IAJPS 2025, 12 (10), 337-344 Ammar Jamal Abdullah Alhindi et al ISSN 2349-7750

CODEN [USA]: IAJPBB ISSN : 2349-7750

@
Ir‘* INDO AMERICAN JOURNAL OF

! I JPS PHARMACEUTICAL SCIENCES

uﬁ“cif’é’é.“éﬁéé’g SJIF Impact Factor: 7.187

https://doi.org/10.5281/zenodo.17333967
(1 |H|||\|H||||\||||||\|||||H\|H\|||\| T T D

e 10 etk 25

Available online at: http://www.iajps.com Review Article

THE ROLE OF TECHNOLOGY IN ENHANCING
EMERGENCY MEDICAL SERVICES: A REVIEW OF
CURRENT RESEARCH

!Ammar Jamal Abdullah Alhindi, 2Sami Mousa Hassan Alfaifi, *Murhaf Ehsan
Mohammed Doum, *Abdullah Ahmed Alfifa, >Abdullah Ruzig R Almutiri, SFawaz
Mohammed Alzahrani, ‘Khaled Saad Ali Algarni, 8Abdulaziz Hashim Alansari,
*Mohammed Farhan Alotaibi, °Tahir Zayid Ziad Almutayri
1Specialist, Emergency Medical Services, Red Crescent Jeddah, Amhindil5@gmail.com
2Technician, Emergency Medical Services, Red Crescent Jeddah, sa1407a2010@gmail.com
3Technician, Emergency Medical Services, Red Crescent Jeddah, M.doum997 @gmail.com
“Technician, Emergency Medical Services, Red Crescent Jeddah, Aa.sa89@outlook.sa
°Specialist, Emergency Medical Services, Red Crescent Jeddah, alraeg_31@hotmail.com
Technician, Emergency Medical Services, Red Crescent Jeddah, Fawaz997997 @gmail.com
"Technician, Emergency Medical Services, Red Crescent Jeddah, 88ksnn@gmail.com
8Specialist, Emergency Medical Services, Red Crescent
Jeddah, Abdulaziz_alansari@outlook.com
Technician, Emergency Medical Services, Red Crescent Jeddah, Mfz15194@gmail.com
OTechnician, Emergency Medical Services, Red Crescent Jeddah, thir997@gmail.com

Abstract:

Emergency Medical Services (EMS) operate under immense pressure, where time-sensitive outcomes are
challenged by systemic inefficiencies, including prolonged response times and fragmented data. Technological
innovation is rapidly transforming prehospital care, yet a synthesized overview of its impact across the entire
EMS spectrum is needed. This review aims to comprehensively map and synthesize current research on the role
of technology in enhancing EMS, from emergency activation to patient handover, focusing on practical
applications and measurable outcomes. Employing a scoping review methodology, a systematic search of major
bibliographic databases (e.g., PubMed, Scopus, IEEE Xplore) was conducted for literature published between
2010 and 2024. A thematic analysis structured findings according to the EMS "Chain of Survival" framework.
The analysis reveals that technology is fundamentally reshaping all phases of EMS. Key advancements include
Artificial Intelligence (Al) for dispatch triage and prediction, drones for delivering medical supplies, telemedicine
for real-time guidance, portable diagnostics like point-of-care ultrasound, and electronic patient care records for
seamless data integration. These innovations demonstrate a significant impact on clinical outcomes for time-
critical conditions (e.g., STEMI, stroke, trauma) and measurable improvements in operational efficiency, such as
reduced response times. Critical challenges identified include high costs, interoperability issues, data privacy
concerns, and the need for effective provider training. Technology is a transformative force in EMS, enhancing
situational awareness, clinical decision-making, and system efficiency. To fully realize its potential, future efforts
must prioritize strategic investment, human-centered design, standardized evaluation, and policies that ensure
equitable access, thereby building more responsive, effective, and resilient emergency medical services.
Keywords: Emergency Medical Services, Prehospital Care, Artificial Intelligence, Telemedicine, Operational E
fficiency
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1. INTRODUCTION:
1.1. The Critical Role and Evolving Challenges of
Emergency Medical Services (EMS)
Emergency Medical Services (EMS) represent the
critical first link in the chain of survival for millions
of individuals experiencing acute illness or injury
worldwide. As a mobile, community-based extension
of the emergency healthcare system, EMS is tasked
with providing timely prehospital care, stabilization,
and transport to definitive treatment facilities
(Razzak & Kellermann, 2002). The effectiveness of
this intervention is often measured against the
backdrop of time-sensitive pathologies, where
outcomes are directly tied to the speed and quality of
initial care.
1.1.1. The "Golden Hour' and Time-Sensitive
Nature of Prehospital Care
The concept of the "golden hour'"—the critical
period following a traumatic injury during which
there is the highest likelihood that prompt medical
treatment will prevent death—underscores the time-
dependent nature of EMS (Alotaibi et al., 2023).
This principle extends beyond trauma to conditions
like acute myocardial infarction, stroke, and cardiac
arrest, where every minute of delay correlates with
increased mortality and morbidity. The primary
mission of EMS is to compress the time between the
onset of an emergency and the delivery of advanced
care, a challenge that defines its operational and
clinical priorities.
1.1.2. Systemic Pressures: Response Times,
Resource Allocation, and Data Silos
Despite its vital role, EMS systems globally face
immense and growing pressures. Key performance
indicators such asresponse times are perpetually
challenged by urban congestion, rural distances, and
increasing call volumes (Alkuwayti et al.,
2023). Resource allocation remains a complex
puzzle, balancing the strategic positioning of
ambulances and personnel with fluctuating,
unpredictable demand (Apiratwarakul et al., 2025).
Furthermore, EMS often operates in informational
vacuums; critical patient data resides in data silos,
leading to fragmented care and a lack of situational
awareness for both prehospital providers and
receiving hospitals (Landman et al., 2012; Seth et
al., 2025). These systemic inefficiencies can impede
the delivery of optimal patient care and strain
healthcare systems.

1.2. Technology as a Catalyst for Change in EMS
In response to these persistent challenges, technology
has emerged as a powerful catalyst for
transformation, offering novel solutions to age-old
problems in emergency response.

1.2.1. The Shift from Analog to Digital: A

Paradigm Shift in Emergency Response

The evolution from analog radio dispatch and paper
patient care reports to integrated digital ecosystems
represents a paradigm shift. This transition enables
seamless data flow, enhanced communication, and
data-driven decision-making (Handel et al., 2011).
Modern EMS is increasingly characterized by digital
infrastructure that connects dispatchers,
ambulances, hospitals, and even patients, creating a
more cohesive and intelligent emergency response
network (Mitropoulos et al., 2025).

1.2.2. Defining the Scope: From
Communication Tools to Artificial
Intelligence

The scope of technology in EMS is vast and
continually expanding. It ranges from foundational
advancements like Fifth-Generation (5G) mobile
technology, which supports real-time video
transmission and massive data exchange (Kim et al.,
2020), to sophisticated Artificial Intelligence
(Al) algorithms that can predict ambulance demand,
optimize dispatch, and even assist in clinical
diagnosis (Alhur, 2024; Geetanjali et al., 2024). This
review considers a broad spectrum, including
telemedicine,  portable  diagnostics,  smart
ambulances, electronic patient care records (ePCR),
and advanced training simulations like Extended
Reality (XR), all aimed at enhancing the efficiency
and effectiveness of emergency care (Zhang et al.,
2025; Hampiholi, 2024).

1.3. Rationale and Scope of the Review

1.3.1.  The Need for a Synthesized Overview of a

Rapidly Evolving Field

The pace of technological innovation in EMS is
rapid, with research and development occurring
across multiple disciplines—from computer science
and engineering to clinical medicine and public
health. This has resulted in a dispersed body of
literature. There is a pressing need for a synthesized,
comprehensive overview that consolidates current
knowledge, identifies convergent trends, and
highlights the tangible impact of these technologies
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on both clinical outcomes and operational
performance.
1.3.2.  Focusing on Practical Applications and
Measurable Outcomes
This review will deliberately focus on technologies
with demonstrated or potential practical
applications in real-world EMS settings. The
emphasis  will be on evaluating measurable
outcomes, such as reductions in response and on-
scene times, improvements in diagnostic accuracy,
enhancements in patient survival and recovery rates,
and increases in provider efficiency and satisfaction
(lgen et al., 2013; Dimitrov et al., 2025). The goal
is to move beyond theoretical promise and assess the
evidence for actual impact.
1.4. Research Objective
To address the identified gap, this review aims to
comprehensively review and synthesize current
research on the role and impact of various
technologies across the EMS spectrum, from
emergency dispatch to patient handover at the
hospital.

2. METHODOLOGY:

2.1. Review Design

2.1.1. Narrative / Scoping Review Framework
This study employed a narrative and scoping review
methodology. A scoping review was deemed the
most appropriate approach to map the rapidly
evolving and multidisciplinary body of literature on
technology in Emergency Medical Services (EMS).
The primary aim was to systematically identify,
categorize, and synthesize the key concepts, types of
evidence, and gaps in research related to this broad
field, rather than to appraise the quality of evidence
or pool data for a meta-analysis. This framework
allows for the inclusion of diverse study designs,
including original  research, reviews, and
commentary articles, providing a comprehensive
overview of the technological landscape in
prehospital care.

2.2. Search Strategy

2.2.1. Information Sources

A systematic search was conducted across several
major electronic bibliographic databases to ensure
comprehensive coverage of both medical and
engineering literature. The databases searched
included:

e  PubMed/MEDLINE

Scopus

Web of Science

IEEE Xplore

Cochrane Library

Additionally, manual searches of the reference
lists of included articles and key review papers
were performed to identify further relevant
studies.

2.2.2.  Search Terms and Syntax

The search strategy utilized a combination of
keywords and controlled vocabulary terms (e.g.,
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MeSH in PubMed) related to three core concepts: (1)
Emergency Medical Services, (2) Technology, and
(3) Prehospital Care. The Boolean logic structure
was as follows:

("Emergency Medical Services" OR EMS OR "pre-
hospital” OR "out-of-hospital” OR ambulance OR
paramedic) AND (technolog OR digital OR
"artificial intelligence” OR Al OR "machine
learning” OR telemedicine OR drone* OR "smart
device" OR "electronic health record"” OR
simulation) AND ("emergency care" OR
"prehospital care” OR "emergency response” OR
dispatch).

This search string was adapted to the specific syntax
and indexing of each database. The search was
limited to studies published between January 2010
and December 2024 to capture the most recent
technological advancements.
2.3. Inclusion and Exclusion Criteria
2.3.1. Focus on Prehospital and Emergency
Care Settings
Studies were included if they explicitly focused on
the application of technology within the prehospital
and emergency care domain. This encompassed all
phases of the EMS response, from activation and
dispatch, through in-ambulance care and transport,
to handover at the emergency department.
Technologies aimed at improving communication,
data integration, clinical decision support, patient
monitoring, and operational efficiency were all
considered.
2.3.2.  Emphasis on Studies from 2010-Present
To ensure the review's relevance and reflect the
current state of technology, the inclusion was
restricted to literature published from 2010 onward.
This timeframe captures the era of significant
advancements in mobile computing, artificial
intelligence, and telecommunication technologies
that have profoundly impacted EMS. Articles not
available in English and those for which the full text
could not be retrieved were excluded.
2.4. Data Extraction and Synthesis
2.4.1. Thematic Analysis Approach
Following the study selection, a thematic analysis
was conducted to identify, analyze, and report
patterns (themes) within the data. Key information
from each included study was extracted into a
standardized data-charting form. This included
details on the technology described, its application
within the EMS spectrum, reported outcomes (both
clinical and operational), and identified challenges.
Through an iterative process of reading and re-
reading the extracted data, initial codes were
generated and subsequently collated into potential
themes.
2.4.2. Structuring Findings by the EMS
""Chain of Survival"
The synthesized themes were organized and
presented according to the conceptual framework of
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the EMS "Chain of Survival." This well-established

model provided a logical and clinically relevant

structure to categorize the findings. The review

analyzed the role of technology at each critical link

in the chain:

e Phase 1: Activation and Dispatch

e Phase 2: Pre-Arrival and Scene Management

e Phase 3: In-Ambulance Care and Patient
Monitoring

e Phase 4: Communication and Data Integration

e Phase 5: Training and Simulation

This approach ensures that the review's outcomes

are directly applicable to the workflow and

challenges faced by EMS systems and practitioners.

3. Results: Thematic Analysis
The analysis of the literature revealed that
technological innovations are being integrated
across every phase of the Emergency Medical
Services (EMS) continuum. The findings are
structured according to the EMS "Chain of Survival"
to provide a coherent framework for understanding
their sequential impact.
3.1. Phase 1: Activation and Dispatch
The initial phase of an emergency response has been
transformed by digital technologies that enhance
situational awareness and decision-making at the
dispatch center.
3.1.1. Next-Generation 911 (NG911) and GIS-
Enabled Systems
NG911 systems represent a critical upgrade from
legacy 911, enabling the reception of text, video, and
data in addition to voice calls. This allows
dispatchers to receive photos of a car accident or a
live video feed from a bystander’s smartphone,
providing invaluable contextual information
(Abualenain, 2024). Coupled with Geographic
Information Systems (GIS), these technologies
enable precise caller location tracking and the
dynamic, real-time mapping of ambulance locations,
significantly improving the accuracy and speed of
resource deployment (Alkuwayti et al., 2023;
Friesen et al., 2024).
3.1.2. Al-Powered Dispatch Triage and
Resource Prediction
Acrtificial Intelligence (Al) is being leveraged to
analyze emergency call data in real-time.
Algorithms can now assist dispatchers by suggesting
the most likely chief complaint based on the caller's
language, thereby improving the accuracy of initial
triage (Alhur, 2024). Furthermore, predictive
analytics use historical data on incident frequency
and location to forecast demand, allowing for
proactive, data-driven positioning of ambulances to
reduce response times in anticipated hotspots
(Geetanjali et al., 2024).
3.2. Phase 2: Pre-Arrival and Scene Management
Technology is bridging the gap between the call for
help and the arrival of professional responders,
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empowering bystanders and optimizing scene
management.
3.2.1. Telemedicine and Real-Time Video
Consultation for Bystanders and Providers
Telemedicine  platforms  enable  emergency
physicians or paramedic supervisors to provide real-
time guidance to bystanders or first-on-scene first
responders. Through video links, a remote clinician
can coach an untrained individual through CPR or
hemorrhage control, effectively initiating critical
care before the ambulance arrives (Kim et al., 2020;
Seth et al.,, 2025). For providers on scene, this
facilitates consultation with specialists for complex
cases, such as stroke or trauma.
3.2.2. Drone-Delivered  Medical
(AEDs, Naloxone)
Unmanned Aerial Vehicles (UAVS), or drones, are
being deployed to deliver time-sensitive medical
equipment to emergency scenes. They can transport
Automated External Defibrillators (AEDs) to a
cardiac arrest location faster than a ground vehicle
can navigate traffic, or deliver naloxone to a
suspected opioid overdose site, drastically
compressing the time to first intervention (Alotaibi
et al., 2023; Abualenain, 2024).
3.3. Phase 3: In-Ambulance Care and Patient
Monitoring
The ambulance itself is evolving into a
technologically advanced mobile critical care unit.
3.3.1. Advanced Vehicle Technology
(Telematics, Routing Optimization)
Modern ambulances are equipped with telematics
systems that monitor vehicle performance and
location. Integrated with real-time traffic data,
advanced routing algorithms can dynamically
calculate the fastest route to the scene and then to the
most appropriate hospital, avoiding congestion and
minimizing transport times (Hampiholi, 2024;
Mitropoulos et al., 2025).
3.3.2. Portable Diagnostic Devices (Point-of-
Care Ultrasound, Handheld Labs)
The availability of portable, ruggedized diagnostic
tools is expanding the diagnostic capabilities of
paramedics. Point-of-Care Ultrasound (POCUS)
allows for the rapid assessment of internal bleeding,
cardiac activity, or lung conditions in the field.
Similarly, handheld laboratory devices can provide
rapid blood test results (e.g., lactate, glucose),
guiding early treatment decisions (Seth et al., 2025;
Alanazi et al., 2025).
3.3.3.  Continuous Vital Sign Monitoring and
Transmission
Patients are now routinely connected to monitors
that continuously track vital signs (e.g., ECG, blood
pressure, oxygen saturation). These data can be
wirelessly transmitted in real-time to the receiving
hospital, providing the emergency department team
with a comprehensive preview of the patient's status
and enabling them to better prepare for their arrival
(Kim et al., 2020; Hampiholi, 2024).

Supplies
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3.4, Phase 4:
Integration
Seamless information flow is critical for continuity
of care and system-wide efficiency.
3.4.1.  Electronic Patient Care Reporting (ePCR)
Systems
ePCR systems have largely replaced paper forms,
enabling paramedics to document patient care
digitally. These systems reduce errors, streamline
data entry, and create structured databases that are
invaluable for quality improvement, research, and
billing (Landman et al., 2012; Alhur, 2024).
3.4.2. Health Information Exchange (HIE) and
Prehospital Notification to Hospitals
Integration with Health Information Exchanges
(HIEs) allows EMS providers to access a patient's
medical history, medications, and allergies, which is
crucial for informed decision-making, especially in
patients who cannot communicate (Handel et al.,
2011). Coupled with standardized prehospital
notification protocols, this ensures the hospital is
prepared with the right team and resources the
moment the patient arrives (Reddy et al., 2009).
3.43. The Role of 5G and Satellite
Communication
The high bandwidth, low latency, and massive
device connectivity of 5G networks are foundational
to many of these advancements, supporting reliable
real-time video transmission and massive data
uploads from the ambulance (Kim et al., 2020). In
remote or disaster-stricken areas where terrestrial
networks fail, satellite communication provides a
resilient backup to maintain communication links
(Baig et al., 2024).
3.5. Phase 5: Training and Simulation
Technology is revolutionizing how EMS providers
acquire and maintain their skills in a safe, controlled
environment.
3.5.1. Virtual Reality (VR) and Augmented
Reality (AR) for Skill Acquisition
VR creates immersive, realistic training scenarios
for rare high-acuity events like mass-casualty
incidents, allowing teams to practice triage and
coordination without real-world consequences. AR
can overlay digital information, such as anatomical
guides or procedural steps, onto a manikin or
training environment, enhancing the learning
experience (Zhang et al., 2025; llgen et al., 2013).
3.5.2. High-Fidelity Simulation and Debriefing
Technologies
High-fidelity patient simulators that mimic
physiological responses provide a platform for
practicing complex clinical skills. These sessions are
often recorded with audio and video, allowing for
detailed debriefing where providers can review their
performance, identify areas for improvement, and
reinforce best practices (llgen et al., 2013;
Apiratwarakul et al., 2025).

Communication and Data

4, Discussion
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This review has systematically mapped the
technological landscape transforming
Emergency Medical Services, revealing a field
in rapid evolution. The findings demonstrate
that technology is no longer a peripheral tool
but a central driver enhancing every link in the
EMS chain of survival, from the initial call for
help to definitive care and ongoing training.
4.1. Synthesis of Key Findings
4.1.1. Demonstrated Impact on Clinical
Outcomes (e.g., STEMI, Stroke, Trauma)
The cumulative evidence indicates that technology
integration directly correlates with improved patient
outcomes for time-sensitive conditions. The ability
to transmit 12-lead ECGs from the field for STEMI
activation, coupled with Al-powered routing to
bypass crowded emergency departments in favor of
dedicated cardiac catheterization labs, has been
shown to significantly reduce door-to-balloon times
(Alhur, 2024; Geetanjali et al., 2024). Similarly, for
stroke, real-time video consultation with
neurologists enables more accurate prehospital
assessment,  ensuring  rapid  transport  to
comprehensive stroke centers and increasing the
likelihood of thrombolytic administration within the
critical window (Kim et al., 2020). In trauma, point-
of-care ultrasound (POCUS) allows for the early
identification of internal hemorrhage, enabling more
accurate triage and preparation at trauma centers,
which is crucial for improving survival rates (Seth et
al., 2025).
4.1.2. Measured Improvements in Operational
Efficiency (Response Times, Resource Use)
Beyond clinical impact, technology delivers
substantial operational gains. Al-driven predictive
analytics for ambulance deployment and dynamic
routing algorithms have consistently demonstrated
reductions in average response times by optimizing
resource allocation against predicted demand
(Alkuwayti et al., 2023; Mitropoulos et al., 2025).
The implementation of Electronic Patient Care
Reporting (ePCR) systems streamlines
administrative workflows, reduces documentation
errors, and creates rich datasets that empower
agencies to analyze performance metrics, identify
bottlenecks, and justify resource needs through
concrete evidence (Landman et al., 2012). These
efficiencies translate into more responsive services
and better resource stewardship.
4.2. Overarching Benefits and Opportunities
4.2.1. Enbhanced Situational Awareness and
Decision Support
A unifying benefit across all technological domains
is the dramatic enhancement of situational
awareness. From NG911 providing dispatchers with
video context to continuous vital sign transmission
giving emergency departments a live preview of an
incoming patient, information asymmetry is being
reduced (Abualenain, 2024; Hampiholi, 2024). This
creates a more integrated and prepared emergency
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ecosystem. For the paramedic on scene, decision
support  tools, from Al-assisted triage to
telemedicine consultation, act as a force multiplier,
augmenting their clinical expertise and confidence
in managing complex cases (Alhur, 2024).
4.2.2. Data-Driven Quality Improvement and
Research
The shift from paper-based to digital systems has
unlocked the potential for robust, data-driven quality
improvement. The structured data from ePCRs and
operational telematics provide an unprecedented
opportunity to move from anecdotal to evidence-
based practice in EMS (Handel et al., 2011).
Agencies can now analyze response patterns,
intervention effectiveness, and patient outcomes on
a population level, fostering a cycle of continuous
improvement and generating a valuable evidence
base for prehospital research that was previously
difficult to assemble.
4.3. Critical Challenges and Barriers to
Implementation
4.3.1. High Costs, Interoperability Issues, and
Digital Infrastructure
The promise of technology is tempered by
significant implementation barriers. The initial
capital outlay for advanced hardware and software,
along with ongoing maintenance costs, can be
prohibitive, particularly for rural or low-resource
services (Baig et al., 2024; Friesen et al., 2024). A
pervasive challenge is the lack of interoperability—
the inability of systems from different vendors or
agencies to seamlessly communicate and share data
creates information silos that undermine the goal of
integrated care (Reddy et al., 2009; Seth et al.,
2025). Furthermore, the reliance on robust digital
infrastructure, such as high-speed broadband and 5G
networks, highlights a stark digital divide between
urban and remote areas.

4.3.2. Data Privacy, Security, and Regulatory

Hurdles
The transmission and storage of sensitive
patient health information between mobile units
and hospitals raise critical concerns regarding
data privacy and security, requiring robust
cybersecurity measures to prevent breaches
(Alhur, 2024). The regulatory landscape often
struggles to keep pace with technological
innovation, creating uncertainty around the
approval and use of new devices and software
in prehospital care, potentially slowing
adoption (Zhang et al., 2025).
4.3.3. Provider Training, Usability, and
Technology Acceptance
Technology is only as effective as the people using
it. Poorly designed interfaces that are not tailored to
the high-stress, time-pressured EMS environment
can lead to user error and frustration (Landman et
al.,, 2012). Successful implementation requires
comprehensive and ongoing training to ensure
provider competency and, crucially, to foster a
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culture of technology acceptance. Resistance to
change and the perception that technology may de-
skill their role or disrupt established workflows can
be significant barriers to adoption.
4.4. Ethical and Practical Considerations
4.4.1. The Digital Divide and Equitable Access
to Advanced EMS
There is a tangible risk that technological
advancements could exacerbate existing health
disparities. Wealthy, urban communities may
benefit from drone-delivered AEDs and Al-powered
dispatch, while rural and low-income areas are left
with legacy systems (Razzak & Kellermann, 2002).
Ensuring equitable access to technologically
enhanced EMS is an urgent ethical imperative that
must be addressed through targeted policy and
funding.
4.4.2. Balancing Human Expertise with
Algorithmic Decision-Making
As Al systems become more involved in triage and
clinical decision support, a critical balance must be
struck. Over-reliance on algorithms could lead to the
erosion of paramedic clinical judgment and
intuition. The role of technology should be to
support, not supplant, the human provider. Clear
governance frameworks are needed to define the
scope of algorithmic recommendations and maintain
ultimate clinical accountability with the trained
professional.
4.5. Future Directions and Emerging Trends
4.5.1. The Promise of Artificial Intelligence and
Predictive Analytics
The future of EMS technology lies in more
sophisticated and pervasive Al. This includes the
development of generative Al for enhanced dispatch
communication, predictive models for identifying
patients at risk of specific medical events before they
occur, and clinical decision support tools that
integrate multimodal data (e.g., vital signs, patient
history, environmental data) to provide nuanced
diagnostic and treatment recommendations (Alhur,
2024; Geetanjali et al., 2024).
4.5.2. Integration with Smart City
Infrastructure and Community Paramedicine
EMS will increasingly integrate with the broader
"smart city" ecosystem. Ambulances could
communicate directly with traffic signals to create
"green waves," and data from public sensors could
automatically alert EMS to incidents like traffic
collisions (Mitropoulos et al., 2025). Furthermore,
technology will empower community paramedicine
programs, allowing paramedics to conduct remote
patient monitoring and virtual check-ins for chronic
disease management, shifting EMS from a purely
reactive to a more proactive model.
4.5.3. The "Connected Ambulance' as a Mobile
Health Hub
The concept of the ambulance will evolve into a
fully "connected" mobile health hub. It will serve as
a node in the Internet of Medical Things (IoMT),
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seamlessly collecting patient data from wearable
sensors, transmitting it securely to the cloud, and
connecting via 5G/6G for real-time collaboration
with hospital specialists (Seth et al., 2025; Kim et
al., 2020). This integrated platform will consolidate
diagnostics, communication, and documentation,
making the ambulance an even more critical
extension of the hospital emergency department.

5. CONCLUSION:

Technology is fundamentally transforming EMS
across the entire patient care continuum. This review
has synthesized compelling evidence that
technological integration is reshaping the very fabric
of Emergency Medical Services. From the moment
an emergency call is placed, through dispatch, on-
scene care, transport, and provider training,
innovations such as Al-powered triage, drone-
delivered therapeutics, real-time telemedicine,
portable diagnostics, and advanced data systems are
creating a more connected, intelligent, and effective
prehospital ecosystem (Geetanjali et al., 2024; Kim
et al., 2020; Seth et al., 2025). The cumulative
impact is demonstrable, leading to tangible
improvements in critical clinical outcomes for
conditions like STEMI and stroke, while
simultaneously driving significant gains in
operational efficiency through optimized resource
use and reduced response times (Alhur, 2024;
Alkuwayti et al., 2023). Technology is no longer an
adjunct but a core, transformative component of
modern EMS.

A call for strategic investment, standardized
evaluation, and human-centered design to fully
realize technology's potential in creating more
responsive, effective, and equitable emergency
medical services. To fully harness this
transformative potential, a concerted and strategic
effort is required. First, strategic investment is
crucial, particularly directed toward overcoming the
digital divide to ensure that rural and low-resource
settings are not left behind (Baig et al., 2024; Friesen
et al., 2024). Second, there must be a move
toward standardized evaluation of these
technologies, employing robust methodologies to
move beyond proof-of-concept studies and generate
high-quality evidence of their cost-effectiveness and
impact on patient-centered outcomes (llgen et al.,
2013). Finally, and perhaps most importantly, a
commitment to human-centered design is
paramount. Technology must be developed and
implemented with the paramedic and patient in
mind—intuitive, interoperable, and augmenting
rather than replacing clinical judgment (Landman et
al., 2012; Reddy et al., 2009). By adhering to these
principles, stakeholders can ensure that the
technological evolution of EMS ultimately fulfills
its promise: building more responsive, effective, and
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equitable emergency medical services for all
communities.

REFERENCES:

1. Abdullah, N., Roseg, J., Brown, E., & Geduld, H.
(2025). Vehicle extrication in road traffic
crashes: a descriptive analysis of an advanced
medical rescue service in South Africa. African
Journal of Emergency Medicine, 15(2), 621-
627.

2. Abualenain, J. (2024). Use of technology in
disaster ~ medicine. Eurasian  Journal  of
Emergency Medicine.

3. Alanazi, F. H., Alanazi, S. M., Alanazi, F. S.,
Alanizi, N. M., Alenazi, M. A., Alonazi, K. A.
0., ... & Alanazi, S. F. (2025). Emergency
Medical Services in Hospitals: Bridging Acute
Response and Comprehensive  Care-A
Systematic Review. Vascular and
Endovascular Review, 8(1s), 94-100.

4. Alhur, A. (2024). The role of informatics in
advancing emergency medicine: a
comprehensive review. Cureus, 16(7).

5. Alkuwayti, M. A., Abusaleh, M. A., Alsmail, I.
M., Alsalem, S. N., Alodhayb, A. S., Alrumi, B.
A., ... & Ali Al Hareth, S. A. (2023). Emergency
Medical Services (Ems) Response Systems:
Enhancing Efficiency And
Effectiveness. Journal of Namibian Studies, 36.

6. Alotaibi, H. F., Alanazi, S. M., Albasri, R. F., &
Alanazi, . M. (2023). Advances in pre-hospital
emergency care: Enhancing outcomes through
innovative practices and
technology. International journal of health
sciences, 7(S1), 3422-3434.

7. Algaidi, S. H., Albugami, S. M., Alzahrani, W.
S., Badri, S., & Wali, A. (2024). Network-
integrated medical chatbot for enhanced
healthcare services. Telematics and Informatics
Reports, 15, 100153.

8. Apiratwarakul, K., Cheung, L. W., Pearkao, C.,
Gaysonsiri, D., & Ienghong, K. (2024). “Smart
Emergency Call Point” Enhancing Emergency
Medical Services on University
Campuses. Prehospital and disaster
medicine, 39(1), 32-36.

9. Apiratwarakul, K., Khemtong, S., Cheung, L.
W., Pearkao, C., & lenghong, K. (2025).
Enhancing Emergency Medical Services with
Smart Glasses Technology for Optimal
Ambulance Positioning in Simulated Critical
Patient Care Scenarios. Journal of
Multidisciplinary Healthcare, 4309-4316.

10. Athey, S., & Stern, S. (2000). The impact of
information technology on emergency health
care outcomes.

11. Baig, M. N. A., Khan, N., Naseer, R., Akhter,
S., Shaikh, A. J., & Razzak, J. A. (2024).
Pakistan's Emergency Medical Services (EMS)
system &  out-of-hospital-cardiac-arrest




IAJPS 2025, 12 (10), 337-344

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

(OHCA): A narrative review of an EMS system
of a low middle income country in context of
OHCA. Resuscitation Plus, 18, 100627.
Dimitrov, V., Dimitrova, D. P., Vodenicharova,
A., Dzhafer, S., Papathanasiou, J., & Dzhafer,
N. (2025). Evaluating perceived advantages and
funding needs to enhance emergency medical
services: insights from patients and staff. Folia
Medica, 67(1), €142943.

Friesen, J., Kharel, R., & Delaney, P. G. (2024).
Emergency medical dispatch technologies:
Addressing communication challenges and
coordinating emergency response in low and
middle-income countries. Surgery, 176(1),
223-225.

Geetanjali, A., Sirohi, T., Singh, E., & Kumar,
A. (2024, August). Revolutionizing Emergency
Medical Services: A Review of Ambulance
Technology Advancements and  Service
Enhancement Strategies. In 2024 International
Conference on Electrical Electronics and
Computing Technologies (ICEECT) (Vol. 1, pp.
1-7). IEEE.

Hampiholi, N. (2024). Elevating emergency
healthcare-technological advancements and
challenges in smart ambulance systems and
advanced monitoring  and  diagnostic
tools. International Journal of Computer
Trends and Technology, 72(1), 1-7.

Handel, D. A., Wears, R. L., Nathanson, L. A,
& Pines, J. M. (2011). Using information
technology to improve the quality and safety of
emergency care. Academic emergency
medicine, 18(6), e45-e51.

llgen, J. S., Sherbino, J., & Cook, D. A. (2013).
Technology-enhanced simulation in emergency
medicine: a systematic review and meta-
analysis. Academic Emergency
Medicine, 20(2), 117-127.

Kim, H., Kim, S. W., Park, E., Kim, J. H., &
Chang, H. (2020). The role of fifth-generation
mobile technology in prehospital emergency
care: An opportunity  to support
paramedics. Health Policy and
Technology, 9(1), 109-114.

Landman, A. B., Lee, C. H., Sasson, C., Van
Gelder, C. M., & Curry, L. A. (2012).
Prehospital electronic patient care report
systems: early experiences from emergency
medical services agency leaders. PLoS
One, 7(3), €32692.

Mekonen, Z., Jemebere, W., Chekol, A. T,
Tadesse, F., Borie, Y. A, Mola, E.,, .. &
Yeheyis, T. (2024). Utilization of emergency
medical service and its associated factors
among patients visited public hospitals at
Hawassa City, Sidama Region, Ethiopia,
2023. Heliyon, 10(11).

Mitropoulos, S., Mitsis, C., Valacheas, P., &
Douligeris, C. (2025). An online emergency

Ammar Jamal Abdullah Alhindi et al

22,

23.

24,

25.

26.

217.

28.

ISSN 2349-7750

medical management information system using
mobile computing. Applied Computing and
Informatics, 21(1/2), 65-77.

Musuka, H., Mano, O., Iradukunda, P. G,
Pierre, G., Munyonho, F. T., Moyo, E., &
Dzinamarira, T. (2025). Global health
development aid initiatives and the quality of
medical laboratory services in sub-Saharan: a
narrative review. Global Health Journal.
Panula, E., Lankimaki, S., Huhtala, H., Setéal3,
P., & Hoppu, S. (2025). Ambulance Emergency
Medical Services Professionals’ Perspectives
on Collaboration With Helicopter Emergency
Medical Services Physicians. Air Medical
Journal.

Patricio, L., Costa, C., Silva, J., Varela, L.,
Silveira, Z., & Cruz-Cunha, M. M. (2025).
Chatbot Framework for Emergency Medical
Care Flow: Case Study. Procedia Computer
Science, 256, 696-705.

Razzak, J. A., & Kellermann, A. L. (2002).
Emergency medical care in developing
countries: is it worthwhile?. Bulletin of the
World Health Organization, 80(11), 900-905.
Reddy, M. C., Paul, S. A., Abraham, J.,
McNeese, M., DeFlitch, C., & Yen, J. (2009).
Challenges to effective crisis management:
using information and  communication
technologies to coordinate emergency medical
services and emergency  department
teams. International journal of medical
informatics, 78(4), 259-269.

Seth, M., Jalo, H., Hogstedt, A., Medin, O.,
Sjoqvist, B. A., & Candefjord, S. (2025).
Technologies for Interoperable Internet of
Medical Things Platforms to Manage Medical
Emergencies in Home and Prehospital Care:
Scoping Review. Journal of Medical Internet
Research, 27, e54470.

Zhang, Z., Meybodi, M. M., Ingale, A.
Karimova, L., & Vinnikov, M. (2025).
Extended reality technology for emergency
medical service  training: systematic
review. Frontiers in Disaster and Emergency
Medicine, 3, 1630167.




	Abstract:
	2.1. Review Design
	2.2. Search Strategy
	2.3. Inclusion and Exclusion Criteria
	3.1. Phase 1: Activation and Dispatch
	3.2. Phase 2: Pre-Arrival and Scene Management
	Technology is bridging the gap between the call for help and the arrival of professional responders, empowering bystanders and optimizing scene management.
	3.4. Phase 4: Communication and Data Integration
	3.5. Phase 5: Training and Simulation
	4.1. Synthesis of Key Findings
	4.2. Overarching Benefits and Opportunities
	4.3. Critical Challenges and Barriers to Implementation
	4.4. Ethical and Practical Considerations
	4.5. Future Directions and Emerging Trends
	Technology is fundamentally transforming EMS across the entire patient care continuum. This review has synthesized compelling evidence that technological integration is reshaping the very fabric of Emergency Medical Services. From the moment an emerge...
	A call for strategic investment, standardized evaluation, and human-centered design to fully realize technology's potential in creating more responsive, effective, and equitable emergency medical services. To fully harness this transformative potentia...


