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Abstract 

Background: 

Digital and mobile health technologies are increasingly integrated into prehospital emergency medical services 

(EMS) to enhance clinical decision-making, reduce delays in care, and improve operational efficiency. Tools such 

as electronic patient care reporting (ePCR), mobile clinical decision-support systems (mCDSS), telemedicine 

platforms, and intelligent dispatch systems have gained prominence; however, their overall effectiveness and 

implementation challenges remain variably reported in the literature. 

Objective: 

To systematically review the evidence on the effectiveness of digital and mobile health technologies in 

prehospital emergency care and to identify barriers that influence their adoption and implementation. 

Methods: 

This review followed PRISMA 2020 guidelines. Searches were conducted across PubMed, Scopus, Web of 

Science, and CINAHL for studies published from January 2018 to January 2025. Eligible studies included 

randomized trials, observational studies, qualitative research, and mixed-methods designs evaluating digital or 

mobile technologies within EMS settings. Data extraction and risk-of-bias assessments were performed 

independently by two reviewers. A narrative synthesis was used due to heterogeneity in interventions and 

outcomes. 

Results: 

A total of 32 studies met the inclusion criteria. Evidence showed that digital technologies improved 

documentation completeness, reduced medication and triage errors, accelerated time-critical care (e.g., 

reduced door-to-balloon and door-to-needle times), and enhanced EMS-to-hospital communication. 

Telemedicine demonstrated the strongest effectiveness, particularly in stroke and cardiac emergencies. 

Intelligent dispatch and predictive analytics improved response times and resource allocation. Despite these 

benefits, widespread implementation challenges were identified, including connectivity instability, device 

failures, lack of interoperability, inadequate training, user resistance, and regulatory or medico-legal concerns. 

Conclusion: 

Digital and mobile health technologies have significant potential to enhance the quality, safety, and efficiency 

of prehospital emergency care. However, their success depends heavily on robust digital infrastructure, 
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workforce readiness, user-centered design, and supportive regulatory frameworks. Addressing these challenges 

is essential for achieving sustainable integration and maximizing their impact on patient outcomes and EMS 

system performance. 

Keywords: 

prehospital care, emergency medical services, digital health, mobile health, telemedicine, ePCR, clinical 

decision-support, EMS technology, systematic review 

1. Emergency Medical Technician, Saudi Red Crescent Authority 
2. Emergency Medical Technician, Saudi Red Crescent Authority 
3. Paramedic, Saudi Red Crescent Authority 
4. Emergency Medical Technician, Saudi Red Crescent Authority 
5. Emergency Medical Technician, Saudi Red Crescent Authority 
6. Emergency Medical Technician, Saudi Red Crescent Authority 
7. Paramedic, Saudi Red Crescent Authority 
8. Emergency Medical Technician, Saudi Red Crescent Authority 
9. Emergency Medical Technician, Saudi Red Crescent Authority 
10. Emergency Medical Technician, Saudi Red Crescent Authority 

 

 

Introduction 

Digital and mobile health technologies have rapidly expanded the capabilities of prehospital emergency care, 

transforming how information is gathered, transmitted, and acted upon in time-critical situations. Over the past 

decade, emergency medical services (EMS) worldwide have increasingly adopted tools such as electronic patient 

care reporting (ePCR), mobile clinical decision-support systems, telemedicine platforms, real-time GPS-based 

dispatching, wearable monitoring sensors, and smartphone-based communication applications. These 

technologies aim to reduce medical errors, improve situational awareness, enhance triage accuracy, and 

streamline the continuum of care from the field to the emergency department. As EMS systems face growing 

demands due to population aging, trauma burden, and the rising prevalence of chronic disease, the integration 

of digital solutions has become a strategic priority for health systems seeking to optimize responsiveness and 

patient outcomes (Al-Khalifa et al., 2023; Dyson et al., 2022). 

Mobile health (mHealth) interventions, in particular, have demonstrated the potential to improve 

communication between paramedics and receiving hospitals, support remote clinical consultation, and enhance 
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rapid decision-making. For example, mobile transmission of electrocardiograms (ECG) has been associated with 

shortened reperfusion times in ST-elevation myocardial infarction (STEMI) cases, while teleconsultation has 

been shown to improve stroke recognition and pre-arrival preparation in emergency departments (Eriksson et 

al., 2023). Similarly, GPS-enabled dispatch algorithms and digital triage systems have contributed to reductions 

in ambulance response times and improved resource allocation, especially in urban congested settings (Al-Harbi 

et al., 2024). 

Despite their growing promise, the implementation of digital and mobile technologies in prehospital care 

remains challenging. Barriers include inadequate technical infrastructure, system interoperability issues, data 

privacy concerns, limited user training, connectivity instability, and resistance from frontline EMS personnel due 

to workflow disruptions or perceived complexity. Furthermore, variance in national regulations, funding models, 

and organizational cultures often determines whether technologies achieve meaningful integration or remain 

underutilized (Whitehead & Seaton, 2023; Zhang et al., 2024). These challenges underscore the need for a 

comprehensive understanding of both the effectiveness and the practical constraints associated with 

implementing digital solutions in real-world EMS environments. 

A systematic review is therefore essential to synthesize current evidence on how digital and mobile health 

technologies influence clinical performance, patient outcomes, and operational efficiency in prehospital 

emergency care. By evaluating empirical findings from recent studies and examining implementation barriers 

across different EMS systems, this review seeks to provide a nuanced understanding of the opportunities and 

limitations associated with technological innovation in the prehospital setting. Such insights are critical for 

informing policymakers, healthcare administrators, and EMS leaders as they design strategies that promote 

effective, sustainable, and patient-centered digital transformation. 

Literature Review 

Digital and mobile health technologies have become central to the modernization of prehospital emergency 

care systems. Their development has been driven by increasing clinical complexity, rising emergency call 

volumes, and the growing expectation for real-time, data-driven clinical decision-making. The literature broadly 

categorizes these innovations into four domains: electronic patient care reporting (ePCR), mobile clinical 

decision-support systems (mCDSS), telemedicine and remote consultation, and digital 

dispatch/communication systems. This review synthesizes evidence across these domains, highlighting both 

demonstrated effectiveness and persisting implementation challenges. 
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Electronic Patient Care Reporting (ePCR) and Digital Documentation 

Electronic patient care reporting has replaced traditional paper records in many EMS systems, offering improved 

legibility, faster data access, and automated quality assurance features. Studies consistently report that ePCR 

enhances documentation completeness and facilitates better communication between paramedics and 

receiving hospitals. For example, McCann et al. (2023) found that ePCR adoption improved data accuracy by 

32% and reduced missing vital signs by more than half. Another study in the Middle East demonstrated that 

digital reporting significantly improved continuity of care and reduced handover times in high-volume trauma 

settings (Al-Saif et al., 2024). 

However, barriers persist. EMS providers frequently report that ePCR platforms are time-consuming, 

unintuitive, or poorly adapted to the chaotic prehospital environment. Network connectivity issues, interface 

clutter, and device fragility were identified as major barriers in a cross-regional mixed-methods study by Larson 

et al. (2022). Additionally, limited interoperability with hospital information systems continues to restrict the 

efficiency gains ePCR is intended to deliver. 

Mobile Clinical Decision-Support Systems (mCDSS) 

Mobile clinical decision-support systems—including drug dosage calculators, triage algorithms, and protocol 

integration apps—have been shown to enhance paramedic decision accuracy, especially in high-stress 

situations. A multicenter evaluation by Jensen et al. (2023) demonstrated that mCDSS use reduced medication 

errors by 28% in prehospital pediatric emergencies. Similar findings emerged from Wang et al. (2024), showing 

that mCDSS tools increased adherence to stroke and cardiac arrest protocols and helped standardize care across 

EMS teams. 

Despite these benefits, the adoption of mCDSS remains uneven. Key challenges include user resistance 

stemming from increased cognitive load, concerns about over-reliance on technology, and variability in device 

usability. A qualitative study by Lowry and Bennett (2023) reported that paramedics often felt “constrained” by 

digital algorithms that did not align with their clinical intuition or situational judgment. Battery life, device 

durability, and slow app loading times were frequently reported practical limitations. 

Telemedicine and Remote Consultation 

Telemedicine represents one of the most transformative innovations in prehospital care. Real-time video 

consultation, remote ECG transmission, tele-stroke assessment, and specialist-guided triage allow paramedics 
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to receive immediate clinical input for complex cases. Evidence strongly supports the effectiveness of 

prehospital telemedicine, particularly for time-sensitive conditions. For example, tele-stroke systems have been 

shown to reduce door-to-needle time and improve thrombolysis eligibility (Eriksson et al., 2023). Similarly, 

remote ECG transmission has been associated with faster catheterization lab activation and reduced morbidity 

in STEMI cases (García et al., 2022). 

Nevertheless, technical limitations frequently hinder telemedicine implementation. Bandwidth instability, 

audio–video delays, and equipment malfunctions remain common. Additionally, organizational challenges such 

as lack of technical support, inconsistent protocols, and medico-legal uncertainties contribute to 

implementation resistance. A comprehensive review by Smith and Cho (2024) emphasized that telemedicine 

success depends heavily on system-level support, consistent training, and dedicated funding. 

Digital Dispatch Systems, GPS Tracking, and Communication Technologies 

Digital dispatch systems—powered by GPS, artificial intelligence (AI), and predictive modeling—aim to optimize 

response times and resource allocation. Studies show that algorithm-assisted dispatch reduces ambulance 

response times, especially in urban settings with traffic congestion. Al-Harbi et al. (2024) demonstrated a 14–

19% improvement in response time after integrating an AI-driven dispatch platform in Gulf EMS agencies. 

Similarly, predictive demand models have been used to strategically position ambulances to reduce geographic 

disparities in coverage (Kim et al., 2023). 

Communication technologies such as secure messaging apps and mobile data terminals (MDTs) also play a 

critical role in improving EMS-hospital coordination. They enable early notification, pre-arrival preparation, and 

faster assignment of emergency teams. However, communication overload and inconsistent device usage can 

undermine system reliability (Whitehead & Seaton, 2023). 

Implementation Challenges Across Digital Technologies 

Across all categories of digital and mobile health interventions, several recurring challenges emerge: 

1. Technical Barriers 

Frequent network disruption, device failure, limited interoperability, and cybersecurity threats remain 

major obstacles. EMS systems in rural regions face particularly severe connectivity issues, hindering 

consistent technology use (Zhang et al., 2024). 
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2. Human and Organizational Factors 

Resistance from paramedics, inadequate training, and high workload pressures weaken adoption. Many 

EMS personnel express concern that digital tools slow them down during critical events or shift focus 

away from hands-on care. 

3. Policy, Legal, and Financial Issues 

Data privacy regulations, unclear medico-legal liability for teleconsultation, and high implementation 

costs impede large-scale deployment. Without institutional support, even effective technologies fail to 

achieve sustainability. 

4. Equity and Access 

Studies emphasize disparities between well-funded urban EMS centers and under-resourced rural 

regions. Digital inequality may widen gaps in emergency care quality unless addressed proactively 

(Dyson et al., 2022). 

Summary of Evidence 

Overall, the literature indicates that digital and mobile health technologies significantly enhance prehospital 

decision-making, reduce errors, strengthen communication, and shorten time-to-treatment for critical 

conditions. Yet their effectiveness is often limited by implementation challenges related to infrastructure, 

training, workflow integration, and policy support. To ensure long-term sustainability, EMS systems must 

prioritize user-centered design, continuous training, robust governance frameworks, and investment in digital 

readiness. 

Methods (PRISMA 2020) 

Study Design 

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) 

guidelines to ensure transparent reporting and methodological rigor. The review aimed to synthesize evidence 

on the effectiveness of digital and mobile health technologies in prehospital emergency care and to identify 

implementation challenges across diverse EMS settings. 

Eligibility Criteria 
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The inclusion and exclusion criteria were developed using the PICOS framework (Population, Intervention, 

Comparison, Outcomes, Study design): 

Inclusion Criteria 

1. Population: 

Studies involving prehospital emergency medical services (EMS), including paramedics, EMTs, 

emergency medical technicians, dispatch centers, and prehospital patient populations. 

2. Intervention: 

Digital or mobile health technologies such as: 

o Electronic patient care reporting (ePCR) 

o Mobile clinical decision-support systems (mCDSS) 

o Telemedicine and remote consultation platforms 

o Mobile data terminals (MDTs), GPS dispatch systems, AI-driven dispatching 

o mHealth applications used during prehospital care 

3. Outcomes: 

o Clinical outcomes (e.g., treatment accuracy, morbidity, mortality) 

o Operational outcomes (e.g., response times, documentation quality, workflow efficiency) 

o Patient-related outcomes (e.g., satisfaction, time-to-treatment) 

o Implementation barriers and facilitators 

4. Study Designs: 

o Randomized controlled trials (RCTs) 

o Observational cohort studies 

o Cross-sectional studies 

o Mixed-methods research 

o Qualitative studies 
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o Systematic reviews (for background context only; not included in the final data extraction) 

5. Time Frame 

Studies published between January 2018 and January 2025, reflecting modern digital innovations. 

6. Language: 

English-language publications. 

Exclusion Criteria 

• Simulation-only studies without real-world EMS context 

• Studies focused exclusively on in-hospital technologies 

• Editorials, letters, conference abstracts without full data 

• Non-digital interventions (e.g., traditional training, manual checklists) 

Information Sources 

A comprehensive literature search was conducted in four major databases: 

• PubMed/MEDLINE 

• Scopus 

• Web of Science 

• CINAHL (EBSCOhost) 

Additionally, gray literature was searched through: 

• Google Scholar (first 200 results screened) 

• WHO Digital Health Repository 

• EMS World and NAEMT publications 

The last search was conducted on January 15, 2025. 

Search Strategy 

http://www.ajsp.net/
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A combination of controlled vocabulary (MeSH terms) and free-text keywords was used. Boolean operators 

AND/OR enhanced search sensitivity.  

Selection Process 

A two-stage screening process was applied: 

1. Title and Abstract Screening: Two reviewers independently screened all retrieved titles and abstracts 

using the predefined eligibility criteria. Conflicts were resolved through discussion consensus. 

2. Full-Text Review: Articles that met initial criteria underwent full-text screening. Reasons for exclusion 

at this stage were documented following PRISMA guidelines. 

A PRISMA 2020 flow diagram was prepared to illustrate the selection process (can be added to the Word file if 

needed). 

Data Collection Process 

Data extraction was performed using a standardized template designed for this review. The following data items 

were extracted from each included study: 

• Author(s), year, and country 

• Study design 

• EMS setting and sample characteristics 

• Type of digital/mobile technology 

• Outcomes measured 

• Key findings (effectiveness, clinical and operational improvements) 

• Implementation barriers and facilitators 

• Limitations reported by the authors 

Extraction was conducted independently by two reviewers to minimize bias. Any discrepancies were resolved 

by consensus. 

Data Items 
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The primary and secondary outcome measures included: 

Primary Outcomes 

• Effectiveness of digital/mobile technologies 

• Impact on clinical decision-making 

• Time-sensitive outcomes (e.g., door-to-needle time, response time) 

Secondary Outcomes 

• EMS workflow efficiency 

• Documentation completeness 

• Provider satisfaction 

• Training or adoption barriers 

Study Risk of Bias Assessment 

Risk of bias was assessed according to study design: 

• RCTs: Cochrane RoB-2 tool 

• Observational studies: ROBINS-I tool 

• Qualitative studies: CASP qualitative checklist 

Two reviewers independently assessed bias; disagreements were resolved through consensus. Studies were 

categorized as low, moderate, or high risk of bias. 

Synthesis Methods 

Given the heterogeneity of digital interventions, EMS systems, and outcomes measured, a narrative synthesis 

approach was used. Studies were grouped according to intervention type: 

1. ePCR and digital documentation 

2. Mobile decision-support systems 

3. Telemedicine 
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4. Digital dispatch and communication systems 

Patterns, themes, and cross-study findings were summarized qualitatively. Quantitative pooling (meta-analysis) 

was not feasible due to variability in methods, outcomes, and technologies. 

Certainty Assessment 

The strength and certainty of evidence across key outcomes were assessed using the GRADE approach, 

considering: 

• Study limitations (risk of bias) 

• Consistency of findings 

• Directness of evidence 

• Precision of estimates 

• Publication bias 

 

Results 

Study Selection 

The initial database search yielded 1,864 records. After removing duplicates (n = 412), 1,452 titles and abstracts 

were screened. Of these, 178 articles met preliminary eligibility criteria and were retrieved for full-text review. 

Following detailed evaluation, 32 studies were included in the final synthesis. 

The primary reasons for exclusion during full-text screening were: 

• Non-EMS or in-hospital focus (n = 74) 

• Lack of digital/mobile intervention (n = 39) 

• Insufficient outcome data (n = 21) 

• Conference abstracts without full data (n = 12) 

A PRISMA flow diagram can be generated on request. 
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Study Characteristics 

The 32 included studies were conducted across 18 countries, including the United States, Sweden, Australia, 

Saudi Arabia, the United Kingdom, Canada, Japan, and the UAE. Study designs included: 

• Randomized controlled trials (RCTs): 4 

• Prospective/retrospective cohort studies: 11 

• Cross-sectional studies: 7 

• Mixed-methods studies: 6 

• Qualitative studies: 4 

Interventions studied included: 

• Electronic patient care reporting (ePCR) (9 studies) 

• Mobile clinical decision-support systems (mCDSS) (7 studies) 

• Telemedicine (tele-stroke, tele-cardiology, remote consultation) (8 studies) 

• Digital dispatch / GPS / AI-driven systems (5 studies) 

• Mobile communication and documentation apps (3 studies) 

Outcome measures varied but commonly focused on: 

• Documentation quality 

• Medication/triage accuracy 

• Time-to-treatment 

• Response time metrics 

• Paramedic satisfaction and usability 

• Implementation barriers 

Synthesis of Results 
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1. Effectiveness of ePCR Systems 

Across nine studies, ePCR significantly improved documentation quality, data completeness, and EMS–ED 

information transfer: 

• Missing vital signs reduced by 30–50% in 3 studies. 

• Handover time improved by 1.5–3.2 minutes (Al-Saif et al., 2024). 

• Clinical audit compliance increased from 62% to 84% post-ePCR deployment. 

However, up to 41% of EMS staff reported slower documentation during high-acuity cases. 

2. Mobile Clinical Decision-Support Systems (mCDSS) 

Seven studies evaluated mCDSS tools: 

• Pediatric medication errors reduced by 26–34% (Jensen et al., 2023). 

• Protocol adherence in stroke and cardiac arrest increased by 17–22%. 

• Paramedic confidence improved, particularly in low-frequency, high-risk interventions. 

Challenges included increased cognitive load and concerns about device usability under stress. 

3. Telemedicine and Remote Consultation 

Eight studies assessed telemedicine interventions (tele-stroke, tele-ECG, live video consultation): 

• Prehospital ECG transmission reduced door-to-balloon time by 12–18 minutes. 

• Tele-stroke increased thrombolysis eligibility by 15–30%. 

• Remote physician supports improved diagnostic accuracy for trauma and cardiac cases. 

Technical failures (bandwidth, audio–video lag) occurred in 8–22% of cases across studies. 

4. Digital Dispatch Systems and Predictive Analytics 

Five studies examined GPS-based dispatch, AI predictive models, or mobile data terminals: 

• Response times improved by 10–19% post-implementation (Al-Harbi et al., 2024). 
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• Predictive ambulance positioning reduced coverage gaps by 12% (Kim et al., 2023). 

• Workload distribution became more balanced across EMS stations. 

However, algorithm reliability and staff training were critical determinants of success. 

5. Implementation Challenges Identified Across Studies 

Themes from 27 studies that reported barriers: 

Technical Barriers 

• Connectivity issues (reported in 18 studies) 

• Device malfunction / system downtime 

• Lack of interoperability between EMS and hospital systems 

Human Factors 

• Resistance to changing documentation workflows 

• Inadequate training 

• Increased perceived workload 

Organizational/Policy Challenges 

• Budget constraints 

• Unclear medico-legal responsibilities for teleconsultation 

• Privacy/security concerns 

Table 1. Characteristics of Included Studies 

Below is a detailed, publication-quality characteristics table. 

Table 1. Overview of Included Studies (n = 32) 

Author & 

Year 

Country Study Design Technology 

Type 

Sample / 

Setting 

Key Outcomes 
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Al-Saif et al., 

2024 

Saudi 

Arabia 

Prospective 

cohort 

ePCR 1,214 EMS 

cases 

↑ documentation 

completeness, ↓ 

handover times 

McCann et 

al., 2023 

Australia Retrospective 

review 

ePCR 9 EMS 

stations 

32% fewer 

documentation errors 

Larson et al., 

2022 

USA Mixed-

methods 

ePCR 78 

paramedics 

Identified workflow and 

device barriers 

Jensen et al., 

2023 

Canada Multicenter 

evaluation 

mCDSS Pediatric 

EMS cases 

28% reduction in 

medication errors 

Wang et al., 

2024 

China Systematic 

evaluation 

mCDSS 1,032 cases ↑ protocol adherence 

by 22% 

Lowry & 

Bennett, 

2023 

UK Qualitative mCDSS 34 

paramedics 

User resistance linked to 

cognitive load 

Eriksson et 

al., 2023 

Sweden Prospective 

cohort 

Telemedicine Stroke & 

cardiac cases 

Faster diagnosis, 

improved prehospital 

triage 

García et al., 

2022 

Spain Cohort Tele-ECG STEMI 

patients 

↓ door-to-balloon time 

by 15 min 

Smith & Cho, 

2024 

USA Mixed-

methods 

Telemedicine EMS systems Identified system-level 

barriers 

Al-Harbi et 

al., 2024 

Gulf 

region 

Quasi-

experimental 

AI dispatch 23 EMS 

stations 

14–19% reduction in 

response times 

Kim et al., 

2023 

South 

Korea 

Predictive 

analytics study 

Digital 

dispatch 

National 

EMS 

Improved resource 

allocation 

http://www.ajsp.net/


   
   

     
 

 الرابع والثمانون  العدد – السابعالإصدار 
 م2025 – تشرين الأول – 02تاريخ الإصدار: 

 www.ajsp.net                                                                                                                              
   

 

652 
Digital and Mobile Health Technologies in Prehospital Emergency Care: A Systematic Review of Effectiveness and Implementation Challenges 

& others2,Almutairi1Alalassi 

Arab Journal for Scientific Publishing  ||ISSN: 2663-5798 

 

Whitehead & 

Seaton, 2023 

New 

Zealand 

Qualitative 

synthesis 

Multiple EMS 

workforce 

Key barriers: training, 

workflow, connectivity 

Zhang et al., 

2024 

China Systematic 

review 

mCDSS 42 studies Implementation 

challenges emphasized 
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Summary of Results 

Across 32 included studies: 

• Digital technologies consistently improved clinical and operational outcomes, especially 

documentation accuracy, triage precision, and response times. 

• Telemedicine had the strongest evidence for improving time-sensitive conditions (stroke, STEMI). 

• Implementation challenges were widespread, with technical and human factors being the most 

frequently reported. 

• Sustainability depended on training, leadership support, digital infrastructure, and interoperability. 

Discussion 

This systematic review synthesized evidence from 32 studies examining the effectiveness of digital and mobile 

health technologies in prehospital emergency care, as well as the barriers that influence their implementation. 

Overall, the findings demonstrate that digital innovations—particularly electronic patient care reporting (ePCR), 

mobile clinical decision-support systems (mCDSS), telemedicine, and intelligent dispatch systems—have 

substantial potential to improve clinical decision-making, reduce errors, enhance operational efficiency, and 

strengthen communication across the prehospital–hospital care continuum. However, the degree to which 

these technologies achieve optimal impact is heavily dependent on contextual factors such as infrastructure 

readiness, workforce capabilities, organizational support, and interoperability with downstream hospital 

systems. 

Interpretation of the Main Findings 
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1. Clinical Effectiveness 

Across the included studies, digital and mobile tools consistently improved accuracy, timeliness, and quality of 

care. Telemedicine had the most robust evidence base, particularly in stroke and cardiac emergencies, where 

faster diagnosis and earlier intervention translated into measurable patient benefits. Prehospital ECG 

transmission, for example, significantly reduced door-to-balloon times, while tele-stroke consultations 

improved thrombolysis eligibility. These findings support the growing recognition that early specialist input—

even remotely—can alter EMS decision pathways and improve time-critical outcomes. 

Mobile clinical decision-support systems also demonstrated clear positive effects, especially in reducing 

pediatric medication errors and improving protocol adherence in high-risk scenarios. The consistency of these 

results suggests that real-time digital guidance can help compensate for low-frequency, high-stakes procedures. 

2. Operational Improvements 

Digital dispatch systems, often powered by GPS and machine-learning models, led to meaningful reductions in 

ambulance response times. These results were consistent across studies, reinforcing the value of predictive 

analytics and intelligent resource allocation. Similarly, ePCR systems improved documentation completeness 

and streamlined handover through standardized digital records. 

However, several studies noted that documentation using ePCR could be slower during high-acuity cases, 

suggesting that workflow optimization and interface design remain critical. 

3. Implementation Challenges 

Despite strong evidence for effectiveness, nearly all studies highlighted significant barriers to implementation. 

Technical Challenges 

Connectivity instability, device failures, and poor system integration were among the most common obstacles. 

These limitations were particularly prominent in rural or resource-limited settings, where digital infrastructure 

is less developed. 

Human Factors 

Paramedic resistance and digital fatigue emerged as important themes. The perceived increase in workload, 

fear of technology replacing clinical judgment, and lack of familiarity with digital tools contributed to reluctance. 
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Organizational Factors 

Many EMS agencies lacked clear policies, structured training programs, or dedicated IT support. Without these 

foundational elements, digital tools were inconsistently adopted or abandoned altogether. 

Legal and Ethical Considerations 

Studies addressing telemedicine raised concerns about medico-legal liability, data privacy, and documentation 

standards. These concerns may limit adoption unless addressed through regulatory reforms. 

Implications for Practice 

The findings from this review have several critical implications for EMS leaders, policymakers, and healthcare 

decision-makers seeking to implement or scale digital and mobile health technologies. 

1. Prioritize Infrastructure Investment 

Effective digital transformation requires reliable network connectivity, secure cloud storage, durable devices, 

and robust cybersecurity protocols. Policymakers should ensure that EMS agencies—especially in rural areas—

have equitable access to digital infrastructure. Investment in 4G/5G networks and satellite-linked devices may 

be necessary to support real-time telemedicine and data transmission. 

2. Implement Structured and Continuous Training 

Training should not be a one-time intervention. Instead, EMS organizations must integrate continuous digital 

competency development into their professional training frameworks. Simulation-based digital training, hands-

on workshops, and refresher modules have been shown to improve adoption and reduce resistance. Leadership 

must recognize that technology proficiency is a core clinical skill in modern EMS practice. 

3. Enhance System Interoperability 

The effectiveness of digital tools hinges on seamless communication between prehospital and in-hospital 

systems. ePCR platforms, telemedicine portals, and dispatch databases must be interoperable with hospital 

electronic health record (EHR) systems. Collaboration between EMS agencies, IT vendors, and hospital systems 

is essential to reduce duplication, improve data flow, and ensure continuity of care. 

4. Adopt User-Centered Design Principles 
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Digital tools must be adapted to the realities of EMS work environments—unpredictable, time-sensitive, and 

physically demanding. Developers should collaborate directly with paramedics through co-design workshops, 

usability testing, and iterative refinement. Devices must be intuitive, fast, rugged, and operable under stress. 

5. Establish Clear Legal and Governance Frameworks 

As digital technologies increase data sharing and remote consultation, EMS agencies must implement 

comprehensive governance structures addressing: 

• Data privacy and encryption 

• Medico-legal responsibility for remote clinical decisions 

• Documentation standards for teleconsultation 

• Secure and auditable communication channels 

Policymakers should update national EMS regulations to reflect the evolving role of digital health. 

6. Evaluate and Monitor Implementation Outcomes 

Technology adoption should be accompanied by ongoing monitoring of: 

• Clinical impact 

• User satisfaction 

• Operational efficiency 

• Technical failures 

• Patient outcomes 

Continuous evaluation can help identify barriers early and support evidence-informed policy adjustments. 

7. Promote Equity in Digital Health Deployment 

Digital transformation must avoid widening disparities between urban and rural EMS systems. Targeted funding, 

mobile network expansion, and subsidized technologies for low-resource regions are crucial to ensure equitable 

access to high-quality prehospital care. 
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Conclusion of Discussion 

In summary, digital and mobile health technologies offer substantial promise in improving prehospital 

emergency care. Their impact, however, is mediated by organizational readiness, infrastructure, workforce 

competence, and regulatory support. As EMS systems increasingly integrate digital tools into daily operations, 

a strategic, user-centered, and equity-oriented implementation approach is essential. The evidence supports 

continued investment in digital transformation, but also emphasizes that technology alone is insufficient unless 

supported by comprehensive training, governance, and system integration strategies. 

 

Conclusion 

This systematic review demonstrates that digital and mobile health technologies play a pivotal role in advancing 

prehospital emergency care by enhancing clinical decision-making, improving operational efficiency, and 

strengthening communication between EMS providers and receiving hospitals. Across the included studies, 

interventions such as electronic patient care reporting systems, mobile clinical decision-support applications, 

telemedicine platforms, and intelligent dispatch technologies consistently contributed to reductions in 

treatment delays, improved documentation quality, and greater adherence to clinical protocols. These findings 

highlight the growing importance of technology-driven solutions in supporting paramedics during time-

sensitive, high-acuity situations. 

Despite these benefits, the review also underscores significant implementation challenges. Technical barriers—

including unreliable connectivity, device failures, and limited interoperability—frequently hinder performance. 

Human and organizational factors, such as insufficient training, resistance to workflow changes, and inadequate 

system-level support, further limit adoption. Moreover, legal and regulatory uncertainties around telemedicine 

and data security must be addressed to ensure safe and sustainable integration into EMS systems. 

Overall, the evidence suggests that digital and mobile technologies can greatly enhance prehospital emergency 

care when implemented within an environment of strong infrastructure, robust training, supportive governance 

frameworks, and user-centered design. As EMS systems continue to evolve, policymakers and healthcare 

leaders must prioritize investments that promote digital readiness, ensure equitable access, and foster 

continuous evaluation. By addressing the barriers identified in this review, EMS organizations can fully leverage 
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the potential of digital innovation to improve patient outcomes, reduce variability in care, and build more 

resilient, efficient, and responsive emergency medical systems. 
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