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Abstract

Artificial Intelligence (Al) has transformed medicine by leveraging machine learning to analyze
medical data, enhancing healthcare outcomes. From its roots in the 1950s to recent advancements in
deep learning, Al's evolution has accelerated, particularly in emergency medicine. This review
explores how Al influences patient-related factors in the emergency department, improving decision-
making, disease diagnosis, and overall care quality. Al transforms emergency care by swiftly
diagnosing and optimizing resource allocation. In prehospital settings, Al aids patient evaluation,
ensuring timely treatment. Ethical considerations, like transparency and privacy, are pivotal in
responsible Al integration, ultimately enhancing diagnostic capabilities and improving patient care in
emergency rooms. Predictive analytics enhances patient care by forecasting outcomes and
streamlining operations. Al image recognition improves diagnostic capabilities, while Al-powered
chatbots offer real-time guidance in emergencies.. Al is reshaping patient care in Emergency
Departments across key aspects: patient stratification, mortality analysis, and cost reduction. Al tools,
employing sophisticated algorithms, enhance risk identification and resource allocation in patient
stratification. In mortality analysis, Al applications show promise in hastening treatment, but ethical
considerations remain paramount. Cost reduction is addressed through Al's efficiency improvements,
decreased wait times, and optimal resource allocation, positively impacting patients' financial burdens.
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Introduction

Artificial Intelligence (Al) in medicine involves
the utilization of machine learning models to
analyze medical data, providing valuable insights
for enhancing health outcomes. Primary care
physicians can leverage Al to gain a deeper
understanding of a patient's medical needs,
facilitating more personalized and efficient
healthcare [1]. Al applications in medicine include
diagnosing patients, end-to-end drug discovery,
and overall transformation of healthcare delivery
[6]. The potential of Al in medicine is vast, with
the capacity to disrupt and revolutionize various
aspects of the healthcare sector [5].

The historical trajectory of Al in medicine extends
across many decades, observing notable
advancements and successes. During the early
1950s, scientists established the foundation for Al
by investigating its possible uses in the area of
medicine [6]. During the 1980s and 90s, Al started
to have a significant impact on medical imaging,
namely in the field of radiology [3]. The research
conducted in the 1960s and 1970s laid the
groundwork for systems such as MYCIN, which
used artificial intelligence in the field of
contemporary medicine [4]. The first milestone in
Al healthcare was achieved in 1950 [5]. The rise
of Al in medicine has been further enhanced by
the introduction of deep learning in recent years,
which has greatly influenced its revolutionary
effects [6]. The advancement of Al research in the
field of medicine has gained momentum,
garnering substantial investment and giving rise to
the prevailing trends in healthcare Al initiatives
[7].

The emergency department (ED) is a complex
environment that encompasses many elements,
including patient prediction models, triaging, and
management of acute clinical situations. Machine
learning algorithms, such as logistic regression
and others, have been used to forecast patient
outcomes and anticipate frequent trips to the
emergency department. These predictions are
made using datasets like the Medical Information
Mart for Intensive Care IV Emergency

Department (MIMIC-1V-ED) [81]. These models
are essential for enhancing emergency department
operations and clinical outcomes by assisting in
the prompt and accurate categorization of patients
[9]. Furthermore, research is focused on
forecasting patient decompensation and sudden
clinical deterioration, highlighting the need of
anticipating and handling patient situations in the
rapidly changing emergency department setting
[10][11]. Moreover, it is crucial to comprehend
the kind of mistakes that occur in the emergency
room. Qualitative investigations examine the
many kinds of mistakes and the variables that
contribute to their identification [12]. In general,
the emergency department involves the use of
predictive modeling, triage tactics, and initiatives
aimed at improving patient care and safety.

The dynamics of emergency department (ED)
treatment are significantly influenced by patient-
related variables. Notable factors include
communication problems among the personnel,
which cover concerns such as inadequate
communication that may result in mistakes and
treatment delays [13]. Demographic factors, such
as gender, age, and the timing of the visit, have a
role in the differences seen in the usage of
emergency departments and the resulting
consequences. Certain medical diseases, such as
cancer, diabetes, renal failure, and mental illness,
increase the probability of repeated trips to the
emergency department [14]. The patient's general
health state, as well as the existence of diseases
such as coronary vascular disease, significantly
influences the 24-hour clinical outcome in the
emergency department. Psychiatric illness is
identified as a separate condition that increases the
likelihood of avoidable injury in both general care
and the emergency department [15]. Moreover,
effective control over the duration of patients' stay
in the Emergency Department (ED) is essential, as
variables that contribute to its extension have an
influence on the availability of emergency
treatment and the welfare of patients, resulting in
problems related to overcrowding. The many
patient-related criteria emphasize the need of a
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thorough and patient-focused strategy in the
emergency care environment [16] [17].

The incorporation of Al models in emergency
departments is imperative due to several
compelling reasons [18]. These Al-based tools
aim to enhance patient outcomes and streamline
the work of clinicians, ultimately improving the
quality of care provided [19]. The literature
emphasizes the significance of Al in emergency
medicine, indicating that these technologies go
beyond the proof of concept and are actively
contributing to patient care [20]. Al and machine
learning applications in healthcare, particularly in
the emergency setting, address challenges such as
predicting adverse outcomes, optimizing patient
triage, and aiding in real-time decision-making
[21]. The utilization of Al models in emergency
departments ensures quicker and more accurate
analysis of patient data, leading to improved
diagnostics, personalized treatment plans, and
overall efficiency in emergency care delivery [22].
The significance of patient-related factors holds
paramount importance in the emergency
department, as they serve as crucial determinants
for swiftly assessing and managing urgent medical
conditions. These factors encompass essential
background information, including the patient's
medical history, symptom severity, and current
health conditions. The evolution of artificial
intelligence  technology has elevated the
consideration of these factors, with Al systems
being employed to expedite the analysis of
medical information with greater precision.
Artificial intelligence algorithms play a pivotal
role in medical decision-making, disease
diagnosis, and the prediction of clinical outcomes.
These Al tools enhance decision-making
processes and facilitate early disease detection,
ultimately contributing to an elevated standard of
care and an improved quality of life for patients.
In this context, the current review delves into the
impact of evolving artificial intelligence
technology on patient-related factors within the
emergency department.

Basics of Al and Its Characteristics in the
Development of the Emergency Department

The incorporation of Al has had a substantial
influence on the progress of emergency rooms,
providing crucial innovations to the delivery of

healthcare.  Artificial intelligence expedites
prompt and precise diagnoses by using machine
learning  algorithms,  assisting  healthcare

practitioners in swiftly identifying important
problems [23]. Furthermore, it improves the
efficiency of emergency department procedures
and the allocation of resources, hence boosting
overall effectiveness [24]. Machine learning
applications in emergency care enhance the
independence and effectiveness of decision-
making processes [25]. Al is crucial in prehospital
emergency care since it allows for prompt
evaluation and treatment of patients prior to their
arrival at the emergency department [19].
Furthermore, it enhances the efficiency of systems
for prioritizing patients, evaluating their severity,
and determining the best course of action, thereby
guaranteeing prompt and suitable medical
attention. Algorithmic transparency and patient
privacy are crucial ethical issues in the responsible
integration of Al in emergency care. Essentially,
the integration of Al improves the ability to
diagnose, simplifies the processes, and promotes
more effective and morally sound patient care in
emergency rooms [26].

Applicable applications of artificial intelligence
in emergency medicine

Predictive analytics

Predictive analytics, a crucial application of
artificial intelligence (Al) in emergency medicine,
plays a significant role in enhancing patient care
and resource management. By leveraging vast
amounts of patient data, Al utilizes predictive
analytics to forecast outcomes, identify potential
medical issues, and streamline clinical operations.
This approach aids in early detection of
conditions, optimizing triage processes, and
predicting patient admission probabilities. The
integration of predictive analytics in emergency
medicine is evident in studies such as the
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"Predictive and Advanced Analytics in
Emergency Medicine" trial [27]. This trial focuses
on neurological deficits, showcasing the diverse
applications of predictive analytics in specific
medical scenarios. Furthermore, the systematic
review by Arnaud et al. explores the methods used
to handle missing data in emergency medicine
research, highlighting the importance of robust
data handling in predictive modeling [28].
Implementing prediction models in emergency
settings requires careful consideration to ensure
providers respond appropriately to the insights
provided [29]. The power of predictive analytics
extends beyond patient care, influencing staffing
strategies within hospitals as demonstrated by
Matthew Ledges in the reassessment of labor
strategies [30].

Al image recognition

Al image recognition is a significant application
in emergency medicine, enhancing diagnostic
capabilities and improving patient care. Utilizing
artificial intelligence algorithms, emergency
physicians can benefit from the rapid analysis of
medical images, aiding in early detection and
accurate diagnosis. This technology extends
beyond traditional methods, providing support in
areas such as identifying patterns and trends in
data, enabling more efficient and precise decision-
making. Studies, including one by Kirubarajan et
al., emphasize the increasing popularity of
artificial intelligence in medicine, with a focus on
the broad field of Al in healthcare, including
image recognition [31]. Another viewpoint from
Chenais et al. discusses deep ensemble multitask
classification using multimodal data, showcasing
the potential for Al to improve emergency medical
dispatch ~ through image analysis [18].
Furthermore, a scoping review by Liu categorizes
studies in Al in emergency medicine into
domains, emphasizing the feasibility of Al in
assisting dispatchers and clinicians through image
recognition [32]. The versatility of Al image
recognition contributes to its application in
various aspects of emergency care, from early

recognition of critical conditions to supporting
ongoing medical trials and research [32].

Al chatbots

Al-powered chatbots play a crucial role in medical
emergencies by providing real-time guidance,
assistance, and information. These intelligent
companions leverage artificial intelligence to
process and generate human language, allowing
them to interact with users effectively [33]. In
healthcare  settings,  particularly  during
emergencies, Al chatbots can assist in triaging
patients, providing initial medical advice, and
helping users schedule appointments. Examples
include chatbots like Babylon Health, Ada Health,
and Florence, which are recognized for their
contributions to healthcare. Studies, such as the
one by Ventura et al., emphasize the potential of
Al chatbots in emergency medical services,
highlighting their ability to offer real-time
guidance and foster engagement [34]. The
versatility of Al-powered chatbots extends beyond
emergencies, with applications in medical
education, as discussed by Ghorashi et al., where
they are evaluated for various tasks [35]. The
benefits of Al chatbots in healthcare include
handling user queries, simulating intelligent
conversations, and enhancing patient engagement.
With integrated databases and applications, these
chatbots can efficiently answer questions about
healthcare  organizations' schedules, health
coverage, and insurance [36].

Al models in Triage

Triage stands as a crucial process within
emergency departments (EDs), playing a pivotal
role in orchestrating efficient and effective
healthcare delivery. Its significance unfolds across
various dimensions: Firstly, triage swiftly
identifies the urgency of patients' conditions,
empowering healthcare professionals to prioritize
those in immediate need. This timely intervention
for critical cases significantly enhances overall
patient outcomes [37]. Secondly, the process
optimizes resource allocation by categorizing
patients based on medical urgency. This strategic
sorting ensures the optimal use of limited
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resources, directing them towards the most critical
cases. This, in turn, boosts the efficiency of
healthcare delivery in emergency settings [38].
Moreover, triage minimizes delays in providing
care by enabling rapid assessment and
prioritization. Healthcare providers can promptly
initiate necessary interventions, reducing the time
between a patient's arrival and the commencement
of treatment [39]. In the context of mass casualty
incidents or  disasters, triage  becomes
indispensable for managing a surge of patients. It
ensures the efficient utilization of available
resources to address the diverse medical needs
arising from emergencies. Lastly, triage
contributes to maintaining a smooth patient flow
within the ED. By prioritizing patients based on
urgency, it prevents congestion, improves
workflow, and aids in managing ED overcrowding
more effectively [41,42].

Artificial Intelligence (Al) has ushered in a
transformative era in patient triage within the
Emergency Department (ED), reshaping the
efficiency and precision of this critical process.
Various Al models have emerged, each offering
distinct advantages in enhancing patient triage:
Firstly, machine learning-based models have
proven instrumental in cardiovascular disease
triage within the ED, aiding decision-making for
patients suspected of having such conditions [43].
Moreover, researchers at Johns Hopkins have
developed a highly effective Al tool tailored for
emergency triage, utilizing artificial intelligence
to streamline the process and elevate decision-
making within the ED [43]. In the context of acute
abdominal pain, Al applications have been
evaluated to estimate the emergency severity
index, prioritizing patient care based on the
severity of their condition [44]. Comparative
studies involving different Machine Learning
models, including Logistic Regression, Random
Forest Tree, and NN-Sequentail, have been
conducted to process triage data in medical
emergency departments [19]. The integration of
Al in emergency triage represents a paradigm
shift, expediting the process and reducing wait

times. This innovative approach leads to more
efficient and timely patient assessments,
ultimately contributing to improved patient
outcomes [45]. In summary, the diverse
applications of Al models in ED triage showcase
their collective potential in enhancing the
accuracy and speed of the triage process, thereby
positively impacting patient outcomes.

Impact of Al on Patient Stratification in
Emergency Department

Al has a significant impact on patient stratification
in the emergency department (ED). Studies
highlight that Al-based tools in the ED aim to
improve patient outcomes by enhancing the
process of patient stratification. These tools utilize
advanced algorithms to analyze diverse patient
data, including medical history, symptoms, and
diagnostic results. The application of Al in patient
stratification enables more accurate identification
of critical cases, allowing healthcare professionals
to prioritize and allocate resources efficiently. By
leveraging Al, emergency medicine benefits from
enhanced decision-making processes, leading to
improved patient care and outcomes through
targeted and timely interventions [19,46-48].

Al tools in the Emergency Department (ED)
employ sophisticated algorithms and machine
learning techniques to analyze diverse patient
data, facilitating more precise risk stratification.
Notably, the Automated Appendicitis Risk
Stratification Algorithm automates the assessment
of appendicitis risk for pediatric patients, ensuring
timely and accurate evaluations [19]. Triage tools
and chatbots powered by Al contribute to efficient
patient triage, optimizing resource allocation, and
ensuring prompt care from healthcare
providers[49]. Furthermore, machine learning is
leveraged to create risk-stratification tools, aiding
in the assessment of acute heart failure in ED
patients [19]. Additionally, Al tools for
documentation and computer use enhance
workflow efficiency and maintain comprehensive
patient records in the ED, contributing to
improved decision-making for clinicians [27].
Altogether, these Al applications play a vital role
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in achieving better patient outcomes, streamlining
workflow for healthcare professionals, and
enhancing overall decision-making processes
within the Emergency Department [50].

Al models and patient mortality in Emergency
departments

Global patient mortality rates in emergency
departments (EDs) exhibit considerable variation
influenced by factors such as healthcare
infrastructure, socio-economic conditions, and
public health measures. Recent research has
uncovered diverse aspects of patient mortality in
Eds [42]. The COVID-19 pandemic has notably
impacted ED visits and mortality rates, with some
studies indicating a decrease in visits during the
pandemic, potentially affecting mortality rates
[51]. The correlation between ED crowding and
short-term  mortality has been explored,
highlighting the need for further investigation into
this critical aspect of emergency care [52].
Analysis of mortality rates following hospitals
reveals fluctuations over time, offering valuable
insights to understand trends and identify potential
areas for improvement in emergency care
practices. Investigations into death and end-of-life
care in EDs shed light on the percentage of overall
patients affected, providing insights into the
broader context of mortality within these
healthcare settings [21].

The impact of Al on patient mortality in the
Emergency Department (ED) is an area under
active investigation, revealing a nuanced
landscape with potential advantages and ethical
considerations. Notably, certain studies, such as
the examination of Al's role in predicting adverse
outcomes in the ED, report no significant disparity
in ICU admission or all-cause mortality rates
between Al-utilizing and non-Al groups [53].
Moreover, Al-based Clinical Decision Support
Tools (CDSTs) showcase promise in hastening
treatment and identifying high-risk patients,
enabling timely interventions that can potentially
influence patient outcomes positively [19].
However, healthcare professionals recognize the
ethical dimensions associated with deploying Al

applications for mortality prediction, prompting
ongoing exploration and scrutiny of ethical
considerations within healthcare settings [54].
Additionally, Al's capability to expedite patient
categorization in emergency  medicine
departments stands out, offering a potential
avenue for enhancing the overall efficiency of
patient care compared to traditional methods [41].
Furthermore, research on Al decision points in ED
triage demonstrates its utility in predicting mid-
term survival, providing valuable insights for
resuscitation decision-making [55]. While the
implementation of Al in the ED holds promise for
improving patient outcomes, it is crucial to
underscore the necessity for continued research
and a conscientious approach to ethical
considerations to fully unlock its potential
benefits.

Different Al Models" Impact on Cost for
Patients in the Emergency Department

The importance of cost for patients in the
Emergency Department (ED) is paramount,
encompassing both financial and healthcare
dimensions. Elevated expenses related to
emergency care, including copayments and
uncovered services, can impose significant
financial strain on individuals, potentially leading
to unforeseen and burdensome financial
obligations. This financial burden may force
patients to delay seeking essential emergency care
or even forgo it altogether, compromising their
health and exacerbating medical conditions [56].
The impact of cost on patient decision-making is
evident, as high out-of-pocket expenses influence
healthcare-seeking behavior, potentially leading
to treatment delays and adverse health outcomes
[57-58]. Affordability thresholds for emergency
department visits, particularly for those with
private insurance, underscore the critical need for
solutions that make emergency care financially
accessible. Efforts to address the cost implications
associated with ED visits are vital not only for
financial well-being but also for ensuring
equitable and timely access to emergency
healthcare [18].
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Al models deployed in Emergency Departments
(ED) have a promising impact on reducing costs
for patients. These models contribute to enhanced
efficiency by expediting assessments and
interventions, potentially decreasing the time
patients spend in the ED [20]. Through optimal
resource allocation and improved workflow, Al
aids in minimizing operational costs by ensuring
effective utilization of staff, equipment, and
facilities. The positive influence extends to patient
outcomes, as Al-driven decision-making can
prevent complications and readmissions, leading
to long-term healthcare cost reductions.
Additionally, the streamlined  operations
facilitated by Al technologies may contribute to
lowering administrative  overhead, further
enhancing cost-effectiveness [18]. While the
initial implementation involves investment, the
overall trajectory indicates that Al in the ED holds
the potential to positively influence the financial
burden on patients by improving efficiency,
optimizing resources, and fostering better
healthcare outcomes [59].

Conclusion

The integration of Artificial Intelligence (Al) into
Emergency Departments (EDs) marks a
transformative era in patient care, impacting
critical facets such as risk stratification, mortality
analysis, and cost reduction. In patient
stratification, Al tools utilizing advanced
algorithms enhance precision in risk assessment,
streamlining resource allocation and optimizing
patient prioritization. Although the impact of Al
on patient mortality is under active exploration, its
potential in hastening treatment and identifying
high-risk cases is evident. Ethical considerations
are crucial, emphasizing the need for continued
scrutiny and responsible implementation in
healthcare settings. Moreover, Al contributes
significantly to cost reduction by improving
operational efficiency, decreasing wait times, and
preventing complications, ultimately alleviating
financial burdens on patients. The collective
applications of Al in emergency medicine
showcase promise in revolutionizing healthcare

delivery, fostering better patient outcomes, and
optimizing resource utilization. As Al continues to
evolve, ongoing research, ethical considerations,
and responsible implementation remain essential
to fully unlock its potential benefits. The journey
towards an Al-driven emergency healthcare
landscape requires a collaborative effort to
address challenges, ensuring that advancements
positively impact both patients and healthcare
professionals. The intersection of Al and
emergency medicine holds immense potential for
the future, offering a pathway to more efficient,
precise, and accessible emergency care.
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