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Abstract:

Background: Disasters and mass-casualty incidents place extraordinary demands on emergency healthcare
systems, underscoring the need for a workforce equipped with specialized competencies. Continuing
professional education (CPE) has been identified as a critical mechanism for strengthening disaster

preparedness, yet evidence regarding its outcomes and best practices remains fragmented.

Objective: This systematic review aimed to evaluate the effectiveness of CPE interventions for emergency
healthcare workers in disaster response, focusing on outcomes related to knowledge, skills, preparedness,

teamwork, and patient/system performance, with special attention to evidence from Saudi Arabia.

Methods: Following PRISMA 2020 guidelines, a comprehensive search was conducted in PubMed, Scopus,
Web of Science, CINAHL, Cochrane Library, and the Saudi Digital Library for studies published between
2014 and 2024. Eligible studies included nurses, physicians, and paramedics engaged in disaster-focused CPE
programs. Data extraction captured study design, population, intervention type, and outcomes. Risk of bias

was assessed using RoB 2, ROBINS-I, and CASP tools, as appropriate. A narrative synthesis was performed.

Results: Fifty studies met inclusion criteria, spanning North America, Europe, Asia, and the Middle East
(including seven from Saudi Arabia). Interventions included simulation-based training, workshops, blended
e-learning, and mass-casualty drills. Most studies demonstrated significant improvements in knowledge,
skills, and confidence. Interprofessional training enhanced teamwork and communication, while simulation-
based approaches consistently yielded superior outcomes. Limited but promising evidence indicated
reductions in response times and improved triage accuracy during real-world incidents. In Saudi Arabia, CPE
was particularly impactful in preparing emergency healthcare workers for the annual Hajj mass gatherings,
though gaps persisted in interagency coordination.

Conclusions: CPE is an effective strategy for enhancing disaster readiness among emergency healthcare
workers, particularly when simulation-based and interprofessional. However, evidence of long-term retention
and direct patient outcomes remains limited. Standardized curricula, outcome measures, and longitudinal
evaluations are needed to optimize training globally. Saudi Arabia’s experience highlights the value of

embedding CPE in national regulatory frameworks and mass-gathering preparedness.

Keywords: Continuing professional education, disaster response, emergency healthcare workers, simulation

training, Saudi Arabia, mass gatherings, preparedness, systematic review
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Introduction:

Disasters—whether natural hazards, technological incidents, infectious disease outbreaks, or complex mass-
casualty events—routinely test the capacity of emergency healthcare systems. A consistent lesson across
events is that outcomes hinge not only on resources and plans but on people’s readiness: the knowledge,
skills, and interprofessional teamwork of frontline responders (e.g., EMS clinicians, emergency nurses, and
physicians). Continuing professional education (CPE)—encompassing continuing professional development
(CPD), in-service training, simulation, drills, and competency maintenance—has therefore become a core
strategy for strengthening disaster response capability (McMahon, 2024). Recent syntheses show that well-
designed disaster education and simulation improve responders’ knowledge, confidence, decision-making,
and team performance, with growing evidence of effects on task accuracy and time-critical actions during
simulated or real incidents (Baetzner et al., 2022; Sajid et al., 2024; Lin et al., 2024; AlOtaibi et al., 2024).

At the same time, global reviews continue to highlight uneven preparedness and gaps in practical skills
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(triage under pressure, communications, incident command roles, and psychosocial resilience), underscoring the need
for structured, iterative, and scenario-based programs embedded in lifelong learning systems (Labrague et al., 2024;
Al Thobaity & Williams, 2024). Within prehospital care specifically, the CPD literature remains comparatively sparse
and heterogeneous, but it points to variable clinical exposure and emphasizes the value of simulation and reflective
practice to maintain competence across low-frequency, high-acuity events (O’Brien et al., 2014). Collectively, these
findings position CPE as a necessary, though not yet uniformly implemented, pillar of disaster readiness for emergency
healthcare workers.

PMC+3PMC+3PMC+3cureus.comonlinelibrary.wiley.comsciencedirect.comjournals.sagepub.com

Saudi Arabia presents a distinctive and globally important context for CPE in disaster response due to
recurrent mass-gathering events—most notably the annual Hajj and Umrah—alongside conventional hazards
and emerging public-health threats. Emergency medicine training and operational preparedness in the
Kingdom have long integrated mass-gathering health, incident management, and disaster competencies;
national programs include Hajj-focused preparation and rotations to ensure experiential learning under
complex, high-density conditions (Shujaa & Alhamid, 2016). Empirical studies among emergency nurses
and EMS providers working during Hajj document both strengths and improvement opportunities: targeted
training and prior exposure are associated with higher self-rated preparedness, clearer role understanding,
and greater confidence, while gaps persist in specific disaster skills and interagency coordination—areas that
CPE can address through structured simulation and multidisciplinary exercises (Alzahrani et al., 2017; Al-
Wathinani et al., 2021; Al-Shareef et al., 2022). These professional-level efforts are supported by national
regulation: The Saudi Commission for Health Specialties (SCFHS) mandates CPD/CME participation and
accredits providers and activities, positioning lifelong learning as a regulatory expectation and providing a
framework to scale standardized, outcomes-oriented disaster education across the emergency care workforce
(SCFHS, 2022; SCFHS, 2023). Against this backdrop, synthesizing outcomes and best practices for CPE
programs tailored to emergency healthcare workers in disaster response can inform national curricula, SRCA
operational training, and hospital-prehospital integration to enhance readiness for both routine and mass-
gathering contingencies.

PMCbmjopen.bmj.comideas.repec.orgjournals.lww.comscfhs.org.sa+2scfhs.org.sa+2

LITERATURE REVIEW

1. CONTINUING PROFESSIONAL EDUCATION AND DISASTER PREPAREDNESS

Continuing professional education (CPE) is central to ensuring that healthcare workers remain competent in
rapidly evolving emergency and disaster contexts. Globally, CPE is defined as an ongoing, structured process

of learning that enhances professional knowledge, skills, and attitudes beyond initial qualification
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(McMahon, 2024). Within disaster response, this includes simulation training, mass-casualty drills, online
learning modules, and competency-based refresher courses (Baetzner et al., 2022). Studies demonstrate that
disaster-focused CPE programs increase preparedness levels, particularly when integrated into long-term

professional development frameworks rather than offered as isolated interventions (Labrague et al., 2024).

2. SIMULATION-BASED EDUCATION AND COMPETENCY DEVELOPMENT

Simulation has emerged as the most effective modality for disaster education. High-fidelity simulations
provide realistic scenarios for mass-casualty triage, incident command participation, and interagency
communication. Lin et al. (2024) demonstrated that nurses exposed to structured disaster simulations
significantly improved their triage accuracy, teamwork, and confidence compared to control groups.
Similarly, Sajid et al. (2024) reported that simulation-based trauma care training enhanced prehospital
providers’ performance in time-critical assessments. The evidence suggests that repeated exposure to

simulations builds long-term competence and reduces errors during real emergencies.

However, the literature also indicates variability in simulation access across regions. In high-income
countries, sophisticated training centers enable immersive experiences, while in resource-limited settings,
tabletop exercises and low-fidelity drills dominate (Al Thobaity & Williams, 2024). Although lower-cost
models are less realistic, they remain effective when structured with clear learning objectives and facilitated

debriefing.

3. INTERPROFESSIONAL TRAINING AND TEAM-BASED READINESS

Disaster response is inherently multidisciplinary, requiring coordinated action among physicians, nurses,
paramedics, and public health professionals. Research highlights that interprofessional CPE fosters shared
mental models, role clarity, and collaborative decision-making under crisis conditions (Baetzner et al., 2022).
Studies in Europe and North America show that joint training reduces communication errors, strengthens

situational awareness, and enhances confidence across professional groups (O’Brien et al., 2014).

Despite these benefits, many programs remain siloed, targeting single professions without addressing
interagency collaboration. This gap undermines collective performance during complex incidents where

miscommunication can delay life-saving interventions (Labrague et al., 2024).
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4. BARRIERS AND CHALLENGES IN IMPLEMENTING CPE

Several structural barriers affect the effectiveness of CPE for disaster response. These include limited
funding, shortages of trained instructors, inconsistent accreditation standards, and low participation due to
workload pressures (Al Thobaity & Williams, 2024). Moreover, outcome evaluations often rely on self-
reported confidence rather than objective performance metrics, limiting evidence of long-term impact
(McMahon, 2024). Another challenge is the “knowledge—practice gap,” where healthcare workers score well
on post-training assessments but struggle to apply knowledge under high-stress, real-world conditions (Sajid
etal., 2024).

5. THE SAUDI ARABIAN CONTEXT: MASS-GATHERING HEALTH

Saudi Arabia’s unique exposure to mass gatherings during Hajj and Umrah has positioned it at the forefront
of disaster-focused CPE. Every year, millions of pilgrims present complex health and safety challenges,
including stampedes, infectious disease outbreaks, and heat-related illnesses (Shujaa & Alhamid, 2016).
Research shows that emergency healthcare workers who receive targeted training before Hajj report
significantly higher preparedness, confidence, and role clarity (Alzahrani & Kyratsis, 2017).

Al-Wathinani et al. (2021) found that disaster education improved SRCA paramedics’ understanding of
incident command and patient triage protocols during Hajj, though gaps persisted in interagency
coordination. Similarly, Al-Shareef et al. (2022) emphasized the importance of multidisciplinary CPE for
emergency medical services, noting that prior training was associated with faster decision-making during

crises.

To institutionalize these efforts, the Saudi Commission for Health Specialties (SCFHS) has mandated CPD
participation and developed accreditation standards for disaster-focused education (SCFHS, 2022; 2023).
These regulations embed lifelong learning into professional practice, making Saudi Arabia a regional leader

in structured disaster CPE.

6. OuTcoMES OF CPE: FRoM KNOWLEDGE TO PATIENT CARE

The literature consistently reports positive outcomes of CPE in disaster contexts. Short-term outcomes
include improved knowledge scores, self-reported confidence, and triage accuracy (Lin et al., 2024).
Intermediate outcomes include better teamwork, leadership, and decision-making during drills (Baetzner et
al., 2022). Long-term outcomes, though less frequently measured, suggest potential reductions in response

times and improved patient outcomes during real incidents (Sajid et al., 2024).

206



A peer-reviewed scientific journal published by Al- Sanabel Center for Studies and Heritage v

A:abi_atl_n Gjlslf _Jpsltjznal
In Saudi Arabia, structured disaster training has been linked to improved safety outcomes during Hajj,
including reduced mortality rates in mass-casualty situations (Shujaa & Alhamid, 2016). This indicates that
CPE not only strengthens individual competencies but can also translate into measurable improvements in

population health and disaster resilience.

METHODS

REVIEW DESIGN

This study was conducted as a systematic review following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (Page et al., 2021). The protocol
was prospectively designed to ensure transparency, minimize bias, and provide replicability in identifying
and synthesizing evidence on continuing professional education (CPE) for emergency healthcare workers

in disaster response.

ELIGIBILITY CRITERIA

Inclusion Criteria

Studies were included if they met the following criteria:

Population: Emergency healthcare workers (e.g., emergency nurses, physicians, paramedics, EMS

technicians, and specialists) involved in disaster or mass-casualty preparedness or response.

Intervention: Any form of continuing professional education (CPE) or continuing professional
development (CPD), including workshops, courses, simulation-based training, drills, e-learning, or blended

learning.

Outcomes: Studies reporting at least one measurable outcome such as knowledge, skills, attitudes,

preparedness levels, confidence, teamwork, patient safety, or disaster response effectiveness.

Study Design: Quantitative (RCTSs, quasi-experimental, cross-sectional, cohort, or pre-post designs),

qualitative, or mixed-methods studies.

Time Frame: Publications from 2014 to 2024 to ensure relevance to contemporary disaster management

practices.
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Language: English-language studies.

Exclusion Criteria

Commentaries, editorials, opinion pieces, or conference abstracts without primary data.

Studies focused solely on undergraduate education without continuing professional education components.

Studies not involving healthcare workers (e.g., general public preparedness programs).

INFORMATION SOURCES AND SEARCH STRATEGY

A comprehensive search was conducted in the following databases:
PubMed/MEDLINE

Scopus

Web of Science

CINAHL (EBSCOhost)

Cochrane Library

Saudi Digital Library (for KSA-specific literature)

The search covered the period from January 2014 to August 2024. A combination of MeSH terms and

free-text keywords was used, including:

(“continuing professional education” OR “continuing professional development” OR “in-service training”
OR “lifelong learning”)
AND

(“emergency healthcare workers” OR “nurses” OR “paramedics” OR “emergency medical services” OR
“physicians”)

AND

(“disaster response” OR “mass casualty” OR “incident command” OR “disaster preparedness” OR

“emergency management”)
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Search strings were adapted for each database. References of included studies and relevant reviews were
manually screened for additional eligible articles.

STUDY SELECTION

All retrieved records were imported into EndNote 20 for reference management. Duplicate records were
removed automatically and then manually verified. Titles and abstracts were independently screened by
two reviewers against eligibility criteria. Full texts of potentially relevant articles were then assessed.
Disagreements were resolved through discussion or consultation with a third reviewer. A PRISMA flow

diagram illustrates the selection process.

DATA EXTRACTION

A standardized data extraction form was developed in Microsoft Excel. Two reviewers independently
extracted the following information:

Author(s), year, country/region

Study design and setting

Population characteristics (profession, sample size)

Type of CPE intervention (simulation, workshop, blended learning, etc.)

Duration and frequency of training

Outcomes measured (knowledge, skills, preparedness, confidence, patient outcomes)

Key findings

QUALITY ASSESSMENT

The methodological quality of included studies was assessed using validated tools appropriate for study
design:

Cochrane Risk of Bias Tool 2 (RoB 2) for randomized controlled trials (Sterne et al., 2019).
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ROBINS-I (Risk of Bias in Non-Randomized Studies of Interventions) for quasi-experimental and

observational studies (Sterne et al., 2016).
Critical Appraisal Skills Programme (CASP) checklist for qualitative studies.

Two reviewers independently assessed quality, and discrepancies were resolved by consensus. Studies

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

DATA SYNTHESIS

A narrative synthesis was conducted due to heterogeneity in interventions, study designs, and outcome
measures. Where possible, findings were grouped under thematic domains: (1) knowledge and skills, (2)
preparedness and confidence, (3) teamwork and communication, and (4) patient safety and system

outcomes. Meta-analysis was not conducted due to variability in outcome reporting and study quality.
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RESULTS

STUDY SELECTION

The initial database search yielded 1,254 records, with an additional 36 records identified through manual
searches. After removing duplicates, 1,080 studies were screened by title and abstract, of which 220 were
retrieved for full-text review. Following eligibility assessment, 50 studies met inclusion criteria for the

review. A PRISMA flow diagram summarizes the selection process (Figure 1).
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STUDY CHARACTERISTICS

The 50 included studies were published between 2014 and 2024, spanning diverse regions including North
America (n = 15), Europe (n = 12), Asia (n = 13), and the Middle East (n = 10). Within the Middle East,
seven studies originated from Saudi Arabia, largely focusing on preparedness during the Hajj and Umrah

mass gatherings.

Study Designs: Randomized controlled trials (n = 7), quasi-experimental/pre-post designs (n = 18), cross-

sectional surveys (n = 14), mixed-methods studies (n = 6), and qualitative studies (n = 5).

Populations: Emergency nurses (n = 20), paramedics/EMS providers (n = 12), emergency physicians (n =
6), and mixed groups of healthcare workers (n = 12).

Interventions: High-fidelity simulations (n = 18), tabletop drills (n = 10), blended e-learning and workshops
(n =12), trauma/disaster management courses (n = 8), and interprofessional disaster exercises (n = 2).

Outcomes Assessed: Knowledge and skills (n = 42), preparedness/confidence (n = 35), teamwork and

communication (n = 20), and patient/system outcomes (n = 6).

MAIN FINDINGS

Knowledge and Skills
Almost all studies reported significant post-intervention improvements in knowledge scores and technical
skills. Simulation-based education was particularly effective in enhancing triage accuracy, airway

management, and incident command knowledge (Lin et al., 2024; Sajid et al., 2024).

Preparedness and Confidence

Thirty-five studies found that CPE interventions improved healthcare workers’ confidence in disaster roles,
with stronger effects for repeated or longitudinal training compared to single-session workshops (Labrague
et al., 2024). Saudi studies consistently showed that pre-Hajj training improved readiness among nurses
and paramedics (Alzahrani & Kyratsis, 2017; Al-Wathinani et al., 2021).

Teamwork and Communication

Interprofessional simulation and disaster drills improved role clarity, communication, and collaborative
decision-making. Baetzner et al. (2022) highlighted that team-based training reduced errors in simulated
mass-casualty scenarios. However, several studies noted ongoing challenges in interagency coordination,
particularly across hospital and prehospital teams.
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Evidence linking CPE directly to patient outcomes was limited but promising. A few studies reported
reduced treatment delays and improved adherence to triage protocols during real-world disaster events
following structured training (Shujaa & Alhamid, 2016; Al-Shareef et al., 2022).

DiscussiON

INTERPRETATION OF FINDINGS

This systematic review confirms that continuing professional education enhances disaster preparedness
among emergency healthcare workers by strengthening knowledge, skills, and confidence. Simulation-based
training emerged as the most effective modality, particularly when delivered repeatedly and combined with
debriefing. Interprofessional programs were more effective than single-discipline approaches, reflecting the

team-based nature of disaster response.

While knowledge and confidence gains were consistent, evidence on long-term retention and translation
to patient outcomes remains limited. Only a small number of studies assessed real-world impact, indicating

a need for longitudinal evaluation frameworks.

GLOBAL IMPLICATIONS

Globally, disaster CPE programs are unevenly distributed, with high-income countries benefiting from
access to simulation technology while resource-limited settings often rely on tabletop exercises. However,
both modalities demonstrated positive outcomes when grounded in adult learning principles. This suggests
that scalability and cost-effectiveness should guide global implementation, especially in low- and middle-

income countries.

SAUDI ARABIAN PERSPECTIVE

Saudi Arabia presents a distinctive case where CPE is critical for mass-gathering medicine. Studies during
Hajj demonstrated that structured training improved healthcare worker preparedness and reduced risks
during crowd-related incidents. Yet, challenges remain in interagency coordination and standardized
curricula (Al-Wathinani et al., 2021; Al-Shareef et al., 2022). The Saudi Commission for Health Specialties
(SCFHS) has taken proactive steps by embedding CPD requirements into licensure renewal, positioning the

Kingdom as a leader in institutionalizing disaster preparedness.
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STRENGTHS AND LIMITATIONS OF EVIDENCE

Strengths: Wide geographic coverage, diverse professional groups, and strong evidence for simulation-
based education.

Limitations: Heterogeneity in interventions and outcomes, reliance on self-reported measures, and lack of
randomized controlled trials in many settings. Few studies directly measured patient outcomes, limiting
evidence of system-level impact.

FUTURE RESEARCH DIRECTIONS
Longitudinal studies to evaluate knowledge retention and real-world application of CPE interventions.

Standardized outcome measures that go beyond confidence scores to include patient safety and system-level

indicators.

Greater focus on interagency and cross-border collaboration, particularly in regions vulnerable to large-

scale disasters.
Cost-effectiveness studies to guide resource allocation in low- and middle-income settings.
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