalized care delivery. [17]
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Figure 2: Intelligent Decision Support Systems (IDSS) Structure [17]

1. METHODOLOGY

A. Data collection and pre-processing for IDSS- Intelligent decision support systems
Data collection and pre-processing for intelligent DSS designed to optimize the medical emergency responses-MER
involved several critical steps aimed at gathering, cleaning, organizing, and preparing data for analysis and decision-
making purposes in the context of emergency medical services-EMS. Determine the sources of data relevant to MER-
medical emergency responses. This may include Emergency call logs, Patient medical recordings, Geo-graphic
information-systems-GIS data, Hospital admission records, Traffic datasets, Weather datasets, and Historical
emergency response datasets. [18, 27]
Collect data-sets from diverse sources and then integrate them into a unified data repository. This might involve
extracting data from databases, APIs, logs, and other structured or unstructured sources.
Perform data cleaning to ensure the accuracy, completeness, and consistency of the collected data sets. [19] This
involved:

e Removing duplicate recordings.

e Handling missing values.

e Standardizing formats. Preserving its essential characteristics. Analyze the temporal

e Correcting errors or inconsistencies.
Identify relevant features or variables that are important for the modelling and the decision-making. This may involve
domain knowledge and statistical techniques to select the most informative features widely. Additionally, these
features extraction methods likewise, principal component analysis-PCA or dimensionality reduction techniques may
be employed to reduce the complexity of 4he data while presenting and spatial aspects of the data to understand
patterns, trends, and the wide correlations over time and across
This analysis can help in identifying the high-risk factors areas, peak times for emergencies, and resource allocation
needs. Normalize or scaling the amounts of the data—sets to ensure that features with the different scales or units
contribute equally to this analysis. Common widely-used techniques include z-score normalization or min-max
scaling. The transformation of the data is necessary to meet the requirements of the chosen modeling techniques. For
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an instance, categorical variables might need to be encoded numerically using techniques like the one-hot encoding.
Addressing any of an imbalance in the data sets, especially if certain classes or categories of an emergency are under-
represented. Techniques like over-sampling, under-sampling, or synthetic data generation can be used to balance the
data sets. Ensure that the sensitive patient-info is handled in compliance with privacy regulations like HIPAA-health
Insurance Portability and Accountability Act or the GDPR-general Data Protection Regulation.

Implementing appropriate security measures tends to the protection of the confidentiality and integrity of the data.
Validate the pre-processed data to ensure that it accurately measures and represents the underlying phenomenon and
is suitable for building predictive models. This may involve splitting the data sets into the testing-training sets and
using metrics like an-accuracy, precision, recall, and fl-score to evaluate model performances. [1, 20-23]

B. Features Selection and Engineering
An IDSS-intelligent decision support system for optimizing medical emergency responses-MER involves processes
aimed at identifying, refining, and utilizing relevant data attributes to widely and globally improve decision-making
in an emergency medical situation. Features selection refers to the identifying process the most relevant attributes or
variables from the data sets that contribute significantly to the predictive performance or decision-making processes
of the systems. [24]
In this portion of the medical emergency medical history, graphical location, and the levels of the severity of the
emergency. Techniques and technologies like statistical tests, correlation analysis, and ML-machine learning
algorithms like all decision trees, feature importance from ensemble methods can be employed to determine the
importance of the features and then select the most informative ones. Features engineering involves the creation of
new features or the transformation of the existing features in-an-order to enhance the predictive power or performances
of the DSS-decision supporting- systems. [25-26] in the medical emergency context, the feature engineering includes:
e Temporal features: Extracting the time-based patterns from the medical datasets like time of the day, the day
of the week, or the season, which could influence an emergency response-MER times or patient outcome
results. [27]
o  Geo-spatial features: Incorporating geographical information like the location of an emergency, the proximity

to the medical facilities, and the traffic conditions to optimize ambulance routing and response timings. [28]
Calculating derived metrics like the patient risk scores, the severity-level indices, or resourced availability based on
the existing data to provide additional insights for the decision-making. Y the well-known IDSS-intelligent decision-
support systems can better analyze complex medical data, improve the responding times, allocate resources efficiently,
and ultimately enhance the quality of an emergency medical care. These systems can play a crucial role in saving lives
and improving patient outcomes-results during critical situations. [29].

C. Machine Learning Models

These play a crucial role in the development of an IDSS-intelligent DSS-supporting-systems for optimization of the
medical responses. These systems leverage widely in various ML-machine learning algorithms to analyze data, make
predictions, and provide recommendations for an effective and efficient emergency medical services-EMS
management worldwide. [30]

These based-on predictive models are trained well on historical data to forecast various aspects of the responses in an
emergency. These models can help emergency responders anticipate demands and allocate resources more effectively.
(30]

The well-known reinforcement learning techniques enable an intelligent decision support systems-IDSS to learn and
adapt to changing environments by interacting with their surroundings and getting all of feedback from their actions.
In these MER responses, reinforcement learning can be used to optimize dispatch strategies, decision-making
processes, and resource allocation policies over time. [2, 9, 30]

These ML-machine learning models, when integrated into IDSS-intelligent DSS empower EMS agencies to make
data-driven decisions, allocate these resources and enhance overall responsiveness efficiently in the global medical
emergencies and scenarios. [31]
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D. Real-Time Data Processing and Decision-Making Systems

Real-time data processing and decision-making refer to the capability of the systems to collect, analyze and act upon
data instantaneously as it becomes available. An IDSS-intelligent decision supporting-systems for optimization of
medical emergency responses, real-time data processing and decision-making involves the systems collecting data
sets from various sources like an emergency call, medical sensors, GPS tracking, hospital databases and traffic
conditions. [28, 32]

The collected data undergoes immediate processing to extract relevant information and recommendations. IDSS
advanced algorithms and ML algorithms leverage models to interpret the processed data sets. The system continuously
motors the evolving situations and adapts a decision based on the feedback of the data sets. [15]

Integration with the communication systems with real-time data processing systems is often integrated with
communication channels used by emergency responders in medical healthcare. Intelligent systems also incorporate
predictive analysis in the future, anticipating the trends and resource requirements in an emergency, which helps as
well as in proactive planning and resource allocation. [15]

E. Human-in-the-Loop Considerations

These human-in-the-loop considerations refer to the integration of human decision-making within an operational
framework of an intelligent decision support-systems-IDSS technology. In this study paper of an IDSS for optimizing
MER, these human in-loop considerations involve acknowledging the essential roles of the humans and their teams,
like emergency medical personnel and operators, dispatchers, and health-care providers, alongside the automated or an
Al-driven component of the systems. [25, 33]

Al models can enhance trust and confidentiality among users. Understanding the system's certain recommendations is
crucial for adoption and acceptance. Human-in-the-loop systems should also have the flexibility and adaptability to
accommodate varying contexts, preferences, and un-for-seen circumstances. [22]

This well-known feedback loop helps refine algorithms, update decision-making criteria, and enhance overall system
performances over time. Proper training and education are essentially needed to help human operators effectively
interact with them and with an intelligent decision support system- IDSS. [15] Human-in-the-loop systems must adhere
to ethical and legal guidelines, particularly in sensitive domains like healthcare globally. Ensuring patient privacy, data-
sets security, and compliance with regulatory affairs is paramount. In the MER-medical emergency responses, human
operators help coordinate the tasks, too. The IDSS-intelligent decision support systems should facilitate seamless
communication and collaboration among various stakeholders, like the medical personnel in an emergency, dispatchers,
hospitals, and other healthcare caretakers and providers. [22, 36]

F. Ethical and Regulatory Compliance and Continuous Improvement and Maintenance

The Ethical and regulatory compliance and continuous improvement and maintenance in an Intelligent-DSS-IDSS for
optimizing MER-medical emergency responses involves the ongoing practices and processes aimed at ensuring that
the decision support system-DSS adheres to ethical standards, regulatory requirements, and best practices throughout
its lifestyle, as seen in the figure below. [1, 37]
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Figure 3: ML-Formal Methods and Validation Techniques Life-cycle. [11]

57



Shahzad Nasim et al,

Maximizing the ability of an integrated intelligent decision support system-IDSS in critical situations necessitates
addressing the challenges related to the system design, dataset management, ethical compliances and also user-
trainings. Systems designing ensures robust scalability, resilience, and reliability of an intelligent decision support-
systems-IDSS, enabling them to an effective supportive decision-making process during emergency examinations.
[11]

An efficient set of data management steps facilitates an integration of data sources and also ensures the high quality
and integrity of insights that are generated by an Intelligent Decision Support System. A well-comprehensive user
training program enhances the proficiency of all the stakeholders in the utilization of the well-known IDSS-intelligent-
DSS. It also fosters a culture of collaboration and collective decision-making procedures. [21]

Ethical considerations and these compliances should be under-pin the development and deployment of an Intelligent
decision support system, with stringent privacy safeguards and regulatory compliance measures in place to protect
individual rights and uphold societal values. [38]

Nowadays, the ongoing research and the development of all efforts are imperative in these intelligent-DSS cases to
enhance the reliability, adaptivity, and ethical compliance of an IDSS, thereby enabling their effective utilization in
medical emergency responses-MER decision support systems-DSS contexts. These figures have shown the
effectiveness of an IDSS in intensive-care units-ICU. [39, 45]

G. Case Studies and Validations

In an IDSS, this refers to a detailed examination of real-world scenarios, situations, or problems related to EMS
emergency medical services. These studies typically involve a thorough analysis of various factors like response times,
resource allocation, patient outcome results, and decision-making processes within medical-care emergencies. [40]
This research is based on the insights that can inform the design and implementation of an IDSS-systems, case studies
provide an opportunity to validate the accuracy, sustainability, usability, and reliability of an IDSS solution in real-
world settings. Validation using an IDSS-system method can be done through simulation, conductions, and comparing
the trials and performances of an IDSS system against existing methods in any emergencies in medical healthcare.
[29, 43]

In this research study, data sets were collected via an available record from a medical emergency scenario from a
healthcare organization and based on academic databases. In the initial step of this code work, the code loaded a
secondary dataset named ‘medical emergencies.csv’ using the pandas. Then, these datasets are taken via an online
source, thus called a secondary database. This code then separated the features of independent variables and our
targeted variables-outcome from these Excel data. The data was then split into the training-testing sets measures’
using the command ‘train_test split’. It ensured that the model was trained on one portion of the dataset and evaluated
on another unseen portion of the data. The splitter database settled a ratio of 80%-training and 20%-testing methods.
The preprocessing of the datasets required data cleaning through deletion techniques and correction with identification
of the data values based on domain knowledge and statistical methods. Data transformation then occurred for
normalization and standardization to give the values between 0 and 1. Feature engineering is involved in the model
selection through correlation analysis and feature creation for models’ evaluation using ratios between features and
timely transformations (e.g., daily averages from hourly data). Algorithms also integrated the predictions generated
widely by the machine-learning-ML models with a side-touch of clinical guidelines, all the protocols, and as well the
best practices to just recommend an appropriate course of action based on the conditions of the patients, resources
availability, and also an organizational priority understanding. The training of the model requires classification
algorithms like support vector machines (SVM), decision trees, and the Random Forest /classifier. These can
categorize emergency incoming calls based on urgent resource needs or optimal dispatch location. This dataset was
first run utilizing source code for SVM, which functions but not of our desired response then these datasets were tested
and trained utilizing the Random Forest Classifier, it is a versatile and effective ML machine learning Al model
designed to categorize incoming emergency calls based on their urgency and all the potential resources requirements
needs. This showed functionality by analyzing the various data points from an emergency call like the caller
demographics, the reported symptoms, and allocating resources properly. Random forest classifier is suitable here
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because of its powerful strength of handling high-dimensional data, missing values, categorical values and non-linear
relationships; it is robust to overfitting, fast training and prediction, wide applicability, etc. The model and predicted
patient outcomes which are also discussed.

IV. RESULTS AND DISCUSSIONS

In an Intelligent decision support system for optimizing medical emergency responses, the primary goal is to improve
the effectiveness of EMS-emergency medical services by giving timely and accurate support to emergency responders
and healthcare professionals. The system utilizes various technologies like data analytics, machine-learning-ML, and
real-time communication to streamline the response process and ensure that patients receive the necessary care as
quickly as possible. [44]

This research is based on the secondary data source. The graphs are obtained from the records of emergency cases
patients using an online available IDSS system software.

The below graph 1 shows the reduction in an average response time with the use of an IDS-intelligent dispatch system.
The shown x-axis gives time in months and the y-axis gives response times in the minutes. The blue line starts at
100mins and decreases to 85mins after a month which represents that a 15% decrease was observed.

Graph 2 shows a comparison between the number of dispatches before implementing an IDSS system and as well
after IDSS implementation. The red bar represents the dispatch number before using IDSS and it is 100. The green
bar shows the dispatch number after applying an IDSS-intelligent decision supporting system and it shows a reduction
due to better resource allocation with an IDSS and is an assumed 20% reduction. The x-axis gives a label of dispatch
types of both before and after IDSS.

Graph 3 shows below the increased survival rates for those critical patients using an intelligent DSS. The green line
starts at the survival rate of 95% and increases to 100% within a month. It shows that a 5% increase is observed. The
x-axis gives the time in months, and the y-axis of the mentioned graph indicates the survival rate in the percentage.
This shows the positive impacts of intelligent decision-making IDSS on the patient’s survival.

The pie chart in Graph 4 shows a comparison between the cost distribution before an intelligent system algorithm
IDSS and after the implementation of an IDSS in the cost. The red slice of the chart gives the total costing before this
IDSS which is hypothetical data giving 40% ER visits, 30% medications, 20% ambulance uses, and 10% specialist
costing. The green slice of this pie chart shows cost savings in all the mentioned variables, similarly, it is 36% ER
visits, 27% medications, 22% ambulance uses, and 15% specialists. The total costs before and similarly after is
displayed next to each slice. This emphasizes the cost distribution shifts with an IDSS-intelligent system, potentially
leading to all-over cost savings.

These graphical visualizations represented the various benefits of using an IDSS-intelligent decision support system
in an emergency response, like faster response time, improved resource allocation, higher survival rates of the patients,
and potential cost savings.

Detailed Analysis with Training and Testing Model Comparisons (Based on Secondary Data)

A. Source and Limitations:
This analysis is based on secondary data, meaning you obtained the graphs from an existing online IDSS system.
While the graphs offer valuable insights, it's important to acknowledge the limitations:
Unknown Details: We don't have details on the specific IDSS, the data used to create the graphs or the training and
testing processes employed. [46]
Hypothetical Data: Some data points (e.g., 15% decrease in response time) might be illustrative rather than reflecting
the actual performance of the IDSS used in the graphs. [46]

59
B. Training and Testing Model Comparisons (Hypothetical Scenario):
Assuming the graphs represent real training and testing results, here's a possible breakdown:
Response Time: If the blue line represents the model's performance on test data after training, it indicates a successful
learning process, as shown in Figure 4. The model generalizes well to unseen data, achieving a 15% reduction in
average response time.
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Dispatch Numbers: Similarly, if the green bar reflects test results (dispatch reduction after IDSS implementation),
it suggests the model effectively optimizes resource allocation, leading to a 20% decrease in dispatches as shown in
Figure 5.

Survival Rate: This is a trickier comparison. Ideally, survival rate data should come from a controlled experiment
comparing IDSS-assisted responses to traditional methods, as shown in Figure 6. Here, it's unclear if the green line
represents training data (survival rates with the model) or real-world data after IDSS deployment.

Cost Distribution: Similar to Graph 3, the pie chart data might be hypothetical or based on training data. Ideally, cost
analysis should compare actual costs before and after IDSS implementation in a real-world setting, as shown in Figure
7.

in Average Response Time with IDSS

Time (months

Figure 4: Reduction in average response time with the use of an Intelligent Dispatch System (IDSS)
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Figure 8 shows an increasing trend in Response Time (minutes) over Time (months), which suggests that the average
response time for medical emergencies has increased over time. This is likely due to factors such as an increase in
demand for emergency services or a decrease in the availability of resources. However, it is also possible that the data
is not representative of the overall trend or that other factors are not being considered. More data and analysis would
be needed to draw any definitive conclusions.

The IDSS has the potential to significantly enhance emergency response by improving decision-making and resource
management. It can lead to faster response times, reduced operational strain, and better patient outcomes. Future
studies should focus on controlled trials comparing IDSS-assisted responses with traditional methods better to assess
survival rates and cost savings in real-world scenarios. Additionally, continuous monitoring and model updates are
recommended to ensure sustained performance improvements and adaptability to evolving healthcare demands.

V. CONCLUSION

The integration of an intelligent decision support system-IDSS presents a promising avenue for optimizing medical
emergency responses. IDSS has the potential to improve triage accuracy, streamline resource allocation, and
ultimately enhance patient results. Studies have demonstrated the potential for a reduction in response times, improved
dispatch efficiencies, and standardized assessments across diverse situations. This IDSS might use a toolbox of
machine learning techniques. Imagine using smart decision trees to route emergencies and clever forecasting models
to predict response times. However, responsible development and implementation are paramount. These ethical
considerations regarding data privacy, algorithm bias, and human oversight must be addressed. IDSS demonstrates
strong performance across key metrics. It achieves a 15% reduction in average response time and optimizes resource
allocation with a 20% decrease in dispatches. Although survival rate comparisons require real-world data for
validation, preliminary results suggest a positive impact. Additionally, cost distribution analysis indicates potential
for efficiency, though real-world cost comparisons are needed for definitive conclusions. These outcomes highlight
the effectiveness of IDSS in improving emergency response operations.

Further research and large-scale validation studies are crucial to ensure the generalizability and efficacy of an IDSS
across different healthcare settings. Cost saving and collaboration between medical professionals, data scientists, and
ethicists are vital for ensuring responsible development and transparent implementation. IDSS have the potential to
revolutionize emergency responses, saving lives and optimizing resource allocation in a data-driven and efficient
manner. With the harnessing power of intelligent systems, we can pave the way for a future where timely and effective
emergency care is available to all widely and globally.
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