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Abstract:

Emergency Medical Services (EMS) are undergoing a profound transformation, driven by technological innovation. In time-
critical emergencies, outcomes are heavily dependent on the speed and quality of prehospital care. However, traditional EMS
systems face significant challenges, including prolonged response times, clinical uncertainty, and systemic inefficiencies. This
systematic literature review aims to comprehensively analyze and synthesize current evidence on the role and efficacy of
various technologies in enhancing EMS delivery across the entire prehospital care continuum. Following the PRISMA
guidelines, a systematic search was conducted across four electronic databases (PubMed/MEDLINE, Scopus, IEEE Xplore,
Cochrane Library) for literature published between 2010 and 2025. A total of 34 studies meeting the inclusion criteria were
identified and analyzed. Data were extracted and synthesized narratively, with technologies categorized according to their
primary point of impact in the EMS "Chain of Survival": Activation and Dispatch, On-Scene Care, In-Transit Care, and
System-Wide Integration. The findings reveal a technological revolution reshaping EMS into a connected, intelligent, and
proactive system. Key innovations include Artificial Intelligence (Al) for dispatch triage and predictive analytics, telemedicine
for remote specialist consultation, drones for delivering medical supplies, point-of-care diagnostics, and electronic patient
care records. These technologies demonstrate significant potential to improve clinical outcomes (e.g., increased survival in
cardiac arrest and stroke) and operational efficiency (e.g., reduced response and transport times). Critical barriers to
implementation were identified, including high costs, lack of system interoperability, the digital divide, and training
requirements. Technology is a transformative force in modern prehospital care, shifting the paradigm from a transport-centric
to an intervention-centric model. To fully realize this potential, concerted efforts are needed from stakeholders to address
financial, technical, and ethical challenges through strategic investment, standardized data protocols, and equitable, human-
centered implementation.
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1. INTRODUCTION:
1.1 The Critical Importance of Time in
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. The fundamental principle underpinning
prehospital emergency care is the time-dependent
nature of medical outcomes. For conditions such as
out-of-hospital cardiac arrest (OHCA), major
trauma, ST-elevation myocardial infarction
(STEMI), and acute ischemic stroke, the concept of
the "golden hour" or "platinum ten minutes"
underscores that morbidity and mortality are
inversely related to the time elapsed between the
onset of an emergency and the delivery of definitive
care (Sasson et al., 2022; van der Weegen et al.,
2019). Every minute of delay in providing advanced
life support or transporting a patient to an
appropriate facility can significantly diminish the
chances of a positive outcome, making efficiency
the cornerstone of effective EMS systems.
1.2. The Evolving Landscape of Pre-Hospital
Care
The role of EMS has evolved dramatically from a
system focused primarily on rapid transport, "scoop
and run", to a sophisticated mobile medical service
capable of delivering advanced diagnostic and
therapeutic interventions at the scene and en route to
the hospital. This paradigm shift has been largely
catalyzed by technological advancement. The
integration of digital tools is transforming EMS into
a data-rich, connected component of the broader
healthcare ecosystem. The modern ambulance is no
longer merely a vehicle but a mobile clinical hub,
equipped with technologies for telemedicine
consultation, point-of-care diagnostics, and real-time
data transmission (Bache et al., 2021; Stipp et al.,
2023). This evolution demands a continuous re-
evaluation of how technology can be leveraged to
optimize the entire spectrum of emergency response,
from dispatch to patient handover.
1.3. Problem  Statement:
Traditional EMS Systems
Despite its vital mission, traditional EMS systems
globally face persistent and multifaceted challenges
that impede optimal performance. Key performance
indicators, particularly response times, are

Challenges in

perpetually strained by factors such as increasing call
volumes, urban traffic congestion, and vast
geographical distances in rural areas (Reddy et al.,
2021). Furthermore, EMS often operates in
informational silos, with limited access to patient
medical history and fragmented communication
during the handover process at emergency
departments, leading to potential errors and delays in
care (Alhur, 2024; Landman et al., 2012). Resource
allocation remains a complex puzzle, and providers
frequently face clinical uncertainty in high-stakes
situations without immediate specialist support.
These systemic inefficiencies—operational,
informational, and clinical—highlight a critical gap
between the potential and the actual delivery of
prehospital care.

1.4. Objective and Scope of the Review

In response to these challenges, technology has
emerged as a powerful catalyst for transformation.
However, the rapid pace of innovation, spanning
artificial intelligence (Al), telemedicine, drones, and
advanced data analytics, has resulted in a dispersed
and multidisciplinary body of literature. There is a
pressing need for a synthesized overview that
consolidates current knowledge, evaluates the
evidence of impact, and identifies both successful
applications and persistent barriers. Therefore, this
review aims to comprehensively analyze and
synthesize current research on the role and efficacy
of various technologies in enhancing EMS. The
scope of this review encompasses the entire patient
journey, focusing on technological applications in
emergency dispatch and communication, on-scene
patient assessment and care, in-transit monitoring
and transport, and the integration of prehospital data
with hospital systems. The ultimate goal is to provide
a clear picture of how technology is reshaping
prehospital emergency care and to inform future
implementation strategies for EMS administrators,
clinicians, and policymakers.

2. METHODOLOGY:

This systematic literature review was conducted
following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure methodological rigor,
transparency, and reproducibility. The review aimed
to comprehensively identify, evaluate, and
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synthesize current evidence regarding technological

applications in Emergency Medical Services (EMS)

and their impact on prehospital care delivery.

2.1. Literature Search Strategy and Databases

A comprehensive search strategy was developed and
executed to identify relevant literature published
between January 2019 and July 2024. This five-year
timeframe was selected to capture the most recent
advancements in  EMS technologies while
maintaining contemporary relevance.

The search encompassed four major electronic
databases to ensure broad disciplinary coverage:

e PubMed/MEDLINE for biomedical and clinical
literature

e |EEE Xplore for technological and engineering
applications

e Cochrane Library for systematic reviews and
evidence syntheses

e  Scopus for multidisciplinary scientific literature
The search strategy incorporated a combination
of controlled vocabulary terms (e.g., MeSH
headings in PubMed) and keywords related to
three conceptual domains: (1) Emergency
Medical Services, (2) Technology, and (3)
Prehospital Care. Boolean operators "AND"
and "OR" were employed to combine search
terms effectively.  Complementary manual
searches of reference lists from included studies
and relevant review articles were conducted to
identify additional publications not captured
through database searching.

2.2. Study Selection Criteria

Studies were assessed against predetermined

inclusion and exclusion criteria to ensure relevance

to the research objective:

Inclusion Criteria:

e  Studies involving EMS personnel (paramedics,
EMTs, dispatchers) or prehospital emergency
care systems

e Investigation of technological interventions,
including but not limited to: artificial
intelligence, telemedicine, drones, wearable
sensors, electronic patient care records, point-
of-care diagnostics, or simulation technologies

e Reported measures of clinical efficacy
(mortality, morbidity, time to treatment),
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operational efficiency (response times, resource
allocation), or  implementation  factors
(usability, adoption barriers)

e Original research (randomized controlled trials,
cohort studies, case-control studies, cross-
sectional studies) and systematic reviews

e Peer-reviewed journals, English language,
2010- 2025

Exclusion Criteria:

o Editorials, commentaries, conference abstracts
without full text

e  Case reports with fewer than 10 subjects

e Studies where technology was applied
exclusively in hospital settings

e Publications where full text was unavailable

e Non-English publications

2.3. Data Extraction and Synthesis

A standardized data extraction form was developed
and implemented using Microsoft Excel. The
following data were systematically extracted from
included studies:

e Bibliographic information (authors, publication
year, journal)

e Study characteristics (design, objectives,
sample size, setting)

e Technology specifications (type, application,
implementation context)

e Outcome measures (clinical, operational,
implementation metrics)

e Key findings and methodological limitations

3. RESULTS:

3.1. Search Results

After performing the comprehensive database
search, 1348 relevant citations were found from 2010
to 2025. Zotero was used to remove all potential
duplicates and managed to find and exclude 481
duplicates among the different databases. After
title/abstract screening of the remaining citations (n
=867), the full texts of relevant articles (n = 48) were
also reviewed. Finally, 34 articles were included.
These steps are summarized in the PRISMA flow
chart in Figure 1.
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Figure 1:Figure 1: the PRISMA flow Chart

3.2. Integrate Research Results

After obtaining eligible articles, the researchers
analysed and summarized the results of each article.
Researchers performed data extraction and
management for each article. Data about the author,
publication year, country, method, sample, and
findings for each article were extracted by
researchers. All article evaluations used the PRISMA

Table 1: Synthesis of Included Studies on Technological

guidelines. Next, the researchers grouped the results
of the study based on the EMS "Chain of Survival"
framework, categorizing technologies by their
primary point of impact: Activation and Dispatch,
On-Scene Care and Management, In-Transit Care
and Communication, and System-Wide Integration
and Training (see Table 1).

Interventions in EMS, Categorized by Phase in the

""Chain of Survival**

Phase of Impact = Technology Author(s), = Study Method = Sample / Key Findings
Category Year Context
Activation & Next-Generation | Alhur, Comprehensive = Informatics NG911 enables multimedia
Dispatch 911 (NG911) & @ 2024 Review in data reception (text, video),
Data Analytics Emergency improving situational
Medicine awareness. Data analytics

can predict ED surge to
optimize ambulance routing.

Computer-Aided = Reddy et Systematic Impact of CAD systems with real-time

Dispatch (CAD)  al., 2021 Review Traffic geospatial data optimize

& Geospatial Congestion routes by accounting for

Routing on EMS live traffic, reducing
response times.

Citizen- Sasson et Cohort Study OHCA in Bystander intervention

Responder al., 2022 North alerted via smartphone

Networks Carolina networks significantly
increases survival rates after
OHCA.
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On-Scene Care
& Management

In-Transit Care
&
Communication

Drone Delivery
(AEDs,
Naloxone)

Al in Dispatch
Triage

Point-of-Care
Ultrasound
(POCUS)

Telemedicine
Consultation

Portable Point-
of-Care Testing
(POCT)

Wearable
Sensors & Smart
Devices

Electronic
Patient Care
Records (ePCR)

Al for Clinical
Decision
Support

Vehicle-to-
Infrastructure
(van)

Real-Time Data
Transmission
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Stipp et al.,
2023;
Aljohani et
al., 2024

Napi et al.,
2019

Batker et
al., 2018

Bache et
al., 2021

Albahrani
et al., 2025

Stipp et al.,
2023

Landman
et al., 2012

Elfahim et
al., 2025;
Williams et
al., 2016

Stipp et al.,
2023

O'Hara et
al., 2025

Systematic
Review; Depth
Review

Systematic
Review

Systematic
Review

Systematic
Review

Systematic
Review

Systematic
Review

Qualitative
Study

Systematic
Review;
Systematic
Review

Systematic
Review

Qualitative
Study

Connected
Ambulance;
Ambulance
Care

Telemedicine
Triage

Prehospital
Critical Care

Prehospital
Telemedicine

Early
Interventions
in Traffic
Accidents

Connected
Ambulance

EMS Agency
Leaders

Al in
Prehospital
Care; Early
Warning
Scores

Connected
Ambulance

Pre-alert
Practices in
UK EMS
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Drones can deliver critical
supplies like AEDs and
naloxone faster than ground
vehicles, particularly in
congested or rural areas.

Al algorithms can analyze
emergency call language to
improve the accuracy and
consistency of dispatch
triage.

POCUS allows for rapid
diagnosis of life-threatening
conditions (e.g., internal
bleeding, cardiac
tamponade), guiding critical
treatment and transport
decisions.

Real-time video
consultation with hospital
specialists supports complex
decision-making, enhances
paramedic confidence, and
facilitates early resource
activation.

Portable blood analyzers
enable rapid biomarker
measurement (e.g., lactate)
for early identification of
conditions like sepsis in the
field.

Wireless, wearable sensors
provide continuous,
comprehensive
physiological monitoring,
enabling trend analysis and
early detection of
deterioration.

ePCRs streamline
documentation, reduce
errors, and create structured
databases for quality
improvement, research, and
billing.

Al can analyze patient data
to suggest diagnoses or
predict clinical
deterioration, serving as a
decision-support tool for
paramedics.

V2| communication allows
ambulances to interact with
smart traffic signals to
prioritize passage, reducing
transport times.
Transmitting vital signs and
patient data en route to the
hospital provides the ED
team with a "live preview,"
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Hospital
Handover &
System
Integration

Cross-Cutting
Themes

Advanced
Automatic
Collision
Notification
(AACN)

Digital
Handover &
Interoperability

Simulation for
Training

Data Analytics
for Resource
Allocation

Paramedic Role
& Education

Implementation
Barriers
(Interoperability)

Ethical
Considerations
(Algorithmic
Bias)
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Carr et al.,
2010

Flynn et
al., 2016;
Landman
etal., 2012

Weile et
al., 2021;
Titko &
Slemensky,
2025
Elfahim et
al., 2025;
Alhur,
2024

Jansson et
al., 2021,
Titko &
Slemensky,
2025

Landman
et al.,

2012; Stipp
et al., 2023

Elfahim et
al., 2025

Review

Review;
Qualitative
Study

Systematic
Review;
Insights Study

Systematic
Review;
Comprehensive
Review

Integrative
Review;
Insights Study

Qualitative
Study;
Systematic
Review

Systematic
Review

Regionalized
Care for
Time-Critical
Conditions

Enhanced
Paramedic
Roles; ePCR
Systems

Team
Training;
Paramedic
Education

Al in
Prehospital
Care;
Informatics

Advanced
Practitioners;
Educational
Aspects

ePCR
Systems;
Connected
Ambulance

Alin
Prehospital
Care
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improving preparedness for
patient arrival.

AACN systems
automatically transmit crash
severity data, enabling the
proactive dispatch of
appropriate resources to
serious incidents.

Digital handover protocols
and interoperable systems
are crucial for seamless data
transfer from ePCR to
hospital EHR, reducing
errors and improving
continuity.
Simulation-based training
improves technical skills,
teamwork, and clinical
reasoning for high-acuity,
low-frequency events.
Predictive analytics using
"big data" from CAD and
ePCR can forecast call
demand and optimize
dynamic ambulance
deployment (strategic
deployment).

The paramedic role is
evolving to include
technology interpretation
and data management.
Continuous training and
updated curricula are
essential for this transition.
A lack of universal data
standards and system
interoperability is a
pervasive barrier, creating
data silos and hindering
integrated care.

The use of Al introduces
risks of algorithmic bias if
training data is not
representative, potentially
leading to unfair
recommendations for
minority groups.

Abbreviations: EMS: Emergency Medical Services; OHCA: Out-of-Hospital Cardiac Arrest; AED: Automated
External Defibrillator; ED: Emergency Department; EHR: Electronic Health Record; Al: Artificial Intelligence;
V21: Vehicle-to-Infrastructure.

3.3. The Pre-Hospital Phase: Technology for

Dispatch and Response

3.3.1L.

Next-Generation 911 (NG911) and

Emergency Communication Hubs

The foundational layer of emergency response is
revolutionized by Next-Generation 911

being

(NG911) systems. Unlike traditional 911, which is

limited to voice calls, NG911 enables the reception

of text, video, and data, providing dispatchers with

unprecedented situational awareness (Alhur, 2024).

Thisallows for the reception of live video feeds from
a bystander's smartphone or photos of a crash scene,
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which can be crucial for determining the severity of
an incident and the appropriate level of response.
This enhanced data flow creates a more robust
emergency communication hub, facilitating better
initial triage and resource allocation before a single
unit is dispatched.
3.3.2.  Computer-Aided Dispatch (CAD) and
Geospatial Routing
Computer-Aided  Dispatch  (CAD)  systems,
integrated with real-time geospatial data, are critical
for optimizing response times. Modern CAD
systems use advanced algorithms to account for live
traffic conditions, road closures, and historical
incident data to dynamically calculate the fastest
route for an ambulance (Reddy et al., 2021). This
geospatial routing moves beyond simple GPS
navigation, actively working to compress the time
between dispatch and arrival at the scene, a factor
directly linked to patient survival in time-critical
emergencies like cardiac arrest and major trauma
(Hansen et al., 2024; Nehme et al., 2016).
3.3.3. The Role of Smartphone Applications
and Citizen-Responder Networks
Smartphone  technology has  democratized
emergency response through citizen-responder
networks. Applications can alert trained volunteers
or off-duty professionals to nearby cardiac arrests,
directing them to the location and the nearest
Automated External Defibrillator (AED) (Sasson et
al., 2022). This model of "crowdsourcing" bystander
CPR and defibrillation has been shown to
significantly increase survival rates by bridging the
gap between the emergency call and the arrival of
professional responders, effectively turning the
community into an extension of the EMS system.
3.3.4.  Unmanned Aerial Vehicles (Drones) for
Delivery of Medical Supplies
Unmanned Aerial Vehicles (UAVS), or drones, are
being deployed to deliver critical medical supplies
to emergency scenes faster than ground vehicles can
navigate traffic or terrain. Research demonstrates
their efficacy in transporting AEDs to out-of-
hospital cardiac arrests and naloxone to suspected
opioid overdoses (Aljohani et al., 2024; Stipp et al.,
2023). By operating in a direct air corridor, drones
can drastically reduce the time to first intervention,
particularly in rural or densely congested urban
areas, making them a promising tool for enhancing
equity in emergency response.
3.4. The On-Scene Phase: Technology for
Diagnosis and Patient Care
3.4.1. Portable and Point-of-Care Testing
(POCT) Devices
The diagnostic capabilities of paramedics on scene
are expanding through Portable and Point-of-Care
Testing (POCT) devices. Handheld ultrasound, or
Point-of-Care Ultrasound (POCUS), allows for the
rapid assessment of internal bleeding, cardiac
activity, and lung conditions, guiding critical
decisions such as the need for immediate transport
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to a trauma center (Bgtker et al., 2018). Similarly,
portable blood analyzers can provide rapid results
for lactate, glucose, and other biomarkers, enabling
early identification of conditions like sepsis and
guiding initial treatment in the field (Albahrani et al.,
2025).
3.4.2. Telemedicine and Real-Time Video
Consultation with Hospital Specialists
Telemedicine platforms enable paramedics to
establish  real-time audio-video links with
emergency physicians or specialists in the hospital.
This allows for remote guidance on complex
procedures, consultation on patient management,
and activation of specialized hospital resources (e.g.,
stroke or cath lab teams) while the patient is still in
the field (Bache et al., 2021). This "bringing the
specialist to the scene" paradigm enhances
paramedic confidence, supports complex decision-
making, and ensures the patient is transported to the
most appropriate facility.
3.4.3. Wearable Sensors and Smart Devices for
Vital Sign Monitoring
Patients are increasingly connected to compact,
wireless wearable sensors that continuously monitor
vital signs such as ECG, blood pressure, oxygen
saturation, and respiratory rate. These devices
provide a more comprehensive and continuous
physiological picture than intermittent manual
checks, allowing for earlier detection of patient
deterioration (Stipp et al., 2023). The data collected
forms a baseline that is crucial for monitoring trends
during transport and handover.
3.4.4. Electronic Patient Care Reporting
(ePCR) Systems
Electronic Patient Care Reporting (ePCR) systems
have largely replaced paper forms, enabling digital
documentation of patient assessment, treatments,
and vital signs. Beyond streamlining administration,
ePCRs create structured, searchable databases that
are invaluable for quality improvement, research,
and billing (Landman et al., 2012). The data from
ePCRs can be analyzed to identify trends, improve
protocols, and demonstrate the value of prehospital
interventions (Al Hashil et al., 2025).
3.5. The In-Transit Phase: Technology for
Communication and Transport
3.5.1. Vehicle-to-Vehicle (V2V) and Vehicle-
to-Infrastructure (V2I) Communication
The concept of the "connected ambulance" is
advanced by Vehicle-to-Vehicle (V2V) and
Vehicle-to-Infrastructure  (V2I) communication.
These systems allow an ambulance to communicate
with other wvehicles and smart traffic signals,
potentially triggering “green waves" by changing
traffic lights to prioritize its passage (Stipp et al.,
2023). This integration with smart city infrastructure
can significantly reduce transport times, especially
in congested urban environments.
3.5.2. Advanced Automatic Collision
Notification (AACN) and Pre-Crash Systems
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Advanced Automatic  Collision  Notification
(AACN) systems in modern wvehicles can
automatically detect a severe crash and transmit
data—including crash severity, direction of impact,
and the potential for serious injury—to dispatch
centers before any emergency call is made (Carr et
al., 2010). This enables the proactive dispatch of
appropriate resources, including advanced life
support and trauma teams, to serious incidents.
3.53. Real-Time Data Transmission to
Receiving Hospitals
The continuous vital sign data from wearable
sensors and key information from ePCR systems can
be transmitted in real-time to the receiving hospital
during transport. This provides the emergency
department team with a live "preview" of the
incoming patient's status, allowing them to better
prepare equipment, medications, and specialist
consultations (O'Hara et al., 2025). This seamless
flow of information is a critical step toward
eliminating the informational black hole that
traditionally existed during transport.
3.6. The Hospital Phase: Technology for
Seamless Handover and Preparedness
3.6.1. Digital Handover Protocols and
Interoperable Data Systems
The transition of care from paramedics to the
emergency department is a high-risk point for error.
Digital handover protocols, integrated with
interoperable data systems, ensure that the patient
information collected in the ePCR is automatically
and securely transferred into the hospital's
Electronic Health Record (EHR) (Flynn et al.,
2016). This reduces reliance on verbal handovers,
minimizes transcription errors, and ensures that the
entire care team has immediate access to the
prehospital narrative and data.
3.6.2. Simulation Technologies for Paramedic
Training
High-fidelity simulation technologies, including
platforms like Trajecsys for tracking clinical
competencies, are revolutionizing paramedic
education. These tools allow for the safe practice of
rare, high-acuity scenarios like pediatric
emergencies or mass casualty incidents in a
controlled environment (Weile et al., 2021; Titko &
Slemensky, 2025). Simulation-based training has
been shown to improve technical skills, teamwork,
and clinical reasoning, directly translating to
enhanced performance in real-world situations
(Abelsson et al., 2014).

3.6.3. Data  Analytics for  Predicting
Emergency Department Surge Capacity
Data analytics tools are being applied to predict
Emergency Department (ED) surge capacity and
ambulance diversion status. By analyzing real-time
data on ED wait times, bed availability, and
incoming patient acuity from ePCRs, EMS systems
can make data-driven decisions to route ambulances
to the most appropriate and least congested facility
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(Alhur, 2024). This helps to balance patient load
across hospitals and reduce ambulance off-load
delays, improving system-wide efficiency.
3.7. Cross-Cutting Technologies: Data, Al, and
Interoperability
3.7.1. The Role of Big Data and Predictive
Analytics in EMS Resource Allocation
The aggregation of data from CAD, ePCR, and
hospital systems creates "big data" repositories for
EMS. Predictive analytics can mine this data to
forecast emergency call demand based on factors
like time of day, weather, and large public events
(Elfahim et al., 2025). This allows for proactive,
dynamic repositioning of ambulances in anticipated
hotspots, a strategy known as strategic deployment,
which has been shown to improve system-wide
response times.
3.7.2. Artificial Intelligence (Al) in Triage,
Diagnosis, and Outcome Prediction
Artificial Intelligence is emerging as a powerful tool
across multiple EMS functions. Al algorithms can
analyze the language of emergency calls to improve
dispatch triage accuracy (Napi et al., 2019). In the
field, Al-powered clinical decision support systems
can analyze patient vital signs and history to suggest
potential diagnoses or predict clinical deterioration
(Williams et al., 2016; Elfahim et al., 2025). These
applications aim to augment, not replace, paramedic
judgment, leading to more precise and proactive
care.
3.73. The Challenge of System
Interoperability and Data Standards
A critical and pervasive challenge identified across
all phases is the lack of system interoperability.
Disparate technologies from different vendors often
cannot communicate seamlessly with each other or
with hospital EHRs, creating data silos that hinder
the continuity of care (Landman et al., 2012; Stipp
et al., 2023). The adoption of universal data
standards is essential to realizing the full potential of
a connected EMS ecosystem, ensuring that critical
information flows unimpeded from the scene to the
hospital and back for quality improvement.

4. Discussion

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. This discussion synthesizes these
findings, evaluates the benefits and barriers, and
considers the ethical and future implications of this
technological integration.

4.1. Synthesis of Key Findings: How Technology

is Reshaping EMS

The cumulative evidence indicates that technology
is fundamentally reshaping EMS by creating a more
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connected, intelligent, and proactive system. The
transformation is not isolated to single points of care
but is creating a continuous digital thread from the
community to the hospital. For instance, the
integration  of NG911  (3.1.1) and Al-powered
dispatch (3.5.2) creates a "smart" activation phase,
while telemedicine (3.2.2) and portable diagnostics
(3.2.1) augment on-scene capabilities, effectively
extending the walls of the emergency department
into the field. This is followed by a "connected"
transport phase enabled by real-time data
transmission (3.3.3) and culminates in a seamless
handover through interoperable data systems
(3.4.1). This end-to-end digitization, powered by
cross-cutting predictive analytics (3.5.1), is shifting
EMS from a reactive transport model to a
technology-integrated mobile health service.

4.2. ldentified Benefits and Efficacy of

Technological Interventions

The primary benefit of this technological integration
is the demonstrable improvement in both clinical
outcomes and operational efficiency.

The review found compelling evidence that specific
technologies directly correlate with improved
patient survival and recovery. The use of drones for
AED delivery (3.1.4) and citizen-responder
networks  (3.1.3) compresses the time to
defibrillation, a critical factor for out-of-hospital
cardiac arrest survival (Sasson et al.,, 2022).
Similarly, prehospital transmission of ECGs and
telemedicine consultation for stroke
(3.2.2) significantly reduce door-to-needle and
door-to-balloon times by enabling pre-arrival
hospital preparation (Bache et al., 2021). The ability
to perform point-of-care ultrasound (POCUS) in the
field (3.2.1) facilitates early identification of life-
threatening conditions like internal hemorrhage,
guiding triage and destination decisions to improve
trauma outcomes (Batker et al., 2018).

Beyond clinical impact, technology delivers
substantial systemic gains. Al-driven predictive
analytics for ambulance deployment
(3.5.1) and geospatial routing (3.1.2) have
consistently demonstrated reductions in average
response times by optimizing resource allocation
against predicted demand (Reddy et al., 2021;
Elfahim et al., 2025). The implementation of ePCR
systems (3.2.4) streamlines administrative
workflows, reduces documentation errors, and
creates rich datasets for performance analysis and
quality improvement (Landman et al., 2012).
Furthermore, simulation-based training
(3.4.2) offers a cost-effective and safe method for
maintaining proficiency in high-acuity, low-
frequency skills, enhancing overall workforce
competence (Weile et al., 2021).
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4.3. Critical Barriers to Implementation: Cost,
Training, and Infrastructure

The promise of technology is tempered by

significant, interconnected barriers to widespread

and equitable implementation.

The initial capital outlay for advanced hardware and
software, along with ongoing maintenance costs, can
be prohibitive, particularly for rural or low-resource
services (Aljohani et al., 2024). This is exacerbated
by the reliance on robust digital infrastructure, such
as high-speed broadband and 5G networks,
highlighting a stark digital divide between urban
and remote areas (Stipp et al., 2023). The
operational benefits of V21 communication (3.3.1),
for example, are entirely dependent on a city's
investment in smart traffic infrastructure.

A pervasive challenge is the lack of system
interoperability—the inability of systems from
different wvendors or agencies to seamlessly
communicate and share data. This creates
information silos that undermine the goal of
integrated care, as seen in the challenges of
linking ePCR data (3.2.4) directly with hospital
EHRs (Landman et al., 2012). Poorly designed
interfaces that are not tailored to the high-stress
EMS environment can lead to user error and
frustration, hindering adoption.

Technology is only as effective as the people using
it. Successful implementation requires
comprehensive and ongoing training to ensure
provider competency. Resistance to change and the
perception that technology may de-skill their role or
disrupt established workflows can be significant
barriers to adoption (Titko & Slemensky, 2025). The
effectiveness of Al clinical decision support
(3.5.2) hinges on paramedics' trust in and
understanding of the algorithms.

4.4, Ethical and Privacy Considerations

The integration of technology in EMS raises critical
ethical and privacy concerns that must be
proactively addressed.

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 use
of big data and federated learning (3.5.1), while
powerful, must be governed by strict protocols to
ensure patient confidentiality.

There is a tangible risk that technological
advancements could exacerbate existing health
disparities. Wealthy, urban communities may
benefit from drone-delivered AEDs (3.1.4) and Al-
powered dispatch (3.5.2), while rural and low-
income areas are left with legacy systems (Albahrani
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et al., 2025). Ensuring equitable access to
technologically enhanced EMS is an urgent ethical
imperative.

The wuse of Al for triage and prediction
(3.5.2) introduces the risk of algorithmic bias. If
training data is not representative of the entire
population, these systems could produce less
accurate or unfair recommendations for minority
groups (Elfahim et al., 2025). Furthermore, clear
governance frameworks are needed to define the
scope of algorithmic recommendations and maintain
ultimate clinical accountability with the trained
paramedic.

Gaps in Current Research and Future Directions
While this review highlights significant progress,
several gaps and future directions emerge.

Many studies, particularly on emerging technologies
like drones (3.1.4) and Al (3.5.2), are proof-of-
concept or pilot studies. There is a pressing need for
more randomized controlled trials and large-scale
implementation  studies  with  robust  cost-
effectiveness analyses to move from feasibility to
proven efficacy.

Research is needed on the long-term impact of these
technologies on patient-centered outcomes and
provider well-being. A major research and policy
focus should be the development and adoption of
universal data standards (3.5.3)to solve the
interoperability crisis, enabling a truly connected
ecosystem.

The future of EMS technology lies in more
sophisticated and pervasive Al, deeper integration
with smart city infrastructure (V2I, 3.3.1), and the
evolution of the ambulance into a fully "connected"
mobile health hub (IoMT, 3.2.3). Future research
should also explore the role of technology in
supporting community paramedicine and proactive
health management, further shifting EMS from a
purely reactive to a preventative model.

5. CONCLUSION:

This review has synthesized compelling evidence
that technological integration is fundamentally
reshaping the very fabric of Emergency Medical
Services. The cumulative findings demonstrate that
technology is not merely an adjunct but a core,
transformative component of modern prehospital
care. From the moment an emergency call is placed,
through dispatch, on-scene care, transport, and
provider training, innovations such as Al-powered
triage (3.5.2), drone-delivered therapeutics
(3.1.4), real-time  telemedicine (3.2.2), portable
diagnostics (3.2.1), and advanced data systems
(3.5.1) are creating a more connected, intelligent,
and effective prehospital ecosystem (Bache et al.,
2021; Stipp et al., 2023). The impact is
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demonstrable, leading to tangible improvements in

critical clinical outcomes for time-sensitive

conditions like STEMI and stroke, while
simultaneously driving significant gains in
operational efficiency through optimized resource

use and reduced response times (Alhur, 2024;

Elfahim et al., 2025). Technology is enabling a

paradigm shift from a system of transport to a system

of  mobile, technology-enhanced  medical
intervention.

6. Final Recommendations for Practitioners,
Administrators, and Policymakers

To fully harness this transformative potential, a

concerted and strategic effort is required from all

stakeholders. Based on the findings of this review,
the following recommendations are proposed:

« For EMS Administrators and Policymakers:

1. Funding should be directed not only toward
acquiring new technologies but also toward
ensuring their interoperability. Championing
the adoption of universal data standards is
crucial to break down information silos and
create a seamless flow of patient data from the
scene to the hospital, as highlighted by the
challenges of integrating ePCRs with hospital
EHRs (Landman et al., 2012).

2. Develop targeted funding and policy initiatives
to ensure that rural and low-resource services
are not left behind. Equitable access to
technologies like telemedicine and drone
services is an ethical and operational imperative
to prevent the exacerbation of existing health
disparities (Aljohani et al., 2024).

3. Create clear guidelines for the ethical use of Al
and data analytics, addressing issues of
algorithmic bias, data privacy, and security to
build  trust and ensure  responsible
implementation (Elfahim et al., 2025).

«» For Practitioners (Paramedics and EMTS):

1. Actively participate in the training for new
technologies and provide constructive feedback
on their usability in high-stress environments.
The practitioner's perspective is invaluable for
refining tools like clinical decision support
systems and ePCR interfaces to ensure they
augment, rather than hinder, clinical workflow
(Titko & Slemensky, 2025).

2. View technology as a partner that enhances
clinical judgment and capabilities. The role of
the paramedic is evolving to include the
interpretation of point-of-care ultrasound,
interaction with telemedicine specialists, and
management of continuous data streams, all of
which elevate the level of care provided in the
field (Jansson et al., 2021).

%+ For Researchers and Educators:

1. Move beyond proof-of-concept studies to
conduct rigorous, standardized evaluations of
technologies using patient-centered outcomes
and cost-effectiveness analyses. Research is
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also needed on the long-term impact of these
technologies on provider well-being and
burnout (Weile et al., 2021).

Update paramedic education and continuing
education programs to include training on data
literacy, digital tools, and the principles of
human-technology interaction to prepare the
next generation of EMS professionals for a
digitally integrated workplace (Abelsson et al.,
2014).
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