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Abstract

Background: Trauma death rates are disproportionately high in rural areas
around the world because they have limited access to specialist services,
longer transport times, and limited local emergency response capacity.
International Federation of Red Cross and Red Crescent Societies has
increasingly highlighted the implementation of integrated trauma management
programs in an attempt to overcome these deficits.

Objective: The research assesses the effectiveness of Red Crescent programs
in developing high-level severe injury management skills in healthcare workers
and community volunteers in rural areas from 2019 to 2025.

Methods: Mixed-methods evaluation was conducted across 23 countries with
Red Crescent rural trauma programs. Data were collected from 847 health
facilities, 12,456 trained health workers, and 89,234 community volunteers.
Skill competency, patient outcomes, and system improvement were the most
significant outcomes.

Findings: Red Crescent interventions demonstrated significant improvements
in trauma care capacity: the competency of healthcare workers increased by
73.2% (p<0.001), severe injury case fatality decreased by 34.6% (95% CI:
31.2-38.1%), and time to definitive treatment decreased by 28.4 minutes on
average. The interventions reached 3.2 million rural residents of intervention
communities.

Conclusion: Red Crescent rural trauma programs boost considerably
emergency response capacity, patient outcomes, and healthcare system
resilience in the underserved population. The multi-level approach of
professional training, community education, and system strengthening
maintains long-term impact on rural trauma care.

117



Sohil Khaleel Saddiqi, Huwayzi Aiyed Alsuwaidan, Mohnad Mohammed Albagami, Sultan Mohammed
Alzubaidi, Basel Abdulla Mansouri, Abdulaziz Mohammed Baghdadi, Eyad Abdulrahman Alamoudi Hussain
Saleh Almahlawi

Keywords: Red Crescent, rural trauma, serious injuries, capacity building,
emergency care, healthcare disparities, trauma systems.

1. Introduction

Global rural communities have far higher rates of trauma mortality than their city-based
populations, with studies showing that over half of all trauma mortality occurs in rural settings even
though the majority of the population is city-based (Anderson et al., 2021). This discrepancy is
attributed to an array of interdependent factors like remoteness of geography, lower availability of
trauma-specialized care, longer transport distances, and limited local emergency response capacity
(Thompson & Martinez, 2020).

These gaps have been recognized as priority humanitarian needs by the International Federation of
Red Cross and Red Crescent Societies (IFRC), as sustained changes in global populations continue
to leave massive populations of individuals in rural and difficult-to-reach areas poorly served. The
commitment of the organization to filling rural trauma care gaps has grown considerably since 2019
following the growing evidence of preventable death and disability among such groups within the
regions (Hassan et al., 2022).

Significant discrepancies in the provision of trauma care and the trauma care burden have been
noted in some rural governorates, such as the absence of level 1 trauma centers coupled with
significant red criteria case rates and waiting to be treated. Such findings call for aggressive
intervention with the ability to improve concomitantly the effectiveness of local care to take care
of life-threatening injuries.

The period 2019-2025 witnessed unprecedented expansion of Red Crescent rural trauma programs
characterized by systematic approaches of capacity development, community mobilization, and
strengthening of the healthcare system. These programs are a paradigm shift away from the
traditional emergency response systems to sustainable, locally-originated trauma care systems with
potential for effective implementation in resource-poor environments.

This integrative review evaluates Red Crescent societies' contribution to building capabilities for
the care of severe injuries in differing rural environments. By systematic comparison of training
courses, clinical proficiency, and system reform, this study provides evidence-based
recommendations for improvement in rural trauma care systems. This research answers crucial
questions on superior training models, practical application opportunities, and quantifiable impacts
on patient outcomes and community resilience.

The applicability of this analysis extends beyond humanitarian organizations but to greater policy
discussions in rural health provision, emergency medical services deployment, and global health
equity policy. With global development goals focusing ever more on universal health coverage and
emergency access, this successful experience of rural trauma capacity development is an important
lesson to learn in pursuing such ambitious goals.

2. Literature Review
2.1 Rural Trauma Epidemiology and Challenges

The rural trauma epidemiology portrays distinctive patterns that separate such populations from
urban populations. Rural trauma cases mainly include agricultural traumas, motor vehicle accidents
on remote roads, recreations injuries, and occupational hazards specific to rural jobs (Roberts et al.,
2021). The severity and complexity of such injury are also further compounded by delayed
diagnosis, inappropriate initial management, and long transport time to definitive care.
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Trauma is a global public health concern, and higher mortality rates are documented in rural and
remote locations. Systematic reviews of outcomes for rural trauma all report higher mortality rates
between 1.4 to 2.8 times higher than for urban patients, with the greatest differences for preventable
death due to hemorrhage, airway obstruction, and tension pneumothorax (Kumar & Singh, 2023).

Geographic realities lie behind rural pathways for trauma. The "golden hour" culture with its
obstinate insistence that irreversible significance is placed in the definitive treatment in the first
hour collides headlong in the countryside where transport times are typically over 60 minutes
(Williams et al., 2020). The time penalty imposes increased local competence in stabilization,
resuscitation, and early intervention of potentially fatal injury.

2.2 Rural Healthcare System Capacity

Rural hospitals are faced with an array of structural challenges undermining the provision of trauma
care. Perhaps most significantly, health care staffing shortfalls are pronounced, rural areas having
physician-to-population ratios 25-50% lower than urban areas (Ahmed & Patel, 2022). Coverage
by emergency medical services is generally thin, with volunteer-based systems being common
throughout much of the nation and response times frequently exceeding acceptable levels.

With firefighter and emergency medical services (EMS) personnel across the United States
dwindling, it becomes increasingly difficult to attain adequate emergency response capacity among
rural populations. It is not only an issue of numbers but of quality as well, with limited resources
for continuing education and hands-on experience in difficult trauma cases (Gonzalez et al., 2023).

Infrastructure constraints augment workforce challenges, and most rural centers do not have the
basic equipment for trauma care, such as advanced airway management devices, blood components,
and imaging devices. Lack of surgical and intensive care services available on-site forces early
decisions for transfer, making patient management and resource utilization more difficult (Chen &
Lee, 2024).

2.3 Red Crescent Organizational Structure and Strategy

Red Crescent movement's rural trauma capacity building strategy taps its origins from major
humanitarian principles of neutrality, independence, impartiality, and humanity. The umbrella
principle enables agencies to operate in different political and cultural environments without
forgetting the alleviation of human misery as well as the achievement of health equity (Al-Rashid
etal., 2019).

Red Crescent societies have evolved in advanced capacities for building capacity that entail various
intervention levels. Most interventions generally include professional training of healthcare
workers, community volunteer development, public education programs, and system-strengthening
healthcare interventions. Synergistic effects created through such combinations are augmented and
enhance capacities for trauma care at a general level that may not be reachable through single-
intervention approaches (Hassan & Omar, 2020).

The structure of Red Crescent societies, with national societies nested within the local community,
is a strength well-positioned to bring rural trauma programs. Embedded presence facilitates active
and sustained engagement, attention to local cultures, and sustained relationship building necessary
for successful capacity building in rural communities (Martinez et al., 2021).

2.4 Training Methodologies and Effectiveness

Recent trauma training effectiveness research provides impressive results in optimal skills
acquisition and retention. There is good recall of the learned knowledge, enabling quality care and
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timely transfer of the patient to the nearest trauma facility, as demonstrated in Rural Trauma Team
Development Course evaluations (Thompson & Davis, 2022).

Simulation was an extremely helpful tool for trauma training, with students presented with
challenging cases in a secure setting. High fidelity simulation training has been shown to improve
technical and non-technical skills, such as communication, teamwork, and decision-making in
critical events (Roberts & Wilson, 2023).

Competency models of testing have increasingly become popular in trauma training in the form of
measurable demonstration of competence rather than the more traditional time-based models of
learning. These models also capitalize on current research in adult learning and provide more
objective measures of training accomplishment (Kumar et al., 2024).

2.5 Community-Based Trauma Response Models

Engagement of volunteer community members in the trauma response system is the most essential
part of building capacity in rural areas. Community-based systems utilize the local expertise, reduce
the response time, and create separate chains of care of long-term duration. The evidence supports
that well-trained community responders can improve substantially the prognosis of time-critical
conditions such as catastrophic hemorrhage and cardiac arrest (Patel & Singh, 2021).

Bystander intervention training has also proven effective in rural areas, where the population as a
whole will first come into contact with victims of trauma. Training in hemorrhage control, initial
airway management, and emergency communications have all demonstrated quantifiable
reductions in survival rates of life-threatening trauma (Williams & Thompson, 2023).

Stop the Bleed was embraced globally as a model for best practice in response to community
trauma. First Aid for Severe Trauma (FAST) is a STOP THE BLEED national program that trains
non-clinical staff in lifesaving hemorrhage control skills supported by its effectiveness in averting
preventable traumatic hemorrhage death (Anderson et al., 2024).

2.6 Integration of Technology and Telemedicine

Telemedicine and telecommunication technology have brought new prospects for enhancement of
trauma care capacity in rural regions. Specialist remote consultation via telemedicine can
potentially improve access to specialist-level advice for complex cases in a way that maximizes
decision-making and treatment quality in the face of resource constraints (Chen & Martinez, 2022).

Internet-based training websites and mobile health apps have provided increased access to
continuing education and clinical decision support for rural practitioners. The technologies enable
ongoing maintenance of competence and updating of knowledge without physical attendance at
training centers (Gonzalez & Ahmed, 2023).

Point-of-care ultrasound and other point-of-care diagnostic technology have been made more
accessible to the clinician, rendering advanced assessment once unavailable outside of the tertiary
care setting accessible to rural clinicians. Integration of such technologies in curricula has been said
to be conducive to increased diagnostic quality and treatment planning (Roberts et al., 2024).

2.7 Limitations of Current Research

With more interest in rural trauma care, there are still some rough edges to the research. There are
few longitudinal studies of long-term sustainability of capacity-building interventions beyond
initial roll-out stages. The majority of studies examine short-term training effects rather than
struggling to measure long-term skill retention, system integration, and better patient outcomes
(Thompson et al., 2023).
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Cross-cultural information remain scarce, particularly on adjustment approaches in different rural
environments with differing health care infrastructure, cultural beliefs, and resources (Davis &
Wilson, 2024). Various methods of training performance in such diverse contexts must be explored
more systematically.

Surprisingly, limited economic evaluation studies have been conducted and none has determined
cost-effectiveness of rural capacity building interventions for trauma from the public perspective.
The economic impact of the interventions needs to be determined in an effort to inform policy and
resource allocation decisions (Kumar & Patel, 2023).

3. Approach
3.1 Study Design and Framework

The mixed-methods study employed a design that combined quantitative outcome measurement
with qualitative examination of program implementation processes. The study employed a
pragmatic effectiveness design that embraced the settings' heterogeneity and implementation
variation of Red Crescent rural trauma programs while maintaining a focus on attention to
consideration of measurable outcomes, as well as systematic data collection.

The design employed more than one level of analysis: population health outcomes, healthcare
facility capacity, readiness at the community level, and individual healthcare provider competence.
Employing a multi-level design enables direct program effects as well as more ambiguous system-
level effects triggered by Red Crescent interventions to be measured.

Framework for a Study on the Role of the Red Crescent in
Developing Skills to Manage Severe Injuries in Rural Areas
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3.2 Study Settings and Participants

The study consisted of Red Crescent rural trauma capacity building activities in 23 countries with
different geographic locations, levels of economic development, and healthcare system structures.
The countries were:

Middle East and North Africa (7): Egypt, Jordan, Lebanon, Morocco, Tunisia, Yemen, Sudan
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Asia-Pacific (8): Bangladesh, Indonesia, Malaysia, Pakistan, Philippines, Afghanistan, Myanmar,
Cambodia

Europe (4): Turkey, Albania, North Macedonia, Bosnia and Herzegovina
Sub-Saharan Africa (4): Kenya, Tanzania, Somalia, Chad

Healthcare Facilities: 847 rural health facilities were represented, ranging from basic health post to
district hospital. Facilities were stratified by capacity level: Level 1 (basic first aid), Level 2
(emergency stabilization), and Level 3 (surgical capacity).

Healthcare Providers: 12,456 healthcare providers had received Red Crescent training courses,
including physicians (n=2,847), nurses (n=6,234), paramedics (n=2,156), and community health
workers (n=1,219).

Community Volunteers: The programs trained 89,234 community volunteers from representative
demographic and occupational groups typical of rural communities.

Target Population: The programs served about 3.2 million rural residents of the intervention
communities, with population densities of between 12 and 89 people per square kilometer.

3.3 Intervention Description

Red Crescent rural trauma interventions used standardized curricula adapted to the local
environment with competency standards assured at the core. The multi-component intervention
included:

Professional Healthcare Provider Training:

* Adaptation of Advanced Trauma Life Support (ATLS) for a low-resource setting
* Basic Life Support and Advanced Life Support certification course
* Training on surgical skills for non-specialist doctors

* Trauma care procedures and protocols for nurses

* Emergency medical technician training courses

Community Volunteer Training:

* First Aid for Severe Trauma (FAST) courses

» Community Emergency Response Team (CERT) training

* Principles of hemorrhage control and airway management

* Practice of emergency communication and coordination

* Emergency response drills for mass casualty incident

System Strengthening Activities:

* Health facility equipment and supply programs

» Emergency communication system design

* Development of patient referral and transport network

* Clinical audit and quality improvement systems

122



The Role Of The Red Crescent In Developing Skills To Manage Severe Injuries In Rural Areas

* Public awareness campaigns and community preparedness

Ongoing Support and Sustainability

*» Ongoing education and skills maintenance

* Clinical consultation and mentorship services

» Maintenance of equipment and supply chain

* Monitoring and feedback mechanisms for performance

* Capacity development at the local level to guarantee program sustainability
3.4 Baseline Procedures for Data Collection

Baseline Assessment: Robust baseline data set 3-6 months prior to program commencement, i.e.,
competency test of clinical providers, facility capacity assessment, community readiness
assessment, and review of historical trauma outcomes data.

Training Process Evaluation: Systematic formative evaluation of the training sessions comprised
participant attendance, demonstration assessment of competence, test of knowledge, and
participant feedback questionnaire. The identical checklists for competencies were utilized by all
programs to manage.

Post-Training Measure: Immediately after the training, repeated baseline measures were conducted
with measures of training satisfaction, perceived value for learning, and planned practice change.
Follow-up on 6, 12, and 24-month schedules.

Outcome Data Collection: The outcome data of the patients were collected using existing
surveillance networks, hospital discharge records, and target data collection guidelines. Death and
morbidity outcomes and process outcomes such as time to definitive care were the main outcomes.

Qualitative Data Collection: Contextual knowledge and implementation knowledge were collected
using in-depth semi-structured interviews with program stakeholders, trainee focus group
discussions, and observational studies of program implementation.

3.5 Outcome Measures

Primary Outcomes:

*Healthcare workers' competence in trauma care (standardized assessment scores)
*Mortality from severe injury (in-hospital and 30-day mortality)
*Transport and treatment times (time to definitive care)

*Patient functional outcomes (disability-adjusted measures)
Secondary Outcomes:

*Long-term knowledge and skill retention

*Health facility capacity to deliver trauma care

*Community capacity for preparedness and response

*Indicators of program sustainability and scalability

*Cost-effectiveness indicators
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Process Measures:

*Program completion rates and satisfaction

*Clinical guidelines and quality indicators adherence

» Effectiveness of emergency response time and coordination
* Maintenance and use patterns of equipment

3.6 Statistical Analysis

Descriptive statistics provided participant demographics, baseline characteristics, and program
implementation parameters. Pre-post intervention comparisons utilized appropriate statistical tests
based on data types: paired t-tests for continuous data, McNemar tests for paired categorical data,
and chi-square tests for independent categorical comparison.

Multilevel modeling adjusted for clustering at site, region, and country levels. Random effects
models adjusted for variation in baseline characteristics and implementation sites. Effect sizes are
expressed as Cohen's d for continuous outcomes and odds ratios for dichotomous outcomes.

Time-series analysis assessed trends in patient outcomes over time, adjusting for secular trends and
season trends. Difference-in-differences methods compared intervention sites with control regions
where they existed concurrently.

Statistical significance was established at p < 0.05 Bonferroni multiple testing corrected where
appropriate. Analysis was guided by intention-to-treat principles corroborated by sensitivity
analyses of per-protocol groups and missing data patterns.

4. Results
4.1 Program Implementation and Participation

Red Crescent rural trauma capacity building programs were widely covered across different
settings and reached implementation at 847 health centers and directly reached 101,690 participants
during the study period. Table 1 indicates extensive implementation in sites involved.

4.2 Competency Acquisition among Healthcare Providers

Red Crescent training sessions illustrated high Competency Retention: Overall Competency scores
revealed 78.3% retention at 12-month follow-up, indicating long-term skill acquisition after initial
training interventions.

4.3 Gains in Patient Qutcomes

Intensive examination of patient outcomes demonstrated that Red Crescent program
implementation achieved significant mortality, morbidity, and process improvements. Intermediate
outcomes by study area outcomes are summarized in Table 3.

4.4 Community Volunteer Program Effectiveness

Community volunteer training programs were also demonstrated to integrate significant
effectiveness in enhancing emergency capability at community levels. Table 4 summarizes detailed
community-based intervention details.

competency in all skill areas and categories of providers. Table 2 4.5 Healthcare System Outcome
Strengthening
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Red Crescent interventions demonstrated that there was quantifiable improvement in the healthcare
system's performance and ability at the participating facilities. Table 5 contains complete system-
level outcome results.

4.6 Regional Variation Analysis

Program impact varied by region as anticipated with varying context, levels of resources, and
challenges in implementation. Comparable outcomes by large geographic region are presented in
Table 6.

4.7 Cost-Effectiveness Analysis

Cost-effectiveness analysis yielded positive cost profiles for Red Crescent rural trauma programs
across several outcome measures. Complete cost-effectiveness results are presented in Table 7.

4.8 Sustainability and Long-Term Impact Assessment

Longitudinal assessment established positive trends in program sustainability and sustained effect
during early implementation phases. Indicators of sustainability and long-term outcomes are given
in Table 8.

Table 1: Program Implementation and Participation by Region

Healthcar | Communit

Region Countrie | Facilitie | e y Populatio | Implementatio
s (n) s (n) Providers | Volunteers | n Served | n Period

(m) ()
Middle East & North Africa
Overall 7 298 4,234 31,567 1,245,000 | 2019-2025
Egypt 1 89 1,456 9,234 387,000 2020-2024
Jordan 1 45 678 5,123 156,000 2019-2025
Lebanon 1 52 723 6,891 198,000 2019-2023
Morocco 1 67 834 7,456 267,000 2020-2025
Tunisia 1 28 389 2,134 98,000 2021-2024
Yemen 1 12 89 567 89,000 2022-2025
Sudan 1 5 65 162 50,000 2023-2025
Asia-Pacific
Overall 8 312 4,567 34,123 1,456,000 | 2019-2025
Bangladesh | 1 78 1,234 8,567 456,000 2019-2025
Indonesia 1 89 1,345 9,234 398,000 2020-2024
Malaysia 1 34 456 3,789 134,000 2021-2024
Pakistan 1 67 987 6,234 267,000 2019-2025
Philippines | 1 23 345 2,896 98,000 2022-2025
ffghamsm 1 12 123 1,234 67,000 | 2020-2023
Myanmar 1 6 56 567 23,000 2021-2024
Cambodia | 1 3 21 602 13,000 2023-2025
Europe
Overall 4 134 2,234 14,567 289,000 2019-2025
Turkey 1 67 1,123 7,234 156,000 2019-2024
Albania 1 34 456 3,567 78,000 2020-2025
North 23 378 2,456 34,000 | 20212024
Macedonia
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Bosnia &
Herzegovin | 1 10 277 1,310 21,000 2022-2025
a
Sub-Saharan Africa
Overall 4 103 1,421 8,977 210,000 2020-2025
Kenya 1 45 678 4,567 123,000 2020-2025
Tanzania 1 34 456 2,890 67,000 2021-2024
Somalia 1 18 201 1,234 15,000 2022-2025
Chad 1 6 86 286 5,000 2023-2025
Total 23 847 12,456 89,234 3,200,000 | 2019-2025
Table 2: Healthcare Provider Competency Development Outcomes
Pre- Post- 6-Month | 12-Month Mean
Competency Trainin | Training | Follow- Follow-up Improv Cohen's _value
Domain g Mean | Mean up Mean | Mean emle’n ¢ d p-vaiu
(SD) (SD) (SD) (SD)
Overall 43
Competency (12' 4) 73.2(8.9) | 69.8(9.7) | 67.1 (10.3) | 30.9 2.89 <0.001
Score (0-100) )
By Provider Category
Physicians >6.7 84.3(6.7) | 81.2(7.3) | 78.9(8.1) |27.6 3.12 <0.001
(n=2,847) (11.2) T T T ' ' '
Nurses 41.2
(n=6,234) (10.8) 71.8(8.4) | 68.5(9.2) | 65.7(9.8) | 30.6 3.21 <0.001
Paramedics 38.9 66.1
(n=2.156) (13.1) 69.4 (9.7) (10.4) 63.2(11.2) | 30.5 2.67 <0.001
Community
Health 314 62.7 58.9
Workers (14.7) (11.3) (12.1) 55.6 (12.9) | 31.3 2.48 <0.001
(n=1,219)
Specific Skill Domains
Primary 45.8 75.2
Assessment (14.2) 78.3 (9.1) (10.3) 72.6 (11.2) | 32.5 2.76 <0.001
Airway 38.7 74.2 70.8
management (15.1) (10.4) (11.7) 68.1(12.3) | 35.5 2.81 <0.001
Breathing 51.3
Assessment (12.8) 81.7(8.2) | 789(9.4) | 76.2 (10.1) | 30.4 2.94 <0.001
Circulation 47.2
evaluation (13.6) 79.1(8.9) | 76.3(9.8) | 73.7 (10.6) | 31.9 2.88 <0.001
Hemorrhage | 41.6 76.8 73.4
Control (16.3) (10.2) (11.5) 70.9 (12.3) | 35.2 2.63 <0.001
Direct pressure | 48.9
techniques (14.7) 82.3(8.7) | 79.6(9.9) | 77.1 (10.8) | 33.4 2.87 <0.001
Tourniquet 32.1 69.7 65.9
application (17.8) (12.4) (13.7) 623 (14.9) | 37.6 251 <0.001
Pressure point | 43.8 75.1
utilization (15.2) 78.4 (9.8) (10.9) 72.6 (11.7) | 34.6 2.73 <0.001
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i/il:lle:gement ?197'4.11) (711i.26) (6fi§8) 649(13.6) | 31.8 | 221 | <0.001
Recognition ?12'74) (716(‘51) (7131'?3) 70.8 (12.1) | 31.6 2.46 <0.001
fe}::l(sicitation ?16823) (618297) (615319) 61.4(14.8) | 32.7 2.08 <0.001
gtr;;itllil::ﬁon ?173'%9) 74604 (711(3%6) 68.7(114) | 273 1237 | <0.001
tselzllilﬁtizfes ?122'.16) 79.4 (8.8) | 76.7(9.7) | 743 (10.3) | 273|263 | <0.001
o mebilization ?115'?7) (618 1?2) ?féi) 61.8(132) | 264 | 1.98 | <0.001

Table 3: Patient Outcome Improvements Following Red Crescent Program Implementation

Pre- Post- Absolute Relative _
Outcome Measure | Implem | Implement | Improvemen | Improvem | 95% CI P
: - value
entation | ation t ent (%)
Mortality Outcomes
Overall 30-day
mortality (%) 18.7 12.2 -6.5 -34.6 (-8.2,-4.8) | <0.001
In-hospital
mortality (%) 15.4 10.1 -5.3 -34.4 (-6.7,-3.9) | <0.001
By Injury Severity
gs) 1624 mortality | 155 |73 45 36.6 (-5.7,-3.3) | <0.001
(1]
gs) z2smortality | 346|231 115 332 (-14.2,-8.8) | <0.001
0
Hemorrhagic Shock
Mortality (%) 28.9 17.3 -11.6 -40.1 (-14.7,-8.5) | <0.001
Time to hemostasis | 473 | 37 5 16.1 340 C189.- 1 <0001
(minutes) 13.3)
Traumatic Brain Injury
Mortality (%) 22.1 16.7 -5.4 -24 .4 (-7.8,-3.0) | <0.001
Favorable
neurologic outcome | 43.2 56.8 +13.6 +31.5 (9.7,17.5) | <0.001
(%0)
Process Indicators
Time to definitive | 1574 | 99 28.4 223 (33.2.- | 0,001
care (minutes) 23.6)
Z“Offr"p“ate triage | 673 84.7 +17.4 +25.9 (14.2,20.6) | <0.001
(1]
Guideline
adherence (%) 54.8 78.2 +23.4 +42.7 (19.8,27.0) | <0.001
Quality Indicators
Preventable death
rate (%) 23.1 12.7 -10.4 -45.0 (-13.1,-7.7) | <0.001
Complications (%) | 31.6 22.9 -8.7 -27.5 (-11.2,-6.2) | <0.001
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Length of stay 8.7 7.1 1.6 [18.4 (-2.1,-1.1) | <0.001
(days)
Functional Outcomes
Return to work (%) | 62.4 74.8 +12.4 +19.9 (8.9,15.9) | <0.001
Disability-free 587 | 713 +12.6 215 (9.1,16.1) | <0.001
survival (%)
Table 4: Community Volunteer Program Effectiveness and Outcomes
Pre- Post- 6- 12-
Assessment Traini . . Month | Month | Improvemen | Effec | p-
. rainin | Trainin R
Domain Follow | Follow |t t Size | value
g Score | g Score
-up -up
Knowledge Assessment (0-50 points)
Overall
18.4 38.7 36.2 33.8 <0.00
knowledge 20.3 3.46
score (6.8) (4.9) 5.7 (6.2) 1
Hemorrhage 16.2 41.8 39.1 36.7 5.6 412 <0.00
control (7.3) (5.2) (6.1) (6.8) 1
Airway 19.8 37.3 35.0 32.4 175 598 <0.00
management (6.4) (5.7) (6.3) (6.9) ) ) 1
Emergency 21.7 42.1 40.3 38.6 20.4 401 <0.00
communication | (5.9) (4.3) 4.9 5.4 ' ' 1
Practical SKkills (0-25 points)
Overall 20.3 18.9 17.2 <0.00
practical score 8.7(4.2) (2.8) (3.4 (3.9 11.6 343 1
Tourniquet 21.7 20.1 18.4 <0.00
application 6248 1oy gy |en |1P? 423 1
. 19.8 18.4 16.9 <0.00
Wound packing | 9.1 (3.9) (3.2) (3.8) (4.3) 10.7 3.01 1
Basic airway 10.4 21.2 19.7 18.1 10.8 342 <0.00
positioning (3.6) (2.9) (3.5 4.0 ) ) 1
Confidence Assessment (1-5 scale)
Overall 3.9 3.7 <0.00
confidence 2.1(0.8) | 4.2(0.6) 0.7) (0.9) 2.1 3.12 )
Emergency 4.1 3.9 <0.00
recognition 2.3(0.9) | 4.4(0.5) (0.6) (0.8) 2.1 3.26 1
Skill 3.7 3.5 <0.00
performance 1.9 (0.7) | 4.0(0.7) 0.8) (0.9) 2.1 2.98 )
Communicatio 4.0 3.8 <0.00
n ability 2.4(0.8) | 4.3(0.6) 0.7) (0.8) 1.9 2.87 1
Table 5: Healthcare System Strengthening Outcomes by Facility Level
Baseline Post- ° p-
System Component Capacity Implementation Improvement | 95% CI value
Level 1 Facilities (n=423)
Essential equipment
availability (%) 342 78.6 +44.4 (40.1, 48.7) | <0.001
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Staff competency

score (0-100) 31.7 58.9 +27.2 (24.3,30.1) | <0.001
Emergency response | 55 4 16.2 72 (-8.9,-5.5) | <0.001
time (minutes)
Patient stabilization
rate (%) 52.3 74.1 +21.8 (17.2,26.4) | <0.001
Level 2 Facilities (n=312)
Essential equipment
availability (%) 58.7 89.3 +30.6 (26.4, 34.8) | <0.001
Staff competency
score (0-100) 47.2 73.8 +26.6 (23.1, 30.1) | <0.001
Emergency response | ¢ ¢ 12.7 6.2 (-7.8,-4.6) | <0.001
time (minutes)
Successful
resuscitation rate (%) 67.4 83.2 +15.8 (11.9,19.7) | <0.001
Level 3 Facilities (n=112)
Essential equipment
availability (%) 71.3 94.7 +23.4 (18.2,28.6) | <0.001
Staff competency
score (0-100) 62.8 84.1 +21.3 (17.9,24.7) | <0.001
Emergency response | 5 9.8 5.4 (-6.9,-3.9) | <0.001
time (minutes)
Surgical intervention
capability (%) 78.9 92.4 +13.5 (8.7,18.3) | <0.001
System-Wide Improvements
Inter-facility 43.6 81.7 +38.1 (34.2,42.0) | <0.001
communication (%)
Referral system
efficiency (%) 56.2 78.9 +22.7 (18.9, 26.5) | <0.001
Quality assurance 29.4 67.3 +37.9 (33.1,42.7) | <0.001
processes (%)
Continuing education
participation (%) 38.7 74.2 +35.5 (31.2,39.8) | <0.001
Table 6: Regional Variation in Program Effectiveness and Outcomes
Provider Mortality | Time to Care | Community o e
. . Sustainability
Region Competency | Reduction | Improvement | Engagement Score (0-10)
Improvement | (%) (min) (%)
Middle East & North Africa
Mean 32.4 (8.7) -38.2 31.7(8.9) 78.6 7.8(1.2)
improvement T (12.3) T ) T
Egypt 34.7(7.2) -42.1 (9.8) | -35.2(7.3) 82.3 8.4 (0.9)
Jordan 31.8(9.1) 32‘7‘) -29.8 (9.7) 76.9 7.9 (1.1)
Lebanon 29.6 (10.3) gég) -25.4(11.2) 72.1 6.8 (1.4)
Morocco 33.2(8.4) E’;’?Z) -33.1 (8.1) 79.7 8.1 (1.0)
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Tunisia 35.1(7.8) 241‘(1)3) -36.4 (7.6) 81.2 8.3 (0.8)
Yemen 24.7 (12.1) gg'g) 183 (13.4) | 61.4 5.2(1.8)
Sudan 22.3 (13.7) éfé) 157 (15.1) | 57.8 49 (2.1
Asia-Pacific

Mean -32.7

improvement | 258 10:2) (146) 26.8(11.3) | 732 7.1(1.6)
Bangladesh | 31.4 (9.3) (gé) -28.7(9.8) 76.4 7.6 (1.3)
Indonesia 32.7 (8.6) (ﬁ;) -30.9 (8.7) 78.9 7.9 (1.1)
Malaysia 34.8 (7.4) 3(9)'?) -32.4(7.9) 81.7 8.2 (0.9)
Pakistan 28.9 (11.1) (ﬂ% 24.6(12.1) | 713 6.8 (1.7)
Philippines | 26.3 (12.4) (%;g) 21.8(13.6) | 67.8 6.2 (1.9)
Afghanistan | 21.7 (14.2) g;g) 164 (153) | 583 4.7 (2.3)
Myanmar 23.1(13.8) gg'g) 17.9(14.7) | 60.7 5.1(2.1)
Cambodia | 24.8 (13.1) g%) 193 (14.1) | 62.4 5.4 (2.0)
Europe

fn;irévement 35.7 (6.9) 41.8(9.7) | -34.9(7.2) 84.1 8.6 (0.8)
Turkey 36.2 (6.4) -43.1(8.9) | -36.2 (6.8) 85.3 8.8 (0.7)
Albania 34.8 (7.2) 24118'?) -33.4(7.5) 82.7 8.4 (0.9)
North

Mocedonia | 339 (68) 42.4(9.3) | -35.1(7.1) 84.6 8.7 (0.8)
Bosnia & -41.5

Herzegovina | 358 (7D (104) -34.8 (7.6) 83.9 8.5 (0.9)
Sub-Saharan Africa

Mean -29.4

improvement | 271 (1:8) (16.3) 232(12.7) | 68.4 6.3 (1.9)
Kenya 29.7 (10.4) (ﬁ?) 26.1(11.2) | 726 7.1(1.5)
Tanzania 28.2 (11.7) 52;) 249(12.3) | 69.8 6.8 (1.7)
Somalia 234 (132) 532) 219.1(148) | 61.7 52(2.3)
Chad 21.1 (14.6) é(z);) -16.8(16.1) | 58.4 4.7 (2.6)

Table 7: Cost-Effectiveness Analysis of Red Crescent Rural Trauma Programs
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Per Participant Per Life Per DALY Cost-
Cost Component Cost (USD)p Saved Averted Effectiveness
(USD) (USD) Ratio
Program Implementation Costs
He-aljchcare provider 1247 18,432 3.689 nghly cost-
training effective
Communlty volunteer 189 2.234 447 Very gost-
training effective
Equipment and supplies 2,156 31,847 6,369 Cost-effective
System strengthening 3,421 50,589 10,118 Cost-effective
Total Program Costs 7,013 103,102 20,623 Cost-effective
Regional Variations
Middle East & North Africa | 6,234 92,187 18,437 Cost-effective
Asia-Pacific 5,789 85,634 17,127 Cost-effective
Europe 9,456 139,743 27,949 Cost-effective
Sub-Saharan Africa 4,321 63,892 12,778 Highly cost-
effective
Comparative Analysis
WHO cost-effectiveness 11,500-
threshold - - 34,500 Meets standards
Similar trauma programs 8,234 121,567 24,313 More .COSt-
effective
Standard emergency care | 12,456 184,123 | 36,825 More cost-
effective
Table 8: Sustainability Indicators and Long-Term Impact Assessment
R . Year | Year | Year | Year .| p-
Sustainability Indicator 1 2 3 4 Trend Analysis value
Program Continuation
Active facilities (%) 923 87.6 82.1 78.4 -4.6% annually | 0.021
Trained staff retention (%) 84.7 79.2 75.8 72.3 -4.1% annually | 0.031
Community volunteer o
participation (%) 78.9 72.1 67.4 63.8 -5.1% annually | 0.018
Skill Maintenance
(C()/Oinpetency scoreretention | o35 | g76 |824 | 789 | -4.8%annually | 0.025
0
?;a)cucal skills performance | ¢ 4 1837 | 79.1 | 756 | -4.6% annually | 0.027
0
Clinical Outcomes
- - . 5
Sustained mortality reduction 346 | 312 | 287 | 264 +2.7% . 0.041
(%) degradation
Process improvement 873 |81 |[786 |[752 |-4.0% annually |0.033
maintenance (%)
System Integration
ﬁ)‘f‘i%l)owne“hlp development | ¢ ¢ 175 |76 |79 | +037annually |0.008
Government support (0-10) 5.9 6.4 6.8 7.1 +0.40 annually | 0.012
Resource mobilization (0-10) | 5.2 5.8 6.3 6.7 +0.50 annually | 0.006
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5. Discussion
5.1 Principal Findings

This systematic review of Red Crescent rural capacity-building programs in trauma demonstrates
overall efficacy in enhancing emergency care competency in a broad geographic and cultural
spectrum. Significant decrease was obtained in the majority of areas: competency of health
providers was enhanced by 73.2%, mortality due to major injury was decreased by 34.6%, and end-
care time was decreased by 28.4 minutes on average. All the findings are clinically important and
are tangible advantages to rural populations that undergo traumatic emergencies.

The magnitude of such gains is all the more so in light of the challenging conditions under which
these programs are implemented. Rural health systems are faced with all types of limitations
ranging from limited budgets, human resource deficits, and infrastructural deficiencies. That they
were able to achieve such gigantic gains in the face of such limitations testifies to the merit of the
Red Crescent's multi-dimensional, multi-level intervention approach.

The sustainability assessment maintains beneficial trends of program persistence and effect
maintenance, though with the predicted rate of slow decline over time. Decline rates seen each year
(4-5% per year on most indicators) indicate that continuous reinforcement and repetitive support
would be required to preserve best program functioning, consistent with general literature in
capacity-building interventions in low-resource environments.

5.2 Theoretical and Methodological Implications

Findings substantiate sound theoretical premises to successful capacity development within health
contexts. The large effect sizes attained (Cohen's d = 1.98-4.23) substantiate that multi-modal and
multi-faceted interventions lead to more-than-the-sum effects. This is to substantiate systems
thinking theories to capacity development in health whereby interventions for whole-of-system,
inter-connected interventions are given precedence over one-off, stand-alone training programs.

Red Crescent program competency-based training model evidently surpasses time-based models in
the long term. Focus on demonstrating skills and prescribed measurement protocols guarantees
participants reach prescribed levels of competency regardless of prior experience, and differential
rates of learning. The model utilizes the tenets of adult learning theory in the here-and-now,
allowing objective measurement of training outcomes.

Cultural adaptation was a principal driver of success, and local-level variation in outcomes was
most associated with levels of local customization at development and implementation levels. This
finding lends support to contextualized learning theory and highlights the importance of community
participation and cultural sensitivity for humanitarian education interventions.

5.3 Clinical and Public Health Implications

Reduction of Mortality: The 34.6% reduction of mortality in severe injury reported by the current
study is an immediate humanitarian public health gain. As the observed baseline mortality rate
measured here (18.7% overall), the reduction equates to a saving of approximately 2,890 lives for
each 100,000 trauma patients entered into trial centers. The consistency of mortality improvement
across all injury types and severities suggests that the courses cover fundamental shortcomings in
trauma care rather than specific clinical specialties.

Improvements in Process: The 28.4-minute reduction in time to definitive care is a clinically
important improvement that most likely accounts for much of the demonstrated mortality gains.
That improvement is achieved is a testament that Red Crescent programs can effectively overcome
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technical skills deficits and system-level coordination issues typically preventing rural delivery of
trauma care.

Quality Improvement: Rate of compliance with clinical guidelines increased by 42.7% and
preventable mortality fell by 45.0% are evidence that programs can take evidence-based best
practice and make it standard clinical practice. This implication has important ramifications for
quality improvement initiatives in low-resource environments such as these.

5.4 Healthcare System Strengthening

The combined effort by Red Crescent programs to improve healthcare systems in quantifiable terms
in different areas of the system led to the compounding effects of interaction among provision of
equipment, capacity building of staff, communication infrastructure development, and quality
process assurance that generated overall system performance improvement.

Infrastructure Development: The significant development in the provision of basic equipment
(44.4% development in Level 1 centers) shows how much it is required to meet up with shortages
in resources and skill enhancement. Consistency in improvements in equipment over a timeframe
indicates effective supply chain and maintenance practices.

Human Resource Development: The multi-level training approach, involving physicians, nurses,
paramedics, and community health workers, established vast networks of skills to treat trauma
patients at different levels of care. Differential improvement between groups of providers is a valid
representation of tailoring of training content to baseline skill level and scope of practice.

System Integration: The referral system (22.7% improvement) and inter-facility communication
(38.1% improvement) gains indicate the existence of successfully implemented coordinated
systems of trauma care. Such system improvements should take place to ensure maximal utility of
each facility improvement.

5.5 Community Engagement and Social Impact

The mass community volunteer sector of Red Crescent interventions is a unifying characteristic of
these interventions compared to exclusive facility-based interventions. Mobilization of 89,234
community volunteers created vast emergency response capacities operating several times higher
than organized healthcare institutions.

Community Preparedness: The sudden increase in locally trained volunteers (110.3% increase) and
hands-on experience (133.3% increase) increases the local capability to respond to emergencies
promptly. It is particularly effective in rural areas where there is no professional provision for
emergencies or is distant.

Building Social Capital: Community-based strategy for building social capital and responder
networks with the ability to rapidly respond to emergencies. The social capital also has a spillover
effect that extends beyond trauma care into disaster preparedness and community resilience.

Knowledge Transfer: The 67.3% of program family knowledge transfer among participants is a
multiplier effect that shifts program benefit to indirect participants. The subsequent spillover
benefit contributes to enhanced household and community capacity for emergency preparedness.

5.6 Economic Considerations

Cost-effectiveness analysis yields economically efficient profiles for Red Crescent rural trauma
interventions, at cost per DALY averted ($20,623) within WHO-recommended cost-effectiveness
criteria for cost-saving interventions. Regional variations in cost-effectiveness reflect local
differences in cost, implementation, and baseline health system capacity.
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Resource Use: Relatively modest average cost per participant ($7,013) with high benefit from
outcomes is effective use of resources. The fact that community volunteer training is in such high
demand cost-effectiveness ratios ($447 per DALY averted) indicates that community interventions
are a good investment.

Comparative Advantage: The higher cost-effectiveness than comparable-level trauma programs
($20,623 vs. $24,313 per DALY averted) shows that Red Crescent interventions do more with less.
The probable reason for comparative advantage is the intense, multi-level intervention strategy and
high community engagement levels.

Sustainability Economics: Successive reduction of effects over the long term has significant
economic implications for program sustainability. Annual rates of deterioration imply continued
investment in refresher training and system maintenance to consolidate program gains, with
implications for cost forecasting over the long term.

5.7 Limitations and Methodological Considerations

Several important limitations are worthy of note in interpretation of these findings. The
observational study design, as thorough as it needs to be, cannot deliver cause-and-effect inferences
with randomized controlled trial certainty. Consistency of result across a variety of dissimilar
settings and size of gains obtained, however, provide strong support for program effectiveness.

Selection Bias: Sites and populations that participated might have been more interested or had
greater baseline potential for improvement in trauma care implementation. Baseline measures did
attempt to control for them, but uncontrolled confounders might have impacted outcomes.

Assessment Validity: Standardized competency examinations may not reflect the full richness of
actual provision of trauma care. Coincidence of competency change and patient outcome does,
however, indicate that these examinations are assessing clinically important skills.

Temporal Considerations: The four-year follow-up period, although crucial, will not track long-
term sustainability trends in their completeness. Longitudinal studies would offer useful
information on program stability and maximal maintenance activities.

Context Generalizability: Emphasis on Red Crescent programs in targeted geographical areas
perhaps restricts generalizability to other organizational contexts or health-care systems.
Heterogeneity of countries and cultural contexts involved, nonetheless, increases external validity
to comparable resource-scarce settings.

6. Conclusion

This critical feedback provides strong evidence of achievement in Red Crescent rural trauma
capacity development programs to address urgent gaps in access and quality of emergency services.
The overall change in most areas - competency of healthcare providers (73.2% improvement),
mortality (34.6% decrease), and system strengthening activities - bears witness to the possibility of
transformation brought about by extended, culturally appropriate interventions.

The findings indicate that inequalities in rural trauma care can be reduced substantially by
systematic interventions of professional training, community mobilization, and health system
strengthening. The multi-level intervention framework of Red Crescent programs creates synergy
to achieve more than single-component programs with cost-effective profiles to enable scalability
and sustainability of the programs.

Massive community engagement is the most visible aspect of the Red Crescent model of
developing large-scale emergency response capacity far beyond the typical health facilities. The
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fact that nearly 90,000 community volunteers have been mobilized in affected communities offers
proof that is both pragmatic and actionable to take measures of capacity building at the community
level in rural settings.

The main Recommendations emerging from this analysis are:

1. Comprehensive Programming: Trauma capacity building programs in rural areas must combine
several intervention elements, including professional training, community involvement, equipment
provision, and system change activities, into one program to be as effective as possible.

2. Cultural Adaptation: Planning for programs should include rigorous cultural adaptation for
continuity and effectiveness across settings, and particularly in community involvement and
integration with local health systems.

3. Sustainability Planning: Programs come under direct planning for sustainability that is required
with immediate effect, i.e., local capacity development, continuing support mechanisms, and
biennial refresher training for sustaining competency levels in the long term.

4. Quality Assurance: Mechanisms for competency measurement and quality monitoring that are
standardized are required for enhancing consistency in quality in programs and facilitating
systematic determination of effectiveness.

5. Regional Partnerships: Formation of regional partnerships and networks can lead to program
sustainability, with potential for economy of scale and knowledge sharing in resource-intensive
programs like equipment purchase and maintenance.

The broader implications of these results extend beyond humanitarian programming to spur policy
discussion on rural health care provision, emergency medical service development, and global
health equity program engagement. As international development targets increasingly seek
universal health coverage and access to emergency care, evidence presented herein demonstrates
that measurable progress toward such objectives is possible through structured, community-level
intervention.

The Red Crescent movement's investment in the expansion of trauma capacity building in rural
communities is a vital component of reducing health disparities globally. The proof of impact and
good value for money provide impeccable rationale for additional research and additional
investment in broader extension of similar programs among other global rural and impoverished
populations.

Advances in the future that decrease rural disparities in trauma care will necessitate long-term
commitment to comprehensive strategies that address not just near-term capacity building needs,
but also imperatives in health care system development over the longer term. Evidence on this front
offers a convincing argument for long-term investment and yields pragmatic lessons for
consolidating program design and implementation strategies.
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