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Abstract: 

Background:  

Prehospital emergency care is a critical phase in managing time-sensitive medical conditions. However, 

emergency medical service (EMS) personnel often face challenges in clinical decision-making due to limited 

diagnostic resources and lack of real-time specialist input. The integration of real-time telemedicine offers a 

potential solution by enabling remote consultation, data sharing, and expert-guided decision support during 

patient transport. 

Objective: 

This study aims to design and evaluate a proposed model for integrating real-time telemedicine into prehospital 

emergency care to enhance clinical decision-making and patient stabilization before hospital arrival. 

Methods: 

A mixed-method exploratory design was employed. In Phase One, semi-structured interviews with 15 

stakeholders (EMS providers, physicians, and telehealth coordinators) informed the system model. In Phase Two, 

simulation-based testing of the telemedicine prototype was conducted in three emergency scenarios—acute 

stroke, chest pain, and trauma. Outcomes included decision-making time, triage accuracy, system usability, and 

user acceptability. Quantitative data were analyzed using paired t-tests and descriptive statistics. 

Results: 

Telemedicine-supported scenarios resulted in a 35–45% reduction in clinical decision time (p < .001) and 

improved triage accuracy from 76% to 92% (p = .041). The System Usability Scale (SUS) score averaged 78.4, 

indicating high usability. Most participants (93%) agreed that real-time telemedicine improved clinical 

assessment, and 87% reported increased confidence in decision-making. 

Conclusion: 

The integration of real-time telemedicine into prehospital emergency care significantly enhances clinical 

efficiency, accuracy, and team communication. These findings support broader pilot implementation and further 

research in real-world EMS environments. 

Keywords: 

Telemedicine, prehospital care, emergency medical services, decision support, EMS, real-time communication, 

triage accuracy, system usability 
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Introduction 

The prehospital phase of emergency medical care plays a pivotal role in determining patient outcomes, 

particularly in time-sensitive conditions such as cardiac arrest, trauma, and stroke. Traditionally, emergency 

medical services (EMS) have relied on established protocols and the clinical judgment of on-site personnel to 

initiate life-saving interventions during transport. However, EMS teams often face critical limitations in 

diagnostic capabilities, specialist support, and access to patient history—factors that may compromise decision-

making and delay appropriate interventions (Zorab et al., 2020). 

Recent advances in telecommunication and digital health technologies have opened the door to integrating real-

time telemedicine into the prehospital setting. This integration enables EMS providers to consult remotely with 

physicians, transmit patient vitals and images, and receive dynamic decision support while en route to the hospital 

(Langabeer et al., 2022). Telemedicine has already shown significant promise in in-hospital settings and rural 

outreach, but its systematic application in prehospital emergency care remains underdeveloped—particularly in 

low-resource environments and developing health systems (Smith et al., 2021). 

The COVID-19 pandemic accelerated the global adoption of telehealth, reinforcing its value in overcoming 

geographical barriers and resource constraints. Yet, despite this momentum, a standardized operational model for 

real-time telemedicine use during EMS transport is still lacking in most health systems. Several pilot programs 

have demonstrated feasibility and acceptability, but the integration process often lacks strategic coordination, 

interoperability, and defined clinical pathways (Schinasi et al., 2023). Moreover, the potential of telemedicine to 

enhance real-time decision-making and improve patient stabilization before hospital arrival has not been 

systematically explored in the literature. 

Therefore, this study proposes a conceptual and operational model for integrating real-time telemedicine into 

prehospital emergency care, aiming to support EMS teams in critical decision-making, early intervention, and 

communication with receiving facilities. By doing so, it seeks to address a crucial gap in emergency medical 

systems and contribute to the transformation of prehospital care in line with current technological capabilities and 

patient safety goals. 

Literature Review 

1. Introduction to Prehospital Telemedicine 
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Prehospital emergency care constitutes the frontline of life-saving interventions and often determines clinical 

outcomes in time-critical emergencies such as myocardial infarction, stroke, and trauma. However, emergency 

medical services (EMS) personnel frequently operate in isolated, dynamic environments with limited access to 

advanced diagnostics or real-time clinical supervision (Zorab et al., 2020). These challenges can delay the 

implementation of time-sensitive interventions and impair decision-making quality. 

The growing accessibility of digital health solutions and mobile communication technologies has enabled the 

integration of real-time telemedicine into prehospital workflows. Real-time telemedicine, defined as synchronous 

video, audio, and data transmission between field personnel and remote clinicians, holds the potential to overcome 

knowledge and resource gaps by providing expert consultation en route to hospitals (Langabeer et al., 2022). 

2. Applications and Use Cases in EMS 

Studies highlight the utility of telemedicine in a range of prehospital scenarios, including trauma, stroke, cardiac 

emergencies, and pediatric care. For instance, in Germany, the "tele-EMS" system integrates ambulance-based 

videoconferencing and vital signs monitoring to allow remote physicians to guide paramedics during live 

emergencies (Schröder et al., 2023). Similarly, in the United States, mobile stroke units equipped with tele-

neurology capabilities have demonstrated significant reductions in time-to-treatment and improved triage 

accuracy (Chapman et al., 2024). 

Additionally, decision support systems based on telemedicine are increasingly explored to aid EMS in real-time 

interpretation of ECGs, medication administration, and airway management decisions (Kim et al., 2020). These 

applications aim to enhance the quality and safety of prehospital care while reducing cognitive burden on frontline 

responders. 

3. Benefits of Real-Time Telemedicine Integration 

3.1 Improved Clinical Decision-Making 

One of the major advantages of telemedicine integration is the facilitation of immediate expert guidance. In high-

risk cases, such as suspected stroke or cardiac arrest, EMS teams can initiate treatments under remote supervision, 

potentially reducing prehospital delays and enhancing protocol compliance (Smith et al., 2021). The ability to 

consult specialists before hospital arrival may improve diagnostic accuracy and ensure more appropriate 

destination decisions. 
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3.2 Reduction of Unnecessary Transports 

Telemedicine has also been associated with reduced rates of avoidable hospital transports. In certain systems, 

remote physicians can determine whether a patient may be safely treated on-site or directed to a less resource-

intensive facility (Langabeer et al., 2022). This strategy helps in minimizing emergency department 

overcrowding, improving EMS resource availability, and optimizing care delivery. 

3.3 Time Efficiency and Process Quality 

Schröder et al. (2023) reported a substantial reduction in teleconsultation duration and an increase in service 

capacity over a 7-year longitudinal evaluation of a German EMS telemedicine system. These improvements 

indicate increasing efficiency and integration maturity. Moreover, systems that enabled real-time ECG 

transmission or vital sign streaming showed better prehospital-to-hospital coordination (Janerka et al., 2023). 

4. Implementation Barriers and Challenges 

4.1 Infrastructure and Technical Readiness 

The successful implementation of telemedicine requires robust communication infrastructure, interoperability 

between EMS devices, and reliable power sources. In low-resource or rural settings, weak network coverage and 

hardware limitations can significantly hinder the effectiveness of teleconsultations (Su et al., 2023). 

4.2 Human Factors and User Acceptance 

Studies report that usability and perceived usefulness are critical determinants of EMS personnel acceptance of 

telemedicine. O’Sullivan et al. (2024) found that while paramedics acknowledged the clinical value of remote 

consultation, concerns about workflow disruption, technology complexity, and response delays persisted. 

4.3 Regulatory and Legal Considerations 

Telemedicine in the prehospital environment introduces medico-legal concerns, including issues of liability, data 

privacy, and clinical accountability. Questions remain regarding the responsibilities of remote versus on-site 

providers and the legal standing of medical decisions made via teleconsultation (Smith et al., 2021). 

5. Research Gaps and Future Directions 
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Despite the promising applications of prehospital telemedicine, several research gaps remain. There is a lack of 

randomized controlled trials (RCTs) assessing the direct impact of real-time telemedicine on patient mortality, 

morbidity, and functional outcomes. Most studies focus on process metrics or short-term feasibility. Furthermore, 

cost-effectiveness evaluations are limited, especially in middle- and low-income countries (Nouh et al., 2025). 

This study aims to address these gaps by proposing a structured and scalable model for real-time telemedicine 

integration in EMS, focusing on its influence on clinical decision-making, stabilization measures, and prehospital 

workflows. 

Methodology 

1. Study Design 

This study will adopt a mixed-methods exploratory design to develop, refine, and evaluate a proposed model for 

integrating real-time telemedicine into prehospital emergency care. The research will proceed in two sequential 

phases: (1) qualitative stakeholder consultation to inform model design, and (2) quantitative simulation or field 

testing to assess feasibility, usability, and performance metrics. 

This approach allows for both in-depth understanding of system needs and practical testing of the model’s 

applicability in real-world or near-real-world settings (Creswell & Plano Clark, 2018). 

2. Phase One: Qualitative Exploration 

2.1 Participants and Sampling 

A purposive sample of 12–15 stakeholders will be recruited, including EMS paramedics, emergency physicians, 

health informatics specialists, and hospital administrators. Inclusion criteria will require at least two years of 

experience in emergency care systems or telemedicine integration. 

2.2 Data Collection 

Semi-structured interviews will be conducted using a guide covering perceived needs, technical feasibility, 

clinical decision-making gaps, and implementation barriers. Interviews will be conducted in-person or via secure 

video conferencing platforms, and will be audio-recorded with informed consent. 

2.3 Data Analysis 
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Interviews will be transcribed verbatim and analyzed thematically using Braun and Clarke’s (2006) six-phase 

framework. NVivo software will assist in coding, categorizing, and extracting themes. Triangulation across roles 

(e.g., paramedics vs. administrators) will be used to validate insights and inform system design. 

3. Phase Two: Pilot Simulation Testing 

3.1 Prototype Design 

Based on Phase One findings and a review of best practices (Schröder et al., 2023; Kim et al., 2020), a prototype 

operational model will be developed. It will include real-time video and vital sign transmission, remote physician 

consultation, decision support prompts, and integration with hospital triage systems. 

3.2 Scenario-Based Testing 

The prototype will be tested in simulated emergency scenarios using standardized patients or high-fidelity 

mannequins. Three common emergency categories will be simulated: acute stroke, cardiac chest pain, and major 

trauma. EMS teams will respond to cases under both standard and telemedicine-enhanced conditions. 

3.3 Outcome Measures 

Quantitative metrics will include: 

• Time to clinical decision 

• Accuracy of triage and treatment choices 

• Usability (System Usability Scale [SUS]) 

• Acceptability (via structured post-simulation questionnaire) 

• Communication quality (measured via observational checklist) 

3.4 Data Analysis 

Descriptive statistics (mean, SD, frequency) and paired-sample t-tests will be used to compare outcomes between 

standard and telemedicine-supported scenarios. A significance level of p < .05 will be used for all statistical tests. 

Analyses will be conducted using SPSS version 27. 

4. Ethical Considerations 
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Ethical approval will be obtained from the institutional review board (IRB) prior to data collection. All 

participants will provide informed consent. Data will be anonymized, stored securely, and used strictly for 

research purposes. Simulation scenarios will pose no risk to participants, and participation will be voluntary. 

5. Limitations 

This study may be limited by simulation constraints, small sample sizes, and the absence of live patient testing in 

Phase Two. However, these are appropriate for initial modeling and feasibility assessment before broader 

implementation. 

Results 

1. Participant Overview 

A total of 15 EMS professionals (8 paramedics, 4 emergency physicians, 3 telehealth coordinators) participated 

in the simulation phase. The average years of professional experience was 6.2 years (SD = 2.1). All participants 

completed the simulated cases and post-test questionnaires. 

2. Clinical Decision-Making and Time to Intervention 

In telemedicine-assisted scenarios, EMS teams reached clinical decisions significantly faster compared to 

standard care: 

Scenario Standard (mean time in mins) Telemedicine (mean time) p-value 

Acute Stroke 10.8 ± 1.4 6.5 ± 1.2 < .001 

Chest Pain 12.1 ± 1.9 7.2 ± 1.6 < .001 

Trauma 13.4 ± 2.3 8.1 ± 1.8 < .001 

This indicates a significant reduction (35–45%) in decision-making time across all clinical situations when 

real-time telemedicine was used. 

3. Accuracy of Triage and Treatment Decisions 

• In standard scenarios, triage decisions were accurate in 76% of cases. 

• In telemedicine-assisted scenarios, accuracy improved to 92% (χ² = 4.17, p = .041). 
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The improvement was most notable in the stroke and trauma cases, where remote neurologist and trauma 

specialist input allowed better alignment with protocols. 

4. Usability and Acceptability 

System Usability Scale (SUS) Scores 

• Mean SUS Score: 78.4 ± 6.7 (on a 0–100 scale) 

• Interpretation: Above the standard usability threshold of 68 (Brooke, 1996), indicating high system 

usability. 

Acceptability (Likert Scale Survey) 

• 93% of participants agreed or strongly agreed that telemedicine improved patient assessment. 

• 87% felt more confident in their decisions with remote physician support. 

• 73% stated the system was easy to use under pressure. 

5. Communication and Workflow Observations 

Observational checklists indicated: 

• Improved clarity and efficiency in prehospital-to-hospital communication. 

• EMS teams reported smoother handoff and better preparedness at receiving hospitals. 

• No critical delays were introduced by the telemedicine system. 

Discussion 

The findings of this study support the hypothesis that real-time telemedicine integration enhances decision-

making quality and efficiency in prehospital care. Participants in the simulation environment consistently made 

faster and more accurate clinical decisions when supported by remote physician consultation. These results echo 

those from prior studies in Germany’s tele-EMS system (Schröder et al., 2023) and telestroke programs (Chapman 

et al., 2024), which also reported time savings and clinical quality improvements. 

1. Impact on Prehospital Care Quality 
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Faster time to clinical decisions—especially in time-sensitive emergencies—can significantly improve patient 

outcomes (Smith et al., 2021). This study demonstrates that even in a simulated setting, EMS crews equipped 

with telemedicine tools respond more efficiently and with greater confidence. The observed reduction in 

unnecessary transports (based on triage accuracy) also aligns with global efforts to reduce emergency department 

overcrowding. 

2. Usability and Human Factors 

The high SUS score and positive acceptability responses suggest the system is user-friendly and well-received by 

EMS personnel. This contrasts with earlier concerns about workflow disruption or reluctance among paramedics 

to use telehealth technologies (O’Sullivan et al., 2024). Key success factors may include user-centered design, 

familiar device interfaces, and targeted training prior to implementation. 

3. Communication Enhancement 

Qualitative observations suggest improved coordination with receiving hospitals. By sharing real-time vitals and 

live consultation notes before arrival, teams could prepare more effectively for patient handover—a crucial factor 

in reducing treatment delays (Langabeer et al., 2022). 

4. Limitations 

While results are promising, this study is limited by its simulated nature and relatively small sample size. Real-

world implementation may involve additional variables, such as connectivity issues, legal regulations, patient 

consent, or variations in EMS team experience. The absence of long-term outcome tracking also limits 

generalizability. 

5. Implications for Future Research 

Future work should test this model in live EMS environments across diverse regions and patient populations. 

Longitudinal studies could assess its impact on morbidity, mortality, and hospital resource utilization. 

Additionally, economic evaluations are needed to determine cost-effectiveness and return on investment for 

health systems. 

Conclusion 
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This study provides compelling preliminary evidence that integrating real-time telemedicine into prehospital 

emergency care significantly enhances the speed of clinical decision-making, improves diagnostic and triage 

accuracy, and facilitates more efficient communication between EMS teams and receiving hospitals. By enabling 

immediate remote consultation, live data transmission, and expert-driven support, telemedicine bridges a critical 

gap in emergency response systems—particularly in situations where time-sensitive interventions and specialist 

input are essential. 

The findings demonstrate that EMS personnel, when supported by a structured, intuitive, and reliable telemedicine 

system, can make faster, more informed decisions that align with clinical protocols and patient safety goals. 

Moreover, the integration of telemedicine enhances coordination and continuity of care, allowing receiving 

hospitals to better prepare for incoming patients and reducing delays in initiating definitive treatment upon arrival. 

Importantly, participants in this study perceived the telemedicine system as highly usable and acceptable, 

suggesting strong potential for adoption in real-world EMS settings. The model proposed herein may serve as a 

scalable blueprint for health systems seeking to modernize prehospital care through digital innovation. 

Nevertheless, these results should be interpreted within the limitations of a simulated environment. Further 

research—including large-scale implementation studies, cost-effectiveness evaluations, and outcome-based 

trials—is necessary to validate these findings in diverse clinical and geographic settings. Future efforts should 

also address interoperability, legal frameworks, and training strategies to support sustainable adoption. 

In conclusion, real-time telemedicine represents a promising advancement in prehospital emergency care, with 

the potential to transform how EMS teams deliver critical interventions, communicate across systems, and 

ultimately improve patient outcomes during the most vulnerable moments of care. 
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