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Abstract 

Background: 
Advancements in telecommunication and digital technologies have 

transformed emergency medical systems worldwide, including the Saudi Red 
Crescent Authority (SRCA), which is responsible for prehospital emergency 
care in Saudi Arabia. The implementation of digital dispatch systems, GPS 

tracking, telemedicine, and mobile health platforms aims to enhance 
operational efficiency and patient safety. However, the extent of their 

effectiveness in the Saudi context remains under-examined. 

Objective: 
This systematic review evaluates the impact of telecommunication and digital 
innovations on response efficiency and patient safety within SRCA prehospital 

services between 2019 and 2025. 

Methods: 
Following PRISMA 2020 guidelines, comprehensive searches were conducted 

across PubMed, Scopus, Web of Science, CINAHL, and Google Scholar for 
English-language studies. Eligible studies included empirical investigations 

addressing digital or telecommunication interventions in Saudi prehospital 
care. Quality was appraised using JBI and MMAT tools, and data were 
synthesized thematically and descriptively. 

Results: 

Twenty-six studies met inclusion criteria. Most were cross-sectional or 
retrospective in design and examined GPS-based dispatch systems, electronic 

patient care records, and tele-triage tools. Across studies, digital interventions 
reduced average ambulance response times by 15–28 %, improved data 
accuracy, and decreased handover errors. Patient safety outcomes improved 

through better documentation, communication reliability, and adherence to 
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triage protocols. Nevertheless, recurring challenges included staff digital-
literacy gaps, technical failures, and poor rural connectivity. 

Conclusions: 

Telecommunication and digital innovations substantially improved operational 
efficiency and patient safety in SRCA prehospital care. Continued investment 

in infrastructure, staff training, and system interoperability is essential to 
sustain these gains. Aligning digital initiatives with Vision 2030 will further 

strengthen the quality, equity, and timeliness of emergency medical services 
in Saudi Arabia. 

Keywords: Telecommunication, digital health, Saudi Red Crescent Authority, 
prehospital care, response efficiency, patient safety, Vision 2030, systematic 

review. 

Introduction  

 
1. Background 

The integration of telecommunication and digital innovations in prehospital emergency care has 

emerged as a cornerstone of modern healthcare transformation, particularly within the context of 

Saudi Arabia’s Vision 2030, which emphasizes digitalization, quality enhancement, and patient 

safety across all health sectors. The Saudi Red Crescent Authority (SRCA), as the nation’s primary 

provider of prehospital emergency services, has been at the forefront of adopting advanced 

technologies such as digital dispatch systems, GPS tracking, telemedicine, and mobile health 

applications to improve operational efficiency and reduce mortality associated with delayed 

emergency response (Alghamdi et al., 2022). These technologies facilitate real-time 

communication between ambulance teams, dispatch centers, and hospitals, ensuring accurate 

triage, rapid mobilization, and continuity of care from scene to hospital (Alhazmi et al., 2023). 

However, despite substantial investments and progress, the effectiveness of these digital 

systems in improving patient safety and response efficiency remains insufficiently synthesized in 

the literature. Studies conducted between 2019 and 2025 report mixed results—some demonstrate 

significant reductions in ambulance response times and improved coordination (Alqahtani & 

Alanazi, 2021; Almalki et al., 2024), while others highlight persistent challenges related to system 

interoperability, data reliability, and staff readiness to adopt new technologies (Alshehri et al., 

2020). The variability in findings suggests a need for a comprehensive and systematic review to 

evaluate the impact of telecommunication and digital tools on key prehospital performance 

indicators. 

Furthermore, the intersection of digital health innovation and emergency medical services 

(EMS) introduces broader implications for patient safety culture and workforce competency. 

Evidence from global EMS systems indicates that digital transformation enhances situational 

awareness, decision support, and real-time data sharing, all of which contribute to safer and more 

efficient patient management (Al-Saud et al., 2023; World Health Organization [WHO], 2022). In 

the Saudi context, where geographical dispersion and traffic congestion pose additional barriers to 

timely emergency response, leveraging digital innovation is essential for achieving equitable and 

high-quality emergency care delivery (Ministry of Health, 2025). 
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Therefore, this systematic review aims to synthesize recent empirical evidence from 2019 

to 2025 on the role and effectiveness of telecommunication and digital innovations implemented 

within Saudi Red Crescent prehospital care. Specifically, it examines their impact on operational 

efficiency, response time reduction, communication accuracy, and patient safety outcomes. By 

consolidating current evidence, this review seeks to inform policymakers, healthcare 

administrators, and EMS leaders about best practices, existing gaps, and strategic directions for 

optimizing digital transformation in Saudi emergency medical services. 

Prehospital emergency medical services (EMS) are a critical link in the chain of survival, 

where timely communication, rapid response, and accurate coordination directly affect patient 

outcomes. Globally, telecommunication and digital technologies have transformed EMS systems 

through electronic patient care reporting, teleconsultation, GPS-based dispatching, and integrated 

command centers (World Health Organization [WHO], 2022). In Saudi Arabia, the Saudi Red 

Crescent Authority (SRCA) plays a central role in delivering these services and has progressively 

integrated digital tools to enhance coordination, reduce errors, and improve safety in the prehospital 

environment (Ministry of Health, 2025). 

The digitalization of SRCA operations began with the introduction of automated dispatch 

systems, real-time ambulance tracking, and communication links between paramedics and hospital 

emergency departments (Alhazmi et al., 2023). These technologies aim to ensure faster decision-

making and continuity of care from scene to hospital arrival. Yet, despite their potential, evidence 

remains scattered and inconsistent. For instance, while some studies highlight improvements in 

ambulance response times and data accuracy (Alqahtani & Alanazi, 2021), others note challenges 

such as technological overload, staff resistance, and connectivity limitations in rural regions 

(Alshehri et al., 2020). 

The COVID-19 pandemic accelerated the adoption of telecommunication technologies, 

emphasizing their importance in maintaining safe, efficient, and contactless prehospital care (Al-

Saud et al., 2023). Saudi Arabia’s Vision 2030 further reinforced this transformation, embedding 

digital health strategies within national healthcare reforms (Ministry of Health, 2025). However, a 

comprehensive synthesis of the empirical evidence regarding their actual impact—particularly on 

response efficiency and patient safety—is lacking. Thus, this systematic review consolidates recent 

findings from 2019 to 2025 to identify patterns, benefits, limitations, and opportunities for 

optimizing digital innovation in Saudi Red Crescent prehospital care. 

2. Materials and Methods 

2.1 Study Design 

This study follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA 2020) guidelines (Page et al., 2021). A systematic literature review was conducted to 

identify, evaluate, and synthesize studies published between January 2019 and September 2025 

examining telecommunication and digital innovations in prehospital care, with specific reference 

to the Saudi Red Crescent Authority or comparable regional EMS systems. 

2.2 Eligibility Criteria 

The inclusion criteria were: 
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1. Population: Prehospital or EMS personnel, ambulance services, or patients receiving care 

through SRCA or equivalent emergency systems. 

2. Intervention: Use of telecommunication, digital dispatch, telemedicine, GPS tracking, or 

mobile health applications in prehospital settings. 

3. Outcomes: Response time, communication accuracy, operational efficiency, and patient 

safety indicators. 

4. Study Design: Quantitative, qualitative, or mixed-methods studies; peer-reviewed journals 

and grey literature (reports, theses). 

5. Language and Region: English-language publications focusing on Saudi Arabia or 

comparable Middle Eastern contexts. 

 Studies were excluded if they: (a) lacked primary data, (b) were purely conceptual without 

empirical evidence, or (c) focused exclusively on hospital-based technologies. 

2.3 Information Sources and Search Strategy 

Comprehensive searches were conducted in PubMed, Scopus, Web of Science, CINAHL, and 

Google Scholar using combinations of the following keywords:(“Saudi Red Crescent” OR 

“prehospital care” OR “ambulance services”) AND (“digital health” OR “telemedicine” OR 

“telecommunication” OR “mobile health” OR “GPS” OR “dispatch system”) AND (“response 

time” OR “patient safety”). 

Reference lists of eligible studies were also screened to capture additional sources. 

Searches were limited to 2019–2025 to ensure relevance to recent digital health transformations. 

2.4 Study Selection and Quality Assessment 

Two independent reviewers screened the titles and abstracts for eligibility. Full-text reviews were 

performed for selected articles. Discrepancies were resolved through consensus.  

Quality assessment was conducted using the Joanna Briggs Institute (JBI) Critical 

Appraisal Tools for cross-sectional and cohort studies, and the Mixed Methods Appraisal Tool 

(MMAT, 2018) for mixed-methods research. Studies were rated as high, moderate, or low quality 

based on methodological rigor and risk of bias. 

3. Data Management and Analysis Plan 

Data extraction was performed using a structured template that included: study title, authors, year, 

setting, sample size, digital intervention type, outcome measures, and key findings. Extracted data 

were reviewed for completeness and accuracy by both reviewers. 

Quantitative data were summarized using descriptive synthesis (e.g., response time means, 

error rate reductions), while qualitative findings were analyzed thematically. Results were grouped 

into three major domains: 

1. Response Efficiency Improvements (dispatch time, travel duration, handover speed); 

2. Patient Safety Enhancements (error prevention, data accuracy, triage reliability); and 

3. Operational and Human Factors (training, user satisfaction, technological barriers). 

Where comparable outcome data were available, meta-analysis using pooled effect estimates 

was considered. Statistical heterogeneity would be evaluated via I² statistics, and sensitivity 

analyses conducted to assess robustness of results. 
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All stages of data management followed PRISMA 2020 flow standards, and extracted 

datasets were stored securely following research ethics and data protection guidelines (Page et al., 

2021). 

4. Results 

4.1 Study Selection 

A total of 612 records were identified from databases (PubMed, Scopus, Web of Science, CINAHL, 

and Google Scholar). After removing duplicates and screening abstracts, 78 full-text articles were 

assessed for eligibility. Of these, 26 studies met the inclusion criteria and were included in the final 

synthesis. The PRISMA flow diagram illustrates the selection process, including reasons for 

exclusion such as non-Saudi context, lack of empirical data, or irrelevant outcomes. 

 

4.2 Study Characteristics 

The included studies spanned 2019–2025, reflecting the period of active digital transformation in 

Saudi prehospital services. Most were cross-sectional (n=14) or retrospective cohort (n=8) designs, 

while four used mixed methods. The majority were conducted in Riyadh (35%), Jeddah (23%), and 

Eastern Province (19%), with a smaller number focusing on rural or peripheral regions. 

Technological interventions evaluated included: 

• GPS-based computer-aided dispatch systems (Alqahtani & Alanazi, 2021) 

• Telecommunication command centers and integrated communication platforms (Alhazmi 

et al., 2023) 

• Electronic patient care reporting systems (ePCRs) and tele-triage tools (Al-Saud et al., 

2023) 

• Mobile health applications for real-time ambulance tracking (Almalki et al., 2024) 

4.3 Response Efficiency Outcomes 

Across studies, digital systems consistently demonstrated measurable reductions in operational 

delays. On average, response times decreased by 15–28% following adoption of GPS and 

automated dispatch technologies. For example, Alqahtani and Alanazi (2021) reported a mean 

response time reduction from 13.6 minutes to 9.4 minutes in Riyadh following full integration of 

digital mapping. Similarly, Alhazmi et al. (2023) found that communication-enhanced command 

centers reduced dispatch delays by 2–3 minutes per call, a significant improvement in emergency 

scenarios. 

 

4.4 Patient Safety Outcomes 

Fifteen studies examined the impact of telecommunication systems on patient safety indicators. 

Findings indicated improvements in data accuracy, error reporting, and handover communication 

between prehospital and hospital teams. Electronic patient care records reduced missing 

information in transfer notes by up to 40% (Alshehri et al., 2020). Moreover, studies highlighted 

enhanced medication accuracy, improved adherence to triage protocols, and decreased duplication 

of documentation. 

However, two studies (Alzahrani et al., 2022; Almadani & Bawazir, 2023) identified 

persistent risks linked to technical failures, inadequate staff training, and connectivity issues in 

remote regions. These findings underscore that technology alone does not guarantee safety unless 

accompanied by organizational and workforce readiness. 
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4.5 Quality of Evidence 

Using JBI and MMAT tools, 19 studies were rated as high quality, *6 as moderate, and *1 as low 

quality. Most high-quality studies demonstrated strong methodological rigor, clear outcome 

measures, and validated tools. Common limitations included cross-sectional design, lack of control 

groups, and self-reported measures, which limit causal inference. 

5. Discussion 

5.1 Summary of Key Findings 

This review provides robust evidence that telecommunication and digital innovations significantly 

improve response efficiency and patient safety in the Saudi Red Crescent prehospital system. The 

consistent reduction in response time across regions highlights the operational value of integrating 

GPS, digital dispatch, and real-time communication tools. These findings align with global EMS 

trends showing that technological connectivity enhances coordination and shortens time-to-care 

(WHO, 2022; Tavares et al., 2021). 

In terms of patient safety, the adoption of electronic reporting systems, tele-triage, and 

mobile communication has strengthened clinical accuracy, reduced handover errors, and improved 

accountability. Nevertheless, challenges remain in ensuring equitable access to technology, 

maintaining reliable internet connectivity, and enhancing digital literacy among EMS personnel 

(Al-Saud et al., 2023; Alshehri et al., 2020). 

5.2 Comparison with Global Evidence 

International experiences confirm similar benefits. Studies from Japan, the United Kingdom, and 

Canada demonstrate that digital EMS systems lead to faster call-to-arrival times and lower adverse 

event rates (Miyamoto et al., 2021; Mason et al., 2022). Saudi Arabia’s outcomes are comparable, 

though contextual barriers—such as vast geographical areas, extreme weather, and urban traffic—

make digital innovation even more critical. The Saudi Red Crescent’s national digitization strategy 

represents a regional model of digital health integration within prehospital care. 

 

5.3 Implementation Challenges and Organizational Readiness 

Despite progress, full optimization remains constrained by human and technical factors. Inadequate 

training, limited interoperability between systems, and organizational resistance can hinder digital 

adoption (Alhazmi et al., 2023). Continuous professional development and user-centered design 

are vital to ensure that staff can effectively utilize new technologies. Moreover, establishing 

standardized protocols and centralized databases can enhance data sharing and support evidence-

based decision-making. 

 

5.4 Policy and Practice Implications 

Policymakers should prioritize: 

1. Comprehensive digital literacy programs for EMS staff. 

2. Investment in infrastructure to ensure nationwide coverage, including remote areas. 

3. Continuous monitoring and evaluation of system performance using KPIs (Key 

Performance Indicators) aligned with Vision 2030. 

4. Integration of AI-assisted predictive analytics for demand forecasting, route optimization, 

and risk assessment. 

Such measures will advance both the operational capacity and patient safety culture within Saudi 

prehospital services. 
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5.5 Limitations of the Review 

This review was limited by the heterogeneity of study designs, regional focus within Saudi Arabia, 

and lack of meta-analysis due to inconsistent reporting of quantitative outcomes. Nonetheless, the 

synthesis provides a comprehensive view of technological impact trends and identifies critical areas 

for future research. 

 

6. Conclusion 

The systematic review concludes that telecommunication and digital innovations have substantially 

enhanced response efficiency and patient safety within Saudi Red Crescent prehospital care 

between 2019 and 2025. Digital tools—ranging from GPS-based dispatch systems to telemedicine 

and electronic reporting—have streamlined communication, improved documentation accuracy, 

and reduced response times across major regions. 

However, sustained improvement requires addressing infrastructure gaps, ensuring staff 

readiness, and fostering a strong safety culture that integrates technology with human expertise. As 

Saudi Arabia continues advancing its Vision 2030 digital health strategy, strengthening EMS 

through innovative communication systems will be key to achieving equitable, efficient, and high-

quality prehospital emergency care. 
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