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Abstract

Background/Objectives: Road traffic accidents represent the leading cause of death in
children and adolescents in Brazil. In the state of Piaui, non-specialized facilities frequently
manage critically injured pediatric patients. Targeted training programs are considered
a key strategy for improving outcomes. This study assessed the feasibility of adapting a
pediatric trauma course developed in a high-income setting for medical first responders in
both pre-hospital and in-hospital settings in a resource-limited environment in northeastern
Brazil. Methods: This prospective non-randomized mixed-methods feasibility-oriented
implementation and educational evaluation study involved the design of a simulation-
based course based on a literature review by a German interprofessional and interdisci-
plinary team. Local adaptation was achieved through a needs assessment, field visits, and
stakeholder collaboration. Implementation included the training of Brazilian instructor
candidates, who subsequently delivered the course under supervision. Data were collected
using study-specific, non-validated questionnaires at two timepoints and analyzed descrip-
tively and exploratively. Results: A total of 98 healthcare professionals participated in the
needs assessment (mean experience 9.7 &+ 6.3 years; 62.2% nursing staff); 66 completed the
pediatric trauma management section. Although familiarity with the ABCDE approach was
high (86%), confidence in pediatric trauma management was significantly lower than man-
agement in adults (47% vs. 68%, p = 0.0018), particularly for invasive procedures. During
implementation, 38 participants completed the course, with a 100% recommendation rate;
approximately 80% felt prepared to teach independently. However, participants and instruc-
tors highlighted the need for more practical training, longer course duration, and follow-up
instructor training. Conclusions: A context-adapted, simulation-based pediatric trauma
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training program was feasibly implemented and well accepted in a resource-limited region
of Brazil. The train-the-trainer approach shows promise for strengthening local pediatric
trauma capacity, but sustained implementation requires continued instructor development,
supervised teaching, and long-term evaluation of educational and clinical outcomes.

Keywords: traffic accident; pediatric trauma; crew resource management; middle-income
countries; trauma training; simulation-based education; global health; Brazil; simulation
training; emergency medicine

1. Introduction

Unintentional injuries remain a major cause of death and disability among children
and adolescents worldwide. According to the World Report on Child Injury Prevention,
more than 830,000 children die each year as a result of preventable injuries [1]. In Brazil,
road traffic injuries represent the leading cause of death among children and adolescents
and contribute substantially to long-term disability, placing a considerable burden on
affected individuals, families, and healthcare systems [1-3].

This burden is particularly relevant in the northeastern state of Piaui, where traffic-
related mortality has increased markedly over recent decades, largely driven by motorcycle-
related injuries [4]. In this predominantly rural region, critically injured children are fre-
quently managed in non-specialized healthcare facilities because of long transport distances,
limited access to pediatric referral centers, and constrained pre-hospital and emergency
care resources [5,6]. As a result, healthcare professionals working in pre-hospital emergency
medical services (SAMU) and emergency care units (UPAs) are often required to provide
initial stabilization of severely injured pediatric patients under resource-limited conditions.

Previous studies have demonstrated that pediatric trauma care in low- and middle-
income countries (LMICs) is frequently limited by insufficient training opportunities, lack
of pediatric-specific expertise, and the absence of context-adapted clinical protocols [7-12].
These challenges are particularly relevant because critically ill and injured children are
encountered relatively infrequently, making it difficult for healthcare professionals to ac-
quire and maintain competence in high-risk, low-frequency procedures. Standardized
educational programs, simulation-based training, and protocolized approaches have there-
fore been identified as important strategies for improving pediatric emergency care and
reducing preventable mortality [1,8-13].

Despite the availability of internationally established training programs, such as
Pediatric Advanced Life Support (PALS®), Advanced Trauma Life Support (ATLS®), and
Pre-hospital Trauma Life Support (PHTLS®), important barriers limit their applicability
in many low- and middle-income countries. High course costs, language requirements,
resource-intensive training formats, and dependence on healthcare infrastructure that
may not be available in remote settings restrict widespread implementation. In addition,
neither program fully addresses the specific challenges of pediatric trauma care in resource-
constrained environments, as PALS® focuses primarily on pediatric medical emergencies,
and ATLS® and PHTLS® are largely oriented toward adult trauma. These limitations
highlight the need for context-adapted, resource-sensitive training programs that address
local epidemiology, healthcare structures, and available treatment options while preserving
the core principles of evidence-based trauma care.

Within the PRACTICE project (PReventing And Customizing Treatment of road traffic
associated Injuries in ChildrEn), a context-adapted pediatric trauma training program was
developed through collaboration between German and Brazilian partners. The objective of
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the present study was to evaluate the feasibility of adapting and implementing a simulation-
based pediatric trauma course originally developed in a high-income healthcare setting for
use in a resource-limited region of northeastern Brazil and to assess its acceptance among
local healthcare professionals.

2. Materials and Methods
2.1. Study Overview

PRACTICE was designed as a funded, two-year international collaborative initia-
tive comprising two components: (1) the design and implementation of a standardized
training course for the management of critically injured children and adolescents, and
(2) preventive interventions aimed at increasing awareness of traffic-related risks among
young schoolchildren and their families. While the present study focuses exclusively on
the conception, adaption and implementation of the training component, the follow-up
and the prevention component were equally important in the project and will be reported
in a separate publication to ensure thematic consistency and readability.

The PRACTICE project officially commenced on 15 August 2023. While formal funding
approval was issued in November 2023, the funding period applied retrospectively from
the project start, thereby covering the conception phase and the initial field visit.

The conception phase was conducted from 1 September 2023 to 31 January 2024,
followed by an implementation phase from 1 February to 14 March 2024 (Table 1).

Table 1. Overview of project milestones and timeline.

Timepoint Project Activity
August 2023 Project initiation
September 2023 Start of conception phase
9-17 October 2023 Field visit in Piaui/Brazil
November 2023 Formal retrospective funding approval
January 2024 Needs assessment
February 2024 Conception phase completed and

Start of implementation phase
Ons-site train-the-trainer course
Implementation phase evaluation
Additional needs assessment at the local emergency

17-19 February 2024
17-28 February 2024

29 February 2024 . . . o
medicine congress in Teresina, Piaui
14 March 2024 Implementation phase completed
April 2024 Final course concept delivered to local

instructors (multiplicadores)

2.2. Conception Phase
2.2.1. German Course Team Formation

The development of the PRACTICE course was led by the Center for Emergency
Training, Department of Unfallkrankenhaus Berlin. To ensure interprofessional and in-
terdisciplinary input, the German team consisted of five members: one internal medicine
specialist with specialization in emergency medicine and intensive care, one orthope-
dic/trauma surgery resident with specialization in emergency medicine, one paramedic,
and two registered nurses. Four team members were certified Crew Resource Management
(CRM) instructors, two were active Pediatric Advanced Life Support (PALS®) instructors,
and one held active certification as a Tactical Emergency Casualty Care (TECC®) instructor.
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2.2.2. Brazilian Partners Engagement and Field Visits

The non-governmental organization (NGO) ProBrasil served as the coordinating
partner, facilitating continuous communication between all bilateral stakeholders.

The project was conducted in the Serra da Capivara region, Piaui, Brazil. Local partners
in Sao Raimundo Nonato included the emergency care unit (UPA), the mobile emergency
medical service (SAMU) and the municipal administration. In Teresina, collaborative
partners were the State University of Piaui (UESPI), Lucidio Portella Children’s Hospital,
and the state fire brigade (CBMPI).

An initial seven-day field visit, including observational clinical shifts in UPA and SAMU,
provided insights into local infrastructure, staff qualifications, and clinical workflows.

Subsequently, six bilateral online meetings were conducted to adapt the course to
local requirements. These included focus group discussions and qualitative interviews
addressing feasibility, content, target groups, potential challenges, and identification of
suitable training sites and future instructors, named multiplicadores. Preference was
given to long-term staff as multiplicadores to mitigate the effects of workforce turnover.
No formal instructor selection criteria were defined prospectively, and previous teaching
experience was not systematically recorded.

Updated inventories of available equipment and medications were continuously
provided to support context-specific course development, which served primarily as needs-
assessment and curriculum-development activities. Written meeting protocols were main-
tained throughout the project; however, these discussions were not conducted as formal
qualitative research interviews and were therefore neither audio-recorded nor subjected to
a validated analysis.

2.2.3. Course Design and Manual

Course development was informed by a literature review of established training
programs, including PALS®, ATLS®, and PHTLS®, as well as pediatric trauma guidelines
meeting AGREE-II quality criteria [14]. Based on this review, the curriculum (Table 2)
was structured around four core components: (1) priority-based assessment; (2) essential
interventional skills; (3) application of standard operating procedures (SOPs) for high-stress
situations; and (4) integration of non-technical skills based on Crew Resource Management
(CRM) principles.

The course emphasized the first hour of care in resource-limited settings and followed
a priority-based approach using the ABCDE framework (Airway, Breathing, Circulation,
Disability, and Exposure), an internationally established algorithm for the rapid assess-
ment and prioritization of life-threatening conditions in critically ill and injured patients.
Pedjiatric-specific adaptations were incorporated through the Pediatric Assessment Triangle
(PAT), a rapid observational assessment tool for the initial evaluation of critically ill or
injured children. To reflect this approach, the course material was organized into modules
corresponding to the ABCDE sequence (“AB”, “C”, “DE”, plus “x” for catastrophic hemor-
rhage). The curriculum covered pediatric basic life support, hemorrhage control, airway
and respiratory management (including supraglottic airway devices and needle decom-
pression), circulatory support (including intraosseous access and tranexamic acid), and
simplified analgesia. SOPs were incorporated into a structured course manual supported
by age-adapted reference tables for vital signs, equipment sizes, and medication dosing.
These SOPs were not intended to replace existing Brazilian Ministry of Health or SAMU
protocols. Instead, they were reviewed together with local stakeholders and adapted to
the locally available infrastructure, equipment, medications, and operational realities. The
manual was designed in a portable DIN A5 format for both print and digital use.
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Table 2. Course schedule, including duration, number of participants, structure, content, and
group assignments.

Key Features

One-day training course

Format (8 h total, incl. 1 h of breaks)
Participants 10-12 per unit
Trainers 1 per 4 participants
Curriculum
Period Content Location Groups
e  Welcome, introduction of
0.75h participants, expectations Lecture room All
and apprehensions
ABCDE/PAT Approach
0.75h / PP Lecture room All
Crew-Resource-Management
3 Pediatric Skills stations
e  A——cervical spine immobilization, air-
way management
B—assisted and controlled manual )
2k ventilation, chest decompression Large room su1tab1§ for 3 groups,
e C—trauma resuscitation, vascular ac- 3 tables with materials, = 3—4 participants
cess, hemorrhage control 1 table per skill station per group
e D—Glasgow Coma Scale, pupils
E—trauma examination, immobiliza-
tion, pelvic sling, wound management
Case scenarios on severe pediatric trauma
(0.75 h each)
1. Motorcycle accident 3 groups,
3h 2. Trauma resuscitation Response site and 1 per scenario .
3. Car accident (pedestrian with severe ~Emergency In each case scenario,
thoracic-abdominal injuries) department -setup 3“3““‘76 participants
and passive spectators
Followed by each case scenario, debriefing P P
with all participants in lecture room
Final round
05h e  Self-assessment test, evaluation Lecture room All

e  Feedback, farewell

Simulation-based scenarios with structured debriefings were used to integrate tech-
nical and non-technical competencies. CRM principles were incorporated to strengthen
communication, situational awareness, leadership, and team performance. Following
iterative review with local stakeholders, the final course manual was adapted to the local
context and formally approved by the Brazilian project partners prior to implementation.

2.3. Data Collection, Course Rollout and Analysis
Data collection was conducted at two timepoints:

— Among local healthcare personnel in December 2023 and January 2024, and addition-
ally during the local emergency medicine congress in Teresina, Piaui on 29 February
2024 (needs assessment, timepoint 1).
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— Among course participants and the German instructor team after course delivery and
completion, 17-28 February 2024 (implementation phase evaluation, timepoint 2).

Brazilian participants were recruited through local partner institutions. The flow of
participants throughout the study is summarized in Figure 1.

PRACTICE Study

Needs Assessment Implementation Phase Evaluation
(Timepoint 1) (Timepoint 2)
Healthcare professionals Healthcare professionals
approached from partner institutions enrolled in PRACTICE course
(n=98) (n=42)
! Declined or i i Declined or !
' i e e | | e I e e b e R ey | oo o e > S H
Il Zi0%6IMISSING i M= ~o='= == —omimmomd] i >10% missing !
responses ! i responses '
i | \4 \4 |
P =32 [ | (n=4)
(T e / Completed needs assessment Completed evaluation IS o L Yo
questionnaire questionnaire
(n = 66) (n=38)
- J L J
- l N\ r l 3
Included in needs assessment Included in implementation
analysis phase analysis
(n=66) (n=138)

3 J

Figure 1. Participant flow of the PRACTICE study showing recruitment, questionnaire completion,
exclusions, and inclusion in the analyses at both study timepoints.

Participation in the questionnaires was voluntary. Prior to enrolment, all participants
received written participant information in Portuguese describing the project objectives,
the educational intervention, the accompanying surveys, the pseudonymized processing
of study data, and the intended scientific dissemination of anonymized project findings.
Participants provided written informed consent before participation and data collection,
including consent to publication. The primary purpose of the data collection during the
conception and implementation phases was to inform local adaptation, implementation,
and educational evaluation of the training course. The collected data were subsequently
analyzed for scientific publication following completion of the implementation phase,
after retrospective ethical approval had been obtained from the Ethics Committee of the
University Medicine Greifswald. Prior to publication, the study procedures underwent
an additional local review by the State Health Secretariat of Piauf (SESAPI), Brazil, which
confirmed that no ethical concerns were identified and that the data collection complied
with the applicable ethical, legal and regulatory requirements in Brazil.

All participants received the intervention. Blinding was not feasible owing to the
educational nature of the intervention. No adverse events related to the questionnaire or
educational intervention were observed.

The needs assessment aimed to identify training requirements, while the implementa-
tion phase evaluation focused on course acceptance, content, and organizational aspects.
Since our primary objective was to assess the feasibility and practicality of the course, we
used study-specific questionnaires to obtain targeted feedback from participants and in-
structors. These questionnaires were designed to address aspects that were not adequately
covered by existing validated instruments.

As no suitable validated instruments addressing the specific objectives of the PRAC-
TICE project were available, study-specific questionnaires were developed by the multidisci-
plinary German project team based on the educational objectives of the curriculum, relevant
trauma guidelines, and previous experience in simulation-based medical education. The
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questionnaires subsequently underwent iterative review by the Brazilian project partners
to ensure clarity, face validity, and contextual appropriateness prior to implementation. No
formal psychometric validation or pilot testing was performed.

The evaluation was designed to assess feasibility, participant acceptance, and self-
perceived preparedness using study-specific questionnaires. Objective assessments of
knowledge or practical competence, such as written examinations or objective structured
clinical examinations (OSCEs), were not included in the study design.

A three-day on-site training was conducted in Serra da Capivara, supported by Pro-
Brasil and medical students from UESPI. On day one, the German instructor team trained
eight Brazilian instructor candidates (multiplicadores). On days two and three, these
multiplicadores delivered the course to local healthcare professionals under supervision.

Data were collected using standardized, non-validated online questionnaires adminis-
tered via the GDPR-compliant platform LamaPoll. Responses were recorded on a five-point
Likert scale ranging from “strongly disagree” to “strongly agree.”

Descriptive statistics included absolute (1) and relative (%) frequencies, arithmetic
mean values (mean), standard deviation (sd) and ranges. Because this was an exploratory
feasibility study, no formal prior sample size calculation was performed. Group compar-
isons for ordinal variables were performed using the Mann-Whitney U test for independent
samples and the Wilcoxon signed-rank test for dependent samples, both at a significance
level of & = 0.05. Given the exploratory design, results should be interpreted cautiously.
Statistical analyses were conducted using STATA for Windows (StataCorp LLC, College
Station, TX, USA), version 16.1.

3. Results
3.1. Course Adaptations Resulting from the Needs Assessment and Stakeholder Consultation

The needs assessment, observational shifts in SAMU and UPA, and repeated consulta-
tions with local stakeholders identified several contextual factors that differed substantially
from the assumptions underlying established training programs. These findings resulted
in the following key modifications:

e  Focus on the first hour of care: Due to long transport distances and limited access to
pediatric referral centers, the curriculum was deliberately restricted to interventions
required during initial stabilization rather than definitive hospital management.

e  Expansion of the pediatric target population: Initial planning focused primarily on
adolescents. Following field observations and stakeholder feedback, younger pediatric
patients were incorporated because local providers reported a substantial burden of
trauma in children below 12 years of age.

e Adaptation to locally available equipment and medications: Scenario design, SOPs,
and skill stations were modified based on inventories provided by SAMU, UPA, and
HRSCF. Interventions requiring equipment unavailable in the region were excluded.

e  Emphasis on basic, high-impact procedures: Observations revealed limited pediatric
equipment availability, variable provider experience, and inconsistent use of stan-
dardized protocols. Consequently, the curriculum prioritized ABCDE assessment,
hemorrhage control, airway management with supraglottic devices, intraosseous
access, pediatric resuscitation, and structured team communication.

e  Strengthening of pre-hospital-hospital interface training: Stakeholders repeatedly
highlighted communication challenges between SAMU, UPA, and hospital services.
As aresult, multidisciplinary simulation scenarios and CRM elements were specifically
designed to promote structured communication and interprofessional collaboration.

e  Train-the-trainer approach: Due to high workforce turnover and limited access to con-
tinuing education, local stakeholders recommended establishing a group of long-term
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employees as future multiplicadores. This resulted in the integration of a dedicated
instructor training component.

e Interprofessional training program: The objective was not to certify participants in pro-
cedures outside their legal scope of practice but to establish a shared clinical language,
common treatment priorities, and coordinated team responses during pediatric trauma
care. Accordingly, all participants were introduced to the indications, principles, and
practical implications of critical interventions, including needle decompression and
intraosseous access, irrespective of profession. This approach was considered particu-
larly relevant in view of the needs assessment findings, which suggested relatively
limited experience among physicians and substantial practical experience among
nursing personnel.

3.2. Needs Assessment (Timepoint 1)
3.2.1. Participant Characteristics

A total of 98 healthcare professionals participated in the needs assessment. The
majority were employed in the pre-hospital emergency medical service (SAMU) (n = 59;
60.2%), followed by the regional hospital (HRSCF) (n = 16; 16.4%) and the emergency care
unit (UPA) (n = 9; 9.2%). Additional affiliations were reported by 28 participants (28.6%).
As multiple responses were permitted, some participants reported employment at more
than one institution.

Regarding professional background, most participants were nursing technicians
or nurses (61/98; 62.2%), whereas physicians and paramedics accounted for a smaller
proportion (10/98; 10.2%). The remaining participants (26.5%) belonged to other
professional groups.

The mean duration of professional experience was 9.7 & 6.3 years (Table 3).

Table 3. Needs assessment, sample description, N = 98.

Employer, n (%) *

SAMU 59 (60.2)

HRSCF 16 (16.4)
UPA 9(9.2)

Other 28 (28.6)

Professional group, 1 (%)

Nursing technician 24 (24.5)

Nurse 37 (37.8)
Physician 8 (8.2)
Paramedic 2 (2.0)

Other 26 (26.5)

Work experience in years,

mean + sd (range) 9.7 £ 6.3 (0-25)

Abbreviations: N—number of samples; n—number of subjects; mean—arithmetic mean; sd—standard deviation;
* multiple answers possible. One participant did not report profession.

3.2.2. Knowledge and Confidence in Trauma Management (Adults vs. Pediatric)

Of the 98 healthcare professionals participating in the needs assessment, 66 (67.3%)
completed the pediatric trauma management section of the questionnaire. Participants who
indicated that they were not involved in the treatment of pediatric patients did not complete
this section by design and were therefore not included in the corresponding analyses.
Consequently, the baseline confidence analyses reflect only healthcare professionals with
direct involvement in pediatric trauma care and should not be generalized to the entire
study population.
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Q1.2: | feel confident in applying the ABCDE

scheme.

Q1.3: | feel capable of treating complex trauma

in adults.

Q1.4: | feel capable of treating complex trauma

in children.

Q1.1: | know the ABCDE scheme. 2% 12% 86%
i
0% 23% 7%
i
4% 28% 68%
f
12% 41% 47%
i
2% 27% 71%

Q1.5: | feel capable of recognizing and treating
major external bleeding.

Q1.6: | am familiar with the indications for and
application of a stiff neck (cervical collar), 0% 17%
tourniquet, spine board, and traction splint.

Q1.7: | feel confident in airway management. 0% 20%

Q1.8: | feel confident in inserting a chest tube. 27% 50%

Q2.1: | know the current resuscitation guidelines

Overall, 86% of participants reported familiarity with the ABCDE approach, and
77% indicated confidence in its application. Among physicians and paramedics (n = 8),
agreement with both statements was 100%.

Participants reported significantly lower confidence in managing pediatric trauma
compared with adult trauma. Among all respondents, 68% somewhat or strongly agreed
that they felt capable of managing complex trauma in adults, whereas only 47% reported
this level of confidence for pediatric patients (z = 3.127, p = 0.0018). A similar pattern was
observed among physicians and paramedics, with 88% expressing confidence in adult
trauma management compared with 50% for pediatric cases.

Regarding specific competencies, most participants reported confidence in the manage-
ment of severe external hemorrhage (71%), the indication and application of immobilization
and hemorrhage control devices (83%), and airway management (80%). In contrast, confi-
dence in performing chest tube insertion was markedly lower, reported by only 23% of all
participants and 38% of physicians and paramedics (z = —7.977, p < 0.0001). A comparable
discrepancy was observed in familiarity with resuscitation guidelines. Confidence in ap-
plying adult resuscitation protocols was higher (85%) than for pediatric protocols (66%),
resulting in a statistically significant difference (z = 2.805, p = 0.005) (Figure 2).

83%

80%

23%

o o 9
for adults and apply them confidently. 2% (3% 85%

i
Q2.2: | know the current resuscitation guidelines 5 o .
for children and apply them confidently. 8% 2% 86%

i
Q3.1: Team communication is of very high 0% o N
b H o 5% 95%
importance for the treatment of patients.
Q3.2: | consider reliable pre-notification of '
polytraumatized patients to the shock room to be 0% 7% 93%
very relevant. '
Q3.3: | regularly give presentations to 15% 4% 44%
colleagues and feel confident doing so.

i
Q3.4: | see a need to learn new techniques and 2% 9% 89%
strategies for knowledge transfer.

1

100 50 0 100
Percentage
Response Strongly disagree Disagree Neutral Agree . Strongly agree

Figure 2. Needs-assessment results: percentages on the right show the sum of (strongly) agree
answers, percentages in the middle show neutral responses, and percentages on the left show the
sum of (strongly) disagree responses.

3.2.3. Non-Technical and Teaching Skills

Participants rated non-technical skills, particularly team communication, as highly
relevant. A total of 95% somewhat or strongly agreed that effective communication is critical
for patient care, and 93% emphasized the importance of reliable pre-arrival notification of
polytraumatized patients.

In contrast, deficits were identified in knowledge dissemination. Only 44% of partici-
pants reported that they regularly deliver presentations to colleagues and feel confident in
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doing so. Notably, 89% expressed a need for additional training in effective teaching and
knowledge transfer strategies (Figure 2).

3.3. Implementation Phase Evaluation (Timepoint 2)

Feedback was obtained from 38 Brazilian course participants and all four German
instructors following completion of the course. Of the 42 enrolled participants, four were
excluded from the analysis because of incomplete questionnaires, resulting in complete
datasets from 38 participants and all instructors.

Overall acceptance of the course was high, with a 100% recommendation rate among
participants (38/38).

3.3.1. Course Evaluation by the Brazilian Participants

Approximately half of the participants rated both the course duration (52.6%) and the
balance between theoretical and practical components (47.4%) as appropriate. However,
the remaining participants indicated a need for increased practical training and a longer
course duration (Table 4).

Table 4. Evaluation of the duration and content of the PRACTICE course by Brazilian participants
and instructors.

Role
Participant (N = 38) Instructor (N = 4)
Duration of training, n (%)

Way too long 0 (0.0) 0(0.0)

Too long 0 (0.0) 0(0.0)
Exactly right 18 (47.4) 0(0.0)

Too short 9(23.7) 4 (100.0)
Way too short 11 (28.9) 0(0.0)

Theoretical /practical

content, 1 (%)

Much more theory 0 (0.0) 0(0.0)
More theory 0(0.0) 0(0.0)
Exactly right 20 (52.6) 2 (50.0)

More practical 10 (26.3) 2 (50.0)
Much more practical 8 (21.1) 0 (0.0

Abbreviations: N—number of sample; n—number of subjects.

All participants, including eight future instructors (multiplicadores), agreed that
the course was logically structured and effectively conveyed essential knowledge and
skills. Feedback on lectures and teaching materials was consistently positive: 94-100%
of participants rated sessions on the ABCDE approach and Crew Resource Management
(CRM) as relevant and informative and confirmed that case scenarios reflected realistic
clinical situations.

Regarding independent course delivery, 82% of participants felt adequately prepared
in terms of content, and 85% reported confidence in conducting the course themselves.
Nevertheless, over 90% expressed a need for follow-up training, particularly to strengthen
theoretical knowledge and teaching competencies (Figure 3).
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Q1: The course is logically and coherently

structured.

Q2: The course conveys all essential knowledge

and skills.

Q83: The lecture on the ABCDE approach is

informative and relevant.

Q4: The lecture on Crew Resource Management is

informative and relevant.

reflect the course content.

Q6: The case scenarios are well chosen and

commonly occur in practice.

Q7: | was well prepared to deliver the course

content.

Q8: | feel able to conduct the training course

independently.

QO: A refresher training on delivering the
theoretical content would be helpful.

Q10: A refresher training on presentation skills

would be helpful.

Q5: The provided course materials appropriately 0% ot _ 100%
50 10

0% [V 100%

0% U4

100%

0% (473 100%

0% 6% 94%

0% 3% 97%
0% 18‘% 82%
0% 15‘% 85%
3% 6“’/0 91%

0% 6% 94%

|
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Percentage
Response D Strongly disagree EI Disagree D Neutral |:| Agree . Strongly agree

Figure 3. Evaluation of the course content by Brazilian participants: percentages on the right show the

0

sum of (strongly) agree answers, percentages in the middle show neutral responses, and percentages
on the left show the sum of (strongly) disagree responses.

3.3.2. Course Evaluation by the German Instructor Team

In the initial section of the questionnaire, the four instructors evaluated course struc-
ture and organization. Two instructors (50%) recommended increasing the proportion
of practical training, while all instructors unanimously supported extending the overall
course duration (see Table 4).

Assessment of participants’ prior knowledge was heterogeneous, with 25% somewhat
disagreeing, 25% remaining neutral, and 50% somewhat agreeing that participants pos-
sessed sufficient baseline knowledge to follow the course. Three out of four instructors
agreed that translation did not result in any relevant loss of information and allowed for
smooth delivery of the content. All instructors considered the training materials appropriate
for achieving the course objectives.

In the second part of the survey, instructors evaluated the lectures and training ma-
terials. Three of four instructors agreed that the lectures were appropriate in level and
relevance. All instructors confirmed that the course materials accurately reflected the
teaching content, that the pediatric skill stations were suitable for the participants’ level of
experience, and that the case scenarios were appropriately designed in terms of realism
and difficulty.

In contrast, responses regarding participants’ readiness for independent course deliv-
ery were more variable. Notably, only one instructor agreed that participants were capable
of independently conducting the training. At the same time, there was strong agreement
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regarding the need for follow-up training, particularly to consolidate theoretical knowledge
and to further develop instructional and presentation skills (Figure 4).

Q1: The participants have sufficient prior
knowledge and are able to follow the course
content well.

Q2: The translation during the course does not
lead to any loss of information and allows for
the smooth delivery of the course content.

Q3: The existing training materials are
sufficient for conveying the training content.

Q4: The lecture on the ABCDE approach is of an
appropriate level and relevant for the
participants.

Q5: The lecture on Crew Resource Management is of
an appropriate level and relevant for the
participants.

Q6: The provided course materials appropriately
reflect the course content.

Q7: The pediatric skill stations are relevant for
the participants and correspond to their prior
knowledge.

Q8: The case scenarios can be completed by the

25%

25%

0%

25%

0%

0%

0%

0%

25%

0%

0%

25%

50%

75%

100%

75%

75%

100%

100%

100%

participants at an appropriate level.

Q9: The participants should be able to conduct

the training course independently.

Q10: Arefresher training on delivering the

theoretical content would be helpful.

Q11: Arefresher training on presentation skills

would be helpful.

0% 75% 25%

50%

50% 0%

25% 0% 75%

|
100 50 0 50 1
Percentage

o

0

Response Strongly disagree Disagree Neutral Agree . Strongly agree

Figure 4. Evaluation of the course content by the German instructor team: percentages on the right
show the sum of (strongly) agree answers, percentages in the middle show neutral responses, and
percentages on the left show the sum of (strongly) disagree responses.

4. Discussion
4.1. Self-Perceived Preparedness Versus Observed Competence

A key finding of this study was the discrepancy between participants’ self-reported
preparedness and the more cautious assessment provided by the German instructor team.
While more than 80% of participants reported feeling capable of independently delivering
the course, only a minority of instructors considered the participants sufficiently prepared
to do so. This divergence suggests that self-perceived competence may overestimate
actual instructional and clinical proficiency, particularly in newly acquired skills and in
educational settings where formal competency-based assessment is uncommon. A possible
explanation is the Dunning—Kruger effect, whereby individuals with limited experience
or competence tend to overestimate their own abilities due to difficulties in accurately
self-assessing their performance [15].

A similar pattern emerged during practical training sessions, where notable discrep-
ancies were observed between self-assessment and actual performance. Deficits were
particularly evident in the correct application of tourniquets, airway device placement, and
weight-adjusted medication dosing. These findings indicate that familiarity with trauma
concepts and high levels of self-confidence do not necessarily translate into procedural
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competence. The observation is consistent with educational research demonstrating that
self-efficacy is an imperfect surrogate for actual performance and should therefore be
complemented by objective assessment methods [16].

The discrepancy was further reflected in participants” high reported familiarity with
the ABCDE approach, contrasted with lower confidence in its practical application and
by instructor observations during simulation exercises. Together, these findings suggest
that conceptual knowledge and self-reported confidence do not necessarily translate into
procedural competence or instructional readiness. This discrepancy likely reflects several
factors, including limited previous exposure to competency-based assessment, the absence
of formal instructor training, and the tendency for high-fidelity simulation courses to
enhance learners’ self-efficacy more rapidly than observable teaching competence. Similar
discrepancies between perceived and objectively assessed competence have been described
in simulation-based medical education [16].

These findings highlight the value of simulation-based education not only for knowl-
edge acquisition but also for objective skills assessment, structured feedback, and the
identification of competency gaps that may remain undetected through self-report mea-
sures alone. They should also be interpreted within the framework of the Kirkpatrick model
of training evaluation [17]. The present study primarily assessed participants’ reactions,
acceptance, and perceived learning outcomes (Kirkpatrick Level 1 and selected aspects of
Level 2). Objective measures of competence, behavioral change in clinical practice (Level 3),
and patient-related outcomes (Level 4) were not evaluated. Consequently, the findings
should be interpreted as evidence of feasibility, acceptance, and perceived preparedness
rather than effectiveness in improving clinical performance or patient outcomes.

From an implementation perspective, this discrepancy represents an important lesson
for international simulation-based educational programs employing a train-the-trainer
approach. Self-reported confidence should not be interpreted as evidence of instructional
competence. Instead, structured competency assessment, supervised teaching, and progres-
sive instructor development should be regarded as essential components of sustainable
faculty development and international knowledge transfer initiatives.

4.2. Limitations

Methodological limitations must therefore be acknowledged.

First, the primary outcomes relied on self-reported measures rather than objective
performance metrics. Second, only non-validated questionnaires were used, which limits
the generalizability of the findings. Third, the sample size was limited and no formal
competency assessment was conducted. Finally, no long-term follow-up was performed to
evaluate knowledge retention, behavioral change, or clinical outcomes, and the potential
influence of social desirability bias on participants’ responses cannot be excluded.

Future studies should therefore incorporate validated educational and psychometric
assessment tools, objective performance measures, structured competency testing, and
longitudinal outcome evaluation to determine whether the observed improvements in
perceived preparedness translate into sustained changes in clinical practice and patient care.

4.3. Trauma Management in High-Income Countries

Implementation of protocolized trauma team systems, including established proce-
dures and coordinated multidisciplinary actions, has been shown to increase survival rates,
reduce morbidity, and shorten critical decision-making intervals in trauma patients [18].
Organized trauma systems and designated trauma centers characterized by standardized
infrastructure, equipment, and training are associated with improved survival and reduced
mortality, especially for patients with major trauma [19]. The introduction of trauma teams,
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adherence to established trauma protocols and their training, and use of SOPs has indepen-
dently improved patient outcomes and team performance [20]. Emergency departments
with high pediatric readiness defined by consistent protocols, appropriate equipment,
trained personnel, and robust infrastructure are associated with significantly improved
survival and outcomes for injured children [21,22].

4.4. Trauma Management in Low- and Middle-Income Countries

Mortality rates for pediatric trauma in LMICs are double those in high-income coun-
tries [8]. A systematic review of trauma care systems in LMICs found a lack of trained
personnel, protocolized care, and adaptation of treatment strategies to local resources,
thus highlighting the need for standardized, locally adapted trauma care protocols to
inform system planning and improve outcomes [10]. Existing pediatric trauma outcome
tools are suboptimal for LMICs due to reliance on resources often unavailable in these
settings [23]. Trauma training programs in LMICs are not widespread, although context-
specific trauma education and protocols are critical for sustainable improvements in pedi-
atric trauma care [12,13].

Significant differences in injury mechanisms and outcomes between LMICs and high-
income countries have been highlighted, and establishing trauma registries to inform local
policy and implementing SOPs to improve care are recommended [24].

This study evaluated the hypothesis that a pediatric trauma training concept derived
from high-income emergency care systems can be effectively adapted to a resource-limited
setting. In line with the existing literature, our findings confirm substantial gaps in pediatric
trauma care in LMICs, particularly in terms of clinical exposure, qualifications, practical
skills, structured approaches, and non-technical competencies. The deliberate focus on the
first hour of care and on interventions feasible within resource-constrained environments
reflected the clinical realities in the Serra da Capivara region and likely contributed to the
high acceptance and perceived relevance of the course content.

Future complementary training formats should additionally address structured in-
hospital pediatric emergency care up to definitive transfer to an appropriate tertiary trauma
center, as relevant deficits in this area were also identified by the authors. Integration
of standardized nursing surveillance systems and escalation metrics may further enable
evaluation of the impact of training on clinically meaningful outcomes and represents an
important area for future research [25].

4.5. Cultural Gaps

Early in the conception phase, relevant epidemiological and structural differences
between the two healthcare systems became apparent, particularly with regard to injury
incidence, injury patterns and severity, patient age distribution, and the considerable
distances between pre-hospital and in-hospital care facilities and available resources. These
findings are consistent with published data describing a younger and more severely injured
trauma population in Brazil, as well as longer pre-hospital transport times [2,4].

During course implementation, several organizational and contextual factors influ-
enced course delivery. Despite the condensed one-day format, some participants arrived
late, some breaks were occasionally prolonged, and a minor proportion of participants
did not return after lunch. While no formal assessment of the underlying reasons was
conducted, these observations may partly reflect the multiple employment arrangements
commonly reported among healthcare professionals in Brazil [7].

Although participants rated team communication as highly relevant in the needs
assessment, the implementation of selected Crew Resource Management (CRM) principles,
such as “speak up” and “listen up”, appeared challenging in some training scenarios.
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Observations during simulation exercises suggested that professional role perceptions and
hierarchical structures may have influenced communication patterns. Similar challenges
have been described in previous studies, which have reported associations between high
power distance, status asymmetry, and reduced team communication, error reporting, and
collaborative decision-making [26,27]. Consequently, educational interventions targeting
non-technical skills may benefit from being accompanied by broader organizational efforts
that promote psychologically safe communication while preserving clear professional
responsibilities and decision-making structures [28,29].

Given the high staff turnover among physicians and the substantial clinical experience
reported among nursing personnel in the needs assessment, alternative team leadership
models may warrant further investigation. In particular, nurse-led code systems have
shown promising results in select settings in Brazil, although current undergraduate nurs-
ing curricula may not yet consistently prepare nurses for such responsibilities [30].

Future iterations may additionally benefit from local faculty development, structured
debriefing training, leadership engagement, and institutional support for psychologically
safe communication.

The anticipated impact of language barriers was less pronounced than expected. This
may be attributable to the continuous involvement of bilingual facilitators, including a
Portuguese-speaking physician within the German instructor team and the local ProBrasil
project coordinator. Their participation likely facilitated communication throughout both
the conception and implementation phases and highlights the importance of local partner-
ships in international educational initiatives, as well as the consideration of intercultural
aspects in the planning and execution of international studies and projects.

The needs assessment identified constrained confidence in the management of pedi-
atric patients, particularly regarding invasive procedures and resuscitation. This finding is
consistent with previous evidence indicating insufficient exposure and training in high-
risk, low-frequency scenarios among young Brazilian physicians working in pre-hospital
emergency care [7]. Similar challenges are also recognized in high-income settings such
as Germany, where even experienced pre-hospital teams rarely encounter critically ill or
injured children, resulting in a persistent need for targeted training in invasive skills such
as airway management and vascular access [31]. Accordingly, these identified gaps were
explicitly addressed in the curriculum design.

4.6. The Interface Between Pre-Hospital and In-Hospital Systems

The need for an improved handover interface was reflected in strong participant
support for a standardized pre-arrival notification system between SAMU and UPA for
pediatric emergencies. However, this contrasts with the observed clinical reality, where no
standardized system exists and communication is often informal, inconsistent, or absent.
This structural deficit in the integration of emergency medical services and emergency
departments in Brazil has been previously described and highlights the need for standard-
ized communication and handover processes [32]. While the training increased awareness
of this issue, structural barriers to implementation remain and cannot be addressed by
educational interventions alone. This represents an important opportunity for system-level
improvements and the development of appropriate technological solutions.

4.7. Training Material Implications

Training for suspected tension pneumothorax was limited to needle decompression in
the Monaldi position, in accordance with international guidelines [14]. More advanced pro-
cedures, such as chest tube insertion, were excluded due to high costs and the limited avail-
ability of suitable task trainers. Alternatives such as animal tissue —based training were not
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implemented due to ethical considerations, local contextual constraints, and climate-related
limitations affecting material storage and durability. These constraints highlight a broader
lack of affordable, context-appropriate simulation tools for invasive pediatric procedures
and limit the range of skills that can be realistically trained in resource-limited settings.

Logistical and economic factors also had a substantial impact on project implementa-
tion. Global supply chain disruptions, marked increases in the cost of simulation equip-
ment and consumables, and complex Brazilian customs procedures represented significant
barriers to timely material delivery. These challenges demonstrate that, beyond curricu-
lum design, administrative and logistical conditions critically influence the scalability of
simulation-based training programs in resource-constrained environments and under-
score the importance of experienced local and international partners, such as the ProBrasil
coordination network.

4.8. Simulation-Based Education and Sustainability of the Train-the-Trainer Approach

Simulation-based team training and skill stations formed a central component of the
PRACTICE course, enabling the integration of theoretical knowledge with practical skills in
realistic, high-stress scenarios. Simulation-based education has consistently been associated
with improvements in both technical and non-technical competencies [33], a finding that is
supported by the present results in a resource-limited setting [34]. Structured debriefings
facilitated reflective learning and reinforced the correct application of trauma algorithms,
procedural skills, and team-based principles [35].

As previously mentioned, the integration of Crew Resource Management (CRM)
addressed non-technical competencies such as communication, situational awareness, and
task management, which were identified as highly relevant during the needs assessment.
Given that human factors and communication failures are major contributors to adverse
events in trauma care [36], the incorporation of CRM represents a key strength of the
course design. Although the extent to which CRM training alone can overcome deeply
rooted cultural and organizational barriers remains uncertain, it provided a structured and
culturally neutral framework for discussing communication failures and team dynamics
without attributing blame, making it a pragmatic entry point for non-technical skills
training in hierarchical healthcare systems.

A central objective of the PRACTICE project was to ensure sustainability beyond the
initial implementation phase. Early and continuous engagement of local stakeholders, com-
bined with the deliberate selection of long-term staff as future multiplicadores, promoted
local ownership, acceptance, and identification with the training program. While partici-
pants generally evaluated the course positively and reported high levels of preparedness,
both German instructors and Brazilian multiplicadores expressed concerns regarding the
adequacy of a single instructor-training day followed by two supervised course deliveries.
This observation aligns with the discrepancy between participants” self-reported readiness
and the more cautious assessment by instructors discussed above.

Although participants expressed a preference for a multi-day course format, a one-day
structure was selected to ensure feasibility within local operational constraints. Neverthe-
less, the findings suggest that sustainable implementation will likely require additional
instructor development, repeated supervised teaching cycles, and periodic refresher train-
ing. Whether a single training cycle is sufficient to establish a durable and self-sustaining
training system in a setting characterized by high staff turnover and limited access to contin-
uing professional education remains uncertain and should be evaluated in future studies.

While no formal longitudinal evaluation protocol was established as part of the
present study, sustainability was actively supported beyond the initial implementation
phase. During the subsequent two years of the PRACTICE project period, three follow-up
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site visits were conducted to observe locally delivered courses, followed by structured
debriefings providing individualized feedback and instructor coaching. In addition, a low-
threshold communication channel was maintained through a dedicated messaging group,
enabling continuous exchange between the Brazilian multiplicadores and the German
faculty. The long-term outcomes of this implementation and follow-up phase are currently
being evaluated and will be reported separately.

5. Conclusions

We present a one-day pediatric trauma care training program for low-resourced,
remote regions of Brazil. The program was generally supported, although additional
procedural training cycles could enhance the participants’ satisfaction with the program.

Despite these challenges, the development and integration of local instructors rep-
resent a promising strategy for the improvement of pediatric trauma care in settings
characterized by limited medical resources, high staff turnover, and restricted access to
formal continuing education. Future studies should examine the long-term impact of the
measures implemented.
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Abbreviations

The following abbreviations are used in this manuscript:

ABCDE Airway, Breathing, Circulation, Disability, Exposure

AGREEII  Appraisal of Guidelines for Research and Evaluation II

ATLS Advanced Trauma Life Support

BLS Basic Life Support

CBMPI Corpo de Bombeiros Militar do Piaui (Military Fire Brigade of the State)
CRM Crew Resource Management

DRKS Deutsches Register Klinischer Studien (German Clinical Trials Register)
ED Emergency department

GDPR General Data Protection Regulation

CI7Z Gesellschaft fiir Internationale Zusammenarbeit (German

Agency for International Cooperation)
HRSCF Hospital Regional Senador Candido Ferraz
LMICs Low- and middle-income countries
mean Arithmetic mean
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n Number of subjects

N Sample size

NGO Non-Governmental Organization

OSCE Objective structured clinical examination

PALS Pediatric Advanced Life Support

PHTLS Pre-Hospital Trauma Life Support

PRACTICE .PReV?nting And. Customizing Treatment of road traffic associated Injuries
in ChildrEn; project and course name

SAMU Servico de Atendimento Mével de Urgéncia (Mobile Emergency Medical Service)

sd Standard deviation

SENAC Servigo Nacional de Aprendizagem Comercial

SESAPI Secretaria de Estado da Satide do Piaui (State Health Secretariat of Piauf)

SOPs Standard operating procedures

TECC Tactical Emergency Casualty Care

UPA Unidade de Pronto Atendimento (Emergency Department)

UESPI Universidade Estadual do Piaui (State University of Piaui)
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