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ABSTRACT 

Technological innovations have transformed the way Emergency Medical Technicians (EMTs) deliver pre-hospital care. 

This systematic review explores the integration of smart navigation systems, GPS tracking, digital mapping, real-time data 

sharing, and team monitoring technologies in emergency medical services (EMS). The objective is to assess how these 

technologies influence operational efficiency, response times, and clinical outcomes. Databases such as PubMed, Scopus, 

and ScienceDirect were searched for studies published between 2016 and 2025 using keywords like “EMS technology,” 

“real-time navigation,” and “GPS in pre-hospital care.” Findings indicate that technology-driven systems significantly 

reduce response times, enhance coordination between dispatch centers and field teams, and improve patient outcomes 

through faster intervention and better situational awareness. However, barriers such as connectivity issues, data overload, 

and training deficits persist. This review concludes that the integration of smart navigation and real-time data technologies 

is vital to modern EMS systems, with evidence supporting their role in efficiency, safety, and patient care quality. Future 

developments in AI and IoT will further optimize emergency response networks. 

Keywords: Emergency Medical Technicians, GPS, smart navigation, real-time data, EMS technology, response time, field 

performance. 

How to Cite: Rakan Faisal Basri, Ibrahim Mohammed Alanazi, Hatim Faihan Alotaibi, Adel Mohammed Al Dukhain, 

Ahmed Sayer Alshammri, Bader Naif Alotaibi, Salman Abdullah Alharbi, Sultan Mohammed Alanazi, (2025) Smart 

Navigation and Real-Time Data in EMT: A Systematic Review of Technologies Improving Field Efficiency and Patient 

Outcomes, Journal of Carcinogenesis, Vol.24, No.8s, 911-921 

 

1. INTRODUCTION 

Emergency Medical Technicians (EMTs) play a critical role in the continuum of emergency medical services (EMS), 

serving as the first point of contact in life-threatening situations where every second matters. Rapid response, accurate 

location identification, and efficient route navigation are key determinants of survival in time-sensitive emergencies such 

as cardiac arrest, trauma, and stroke. Historically, EMS field operations depended heavily on manual dispatch systems, 

radio communications, and static maps, which often led to communication errors, route inefficiencies, and delays in patient 

care (Fitzpatrick et al., 2020). The integration of digital technologies—particularly smart navigation, real-time data sharing, 

and global positioning systems (GPS)—has revolutionized how EMTs manage field operations, enabling more coordinated, 

data-driven, and efficient emergency response networks. 

In recent years, smart navigation technologies have evolved to incorporate artificial intelligence (AI) algorithms capable 

of analyzing live traffic conditions, weather, and geospatial data to generate the fastest and safest routes to incident sites. 

This has significantly reduced average response times and improved patient outcomes (Kim et al., 2021). For instance,  
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GIS-based navigation tools allow EMTs to visualize spatial patterns of emergencies and anticipate high-risk areas, leading 

to optimized resource allocation (Yousef et al., 2021). Similarly, real-time data systems now connect dispatch centers, 

ambulances, and hospitals through digital platforms, facilitating continuous information flow about patient status, scene 

conditions, and treatment readiness (Rahman et al., 2022). Such technologies enhance coordination, allowing pre-arrival 

hospital preparation and minimizing handover delays. 

GPS and digital mapping systems not only guide EMTs to patients but also track ambulance movement and performance 

metrics. These systems record timestamps for dispatch, arrival, and transport, allowing performance audits and process 

improvements (Chen et al., 2022). Furthermore, real-time alert systems provide contextual updates such as traffic 

congestion, road closures, or environmental hazards, ensuring that EMTs adapt their routes dynamically. Integrating these 

systems enhances situational awareness, operational safety, and overall service reliability. 

The adoption of team-tracking and coordination technologies has also strengthened EMS performance. By monitoring 

crew movements and task progress, supervisors can ensure appropriate distribution of resources, prevent duplication of 

efforts, and maintain accountability during multi-incident responses (Davis & Rahman, 2023). Moreover, mobile 

communication applications integrated with navigation tools support live video or telemetry transmission, allowing EMTs 

to consult remote physicians or hospital specialists during en-route care (Alvarez et al., 2020). This real-time 

communication reduces diagnostic uncertainty and enables early clinical decision-making, improving patient outcomes 

before hospital arrival. 

However, despite these advancements, several barriers challenge the full-scale implementation of technology in EMS. 

Connectivity issues in rural regions, inadequate digital literacy among EMT personnel, and data privacy concerns 

remain significant constraints (Fitzpatrick et al., 2020; Chen et al., 2022). Furthermore, reliance on digital systems raises 

questions about redundancy during technical failures or network outages. Therefore, integrating technology into EMS 

operations requires not only infrastructure investment but also systematic training, policy alignment, and continuous 

performance evaluation. 

This systematic review aims to synthesize current evidence on how smart navigation and real-time data technologies 

improve field efficiency and patient outcomes in emergency medical services. It explores their impact on operational 

parameters such as response time reduction, route optimization, inter-team communication, and patient survival 

rates, while identifying the challenges and strategies associated with implementation. As digital transformation accelerates 

across healthcare systems, understanding the role and effectiveness of these technologies is essential for developing next-

generation EMS models that combine human expertise with technological intelligence to save more lives. 

2. TECHNOLOGICAL FRAMEWORK IN EMT FIELD SUPPORT 

The rapid integration of advanced technologies into Emergency Medical Technician (EMT) field operations has redefined 

the delivery of pre-hospital care. The technological framework supporting EMT performance is built upon interconnected 

systems that enable location precision, data synchronization, communication efficiency, and situational awareness. 

These tools—ranging from GPS and Geographic Information Systems (GIS) to real-time alerts and team-tracking 

platforms—collectively contribute to faster response, better coordination, and improved patient outcomes. 

2.1. Global Positioning System (GPS) and Smart Navigation 

GPS-based navigation is the cornerstone of modern EMS field operations. Through satellite-based positioning, EMTs can 

locate patients quickly and navigate the most efficient routes to and from incident scenes. Smart navigation tools, powered 

by AI and machine learning algorithms, enhance traditional GPS functions by integrating real-time traffic data, 

weather conditions, and road closures, dynamically recalculating routes for minimal delay (Kim et al., 2021). These 

systems often synchronize with dispatch centers, allowing emergency operators to visualize ambulance movement and 

assign the closest available units to incidents. 

In cities like Riyadh and London, GPS-enabled EMS systems have demonstrated up to 25% reductions in response time, 

significantly improving cardiac arrest survival rates (Yousef et al., 2021). Moreover, smart navigation systems can 

automatically generate estimated arrival times for hospitals, enabling pre-arrival activation of trauma or cardiac 

teams—a process linked to faster definitive treatment and improved outcomes (Rahman & Davis, 2022). 

2.2. Geographic Information Systems (GIS) and Digital Mapping 

Geographic Information Systems (GIS) expand beyond basic GPS by providing multilayered spatial data visualization, 

allowing EMTs to assess geographic risk patterns, service coverage, and incident hotspots. GIS tools integrate with 

historical response data, enabling predictive modeling for demand forecasting and resource distribution (Chen et al., 

2022). For instance, GIS-based command centers can map ambulance density across urban regions in real time, ensuring 

balanced coverage and minimizing service gaps during peak hours. 

GIS applications also support disaster management, where road accessibility, terrain analysis, and hazard mapping 
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become critical. In mass casualty events, these systems facilitate rapid resource deployment and route planning under 

uncertain conditions. When combined with remote sensing data, GIS allows real-time environmental monitoring—such as 

flood or heatwave tracking—enhancing EMT preparedness and operational resilience (Davis & Rahman, 2023). 

2.3. Real-Time Data Sharing and Alert Systems 

Real-time data exchange between field teams, dispatch centers, and hospitals is pivotal for modern EMS communication. 

Through secure cloud-based platforms or mobile networks, EMTs can transmit patient data, vital signs, and 

electrocardiogram (ECG) readings directly to emergency departments (Fitzpatrick et al., 2020). This enables hospital 

teams to prepare before patient arrival, significantly reducing door-to-needle or door-to-balloon times for critical cases. 

Real-time alert systems complement this process by issuing context-sensitive notifications such as traffic congestion, 

environmental hazards, or patient condition updates. These alerts improve route safety and situational awareness while 

ensuring that EMTs prioritize critical interventions efficiently. For instance, during multi-casualty incidents, AI-driven 

alert systems help EMS coordinators allocate units dynamically and prevent redundancy in field response (Alvarez & Kim, 

2020). 

2.4. Team Tracking and Coordination Platforms 

Team tracking technologies utilize GPS-based telemetry to monitor the positions and activities of multiple EMS crews in 

real time. Supervisors can oversee task assignments, monitor safety status, and ensure compliance with operational 

protocols. These systems have improved accountability, reduced communication delays, and supported seamless handovers 

between shift teams (Rahman & Davis, 2022). 

Furthermore, some modern EMS systems integrate wearable devices for physiological monitoring of EMTs themselves—

tracking heart rate, stress levels, and fatigue—to maintain responder safety during high-stress operations. Integrating this 

human-centered data with operational dashboards promotes both crew welfare and service continuity. 

2.5. Artificial Intelligence (AI) and Internet of Things (IoT) Integration 

The next evolution in EMT technology lies in combining AI with IoT devices. AI-driven analytics can predict high-

demand zones, simulate emergency scenarios, and optimize dispatching algorithms, while IoT-enabled ambulances 

continuously stream data about vehicle status, patient vitals, and environmental conditions (Chen et al., 2022). Such 

integration forms the foundation of the “Smart EMS Ecosystem”, where information flows seamlessly among patients, 

responders, and healthcare facilities, ensuring that every action is informed and adaptive. 

 

Figure 1. Conceptual Framework of Smart Navigation and Real-Time Data Integration in EMT 

 

Each stage is interconnected through data flow arrows, emphasizing real-time synchronization between field teams, 

dispatch centers, and hospitals. The feedback loop highlights how performance data informs future route optimization, 

training, and policy development. 
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3. METHODOLOGY 

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 

2020) guidelines to ensure methodological transparency and replicability. The objective was to evaluate the impact of smart 

navigation and real-time data technologies on the field efficiency and patient outcomes of Emergency Medical Technicians 

(EMTs) within pre-hospital emergency medical services (EMS). 

A comprehensive literature search was conducted in PubMed, Scopus, IEEE Xplore, ScienceDirect, and Web of Science 

for studies published between January 2016 and September 2025. Search keywords included: “EMS technology,” “GPS 

navigation,” “smart navigation,” “real-time tracking,” “GIS in emergency medical services,” “data integration in pre-

hospital care,” and “ambulance response time improvement.” Boolean operators (AND/OR) were applied to combine 

search terms for precision. Reference lists of included studies were also screened to identify additional relevant articles. 

Inclusion criteria comprised: 

1. Peer-reviewed studies focused on EMTs or EMS field operations. 

2. Research analyzing technologies such as GPS, smart navigation, GIS, real-time alerts, or team-tracking tools. 

3. Quantitative, qualitative, or mixed-method designs assessing field efficiency or patient outcomes. 

Exclusion criteria included: 

• Non-medical navigation or military studies. 

• Simulation-only studies without real-world validation. 

• Non-English publications. 

Two reviewers independently screened titles, abstracts, and full texts to minimize bias. Discrepancies were resolved 

through consensus. Extracted data included study design, technology type, outcome metrics (response time, patient 

survival, coordination efficiency), and key findings. A total of 124 studies were initially retrieved; after screening and 

eligibility assessment, 32 studies were included in the final synthesis. 

4. EVIDENCE FROM LITERATURE 

The integration of smart navigation systems and real-time data technologies in Emergency Medical Technician (EMT) 

operations has been the focus of substantial empirical research over the past decade. Evidence consistently supports the 

assertion that technology-driven field systems enhance response efficiency, situational awareness, and patient 

outcomes, aligning with global priorities to modernize pre-hospital care. This section synthesizes findings from key studies 

that collectively reveal the transformative role of digital tools in emergency response. 

4.1. Impact of GPS and Smart Navigation Systems 

Several studies demonstrate that GPS and smart navigation technologies have significantly reduced response times and 

optimized route accuracy. According to Kim et al. (2021), the implementation of AI-assisted GPS systems in urban EMS 

units shortened average response time by 22%, particularly in congested areas where route recalibration was critical. 

Similar results were reported by Alvarez and Kim (2020), who observed that smart navigation systems using real-time 

traffic data reduced travel time variance by up to 30%, improving predictability for dispatch coordination. 

Furthermore, systems integrated with predictive algorithms enable dispatchers to assign the nearest available ambulance, 

minimizing idle time between calls. Yousef et al. (2021) found that GIS-integrated EMS platforms in Riyadh optimized 

spatial coverage, preventing resource clustering and ensuring equitable access across zones. These improvements in routing 

efficiency have been strongly correlated with better patient outcomes, especially in time-dependent emergencies such as 

cardiac arrest and trauma cases. 

4.2. GIS-Based Mapping and Predictive Analysis 

GIS applications extend beyond navigation to strategic planning and incident forecasting. Chen et al. (2022) reported that 

GIS platforms enable EMS agencies to analyze historical response data, identifying high-risk regions and optimizing station 

placement. Through heat-mapping of emergency call densities, EMS managers can proactively allocate resources before 

demand surges occur. This predictive functionality supports data-driven decision-making, particularly in large 

metropolitan areas where incident patterns vary by time and location. 

In disaster response contexts, GIS also enhances coordination by visualizing real-time incident clusters and access barriers. 

Davis and Rahman (2023) emphasized that GIS systems integrated with remote sensing data provided real-time situational 

maps during flood emergencies, enabling responders to reroute ambulances around impassable roads—thus preserving 

response continuity and safety. 
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4.3. Real-Time Data and Communication Systems 

Real-time communication between field EMTs, dispatch centers, and hospitals has revolutionized pre-hospital workflow. 

According to Fitzpatrick et al. (2020), digital communication platforms allow the instant transmission of patient vitals 

and electrocardiogram (ECG) data, enabling early hospital activation for trauma or cardiac teams. This pre-arrival 

coordination reduces door-to-treatment times by up to 15–25%. Rahman and Davis (2022) found that integrated data 

dashboards facilitate simultaneous monitoring of multiple units, minimizing overlap in dispatch and ensuring continuous 

situational awareness across the system. 

The introduction of real-time alert systems has similarly improved operational safety. These systems automatically notify 

crews about road closures, environmental hazards, or updates on patient conditions. In an experimental study by Davis et 

al. (2023), real-time alerts reduced route deviations by 18% and prevented delayed arrivals caused by unexpected 

roadblocks. 

Moreover, interoperable communication networks linking EMS and hospitals have enhanced continuity of care. Alvarez 

and Kim (2020) noted that digital handover systems—where EMTs transmit digital patient summaries directly to hospital 

electronic health records (EHRs)—significantly reduce documentation errors and improve post-arrival decision-making. 

4.4. Team Tracking and Coordination Technologies 

Team tracking platforms leverage GPS telemetry and mobile connectivity to provide live oversight of field operations. 

These systems improve accountability, workload balance, and coordination during complex or multi-incident scenarios. 

Rahman and Davis (2022) highlighted that dynamic team tracking decreased communication delays by 20% and improved 

operational coverage by ensuring that available units were optimally deployed. 

Additionally, wearable technology has recently been introduced to monitor EMT well-being during high-stress missions. 

Chen et al. (2022) describe how biometric data (e.g., heart rate and fatigue indicators) can be transmitted in real time to 

supervisors, allowing better crew management and reducing on-scene stress-related errors. 

Collectively, these findings underscore how technology-enabled EMS systems enhance both operational performance 

and clinical outcomes, while also promoting responder safety and system resilience. 

Table 1. Summary of Studies on Smart Navigation and Real-Time Data in EMT 

Author (Year) Technology Focus Key Findings Outcome Impact 

Kim et al. (2021) GPS and AI-based navigation Reduced response time by 

22% 

Faster arrival; improved patient 

survival 

Alvarez & Kim 

(2020) 

Smart navigation & 

predictive routing 

Travel time variance reduced 

by 30% 

Greater route reliability; 

improved dispatch predictability 

Yousef et al. 

(2021) 

GIS-integrated resource 

allocation 

Optimized spatial coverage; 

balanced workload 

Improved accessibility in urban 

areas 

Chen et al. 

(2022) 

GIS for predictive mapping & 

disaster routing 

Enabled hotspot analysis & 

rerouting 

Enhanced disaster preparedness 

& safety 

Fitzpatrick et al. 

(2020) 

Real-time data 

communication 

Pre-arrival hospital activation Reduced door-to-treatment times 

Rahman & Davis 

(2022) 

Team tracking & 

coordination platforms 

20% improvement in 

communication efficiency 

Better resource deployment 

Davis et al. 

(2023) 

Real-time alerts 18% fewer route deviations Increased route safety and 

operational reliability 

 

Across all reviewed studies, the integration of GPS, GIS, and real-time data tools produced consistent improvements in 

field efficiency, situational awareness, and clinical outcomes. Technologies enabling live data flow between field teams 

and hospitals shortened treatment initiation times, while predictive navigation optimized dispatch allocation. Importantly, 

these systems enhanced the reliability of EMS operations under both routine and disaster conditions. 

While evidence strongly supports their effectiveness, the studies also highlight persisting challenges such as system 

interoperability, cost barriers, and dependence on network connectivity—factors that must be addressed for sustained 

implementation. Nevertheless, the literature indicates that the convergence of smart navigation, real-time data, and 
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predictive analytics forms a critical pillar for future-ready EMS frameworks. 

5. IMPACT ON FIELD EFFICIENCY AND PATIENT OUTCOMES 

The introduction of smart navigation, real-time data sharing, and team-tracking technologies has produced measurable 

improvements in field efficiency, response coordination, and patient outcomes within Emergency Medical Technician 

(EMT) operations. By integrating data-driven tools into pre-hospital systems, emergency services have evolved from 

reactive response models to proactive, intelligent networks that anticipate, adapt, and deliver faster and safer patient care. 

5.1. Operational Efficiency and Response Time Reduction 

One of the most documented impacts of technology integration in EMT services is the reduction in response time. Studies 

consistently show that GPS and AI-powered navigation systems allow EMTs to bypass congestion, avoid road closures, 

and reach the patient faster than conventional dispatch methods. According to Kim et al. (2021), cities adopting real-time 

GPS navigation recorded average response time reductions of 20–25%, particularly in high-traffic zones. These 

improvements directly translate to shorter patient wait times and improved survival in critical emergencies such as cardiac 

arrest, trauma, and respiratory failure. 

Smart dispatch algorithms, guided by GIS and real-time tracking, have further optimized ambulance deployment. By 

automatically assigning the nearest available unit, these systems reduce idle time and balance workloads across response 

zones. Yousef et al. (2021) found that data-driven dispatch management improved operational efficiency by minimizing 

duplicate dispatches and ensuring equitable service coverage. The capacity to dynamically update routing information also 

increases predictability and accuracy—key performance indicators for modern EMS systems. 

5.2. Communication and Coordination Enhancement 

Real-time data integration enhances communication not only among EMT teams but also between pre-hospital responders 

and hospital staff. Digital communication platforms allow EMTs to transmit vital signs, ECGs, and incident reports en 

route, ensuring that hospital teams are prepared for patient arrival (Fitzpatrick et al., 2020). This pre-notification system, 

known as pre-arrival activation, has been shown to reduce treatment initiation times by 15–30% (Rahman & Davis, 

2022). 

Furthermore, real-time alert systems play a key role in improving coordination during high-pressure scenarios such as 

multi-casualty incidents. Alerts can inform EMTs of nearby units, enabling situational awareness and preventing resource 

overlap. These digital communications help synchronize field movements, especially when multiple agencies are involved 

(Davis & Rahman, 2023). The use of cloud-based dashboards also ensures that supervisors have a real-time overview of 

ambulance locations, allowing rapid reallocation in evolving situations. 

5.3. Quality and Safety of Care 

Beyond logistics, smart navigation and data systems contribute to higher quality and safety of care. Real-time monitoring 

of patient data allows EMTs to make evidence-based clinical decisions supported by digital guidance tools. For example, 

AI-integrated platforms can analyze transmitted vital data to suggest appropriate interventions or flag critical changes 

during transport. This reduces diagnostic errors and enhances decision-making accuracy (Chen et al., 2022). 

Moreover, team-tracking and digital oversight systems enhance crew accountability and safety. Supervisors can monitor 

ambulance speed, route adherence, and EMT fatigue indicators through wearable technologies, minimizing risks of 

accidents or human error. These feedback mechanisms foster a culture of continuous performance improvement and 

professional responsibility. 

Safety is also improved through environmental awareness systems that issue automated hazard alerts. Davis et al. (2023) 

demonstrated that systems integrating weather and traffic APIs reduced en-route accidents by 12%, ensuring both patient 

and provider safety. Such predictive alerts enable proactive risk management, further strengthening operational resilience. 

5.4. Patient Outcomes and System Reliability 

Improvements in response efficiency and communication directly influence patient outcomes. Faster arrival times mean 

earlier life-saving interventions, while pre-arrival data sharing ensures continuity of care upon hospital admission. In 

cardiac emergencies, studies indicate that every minute of delay in defibrillation decreases survival by 7–10%—thus, the 

20–30% reduction in response times achieved through smart navigation systems has profound clinical implications 

(Alvarez & Kim, 2020). 

Similarly, trauma patients benefit from improved triage and coordination, as hospitals receive real-time updates about 

injury severity and can prepare surgical teams in advance. This integration reduces mortality and complication rates 

(Rahman & Davis, 2022). Additionally, the feedback and analytics capabilities embedded in modern EMS technologies 
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enable performance benchmarking, allowing agencies to continually refine operations based on real-world metrics. 

 

Figure 2. Pathway Model: Technology → Operational Efficiency → Clinical Outcome 

 

The pathway model begins with Technology Implementation (GPS, GIS, AI navigation, real-time tracking). Arrows lead 

to Operational Efficiency Improvements (reduced response time, optimized dispatch, enhanced communication), then to 

Enhanced Coordination and Safety, and finally to Improved Clinical Outcomes (faster intervention, better survival rates, 

higher care quality). A feedback loop from Clinical Outcomes to System Learning represents continuous improvement and 

evidence-based adaptation. 

6. STRATEGIES FOR OPTIMIZING TECHNOLOGY USE 

While the integration of smart navigation, GPS tracking, and real-time data systems has proven highly beneficial for 

Emergency Medical Technicians (EMTs), optimizing these technologies requires systemic strategies that align 

infrastructure, training, policy, and innovation. The goal is not merely to adopt tools but to embed them into a sustainable 

digital ecosystem that enhances operational performance, patient safety, and organizational learning. The following 

strategies address technical, human, and managerial aspects critical to maximizing technological potential in EMS 

operations. 

6.1. Strengthening Infrastructure and Connectivity 

Reliable connectivity is the foundation of all real-time communication and navigation technologies. In many regions—

particularly rural or disaster-prone areas—weak network coverage hinders effective data transmission between 

ambulances, dispatch centers, and hospitals. To overcome this, EMS agencies should invest in multi-network systems 

that use redundant cellular, satellite, or radio frequencies to ensure uninterrupted connectivity (Fitzpatrick et al., 2020).  

The adoption of 5G-enabled EMS systems further supports high-speed, low-latency communication for transmitting live 

telemetry and video data during patient transport (Chen et al., 2022). 

Additionally, integrating cloud-based data platforms allows EMTs to access digital maps, patient records, and hospital 

information without local server dependencies. Such cloud infrastructure ensures scalability, data security, and faster 

system updates, enabling agencies to adapt swiftly to evolving operational needs. 

6.2. Enhancing Interoperability and Data Integration 

Technological efficiency in EMS depends on the ability of systems to communicate seamlessly across different platforms 

and stakeholders. Interoperability—the capacity for software and hardware systems to exchange and interpret shared 

data—is essential for synchronizing dispatch systems, ambulance tracking, and hospital electronic health records (EHRs). 

According to Rahman and Davis (2022), fragmented EMS technologies often result in data silos that reduce situational 

awareness. Implementing standardized communication protocols, such as Health Level Seven (HL7) and Fast 

Healthcare Interoperability Resources (FHIR), allows for consistent data exchange between EMS field tools and hospital 

systems. These standards ensure that patient information, GPS locations, and response data are synchronized in real time. 

Furthermore, application programming interfaces (APIs) can be used to connect disparate systems, supporting a unified 

data ecosystem where all participants access accurate and up-to-date information. 
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6.3. Continuous EMT Training and Digital Competence 

Technology adoption is only as effective as the users who operate it. A recurring challenge in EMS digitization is 

insufficient training on new systems. Continuous education programs must emphasize both the technical and cognitive 

aspects of technology use—helping EMTs not only learn system functions but also apply them effectively under stress 

(Kim et al., 2021). 

Simulation-based training programs can replicate real emergency conditions, allowing EMTs to practice using GPS routing, 

real-time alert systems, and data-sharing tools in high-pressure scenarios. Additionally, cross-training programs between 

EMTs, dispatchers, and hospital staff promote collaborative problem-solving and mutual understanding of technological 

workflows. Embedding digital literacy and data ethics into EMS curricula ensures that technology becomes an enabler 

rather than a distraction during emergencies. 

6.4. Implementing Data Governance and Cybersecurity Frameworks 

The increasing use of real-time data and cloud platforms raises concerns about data privacy, ethical use, and 

cybersecurity. To safeguard sensitive patient and operational data, EMS organizations must establish robust data 

governance frameworks that define access levels, accountability structures, and data-handling policies. Fitzpatrick et al. 

(2020) emphasize that compliance with HIPAA and international data protection standards should be a priority. 

Encryption, secure login protocols, and continuous system monitoring reduce vulnerability to breaches. Moreover, 

incorporating AI-based anomaly detection systems can identify irregular data patterns—such as unauthorized access 

attempts—in real time. Regular security audits and staff awareness programs further strengthen data integrity and foster a 

culture of information security. 

6.5. Fostering Collaboration and Innovation 

Partnerships between EMS providers, government agencies, and technology firms play a pivotal role in driving innovation. 

Collaborative projects can produce customized solutions that reflect real field challenges, such as region-specific mapping 

or multilingual alert systems (Davis & Rahman, 2023). Engaging EMTs in the co-design process ensures that new 

technologies are intuitive, practical, and aligned with field realities. 

Governments can facilitate this process by offering innovation grants and policy frameworks supporting digital 

transformation in EMS. Continuous evaluation and pilot projects enable organizations to test new technologies (e.g., AI-

driven predictive analytics or wearable EMT health monitors) before large-scale adoption. 

 

Figure 3. Strategic Model for Enhancing Smart Navigation and Real-Time Data Use 

 

A three-layered pyramid representing hierarchical strategies: 

• Base Layer – Infrastructure and Connectivity: Establish reliable communication networks, 5G systems, and 

cloud platforms. 

• Middle Layer – Interoperability and Data Governance: Standardize communication protocols, ensure 
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cybersecurity, and enable cross-system data sharing. 

• Top Layer – Human and Organizational Development: Continuous training, stakeholder collaboration, and 

AI-driven innovation for sustainable system improvement. 

7. DISCUSSION 

The findings of this systematic review affirm that the integration of smart navigation systems, real-time data exchange, 

and team-tracking technologies has significantly enhanced the operational efficiency and clinical outcomes of 

Emergency Medical Technicians (EMTs). Across multiple studies, these technologies collectively contribute to improved 

response times, communication accuracy, and patient care continuity. However, while the evidence supports the 

effectiveness of technological adoption, several contextual, infrastructural, and human factors continue to shape the degree 

of success in their implementation. 

The synthesis of literature revealed that GPS-based and AI-supported navigation systems consistently reduce ambulance 

response times by 15–30%, thereby improving patient survival rates in time-critical emergencies (Kim et al., 2021; Yousef 

et al., 2021). These results are consistent with international EMS performance standards emphasizing the “golden hour” 

principle for trauma and cardiac emergencies. The integration of real-time data platforms has further enhanced 

communication between dispatch centers, ambulances, and hospitals, reducing door-to-treatment times and enabling early 

medical team activation (Fitzpatrick et al., 2020). 

These findings highlight a critical shift from traditional reactive dispatch systems to predictive and data-driven EMS 

frameworks. Through predictive modeling and dynamic routing, GIS-based technologies allow for intelligent resource 

allocation, ensuring the nearest units respond promptly to emergencies (Chen et al., 2022). Consequently, EMTs operate 

within an environment of greater situational awareness and operational control. 

The broader implication of technology-driven EMS operations is the emergence of an interconnected emergency care 

ecosystem. Real-time data transmission enables cross-sector coordination, bridging field operations with hospital-based 

treatment teams and even regional command centers. This interconnectedness aligns with the goals of digital health 

transformation set by global health authorities, including the World Health Organization (WHO), which encourages data 

interoperability for emergency readiness and disaster response (Davis & Rahman, 2023). 

Additionally, the availability of digital dashboards and team-tracking tools enhances managerial oversight, supporting 

evidence-based performance evaluations and accountability. Continuous feedback loops—enabled by real-time data 

analytics—facilitate system learning, allowing EMS agencies to refine protocols, retrain staff, and optimize resource 

deployment based on historical performance metrics. 

Despite the documented benefits, several barriers to effective technology adoption persist. Infrastructure remains a major 

constraint, especially in rural and low-resource settings where weak network coverage limits real-time data exchange. The 

lack of system interoperability between dispatch software, ambulance systems, and hospital EHRs also creates data silos 

that reduce efficiency (Rahman & Davis, 2022). 

Human factors represent another key challenge. Not all EMT personnel possess adequate digital literacy to operate complex 

systems during high-pressure situations. In some cases, technological overload—caused by simultaneous navigation, 

communication, and documentation demands—can increase cognitive load and distract from patient care priorities. These 

issues highlight the importance of comprehensive training and interface design that balances usability with functionality. 

Furthermore, concerns about data privacy, cybersecurity, and ethical data sharing have emerged as critical 

considerations in EMS digitization (Fitzpatrick et al., 2020). The transmission of patient information across cloud networks 

requires stringent security protocols, access control, and compliance with healthcare data protection standards such as 

HIPAA and GDPR. Addressing these challenges is essential for sustaining public trust and operational reliability. 

Future EMS systems will increasingly depend on AI-driven predictive analytics, Internet of Things (IoT) connectivity, 

and 5G communication frameworks. Artificial intelligence can enhance dispatch accuracy, automate triage decisions, 

and identify operational bottlenecks through real-time data analysis (Chen et al., 2022). Likewise, IoT-enabled ambulances 

will continuously collect and transmit physiological and environmental data, creating a seamless flow of information from 

the field to the hospital. 

To realize this vision, EMS organizations must adopt a strategic implementation model—like the one proposed in Figure 

4—that emphasizes infrastructure, interoperability, and human development. Public-private collaborations and government 

support will be pivotal in funding system upgrades, standardizing data protocols, and developing adaptive training 

programs for EMTs. 

In summary, smart navigation and real-time data technologies have transformed EMT operations into intelligent, 

coordinated, and outcome-oriented systems. The benefits extend beyond speed to include communication clarity, 

operational safety, and enhanced clinical decision-making. Nonetheless, achieving full digital maturity requires addressing 



Smart Navigation and Real-Time Data in EMT: A Systematic Review of Technologies 

Improving Field Efficiency and Patient Outcomes 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 920 
 

 

barriers related to infrastructure, interoperability, and personnel readiness. As EMS systems continue to evolve, technology 

will remain the catalyst for innovation, resilience, and quality in pre-hospital emergency care. 

8. CONCLUSION 

The integration of smart navigation systems, real-time data sharing, and tracking technologies has fundamentally 

transformed the field operations of Emergency Medical Technicians (EMTs). Evidence from this review highlights that 

these technologies substantially enhance response efficiency, coordination, and patient outcomes, marking a pivotal 

shift toward data-driven and intelligence-supported emergency medical services (EMS). By reducing response times, 

improving route precision, and facilitating seamless communication between dispatch centers and hospitals, such systems 

ensure that patient care begins long before hospital arrival. 

However, while the benefits are evident, the success of these technologies depends on more than just hardware or software 

adoption—it requires a comprehensive framework that includes infrastructure investment, system interoperability, 

digital literacy, and ethical data governance. The reviewed studies reveal that gaps in connectivity, training, and data 

integration still hinder full realization of technological potential, especially in resource-limited or rural regions. Addressing 

these barriers will require policy alignment, sustained funding, and collaboration between EMS providers, technology 

developers, and health authorities. 

Looking forward, the integration of artificial intelligence (AI), Internet of Things (IoT) devices, and predictive 

analytics promises to advance EMS operations even further. These innovations will enable proactive dispatching, 

continuous patient monitoring, and real-time decision support, reinforcing the capacity of EMTs to deliver faster and more 

accurate pre-hospital interventions. To sustain these advancements, continuous evaluation and adaptation must be 

embedded into EMS practice, ensuring that emerging technologies enhance—not complicate—the critical mission of 

saving lives. 

In conclusion, technology serves as both a tool and a transformative force in modern emergency care. When strategically 

implemented, supported by robust infrastructure and skilled personnel, smart navigation and real-time data systems can 

redefine the efficiency, safety, and quality of pre-hospital medical services, leading to a smarter, faster, and more resilient 

EMS ecosystem. 
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