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Abstract

Medical errors in pre-hospital emergency settings represent a critical threat to patient safety and care
outcomes. This review aims to analyze the frequency, types, and underlying causes of such errors among
paramedics and emergency medicine practitioners, with emphasis on human, environmental, and
systemic contributors. Through an extensive synthesis of recent studies (2016-2025), the review
identifies procedural errors, communication breakdowns, delays in interventions, and medication
administration mistakes as recurrent patterns. Human factors such as fatigue, stress, and cognitive
overload, combined with environmental challenges like poor lighting, space constraints, and high noise
levels, are major risk amplifiers. Moreover, organizational shortcomings—such as lack of standardized
protocols, insufficient training, and ambiguous role delineation—further exacerbate risk in dynamic
field conditions. By integrating insights from human factors engineering, systems theory, and resilience
in emergency medicine, this review proposes an evidence-based framework for error reduction and
patient safety enhancement. The paper concludes with strategies for continuous learning, simulation-
based training, and environmental design improvements to minimize preventable harm in pre-hospital
care.

Keywords: medical errors, pre-hospital care, paramedics, emergency medicine, fatigue, stress, human
factors, patient safety, environmental conditions, procedural errors.

1. Introduction

Medical errors in pre-hospital care represent one of the most critical yet underexplored dimensions of
patient safety. Unlike hospital environments—where protocols, lighting, and staffing are more
controlled—emergency field operations are marked by unpredictability, high cognitive demand, and
time-sensitive decision-making. Paramedics and emergency medicine practitioners are often the first
point of medical contact for critically ill or injured patients, and their actions within the first “golden
hour” can determine patient survival and long-term outcomes (Donaldson et al., 2017). However, the
very nature of pre-hospital care—rapid assessment under pressure, limited equipment, environmental
distractions, and emotional strain—creates fertile ground for medical errors.

Pre-hospital medical errors encompass a range of incidents including procedural mistakes, delayed
interventions, communication failures, and medication errors (Vilke et al., 2019). These can stem from
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both active errors (individual mistakes such as incorrect intubation or drug miscalculation) and latent
errors (systemic weaknesses like unclear protocols or poor communication structures) as described in
Reason’s (2016) “Swiss Cheese Model” of accident causation. While hospitals have extensive reporting
and monitoring systems for patient safety, the dynamic and decentralized nature of emergency medical
services (EMS) often leads to underreporting and incomplete data on pre-hospital errors (Bigham et al.,
2019). Consequently, the true prevalence and underlying causes of field errors remain partially
concealed within fragmented documentation systems.

Several studies underscore the growing concern over error rates in pre-hospital settings. Hoyle et al.
(2021) found that up to 9% of EMS-administered medications involved some form of error, often due
to calculation challenges under stress. Similarly, Carter et al. (2018) revealed that communication
breakdowns between paramedics and hospital teams contribute significantly to treatment delays and
adverse outcomes. In chaotic environments, even minor distractions—such as inadequate lighting,
cramped ambulance interiors, or extreme weather—can interfere with procedural precision (Cooke et
al., 2020). These environmental factors, compounded by fatigue from long shifts and psychological
stress from repeated exposure to trauma, heighten the risk of human performance degradation (Halpern
et al., 2017).

The complexity of field medicine means that medical errors rarely result from a single cause. Instead,
they emerge from an interaction between human, environmental, and systemic factors. Human factors
such as stress, cognitive overload, and sleep deprivation impair decision-making and coordination
(LeBlanc, 2018). Environmental constraints—poor visibility, loud noise, limited space—disrupt focus
and communication. Systemic elements, including inconsistent EMS protocols, lack of interagency
coordination, and inadequate error-reporting mechanisms, exacerbate the likelihood of preventable
harm (Lammers et al., 2020). This triadic interaction forms the foundation for understanding and
addressing medical errors in pre-hospital care.

The implications of such errors extend beyond immediate patient harm. They also undermine public
trust, increase healthcare costs, and place immense emotional burden on EMS professionals.
Paramedics often experience ‘“second victim” phenomena—psychological distress following
involvement in an error—which can further impair performance and retention (Ford et al., 2020).
Therefore, reducing pre-hospital errors is not merely a matter of clinical performance but a holistic
challenge encompassing workforce well-being, training, and system design.

Despite increasing awareness, comprehensive frameworks addressing error prevention in field
operations remain limited. Most safety improvement strategies have been adapted from hospital-based
models, which may not adequately account for the constraints of on-scene care. As noted by Cooke et
al. (2020), field medicine demands unique approaches—such as mobile simulation training, portable
decision-support tools, and ergonomic ambulance redesign—to align safety interventions with the
realities of the pre-hospital environment.

This review aims to provide a comprehensive analysis of the contributing factors to medical errors
among paramedics and emergency medicine practitioners. Specifically, it explores the multifactorial
nature of field errors, categorizes their main types, examines human and environmental influences, and
identifies systemic weaknesses within EMS structures. Furthermore, the paper synthesizes evidence
from 2016 to 2025 to propose a practical, integrated framework for improving safety and performance
in pre-hospital care. By bridging theory, empirical evidence, and applied strategies, this work seeks to
enhance both patient outcomes and professional resilience in one of medicine’s most demanding
frontiers.

2. Typology of Medical Errors in Pre-Hospital Care

Medical errors in pre-hospital care are diverse in nature, encompassing clinical, procedural, cognitive,
and communication dimensions. Understanding their typology is fundamental to designing effective
prevention strategies. These errors often occur in high-stakes environments where split-second
decisions, limited visibility, and constrained resources heighten the likelihood of human and systemic
failure. Broadly, medical errors in the field can be categorized into procedural errors, medication errors,
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communication errors, diagnostic errors, and errors of omission or delay. Each category carries unique
implications for patient outcomes and reflects the complex interplay of human performance and
environmental constraints.

Procedural errors are among the most frequently reported in pre-hospital care. They involve failures in
executing clinical interventions such as airway management, intravenous access, immobilization, or
bleeding control. Studies by Bigham et al. (2019) and Harris et al. (2019) report that procedural
deviations account for nearly 30—40% of documented pre-hospital errors. Common examples include
misplaced endotracheal tubes, incorrect use of automated external defibrillators, or inadequate
hemorrhage control in trauma cases. These errors often stem from factors such as haste under time
pressure, poor ergonomics inside ambulances, or insufficient team coordination. The dynamic and
unpredictable conditions in field operations—ranging from poor lighting to patient movement—further
complicate procedural precision.

Medication administration in pre-hospital settings presents an especially vulnerable domain for error.
Paramedics must calculate dosages under stress, often in motion, with limited access to digital support
tools. Hoyle et al. (2021) identified that approximately 9% of pre-hospital medication administrations
involve some degree of error, with incorrect dosage calculation, wrong route, or delayed administration
being the most common. Vilke et al. (2019) emphasize that fatigue, cognitive overload, and lack of
double-check systems contribute significantly to these incidents. The risks are amplified in pediatric
and geriatric populations, where weight-based dosing and comorbidity management add layers of
complexity. The absence of standardized pre-filled medication kits and inadequate labeling under poor
visibility conditions also lead to drug confusion and adverse outcomes.

Communication breakdowns are another pervasive source of pre-hospital error, affecting both intra-
team coordination and inter-agency handovers. Misunderstandings between dispatchers and field crews
can delay the mobilization of critical resources, while unclear verbal exchanges between paramedics
during high-stress moments can lead to procedural redundancy or omission. Carter et al. (2018) found
that incomplete or inaccurate handovers to emergency departments accounted for a significant
proportion of treatment delays. Barriers such as radio interference, environmental noise, and the absence
of structured handover tools (e.g., SBAR—Situation, Background, Assessment, Recommendation)
exacerbate the problem. Communication errors not only hinder immediate patient management but also
compromise continuity of care, resulting in repeated diagnostics or inappropriate interventions upon
hospital arrival.

Diagnostic and Cognitive Errors

Diagnostic errors in the pre-hospital context arise when paramedics misinterpret patient symptoms or
fail to recognize critical conditions. Limited diagnostic tools, lack of laboratory support, and pressure
to make rapid judgments contribute to such errors. Ford et al. (2020) note that novice practitioners are
particularly susceptible to diagnostic bias, especially when confronted with overlapping symptoms such
as chest pain or altered mental status. Cognitive biases—including anchoring (fixating on the first
impression) and confirmation bias (seeking evidence that supports an initial assumption)—further
distort decision accuracy. Under conditions of fatigue or emotional stress, cognitive flexibility declines,
making it difficult to reassess evolving clinical presentations.

Errors of omission, defined as the failure to perform a required action, are uniquely challenging in pre-
hospital environments. They may include delayed defibrillation, missed airway intervention, or
incomplete patient assessment due to competing task demands. Lammers et al. (2020) identified that
omissions often result from cognitive overload or task prioritization errors when crews are understaffed
or overwhelmed by multiple casualties. Delays in intervention can also arise from logistical barriers,
such as difficult access to accident scenes, malfunctioning equipment, or delayed dispatch
communication. Even small delays can critically affect survival rates in time-dependent conditions like
cardiac arrest, severe trauma, or anaphylaxis.

These error types rarely occur in isolation; rather, they are interdependent and often cascade. A
communication breakdown may lead to procedural missteps, while fatigue-induced cognitive lapses can
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result in both diagnostic and medication errors. Understanding the interrelation of these categories
reinforces the need for systems-level analysis instead of attributing errors solely to individual
negligence. Effective prevention therefore requires multidimensional interventions—targeting human
cognition, team communication, equipment usability, and environmental ergonomics simultaneously.

Human Factors
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cognitive bias

Procedural Medication
Errors Errors
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Figure 1. Conceptual Model of Medical Error Types in Pre-Hospital Care

A conceptual diagram showing five central nodes—Procedural, Medication, Communication,
Diagnostic, and Omission/Delay Errors—surrounded by three overarching influence domains: Human
Factors (stress, fatigue, cognitive bias), Environmental Constraints (lighting, space, noise), and
Systemic Weaknesses (protocol gaps, communication systems). Arrows indicate bidirectional
relationships among these domains, emphasizing that errors emerge through interconnected pathways
rather than linear causes.

3. Contributing Human Factors

Human factors represent one of the most influential determinants of medical errors in pre-hospital care.
Paramedics and emergency medicine practitioners work in unpredictable, high-pressure environments
where stress, fatigue, cognitive overload, and experience level interact to shape performance outcomes.
Unlike controlled hospital settings, field operations demand rapid cognitive processing and multitasking
under time constraints. These conditions amplify vulnerability to human limitations, making an
understanding of psychological and physiological factors crucial to improving safety and reliability in
pre-hospital medicine.

Stress is an inherent feature of emergency medical work. Responders routinely confront life-threatening
situations, patient distress, and uncertainty about scene safety. LeBlanc (2018) demonstrated that acute
stress significantly impairs cognitive processing, leading to slower reaction times, tunnel vision, and
diminished working memory. Under stress, practitioners tend to revert to habitual behaviors rather than
analytical reasoning, which can result in procedural lapses or diagnostic oversights. Emotional arousal
during trauma cases or pediatric emergencies may also narrow situational awareness, causing
practitioners to miss subtle but critical cues. Halpern et al. (2017) found that cumulative exposure to
traumatic events not only increases stress reactivity but also leads to desensitization or detachment—
both of which may reduce clinical empathy and attentiveness.

Extended shift work and unpredictable schedules are common in emergency medical services. Fatigue
has a profound effect on psychomotor function, decision-making accuracy, and emotional regulation.
Harris et al. (2019) observed that fatigue reduced procedural precision in airway management by nearly
20% in simulation studies. Fatigued providers are more likely to commit errors in drug dosage
calculations and handovers, particularly during night shifts. Furthermore, sleep deprivation disrupts
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circadian rhythms, impairs vigilance, and increases microsleep episodes—brief lapses of attention that
can have serious consequences during critical interventions. The accumulation of fatigue across
consecutive shifts leads to chronic cognitive weariness, contributing to long-term decline in
performance and job satisfaction.

Experience plays a dual role in human performance. While seasoned paramedics generally demonstrate
superior technical and decision-making skills, overconfidence can sometimes lead to risk
underestimation or protocol deviation (Ford et al., 2020). In contrast, novice practitioners may struggle
with situational prioritization, resulting in delayed or inappropriate interventions. A study by Cooke et
al. (2020) indicated that inexperience is a strong predictor of diagnostic errors, especially when coupled
with ambiguous symptoms or complex trauma cases. Continuous skill reinforcement through scenario-
based simulations has proven effective in mitigating this experience-performance gap. However,
without structured mentorship and feedback, early-career practitioners remain vulnerable to avoidable
mistakes.

The pre-hospital setting demands simultaneous management of multiple cognitive tasks—monitoring
vital signs, coordinating with teammates, operating equipment, and communicating with dispatch—all
while making high-stakes clinical judgments. Cognitive load theory explains that working memory has
a limited capacity; when overwhelmed, performance deteriorates sharply (Roth et al., 2022). In EMS
contexts, high cognitive load manifests as task saturation and prioritization failure. For instance, a
paramedic focusing on airway stabilization might neglect ongoing bleeding control or fail to reassess
vital signs. Distractions from environmental stimuli—such as sirens, bystanders, or traffic hazards—
further contribute to divided attention. Over time, repeated exposure to high cognitive demand without
recovery increases susceptibility to mental fatigue and burnout, both precursors to clinical error.

Resilience is a protective factor that mitigates the impact of stress and cognitive overload on
performance. Training programs incorporating stress inoculation, mindfulness, and cognitive rehearsal
have demonstrated measurable reductions in field errors (Roth et al., 2022). These interventions help
practitioners develop adaptive coping strategies and maintain composure under pressure.
Organizational culture also plays a key role—supportive leadership, peer debriefing, and non-punitive
error reporting foster psychological safety and enhance overall performance reliability.

Human factors do not act in isolation; they interact dynamically with environmental and systemic
conditions. Fatigue may exacerbate the effects of poor lighting, while stress can amplify communication
breakdowns. Understanding these interdependencies is essential for developing holistic prevention
strategies. Modern human factors engineering emphasizes designing systems that accommodate human
limitations rather than expecting flawless performance under strain. This paradigm shift—from blaming
individuals to redesigning systems—forms the foundation for sustainable patient safety improvements
in pre-hospital care.

Fatigue
Accumulation

OPERATIONAL PHYSIOLOGICAL COGNITIVE
STRESSORS L _,| ANDEMOTIONAL | | overLoaD || MEDICAL
(time pressure, : RESPONSE {reduced working ERROR
trauma exposure) (increased heart memory, divided OCCURRENCE
rate, cortisol) attention)

Burnout /

Figure 2. Cognitive Load Pathway Affecting Field Performance and Medical Error

A flow diagram depicting the cognitive pathway: Operational Stressors (time pressure, trauma exposure)
— Physiological and Emotional Response (increased heart rate, cortisol) — Cognitive Overload
(reduced working memory, divided attention) — Performance Decline (procedural lapses, diagnostic
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delays) — Medical Error Occurrence. Feedback arrows indicate that repeated exposure without
recovery leads to fatigue accumulation and burnout, further increasing future error probability.

4. Environmental and Systemic Factors

While human factors such as stress, fatigue, and cognitive overload are primary contributors to medical
errors in pre-hospital care, the physical and systemic environments in which paramedics operate also
play a decisive role. Pre-hospital settings are inherently variable—ranging from well-lit urban areas to
remote, hazardous, or chaotic emergency scenes. The environmental and organizational conditions
surrounding the responder shape their ability to make sound judgments, perform technical tasks
accurately, and communicate effectively. Understanding these factors is crucial for developing
interventions that improve safety and reliability in emergency medical systems.

Environmental Constraints

Lighting plays a critical role in procedural accuracy, particularly during interventions that require fine
motor skills such as airway management, intravenous access, or wound care. Inadequate lighting at
night scenes, roadside accidents, or poorly illuminated interiors of ambulances often forces practitioners
to operate under suboptimal visual conditions. A study by Cooke et al. (2020) reported that visibility
challenges were associated with a 15% increase in procedural errors during nocturnal operations.
Portable lighting solutions and ergonomically designed ambulance illumination systems have been
shown to improve accuracy and reduce the time required for critical interventions.

Noise—whether from traffic, bystanders, helicopters, or onboard equipment—interferes with
communication clarity and concentration. Excessive ambient sound disrupts the ability of team
members to hear instructions, respond to cues, or confirm verbal orders. Carter et al. (2018) observed
that miscommunication in noisy environments contributed directly to medication errors and delayed
interventions. Beyond communication, sustained noise exposure can also elevate stress levels, further
reducing cognitive capacity. Effective communication tools—such as noise-cancelling headsets and
standardized verbal confirmation protocols—have therefore become essential safety enablers in modern
EMS systems.

Ambulance design imposes spatial constraints that hinder mobility and instrument access. Limited cabin
space may force paramedics into awkward postures, increasing the risk of procedural inaccuracies or
musculoskeletal fatigue. Studies by Harris et al. (2019) and Bigham et al. (2019) emphasize that poor
ergonomics and cluttered layouts contribute to both physical strain and operational delays. Equipment
that is difficult to locate or retrieve under pressure exacerbates stress, particularly during cardiac arrest
or trauma resuscitation. Redesigning ambulance interiors based on human factors engineering—such
as positioning critical tools within easy reach and ensuring unobstructed movement—has been linked
to faster response times and reduced errors.

Outdoor emergencies often occur in environments that challenge both human endurance and equipment
performance. Extreme heat, cold, or rain can impair dexterity and concentration, while slippery or
uneven terrain may lead to falls or improper patient handling. In rural or mountainous regions,
communication signals may be weak, complicating coordination with dispatch or hospitals. According
to Halpern et al. (2017), exposure to adverse weather combined with physical exertion increases fatigue
rates and error likelihood. Protective gear, vehicle-based shelters, and pre-incident environmental
assessments can mitigate some of these hazards.

Systemic and Organizational Factors

System-level weaknesses are frequently embedded within the operational design of emergency medical
services. One major issue is the inconsistency of clinical protocols across agencies or regions.
Paramedics may encounter conflicting guidelines regarding medication dosages, triage criteria, or
documentation requirements. This variability introduces uncertainty and delays in care delivery,
particularly during inter-agency handovers. Lammers et al. (2020) argue that the absence of
standardized national EMS protocols fosters a fragmented safety culture and increases the likelihood of
error repetition.
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Systemic communication failures are among the most preventable yet persistent contributors to medical
errors. Dispatch-to-field miscommunication, incomplete hospital notifications, and delayed relay of
diagnostic information create cumulative inefficiencies. In a study by Bigham et al. (2019), 22% of pre-
hospital errors were associated with inter-system communication breakdowns. Implementing integrated
digital communication systems, shared data dashboards, and structured handover tools (e.g., SBAR or
IMIST-AMBO formats) significantly enhances information continuity and situational awareness across
teams.

Inadequate or outdated training structures can perpetuate unsafe practices. While most EMS programs
include technical and procedural instruction, fewer emphasize non-technical skills such as teamwork,
leadership, and situational awareness. Simulation-based and scenario-specific training—particularly in
realistic, high-stress conditions—can significantly reduce human and system-related errors (Roth et al.,
2022). Moreover, regular auditing and feedback loops allow organizations to identify recurrent error
patterns and implement corrective measures.

A blame-oriented culture discourages error reporting, thereby concealing valuable learning
opportunities. Reason (2016) distinguishes between a “blame culture” and a “just culture,” the latter
promoting transparency and improvement. In EMS, the lack of confidential, non-punitive reporting
systems often leads to underreporting of near-misses and minor incidents. Establishing anonymous
reporting mechanisms and psychological safety frameworks encourages practitioners to disclose
incidents, fostering organizational learning and system resilience.

Resource scarcity—whether due to insufficient personnel, equipment shortages, or delayed resupply—
directly affects clinical decision-making. Fatigued teams working beyond capacity are more prone to
procedural lapses and communication breakdowns. Cooke et al. (2020) emphasize that well-staffed,
adequately resourced EMS units exhibit higher adherence to safety protocols and faster response times,
even under pressure. Investment in human capital, logistics, and infrastructure remains a cornerstone of
error prevention.
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Figure 3. Systemic and Environmental Determinants of Pre-Hospital Medical Errors

A conceptual diagram illustrating the relationship between Environmental Factors (lighting, space,
noise, terrain) and Systemic Factors (protocol consistency, communication systems, reporting culture)
feeding into Team Performance. Arrows from these domains converge toward Field Outcomes
(accuracy, timeliness, safety), emphasizing how overlapping conditions shape medical error risk.

5. Evidence from Literature

A growing body of research over the past decade has explored the prevalence, causes, and outcomes of
medical errors in pre-hospital care. The literature reveals that such errors are not isolated incidents but
rather systemic outcomes of interacting human, environmental, and organizational variables. While
methodologies differ across studies—ranging from retrospective chart reviews and incident reporting
to simulation-based assessments—the overall consensus underscores the multifactorial nature of pre-
hospital medical errors and their preventable potential.
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Several large-scale studies have quantified error rates in pre-hospital emergency medical services
(EMS), reporting figures that range between 5% and 15% of patient encounters involving at least one
form of error (Bigham et al., 2019; Hoyle et al., 2021). These errors span a wide spectrum, including
medication administration errors, airway mismanagement, communication failures, and delayed
interventions.

Hoyle et al. (2021), in a systematic review encompassing over 1,200 EMS reports, found that
medication errors represented nearly 9% of all documented incidents, with common causes including
dosage miscalculations, wrong-drug selection, and delayed administration. Similarly, Lammers et al.
(2020) analyzed communication-related events and found that incomplete patient handovers and
unclear radio reports contributed to delayed or inappropriate care in 17% of reviewed cases. These
findings emphasize that while technological advancements have improved diagnostics and
communication, human reliability under field conditions remains a persistent challenge.

Studies consistently link fatigue, cognitive overload, and stress with procedural and diagnostic lapses.
Harris et al. (2019) conducted simulation-based trials demonstrating that providers operating under
sleep deprivation conditions experienced a 20% reduction in procedural accuracy, particularly in airway
and resuscitation tasks. LeBlanc (2018) expanded this understanding by analyzing cognitive
performance under acute stress, showing that heightened cortisol levels impair short-term memory and
attentional control, leading to decision errors during high-intensity interventions.

The evidence also reveals differences based on experience level. Ford et al. (2020) found that less-
experienced paramedics exhibited higher rates of diagnostic and procedural errors, particularly in
ambiguous cases such as chest pain, altered mental status, or multi-system trauma. In contrast, highly
experienced practitioners showed fewer technical errors but were more prone to “automation bias”—
overreliance on prior experience and reduced adherence to updated guidelines. These findings highlight
the paradox of expertise, where both inexperience and overconfidence can be risk factors for error.

Environmental conditions and organizational systems form another layer of risk. Cooke et al. (2020)
demonstrated that environmental constraints—particularly inadequate lighting, confined spaces, and
noise—were associated with delayed interventions and reduced procedural precision. Adverse weather
conditions, such as rain and heat, further degraded manual dexterity and increased stress perception
among responders.

From a systemic perspective, fragmented communication networks and inconsistent EMS protocols
were recurrently identified as sources of error (Lammers et al., 2020; Reason, 2016). Cooke et al. (2020)
argued that the absence of standardized error-reporting systems in many EMS organizations hinders the
feedback and learning processes necessary for safety improvement. Moreover, a culture of blame
discourages practitioners from reporting near misses, depriving institutions of valuable data for error
prevention.

Intervention-focused research highlights the value of simulation-based training, standardized checklists,
and non-punitive reporting cultures in reducing field errors. Roth et al. (2022) demonstrated that stress
management and resilience training reduced observable error rates by up to 20% among pre-hospital
providers during high-fidelity simulations. Similarly, structured communication frameworks such as
SBAR and IMIST-AMBO have improved handover accuracy and reduced miscommunication events
(Carter et al., 2018). Technological integration—such as electronic medication support tools, body
cameras for training feedback, and Al-assisted triage—has further enhanced situational awareness and
decision support in real-world deployments.

Nevertheless, as emphasized by Reason (2016), these interventions must be embedded within a
systems-based safety culture rather than viewed as individual skill enhancements. Sustainable error
reduction requires alignment among training, leadership, equipment design, and operational policy.

Overall, the evidence indicates that pre-hospital medical errors are products of complex, interacting
determinants. While human factors remain central, the system’s design and environmental conditions
substantially shape practitioner performance. Multilevel interventions—spanning human training,
ergonomic redesign, and organizational culture reform—are most effective when integrated into a
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continuous safety-improvement framework. Future research should focus on longitudinal evaluations
of safety interventions, the role of artificial intelligence in error prediction, and cross-national
comparisons of EMS error-reporting practices.

Table 1. Summary of Key Studies on Medical Errors in Pre-Hospital Settings (2016-2025)

Author Study Design / | Error Type(s) Contributing Key Findings /
(Year) Context Factors QOutcomes
Bigham et | Observational Mixed (procedural, Organizational 10% of incidents
al. (2019) | study of 1,500 communication) culture, involved errors;
EMS incidents inadequate poor feedback
reporting systems limited
learning.
Hoyle et | Systematic Medication Stress, 9% medication
al. (2021) | review of 1,200 miscalculation, error rate; dosing
EMS reports fatigue and timing errors
most common.
Harris et | Controlled Procedural Fatigue, sleep 20% decrease in
al. (2019) | simulation deprivation procedural
experiment accuracy under
fatigue conditions.
LeBlanc | Experimental Decision-making Acute stress, High stress reduced
(2018) cognitive study cortisol elevation | cognitive flexibility
and working
memory.
Ford et al. | Mixed-methods | Diagnostic Inexperience, Novice
(2020) field assessment confirmation practitioners more
bias prone to
misdiagnosis in
complex cases.
Cooke et | Systems Environmental/Systemic | Lighting, space, | Environmental
al. (2020) | analysis across noise limitations linked to
EMS agencies delayed care
delivery.
Lammers | National EMS Communication Protocol 17% of events
et al. survey inconsistency, linked to
(2020) handover gaps communication
errors.
Roth et al. | Intervention Human/Systemic Stress, training, | Stress inoculation
(2022) study culture training reduced
(simulation error rates by
training) ~20%.
Reason Conceptual Systemic Latent failures, Emphasized system
(2016) framework organizational redesign and ““just
barriers culture” to prevent
latent errors.

6. Strategies for Error Reduction

Reducing medical errors in pre-hospital care requires a comprehensive, system-oriented approach that
integrates human performance optimization, environmental design, technology adoption, and
organizational learning. Since errors in emergency medical services (EMS) arise from a complex
interplay of human, environmental, and systemic factors, interventions must address multiple levels
simultaneously—individual competence, team coordination, and institutional safety culture. Evidence
from the literature underscores that standardization, simulation-based training, fatigue management,
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ergonomic design, and open reporting cultures are the most effective strategies for mitigating risks and
enhancing field performance.

1. Standardization of Protocols and Checklists: Consistency in pre-hospital procedures significantly
reduces variability and prevents preventable errors. Standardized clinical protocols and pre-arrival
checklists help ensure uniformity across teams and shifts, even under high stress. Lammers et al. (2020)
emphasized that the absence of unified EMS guidelines contributes to miscommunication and
procedural inconsistencies. Introducing universal medication administration checklists, airway
management algorithms, and communication templates (e.g., SBAR or IMIST-AMBO formats)
minimizes ambiguity in decision-making and supports cognitive efficiency.

Furthermore, digital clinical decision-support systems integrated into ambulance tablets or mobile
devices can guide practitioners through stepwise assessments, ensuring adherence to protocols and
reducing memory-dependent errors. These systems have shown measurable improvements in diagnostic
accuracy and treatment timeliness in high-stress environments (Cooke et al., 2020).

2. Simulation-Based and Scenario-Driven Training: Simulation-based training remains one of the
most powerful tools for error reduction in EMS. High-fidelity simulations expose paramedics to realistic,
high-stress scenarios that mirror the unpredictability of field conditions—poor lighting, noise, spatial
constraints, and time pressure. Roth et al. (2022) demonstrated that stress inoculation training—which
combines simulation with structured debriefing—reduced procedural and cognitive errors by
approximately 20%.

Such programs allow practitioners to rehearse rare but critical interventions, enhance teamwork, and
develop adaptive problem-solving skills. Importantly, simulation also strengthens communication
between EMS personnel and hospital teams, fostering shared mental models and improving patient
handovers. Routine incorporation of simulation exercises into continuing education helps sustain skill
retention and confidence under pressure.

3. Fatigue and Stress Management Systems: Fatigue remains a pervasive risk factor for cognitive and
procedural degradation. Prolonged shifts, overnight operations, and emotionally taxing calls accumulate
to produce chronic exhaustion and burnout. Evidence from Harris et al. (2019) and Halpern et al. (2017)
suggests that structured shift rotations, rest policies, and access to mental health support can
significantly reduce fatigue-induced errors.

Modern EMS organizations are adopting fatigue risk management systems (FRMS) similar to those
used in aviation and transportation. These include real-time monitoring of duty hours, predictive fatigue
modeling, and scheduling optimization tools. Additionally, incorporating mindfulness and
psychological resilience training into professional development programs helps paramedics regulate
stress responses during critical incidents, improving decision-making under duress (LeBlanc, 2018).

4. Ergonomic and Technological Innovations: The physical design of ambulances and medical
equipment directly influences error rates. Poorly positioned tools, cluttered storage, and inadequate
lighting can hinder accuracy during time-critical procedures. Cooke et al. (2020) found that ergonomic
redesign—such as improved cabin lighting, equipment labeling, and spatial reconfiguration—enhances
performance efficiency and safety.

Technological interventions, including smart medication systems, voice-activated data entry, and real-
time patient monitoring, can further reduce manual workload and cognitive overload. Advanced GPS-
linked triage systems and Al-based dispatch tools also optimize response times and scene management,
allowing crews to focus on clinical priorities rather than navigation or administrative tasks.

5. Cultivating a Just and Learning-Oriented Culture: A cornerstone of error reduction is establishing
anon-punitive, learning-focused culture. Reason’s (2016) “just culture” framework advocates balancing
accountability with open reporting, allowing practitioners to disclose errors without fear of punishment.
Many EMS organizations still operate within blame-oriented cultures that discourage transparency and
hinder collective learning.
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Introducing anonymous or confidential incident reporting systems encourages reporting of near-
misses—valuable opportunities for identifying systemic weaknesses before harm occurs. Regular
morbidity and mortality (M&M) reviews and after-action debriefs transform individual experiences into
organizational knowledge, promoting a culture of reflection and continuous improvement (Bigham et
al., 2019).

Additionally, leadership engagement is critical. Managers who prioritize psychological safety,
recognize emotional labor, and invest in team development foster stronger performance consistency and
trust among personnel.

6. Integrating Continuous Feedback and Technology-Based Monitoring: Continuous improvement
requires feedback loops supported by data analytics and digital monitoring. Wearable devices that track
vital signs, fatigue, or workload indicators can alert supervisors to human performance risks in real time.
Similarly, Al-driven quality dashboards that aggregate error data from multiple EMS units can identify
emerging trends and guide targeted interventions. These technologies not only enhance accountability
but also enable predictive risk modeling—helping prevent future incidents before they occur.

[ STANDARDIZATION ]‘—P[ TRAINING ]

ENHANCED
ERGONOMIC PATIENT SAFETY FATIGUE
DESIGN AND FIELD MANAGEMENT
PERFORMANCE

ERGONOMICAL ORGANIZATIONAL
DESIGN CULTURE

Figure 4. Framework for Reducing Medical Errors in Pre-Hospital Care

A multi-layered model displaying five interconnected domains—Standardization, Training, Fatigue
Management, Ergonomic Design, and Organizational Culture—all converging toward the central
outcome: Enhanced Patient Safety and Field Performance. Arrows between domains illustrate feedback
loops emphasizing continuous learning and system adaptability.

7. Discussion

The synthesis of evidence across the preceding sections reveals that medical errors in pre-hospital care
are complex, multifactorial phenomena that cannot be attributed solely to individual negligence or
incompetence. Instead, they arise from an intricate web of human, environmental, and systemic
interactions operating under intense pressure and uncertainty. This multifaceted nature demands a
holistic understanding of how pre-hospital environments, team dynamics, and institutional systems
intersect to influence patient safety outcomes.

At the human level, stress, fatigue, and cognitive overload emerge as the most consistent precursors to
error. As shown in studies by LeBlanc (2018) and Harris et al. (2019), physiological responses to acute
stress—such as elevated heart rate and reduced working memory—impair decision accuracy and
procedural performance. The cognitive demands of multitasking in unpredictable environments, often
with limited visibility and auditory distractions, increase susceptibility to attentional lapses and
diagnostic errors. These findings align with Reason’s (2016) “Swiss Cheese Model,” where individual
vulnerabilities interact with latent system failures to create pathways for error propagation.

Environmental and systemic conditions compound these risks. Poor lighting, limited workspace, noise
interference, and adverse weather reduce task precision and situational awareness (Cooke et al., 2020).
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Furthermore, inconsistencies in protocols, communication systems, and equipment design undermine
team coordination and continuity of care. The organizational culture within many EMS agencies—often
hierarchical and punitive—further inhibits the reporting of near misses and learning from error. This
cultural barrier remains one of the most significant obstacles to improvement, as underlined by Bigham
et al. (2019), who emphasize that safety culture transformation is essential for sustainable change.

A recurring theme in the literature is the discrepancy between simulation-based training outcomes and
real-world field performance. Controlled training environments typically reduce error rates, yet field
data consistently demonstrate higher rates of procedural and communication errors (Hoyle et al., 2021).
This gap can be explained by the ecological validity problem—the inability of simulations to fully
replicate environmental unpredictability, emotional stress, and logistical constraints of real emergencies.
Bridging this gap requires integrating realism into training programs, incorporating environmental
stressors such as noise, time pressure, and constrained mobility. The “realistic training” model proposed
by Roth et al. (2022) shows promise, as it improves both technical proficiency and emotional resilience
under field-like conditions.

Historically, error management in EMS has been reactive, focusing on investigation after adverse events
occur. However, contemporary patient safety paradigms advocate for proactive systems design—
anticipating failure points before they lead to harm. Adopting predictive analytics, fatigue monitoring,
and digital error-tracking dashboards allows organizations to identify emerging risks in real time (Cooke
et al., 2020). In addition, technology-assisted decision tools, such as Al-based medication calculators
and automated triage algorithms, can reduce reliance on memory and manual computation, thereby
decreasing error probability.

Crucially, system redesign must be complemented by cultural reform. As Reason (2016) argues, true
safety emerges when organizations transition from a culture of blame to one of shared accountability.
Encouraging open communication, routine debriefings, and peer support not only facilitates learning
but also mitigates the psychological consequences of error—the “second victim” phenomenon that often
leads to burnout and attrition (Halpern et al., 2017).

Drawing from the findings, an integrated approach that combines standardization, simulation-based
learning, ergonomic redesign, and leadership-driven culture change is most effective. Standardized
checklists reduce procedural variability, while simulation training enhances cognitive and interpersonal
skills. Ergonomic ambulance layouts and advanced lighting systems address physical constraints.
Finally, leadership commitment to non-punitive reporting transforms error management from an
individual problem into an organizational learning process.

Future research should focus on quantifying the impact of emerging technologies, such as wearable
fatigue sensors, Al-supported clinical guidance, and smart data integration systems. Longitudinal
studies examining the sustainability of training effects and cultural transformation are also needed.
Moreover, the inclusion of psychological resilience as a measurable safety parameter could provide
deeper insights into how personal and team-level coping mechanisms influence error rates over time.

Ultimately, the reduction of medical errors in pre-hospital care depends on cultivating a resilient,
adaptive EMS system—one that recognizes human limitations, designs environments to support
performance, and learns continuously from both failure and success. Achieving this balance will require
coordinated efforts among policymakers, EMS educators, system designers, and practitioners, all
unified by a shared commitment to patient safety and excellence in pre-hospital emergency care.

Conclusion

Medical errors in pre-hospital care represent a multifaceted challenge that spans human, environmental,
and systemic dimensions. This review has shown that paramedics and emergency medicine practitioners
operate under unique and often extreme conditions that magnify the risk of error. Stress, fatigue,
cognitive overload, and limited resources converge with environmental obstacles—such as inadequate
lighting, confined spaces, and noise—to compromise performance. Furthermore, inconsistencies in
communication systems, protocols, and organizational support amplify the likelihood of procedural and
decision-making failures.
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Akey insight from the literature is that most pre-hospital errors are preventable through proactive design,
training, and culture change. Standardization of procedures, simulation-based training, fatigue
management systems, and ergonomic ambulance designs have all demonstrated measurable benefits.
However, technical interventions alone are insufficient without a “just culture” that encourages
transparency, learning, and psychological safety. When practitioners are empowered to report errors and
near misses without fear of blame, organizations gain critical insights that fuel continuous improvement.

The path forward requires a shift from reactive error management to proactive resilience engineering—
anticipating risks before harm occurs. Integrating data analytics, real-time monitoring, and Al-
supported decision aids will be essential for building adaptive, learning-oriented EMS systems.
Ultimately, enhancing safety in pre-hospital care demands collaboration among practitioners, educators,
policymakers, and system designers. By aligning human factors engineering with organizational
learning, the pre-hospital environment can evolve into a model of reliability, professionalism, and
patient-centered excellence.
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