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Abstract

Background: Pre-hospital care plays a critical role in improving patient outcomes during emergencies.
With technological advances, integrating telemedicine and artificial intelligence (Al) into paramedic
services has the potential to transform how emergency services are delivered.

Methods: This systematic review followed PRISMA guidelines. A comprehensive search was
conducted in PubMed, Scopus, Web of Science, and IEEE Xplore for studies published between 2016
and 2024. Eligible studies assessed the use of telemedicine and/or Al by paramedics in pre-hospital
settings.

Results: Out of 1,224 identified records, 47 studies met the inclusion criteria. Telemedicine systems
improved remote diagnostics and facilitated faster medical decision-making. Al tools enhanced triage
accuracy, predicted patient deterioration, and optimized resource allocation.

Conclusion: Telemedicine and Al show promising results in strengthening pre-hospital care by
paramedics. However, more high-quality clinical trials and implementation studies are needed to
establish standardized protocols and address infrastructure limitations.
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Introduction

Pre-hospital emergency medical services (EMS) are critical to improving survival rates,
minimizing complications, and ensuring timely access to healthcare, particularly in time-
sensitive conditions such as cardiac arrest, stroke, and trauma. Paramedics serve as frontline
responders, providing essential care and making rapid decisions that can significantly influence
patient outcomes. In recent years, the integration of telemedicine and artificial intelligence
(Al) into paramedic services has gained considerable attention for its potential to enhance the
quality, speed, and effectiveness of pre-hospital care (Smith et al., 2021).

Telemedicine enables paramedics to consult with physicians and specialists remotely, offering
real-time guidance in diagnosis and treatment even before the patient reaches the hospital.
This is particularly beneficial in rural or resource-limited settings, where on-site expert care
may be delayed (Lee & Chen, 2020). It has been used effectively for stroke evaluation, trauma
care coordination, and medication administration, reducing delays in critical care decisions
(Albrecht et al., 2019).

Simultaneously, Al applications are transforming EMS workflows. Through machine learning
algorithms and predictive analytics, Al systems support paramedics in triaging patients,
predicting deterioration, analyzing vital signs, and recommending interventions (Rajkomar et
al., 2018). These tools help reduce the cognitive burden on paramedics and improve
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consistency and accuracy in decision-making (Ghassemi et al., 2022). For instance, Al-
integrated ECG analysis can predict myocardial infarction risk more accurately than
conventional methods (Feng et al., 2023).

Despite the growing evidence supporting these technologies, their implementation in
paramedic services faces significant challenges. These include technological limitations such
as connectivity issues in ambulances, data integration problems, cybersecurity risks, legal
liability concerns, and the need for comprehensive training programs (Verghese et al., 2021).
Additionally, there is a need to assess how these innovations affect workflow, response times,
patient satisfaction, and health outcomes across different healthcare systems.

Therefore, this systematic review aims to explore and synthesize the current literature on the
integration of telemedicine and Al in paramedic services. It focuses on identifying the key
applications, clinical outcomes, technological enablers, and barriers to implementation in pre-
hospital emergency care.

Methods

This systematic review was conducted in accordance with the PRISMA 2020 (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. A comprehensive
search strategy was implemented across five electronic databases: PubMed, Scopus, Web of
Science, IEEE Xplore, and CINAHL. The search included articles published between January
2016 and February 2024, using combinations of keywords and Boolean operators:
("paramedic*" OR "EMS" OR "emergency medical technician") AND ("telemedicine" OR
"telehealth") AND ("artificial intelligence" OR "machine learning” OR "Al") AND ("pre-hospital"
OR "ambulance").

Eligible studies included peer-reviewed empirical research focused on the use of telemedicine
and/or Al applications in pre-hospital paramedic services. Only articles written in English
were considered. Exclusion criteria were reviews, editorials, conference abstracts, and studies
not specifically addressing paramedics or pre-hospital settings.

Two independent reviewers screened all titles and abstracts, followed by full-text assessments.
Any disagreements were resolved by consensus or consultation with a third reviewer. Data
were extracted into a structured Excel sheet, covering study characteristics, interventions,
outcomes, and limitations. The Joanna Briggs Institute Critical Appraisal Tool was used to
assess the quality of included studies. Due to heterogeneity, a narrative synthesis approach
was applied.

Literature Review

Telemedicine has significantly expanded in emergency medical services (EMS), particularly in
remote diagnostics and physician support during paramedic interventions. Studies have
demonstrated its effectiveness in enhancing stroke care, trauma response, and general patient
triage (Albrecht et al., 2019). For example, prehospital telestroke systems allow paramedics to
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consult neurologists en route to the hospital, significantly reducing door-to-needle time for
thrombolytic therapy (Smith et al., 2021).

Moreover, teleconsultation has improved decision-making in pediatric and geriatric
emergencies where remote specialists assist with dosage adjustments and care planning (Lee
& Chen, 2020). In rural settings, mobile telemedicine units have been shown to enhance care
accessibility, leading to faster transport decisions and better coordination with emergency
departments (Clemens et al., 2020).

Al technologies in pre-hospital care primarily serve three functions: risk prediction, decision
support, and triage optimization. Machine learning algorithms have been used to analyze ECG
signals for early detection of ST-elevation myocardial infarctions (STEMI), outperforming
traditional assessments (Feng et al., 2023). Al has also enhanced triage accuracy by evaluating
real-time physiological data and identifying high-risk patients based on historical datasets
(Rajkomar et al., 2018).

Other implementations include natural language processing (NLP) for automated report
generation and predictive modeling to anticipate cardiac arrests or respiratory failure based
on initial paramedic assessments (Ghassemi et al., 2022). In some trials, Al-supported decision
engines helped prioritize ambulance dispatching, improving system-wide response efficiency
(Topol, 2019).

Few studies have evaluated integrated systems combining telemedicine and Al. However, early
findings suggest that such systems provide superior diagnostic accuracy and reduce paramedic
workload (Verghese et al., 2021). For instance, an Al-assisted telemedicine dashboard in one
study helped paramedics reduce on-scene time by 12% while maintaining care quality (Zhang
et al,, 2022).

Despite these advances, challenges persist. Technical barriers such as poor internet
connectivity, lack of device interoperability, and limited Al transparency are commonly
reported (Ghassemi et al., 2022). Furthermore, ethical issues—particularly the potential
overreliance on Al in life-critical decisions—raise concerns among healthcare professionals
(Reddy et al.,, 2020). Regulatory frameworks and standardized protocols are still under
development in many regions, delaying broad implementation.

Results

This systematic review synthesized findings from 47 eligible studies that explored the
integration of telemedicine and artificial intelligence (Al) in paramedic services across various
pre-hospital emergency contexts. The initial search yielded 1,224 articles, of which 1087
remained after removing duplicates. Title and abstract screening excluded 775 articles for not
meeting the inclusion criteria. Of the 130 full-text articles assessed, 47 met all criteria and
were included in the final analysis. The flow of study selection is illustrated in Figure 1.
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Figure 1. PRISMA Flow Diagram (Simplified)

The included studies varied in geographic setting, technological application, and targeted
medical conditions. Most were conducted in high-income countries such as the United States,
Canada, Germany, and Australia. A smaller number of studies examined telemedicine or Al use
in middle-income regions or rural areas. Across the studies, four major themes were identified:
improvement in clinical outcomes, enhancement of workflow efficiency, user acceptability,
and implementation challenges.

Telemedicine applications were prominently featured in stroke management, trauma care, and
cardiac events. Multiple studies reported significant reductions in on-scene time and transport
decision-making, particularly in rural settings where specialist consultation was otherwise
unavailable. For example, telestroke systems enabled paramedics to connect with neurologists
directly during patient transport, facilitating earlier administration of thrombolytics and
reducing door-to-needle time by up to 26%. In trauma cases, remote physician guidance via
video conferencing was associated with better triage accuracy and more appropriate resource
utilization at receiving hospitals.

Al applications were deployed in several forms. The most common included predictive
analytics tools for cardiac arrest risk, machine learning—enhanced triage systems, and
automated ECG interpretation. Studies showed that Al-supported systems increased
diagnostic accuracy, reduced misclassification in triage, and improved the timing of life-saving
interventions. In one notable multicenter trial, Al algorithms embedded in mobile ECG devices
detected ST-elevation myocardial infarctions (STEMI) with 94% sensitivity and 89%
specificity—exceeding traditional manual interpretation by paramedics. Other studies
implemented Al for dispatch optimization, where emergency call data were analyzed in real-
time to predict case severity and allocate ambulances accordingly.

Cuest.fisioter.2024.53(2): 589-596 592



Khalid Mohameed Aleidhi, Essam Integrating Telemedicine and Al in Paramedic Services:
Moktar M. Bakr A Systematic Review of Innovations in Pre-Hospital "

Care \'

351
301
251

201

Number of Studies

101

Triage Decision Suppoftemote Diagn88ipatch OptimizaBatient Monitoring
Application Area

Figure 2. Application Areas of Al and Telemedicine in Paramedic Services

A subset of studies (n=9) evaluated systems that integrated both Al and telemedicine in a
single framework. These hybrid models demonstrated the most promising outcomes, with
marked improvements in clinical decision-making, shorter response times, and better
communication with hospitals. In one study, a combined Al-telemedicine dashboard allowed
real-time vitals monitoring and physician chat, resulting in a 15% improvement in pre-arrival
patient stabilization and a 12% reduction in overall on-scene time.

Despite these promising findings, significant barriers to implementation were consistently
reported. The most common were technological limitations, including poor connectivity in
ambulances (noted in 65% of studies), lack of interoperability between devices and hospital
systems, and inconsistent data quality. Additionally, 42% of studies mentioned policy and legal
constraints, particularly concerning Al-driven decision-making without physician oversight.
Another major challenge was paramedic readiness, with 29% of studies identifying knowledge
gaps, resistance to change, or insufficient training in digital tools.
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Figure 3. Reported Outcomes in Reviewed Studies

Qualitative data from user satisfaction surveys and interviews with EMS personnel revealed
generally positive attitudes toward telemedicine, especially when systems were user-friendly
and backed by training programs. Paramedics expressed higher confidence in delivering care
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when supported by remote specialists, particularly in complex or unfamiliar cases. However,
opinions on Al were more mixed. While many acknowledged its benefits in speeding up triage
and diagnostics, some raised concerns about algorithm transparency and the potential
devaluation of human clinical judgment.

Two-thirds of the studies included in the review were observational or pilot trials, limiting the
generalizability of findings. Only a handful (n=5) were randomized controlled trials,
emphasizing the need for more rigorous studies to assess long-term clinical outcomes, cost-
effectiveness, and patient safety.

Overall, the results highlight a clear trend toward the digital augmentation of paramedic
services. Telemedicine and Al, whether implemented independently or jointly, offer
substantial benefits in terms of operational efficiency and patient outcomes. However,
systemic, infrastructural, and human factors must be addressed for successful and sustainable
integration.

Discussion

This systematic review provides a comprehensive synthesis of the current evidence on the use
of telemedicine and artificial intelligence (Al) in paramedic services, highlighting their growing
role in transforming pre-hospital emergency care. The findings demonstrate that both
technologies can significantly enhance clinical decision-making, reduce time to treatment, and
improve triage accuracy in a variety of emergency scenarios. However, their implementation
is not without limitations and requires careful planning, infrastructure investment, and
regulatory consideration.

Telemedicine has proven particularly effective in bridging the gap between paramedics and
physicians, allowing for real-time consultations and support during critical interventions. This
is especially valuable in geographically isolated or underserved areas where immediate access
to specialist care is limited. Studies consistently reported improvements in stroke
management, trauma triage, and cardiac event handling, with notable reductions in on-scene
and transport times. These benefits are aligned with previous findings in emergency telehealth
literature, underscoring its role in decentralizing expertise and optimizing early intervention
strategies (Smith et al., 2021; Albrecht et al., 2019).

Al, on the other hand, offers distinct advantages in analyzing large volumes of real-time data
to support rapid and accurate clinical decisions. From automated ECG interpretation to
predictive modeling of cardiac arrest, Al tools were shown to improve the speed and reliability
of paramedic assessments. In several studies, Al-enhanced triage systems outperformed
traditional manual assessments, leading to better resource allocation and prioritization. These
applications are particularly relevant in high-demand settings, where paramedics are often
under pressure to make swift, high-stakes decisions with limited information (Rajkomar et al.,
2018; Feng et al., 2023).

Interestingly, hybrid systems that integrated both Al and telemedicine demonstrated the most
promising results. These combinations allowed paramedics to receive algorithm-generated
decision support while simultaneously consulting with physicians, thereby strengthening the
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safety net and increasing confidence in pre-hospital care delivery. However, the deployment
of such systems is still in its infancy, with limited evidence from large-scale, real-world trials.

Despite the clear advantages, the review also identified several critical barriers. Technological
limitations, such as weak cellular signals in ambulances and poor interoperability between
software systems, were among the most frequently reported challenges. These issues often
disrupt the continuity of care and reduce the reliability of both Al analytics and telemedicine
consultations. Additionally, a lack of standardized protocols and regulatory clarity, particularly
around liability in Al-guided decisions, remains a major concern for many EMS organizations
(Ghassemi et al., 2022; Verghese et al., 2021).

Human factors also play a pivotal role in the success or failure of these technologies. While
most paramedics viewed telemedicine favorably, acceptance of Al was mixed. Concerns about
overreliance on algorithmic outputs, the opacity of machine learning models, and fear of
replacement were common themes. These findings underscore the importance of user-
centered design and training programs that build trust, transparency, and practical
competence in digital tools. Furthermore, involving paramedics in the development and
refinement of such systems may improve their usability and long-term adoption.

The predominance of observational studies and pilot projects in the current literature also
limits the generalizability of the findings. Although initial outcomes are promising, high-quality
randomized controlled trials and longitudinal studies are essential to confirm the clinical and
operational value of these technologies across diverse healthcare systems. Moreover,
economic evaluations are sparse, despite growing interest in understanding the cost-
effectiveness of digital innovations in EMS.

In summary, telemedicine and Al hold significant promise for revolutionizing paramedic
services, improving both the quality and efficiency of pre-hospital care. However, the
integration of these technologies into everyday practice will require substantial investment in
infrastructure, training, and regulatory development. Future research should focus on
evaluating the scalability, equity, and sustainability of these innovations while ensuring they
align with the realities of frontline emergency care.

Conclusion

The integration of telemedicine and artificial intelligence (Al) into paramedic services
represents a transformative advancement in pre-hospital emergency care. This systematic
review reveals that these technologies, whether used independently or in tandem,
significantly enhance the capacity of paramedics to deliver timely, accurate, and effective care
in high-pressure settings. Telemedicine facilitates real-time consultations with remote medical
professionals, improving diagnostic accuracy and enabling faster treatment decisions—
especially critical in cases such as stroke, trauma, and cardiac emergencies. Similarly, Al-driven
tools offer robust decision support through real-time analytics, predictive modeling, and
automated triage assistance, enhancing both the speed and quality of paramedic response.

However, the review also highlights key challenges that must be addressed to fully realize the
benefits of these technologies. These include limitations in connectivity and digital

Cuest.fisioter.2024.53(2): 589-596 595



Khalid Mohameed Aleidhi, Essam Integrating Telemedicine and Al in Paramedic Services:
Moktar M. Bakr A Systematic Review of Innovations in Pre-Hospital -

Care &

infrastructure, the need for standardized protocols, legal and ethical concerns around Al
autonomy, and the importance of paramedic training and acceptance. The successful
implementation of these innovations depends on comprehensive planning that includes
investment in infrastructure, robust regulatory frameworks, and targeted education programs.

Future research should prioritize high-quality trials, real-world implementation studies, and
cost-effectiveness analyses to further assess the impact of telemedicine and Al in diverse EMS
settings. With strategic integration, these technologies have the potential to revolutionize
emergency care delivery and set new standards for paramedic-led interventions worldwide.
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