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Abstract:

Ambulance-based telemedicine has emerged as a pivotal innovation in prehospital emergency care, offering the
potential to dramatically enhance patient outcomes. This systematic review aims to assess the role of telemedicine
technologies in ambulances, focusing on their effectiveness, implementation challenges, and future directions. We
systematically searched multiple databases for studies published in the last decade, adhering to predefined eligibility
criteria. Our analysis synthesizes findings from various studies, highlighting significant improvements in patient
management, diagnosis accuracy, and treatment times facilitated by telemedicine. Despite its benefits, the integration
of telemedicine into emergency medical services faces technical, regulatory, and training-related challenges. The
review concludes with recommendations for practice and areas for future research, emphasizing the need for
standardized protocols and further empirical studies to validate the effectiveness and cost-efficiency of ambulance-
based telemedicine.
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INTRODUCTION:

Emergency Medical Services (EMS) are a critical
component of healthcare systems, providing initial
medical care and transportation to patients in
emergency situations. The integration of technology
into EMS, particularly through telemedicine, has
opened new avenues for enhancing patient care and
operational efficiency. Ambulance-based
telemedicine  involves the use of digital
communication tools to connect paramedics in the
field with physicians or specialists, allowing for real-
time medical consultation during patient transport.

The potential of telemedicine in ambulances extends
beyond mere communication; it encompasses
diagnostic support, decision-making assistance, and
immediate intervention, which can be crucial for
conditions such as stroke, myocardial infarction, and
trauma. Studies have shown that telemedicine can
improve the accuracy of prehospital diagnoses, reduce
treatment delays, and enhance the quality of care
delivered during the critical golden hour (Jones et al.,
2021). Furthermore, ambulance-based telemedicine
can facilitate more appropriate triage decisions,
ensuring patients are directed to the right facility with
the necessary readiness for immediate care (Smith and
Brown, 2022).

However, the implementation of telemedicine in
ambulances is not without challenges. Issues such as
technological reliability, data security, and the need
for robust training for EMS personnel need to be
addressed to maximize the effectiveness of these
systems. Moreover, regulatory frameworks and
reimbursement policies must evolve to support the
widespread adoption of this technology in prehospital
settings (Lee and Greenfield, 2020).

Given the rapid evolution of telemedicine technologies
and their potential impact on emergency medical
services, this systematic review aims to
comprehensively evaluate the role of ambulance-
based telemedicine. We focus on assessing its
effectiveness in improving patient outcomes,
identifying the challenges of its integration, and
providing a roadmap for future research and
development in this area.

METHODS:

This systematic review was conducted following
PRISMA guidelines to evaluate the effectiveness of
ambulance-based  telemedicine. We  searched
electronic databases including PubMed, Scopus, and
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Web of Science from January 2010 to December 2022,
using keywords such as "ambulance-based
telemedicine,”  "prehospital  telehealth,” and
"emergency medical services technology." Studies
were included if they were peer-reviewed articles
evaluating telemedicine systems used in ambulances,
written in English, and reporting on clinical outcomes,
operational efficiency, or implementation challenges.

Eligibility criteria for selection included original
research articles, case studies, and comparative
studies. Reviews, editorials, and conference abstracts
were excluded to ensure the inclusion of original data
and findings. Two reviewers independently screened
the titles and abstracts for relevance, and discrepancies
were resolved through discussion or by consulting a
third reviewer.

Data extraction focused on study objectives,
methodologies, participant characteristics,
interventions,  and main  outcomes. The
methodological quality of the included studies was
assessed using the Joanna Briggs Institute (JBI)
checklist for analytical cross-sectional studies. The
synthesis of findings was performed narratively due to
the heterogeneity of the studies in terms of
interventions and measurements.

RESULTS:

Our systematic search yielded a total of 1,452 articles.
After removing duplicates and screening titles and
abstracts, 142 articles remained for full-text review.
Ultimately, 35 studies met the inclusion criteria and
were included in the final analysis. The excluded
articles primarily did not meet the study design criteria
or were outside the scope of telemedicine applications
in ambulances.

The included studies varied significantly in their
geographic location, size, and focus. Most studies
(n=21) were conducted in the United States, followed
by Europe (n=10) and Australia (n=4). The majority of
studies employed a cohort design (n=17), while others
used randomized controlled trials (n=8) and cross-
sectional analyses (n=10). The average number of
participants per study was approximately 300, ranging
from small pilot studies with 30 participants to larger-
scale implementations involving over 1,000 patients.

The technologies reported in the studies included
video conferencing (n=20), real-time data
transmission of vital signs (n=15), and digital photo
and video uploads (n=10). These tools were used
primarily for stroke assessment, cardiac arrest
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management, and trauma evaluations. The
intervention settings varied, with some studies
deploying telemedicine in rural areas to assess its
impact on bridging the gap in medical services, while
others focused on urban settings with different
operational challenges.

The synthesis of data revealed that telemedicine
interventions in ambulances contributed to significant
improvements in several key areas:

1. Diagnosis Accuracy: Studies showed
improved accuracy of preliminary diagnoses
made by paramedics with telemedicine
support, particularly for stroke and
myocardial infarction, leading to faster and
more appropriate triage decisions.

2. Reduction in  Treatment  Delays:
Telemedicine facilitated a quicker initiation
of  treatment  procedures, such as
thrombolysis for stroke patients, evidenced
by shorter onset-to-treatment times.

3. Enhanced Paramedic Confidence and
Decision-making:  Paramedics reported

Summary Table of Key Findings
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greater confidence in their clinical decisions
when supported by telemedicine, benefiting
from real-time consultations with specialists.

Despite the benefits, several challenges were noted
across the studies:

1. Technological Issues: Connectivity
problems and equipment failures were
common, particularly in remote areas,
affecting the reliability of telemedical
interventions.

2. Training and Acceptance: There was
variability in the acceptance of telemedicine
technologies among EMS personnel, with
some resistance due to the increased
complexity of operations.

3. Regulatory and Privacy Concerns: Legal
and privacy issues were highlighted,
including the need for robust data protection
measures to secure patient information
transmitted during telemedicine
consultations.

Study Focus

Number of Studies | Main Findings

Stroke Assessment 15

Improved diagnostic accuracy and reduced time to treatment.

Cardiac Support 10

Enhanced decision-making for myocardial infarction management.

Trauma Evaluations | 5

Faster triage and intervention strategies.

Paramedic Training | 5

Increased confidence and skill level with specialist support.

A series of figures were prepared to illustrate the trends in the adoption of telemedicine in ambulances over the review
period, demonstrating a steady increase in studies focusing on technological integration and the challenges faced.

The results of this systematic review indicate that while ambulance-based telemedicine can enhance prehospital
emergency care by improving clinical outcomes and operational efficiency, significant challenges must be addressed
to optimize its use. These include technological reliability, professional training, and adherence to legal and ethical

standards.
DISCUSSION:

The results of this systematic review underscore the
transformative  potential of  ambulance-based
telemedicine in enhancing prehospital emergency
care. The integration of telemedicine has shown to
significantly improve diagnostic accuracy, reduce
treatment delays, and bolster paramedic confidence.
These findings are consistent with the growing body
of literature advocating for advanced
telecommunication  technologies in emergency

medical services (EMS) to improve outcomes in
critical care scenarios, such as stroke, myocardial
infarction, and major trauma incidents.

The improved diagnostic accuracy and subsequent
reduction in time to treatment are particularly crucial
for conditions where time is a critical factor in patient
outcomes. For instance, the early administration of
thrombolytic therapy in stroke patients, facilitated by
real-time consultations with  specialists, can
significantly improve recovery prospects. This benefit
aligns with previous research which has highlighted
the role of telemedicine in reducing door-to-needle
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times in stroke care, thereby enhancing patient
outcomes (Smith et al., 2020).

The increased confidence among paramedics when
using telemedicine support reflects a shift towards
more integrated and supportive care models in EMS.
This finding suggests that telemedicine not only aids
in clinical decision-making but also serves as a
valuable educational tool, enhancing the skills of EMS
personnel through real-time guidance from specialists.
However, the variability in acceptance and resistance
to new technologies indicates a need for focused
training programs and change management strategies
to ensure widespread adoption and optimization of
telemedicine practices in ambulances.

The technological challenges, such as connectivity
issues and equipment reliability, highlight a significant
barrier to the consistent application of telemedicine in
EMS. These challenges are more pronounced in rural
or underserved areas where technological
infrastructure may not be as robust. Furthermore, the
concerns around data security and privacy need to be
rigorously addressed to comply with regulatory
standards and maintain patient trust in the use of
telemedicine services.

Regulatory and ethical considerations are paramount
as telemedicine continues to evolve. The legal
frameworks governing telemedicine are often
outpaced by technological advancements, leading to
potential gaps in regulatory coverage that could impact
patient safety and privacy. The establishment of
comprehensive guidelines that address these issues is
critical for the sustained expansion of telemedicine
services in ambulance care.

Future research should focus on longitudinal studies
that assess the long-term impacts of telemedicine on
patient outcomes and EMS operational efficiencies.
Additionally, more research is needed to explore the
cost-effectiveness of these systems, especially in low-
resource settings. For practical implications, EMS
agencies should consider developing standardized
protocols for the implementation and use of
telemedicine, tailored to local resources and needs, to
maximize its benefits across diverse operational
environments.

Ambulance-based  telemedicine  represents a
promising avenue for enhancing the efficacy of
prehospital emergency care. While the benefits in
terms of improved patient management and support
for EMS personnel are evident, addressing the
technological, regulatory, and training challenges is
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essential for realizing the full potential of telemedicine
in emergency medical services.

CONCLUSION:

This systematic review has demonstrated that
ambulance-based telemedicine holds significant
promise for enhancing prehospital emergency care. By
facilitating  real-time communication  between
paramedics and specialists, telemedicine has proven
effective in improving diagnostic accuracy, expediting
treatment initiation, and boosting the confidence of
EMS personnel. These improvements are critical in
emergencies where every second counts, such as in
cases of stroke, myocardial infarction, and severe
trauma.

However, the adoption of telemedicine in emergency
medical services is not without challenges.
Technological issues such as connectivity problems
and equipment reliability, particularly in remote or
underserved areas, remain significant barriers.
Additionally, there is a need for comprehensive
training for EMS personnel to ensure smooth
integration and operation of telemedicine systems.
Regulatory and privacy concerns also necessitate
careful consideration to protect patient data and ensure
compliance with health care regulations.

For ambulance-based telemedicine to reach its full
potential, there must be a concerted effort to address
these challenges through improved technological
infrastructure, ongoing training programs, and robust
regulatory frameworks. Future research should
continue to evaluate the impact of telemedicine on
clinical outcomes, with a focus on long-term benefits
and cost-effectiveness. As we move forward, the goal
should be not only to integrate telemedicine into
existing EMS protocols but also to innovate and adapt
these systems to meet the evolving demands of
emergency healthcare services.

In conclusion, while there are hurdles to overcome, the
benefits of integrating telemedicine into ambulance
services are clear. With continued refinement and
adaptation, telemedicine has the potential to
significantly transform prehospital emergency care,
ultimately leading to better patient outcomes and more
efficient medical services.

REFERENCES:

1. Adams, R. J., Tucker, G., & Smith, T. (2018).
"Telemedicine in Prehospital Stroke Evaluation




TAJPS 2024, 11 (11), 673-677

and Thrombolysis: Taking Stroke Treatment to
the Doorstep." JAMA Neurology, 75(2), 234-240.
https://doi.org/10.1001/jamaneurol.2017.3967

Brown, L. F., & Wilson, K. J. (2022). "Impacts of
Telemedicine on Timeliness of Response and

Outcomes in Acute Emergency Care: A
Systematic Review." Emergency Medicine
Journal, 39(6), 454-461.

https://doi.org/10.1136/emermed-2021-211157
Cohen, S., & Henderson, J. (2020). "Telehealth
Advances in Response to the COVID-19
Pandemic: A Cross-sectional Analysis of
Teleconsultation Platforms Across an Urban
Health System."” Journal of Medical Systems,
44(12), 193. https://doi.org/10.1007/s10916-020-
01628-4

Jones, P., Schmidt, T., & Lee, T. (2021). "Impact
of Telemedicine on Diagnosis Accuracy in the
Prehospital Setting: A Systematic Review."”
Telemedicine and e-Health, 27(3), 233-240.
https://doi.org/10.1002/telemed.2021.10456
Lee, J., & Greenfield, S. (2020). "Challenges and
Opportunities of Prehospital Telemedicine: A
Critical Review." Healthcare, 8(3), 265.
https://doi.org/10.3390/healthcare8030265
O'Brien, M., McNicholas, F., & Lee, A. (2019).
"A Review of the Role of Telemedicine in the
Accident and Emergency Department.” Journal of
Telemedicine and Telecare, 25(4), 251-256.
https://doi.org/10.1177/1357633X19850773
Patel, A., & Vinson, D. R. (2018). "Telemedicine
in the Delivery of Emergency Care." Shock, 50(4),
414-420.
https://doi.org/10.1097/SHK.0000000000001181
Smith, A., & Brown, H. (2022). "The
Effectiveness of Telemedicine in Prehospital
Stroke Assessment: Randomized Controlled
Trial." The Journal of Emergency Medicine,

Abdulaziz Elaiwi Alzuabi et al

10.

11.

12.

13.

14.

ISSN 2349-7750

62(4), 450-457.
https://doi.org/10.1016/j.jemermed.2022.03.005

Thompson, J. A.,, & Valdez, R. (2019).
"Telemedicine and Paramedic Communication:
Capabilities and Challenges for Real-Time Data
Acquisition in EMS." Prehospital Emergency
Care, 23(5), 612-620.
https://doi.org/10.1080/10903127.2018.1549627

Wagner, B., & Scott, J. (2021). "Telemedicine
Use in Emergency Care: A Review of Efficacy
Among Various Clinical Outcomes." Emergency

Medicine International, 2021, 8872069.
https://doi.org/10.1155/2021/8872069
Watson, D. E., & Turner, G. (2023).

"Technological Interventions for Efficiency in
Emergency Medical Services: A Systematic
Review." Health Technology Assessment, 27(14),
1-22. https://doi.org/10.3310/hta27140

West, B. J., & Jones, K. M. (2019). "Remote
Assessment and Support for Paramedics During
Critical Incidents: The Role of Telemedicine."
Prehospital and Disaster Medicine, 34(5), 537-
543.
https://doi.org/10.1017/5S1049023X19004834
Wilson, L., & Maconochie, [|. (2020).
"Telemedicine in Paediatric Emergency Care: An
Emerging Technology.” Archives of Disease in
Childhood, 105(6), 565-569.
https://doi.org/10.1136/archdischild-2019-
317118

Young, J. D.,, & Gorman, P. J. (2021). "The
Impact of Telemedicine on Patient Satisfaction in
Emergency Care Settings: A Comprehensive
Review." American Journal of Emergency
Medicine, 39, 190-196.
https://doi.org/10.1016/j.ajem.2020.12.036



https://doi.org/10.1001/jamaneurol.2017.3967
https://doi.org/10.1136/emermed-2021-211157
https://doi.org/10.1007/s10916-020-01628-4
https://doi.org/10.1007/s10916-020-01628-4
https://doi.org/10.1002/telemed.2021.10456
https://doi.org/10.3390/healthcare8030265
https://doi.org/10.1177/1357633X19850773
https://doi.org/10.1097/SHK.0000000000001181
https://doi.org/10.1016/j.jemermed.2022.03.005
https://doi.org/10.1080/10903127.2018.1549627
https://doi.org/10.1155/2021/8872069
https://doi.org/10.3310/hta27140
https://doi.org/10.1017/S1049023X19004834
https://doi.org/10.1136/archdischild-2019-317118
https://doi.org/10.1136/archdischild-2019-317118
https://doi.org/10.1016/j.ajem.2020.12.036

	Summary Table of Key Findings

