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ARTICLE INFO ABSTRACT

Keywords: Introduction: Every year, > 5 million people worldwide die from trauma. In Kigali, Rwanda, 50% of prehospital
Trauma care provided by SAMU, the public prehospital system, is for trauma. Our collaboration developed and im-
Prehospital plemented a context-specific, prehospital Emergency Trauma Care Course (ETCC) and train-the-trainers program
Edtfcation for SAMU, based on established international best practices.

:g‘:jda Methods: A context-appropriate two-day ETCC was developed using established best practices consisting of

traditional 30-minute lectures followed by 20-minute practical scenario-based team-driven simulation sessions.
Also, hands-on skill sessions covered intravenous access, needle thoracostomy and endotracheal intubation
among others. Two cohorts participated — SAMU staff who would form an instructor core and emergency staff
from ten district, provincial and referral hospitals who are likely to respond to local emergencies in the com-
munity. The instructor core completed ETCC 1 and a one-day educator course and then taught the second cohort
(ETCC2). Pre and post course assessments were conducted and analyzed using Student's t-test and matched
paired t-tests.

Results: ETCC 1 had 17 SAMU staff and ETCC 2 had 19 hospital staff. ETCC 1 mean scores increased from 40% to
63% and ETCC 2 increased from 41% to 78% after the course (p < 0.001 using matched pair analysis). A one-
way ANOVA mean square analysis showed that regardless of the baseline level of training for each participant,
all trainees reached similar post-course assessment scores, F (1) = 15.18, p = 0.0004.

Discussion: This study demonstrates effective implementation of a context-appropriate prehospital trauma
training program for prehospital staff in Kigali, Rwanda. The course resulted in improved knowledge for an
instructor core and for staff from district and provincial hospitals confirming the effectiveness of a train-the-
trainers model. This program may be effective to support capacity development for prehospital trauma care in
the country using a qualified local source of instructors.

African relevance Introduction

e Fifty percent of prehospital care provided in Rwanda is for trauma

e In Rwanda injury counts for 14% of all reported deaths

e A prehospital emergency trauma care course was effective in
training prehospital providers, physicians and nurses in Rwanda

® An instructor core has been created in Rwanda that can effectively
teach prehospital trauma care in East Africa

* Corresponding author.

Trauma represents a significant burden of disease throughout the
world. Every year, > 5 million people die from trauma which is 1.7
times more than the number who die from HIV/AIDS, malaria and tu-
berculosis combined. Additionally, 20-50 million people experience
significant disability secondary to trauma yearly [1]. The greatest
burden of trauma-related death and disability falls on low and middle-
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income countries (LMIC) [1]. In addition to the public health implica-
tions of this unequal burden, trauma-related death and disability often
carry with it a significant economic impact. Expenses associated with
road traffic incidents alone were estimated to cost low-income countries
US$65 billion as of 2006 and largely involve economically productive
young adults, thus contributing to catastrophic expenditure [2]. Road
traffic crashes are on track to become the 7th leading cause of death in
the world by 2030 [1].

The World Bank estimates that nearly 45% of all deaths in low-
income countries are potentially addressable through effective emer-
gency medical services (EMS). Prehospital care provided by an EMS
system is critical for optimal outcomes [3-5]. In high-income countries
with EMS systems, there has been a steady decline in trauma mortality
[2]. For a variety of reasons, LMICs have been slow to establish EMS
systems to address the burden of trauma even though they could have a
significant impact on reducing one of the leading causes of morbidity
and mortality.

In Rwanda, injury accounts for 14% of all reported deaths (2016)
[6]. In Kigali, the capital of Rwanda, trauma accounted for 22% of
deaths between 2012 and 2014 [7]. A quarter of all deaths (trauma
included), occurred in the prehospital setting and 49% of trauma-re-
lated deaths occurred within 24 h of arriving at the hospital [4,8]. The
mortality rate of injured patients transported to the country's main
teaching hospital, CHUK was 5.5% overall [9]. Fifty percent of the cases
in Kigali that are managed by Service d'Aide Medicale Urgente (SAMU),
Rwanda's national EMS system, are due to physical trauma [10].
However, the SAMU staff have not had any standardized prehospital
trauma training. While a simple trauma quality improvement program
led to substantial improvement in prehospital care delivery, this did not
address the need for prehospital trauma training [8].

Short trauma training sessions have been effective to increase
knowledge and improve patient outcomes in the hospital setting. A
three-day trauma education course for surgeons and trauma nurses in
Rwanda led to improvements in mortality for injured patients [11]. The
College of Surgeons of South East Central and Southern Africa use of
primary trauma management courses to doctors, nurses and medical
students led to an improvement in knowledge and clinical confidence in
the majority of its participants [12]. Though limited to in-hospital
settings, these studies enforce the likelihood of success of our model in
the prehospital setting.

This project aimed to develop and implement a context-specific,
prehospital trauma training course and train-the-trainers program for
SAMU based on established international best practices and build a
local Instructor core which can serve as a resource of prehospital
trauma education for the country and the region.

Methods
Study context and setting

Rwanda is one of the only countries in Sub-Saharan Africa to have a
publicly run, national ambulance service, which was established in
2007, SAMU previously described [8]. SAMU manages a fleet of 16
ambulances in Kigali and treats roughly 4500 patients annually at the
centralized call center in Kigali. Ambulances are staffed by nurses and
anesthetists. However there has been no established systematic training
in prehospital care [13]. Anesthetists earn a bachelor's degree in an-
esthesia focusing on training in the operating room, while nurses re-
ceive a bachelor's degree in nursing similar to a registered nursing
program in the United States. Both are trained for in-hospital care and
receive no prehospital specific training. At SAMU, anesthetists perform
traditional ALS skills such as endotracheal intubation and medication
administration, while nurses perform BLS skills such as bandaging and
splinting. Through a memorandum of understanding with the Rwandan
Ministry of Health (MOH), SAMU and Virginia Commonwealth Uni-
versity (VCU), we developed and implemented a prehospital trauma
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training course and train-the-trainers program for SAMU that included
a two-day trauma course followed by a one-day educator course and a
second two day trauma course using the train-the-trainer model.

Study design

A baseline pre-assessment of SAMU staff was conducted in
November 2017 to determine knowledge across basic anatomy and
physiology, medicine, obstetrics, pediatrics, trauma and scene safety.
The pre-assessment was administered as a written, 100-question mul-
tiple choice, English-language exam and was based on standardized
evaluations of prehospital staff in the United States. The questions were
customized to the context with the help of SAMU leadership, which
includes nurses and anesthetists with equivalent experts from VCU, as
necessary. This was essential, as medications and materials for inter-
vention in the United States are not all available in Rwanda.
Deficiencies were identified and used to enhance a context-specific
curriculum. The curriculum of the two-day Emergency Trauma Care
Course (ETCC) consisted of traditional 30 minute lectures on a topic
(e.g. pathophysiology of airway and breathing) followed by 20 min a
practical scenario-based team-driven simulation sessions designed to
test application of knowledge and skills (e.g., Crowd control, scene
safety, etc.) and 10 min of debriefing, as well as hands-on individual
skill stations on endotracheal intubation, needle thoracostomy, naso-
pharyngeal airway insertion, infant bag valve mask, intravenous access,
etc. (Table 1). The curriculum was developed by the VCU Center for
Trauma and Critical Care Education collaboratively with SAMU based
on best practices outlined by the WHO, the Virginia Department of
Health Mass Casualty Management, the American College of Surgeons
Prehospital Trauma Life Support as well as texts on emergency response
and emergency nursing [13-16]. In addition, a one-day educator course
was developed and implemented for the instructor core group to cover
educational theory [17], learning styles, and effective teaching and
feedback delivery strategies. The ETCC train-the-trainers program was
conducted in January 2018.

Participants
SAMU leadership selected a cohort of SAMU staff to participate in

Table 1
Topics and hands on sessions covered during ETCC1/2.

Course section Topics

Lecture - Introduction to trauma, scene safety, kinematics, and
the primary survey

- Physiology of shock

- Airway and breathing management

- Circulation, hemorrhage and bleeding control

- Disability assessment and head trauma

- Thoracic and abdominal trauma

- Musculoskeletal trauma

- Burns and soft tissue injury

- Special populations and considerations (pediatrics and
obstetrics)

- Patient in shock

- Respiratory emergency

- Neurologic patient-seizure/cerebrovascular accident

- Traumatic brain injury-decreased level of consciousness

- Abdominal discomfort

- Musculoskeletal trauma-rapid extrication

- Thermal/electrical/chemical burn-crush injury

- Multiple trauma patients

- Endotracheal intubation

- Intravenous access

- CPR

- Needle thoracostomy

- Nasopharyngeal airway insertion

- Infant bag valve mask

Simulation sessions

Hands on sessions
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the first course and form an instructor core. A second cohort of am-
bulance and emergency staff from ten referral, provincial and district
hospitals was chosen by the MOH to participate in the second trauma
course taught by the initial instructor Core.

Measurement of proficiency and data analysis

A 50-question multiple-choice timed written assessment was ad-
ministered in English before and after each two-day ETCC program. All
assessments were captured confidentially, and each participant was
assigned a unique ID for de-identified analysis. Passing score was set at
80%. Instructors had to pass ETCC 1, complete the educator course and
conduct a pre-specified section of ETCC 2 under direct observation of
VCU instructor staff, including a trauma nurse, emergency medicine
physician, trauma surgeon and a paramedic educator, to be certified as
ETCC instructors. Certificates were given to attendees for the trainee
course (ETCC1 and ETCC 2) based on assessment scores, for completing
the educator course and for meeting the requirements for course in-
structor which included observation and critical feedback of teaching
didactic, skills and simulation-based content in ETCC 2. Trainees who
failed to meet the passing score on their post-course assessment were
remediated by taking the same exam in English at a later date with one
on one supervision by the SAMU leadership.

Matched paired t-tests were used to evaluate assessment scores of
each course, and an unmatched t-test was used for comparison of both
courses with p < 0.05 considered statistically significant. Questions
were grouped into easy, knowledge based, intermediate, application
based and difficult, problem solving questions. Pre and post test dif-
ferences were calculated to determine whether participants had a sta-
tistically significant difference in scores for the easy, intermediate and
difficult level questions. A chi-square test of equal proportions was used
to determine the difference in knowledge, application and problem-
solving scores with an alpha value of 0.05 considered significant.

This study was conducted as part of an ongoing IRB approved
project at VCU and the Rwanda MOH.

Results

The baseline assessment involved 25 SAMU staff. The mean score
was 49.7 *= SD 14.

ETCC1 was attended by 17 SAMU staff. Mean scores on the pre-
assessment were 40% and increased to 63% on post-assessment. Fig. 1
shows the frequency distribution of pre and post test scores in decile
ranges for ETCC 1. Two students out of 17 in the initial cohort did not
meet the minimum passing requirements in the post test with scores of
61% and 71% respectively. These trainees were remediated at the end
of the course, retook the exam and passed. ETCC2 was attended by 19
hospital staff. Mean scores on the pre-assessment were 41% and in-
creased to 78% on post-assessment. Fig. 2 shows the frequency dis-
tribution of pre and post test scores in decile ranges for ETCC 2. Of this
cohort of 19 trainees, 6 did not meet the minimum passing

Average Pre & Post Scores in Decile Ranges for ETCC 1

Frequency

Fig. 1. Frequency of scores from pre and post assessment for ETCC 1 Trainees.
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Average Pre & Post Scores in Decile Ranges for ETCC 2

Frequency

Fig. 2. Frequency of scores from pre and post assessment for ETCC 2 Trainees.

requirements of 80% on the post-assessment. One reason for them not
passing could have been due to language barriers since this cohort was
less comfortable in English and yet the assessment was given in English.
These trainees were also remediated by the SAMU leadership at the end
of the course.

A one way ANOVA mean square analysis was used to compare the
mean scores across all trainees before and after ETCC. Analysis of all
pre- assessment scores demonstrated a significant difference between
the two groups: F(1) = 16.31, p = 0.0003. However, the difference in
means of post-assessment scores was not significantly different, F
(1) = 3.44, p = 0.07. Thus, regardless of the baseline level of training
for each participant, all trainees reached similar post- assessment
scores. The change was significantly different: F(1) 15.18,
p = 0.0004.

A paired t-test comparing pre to post assessment means demon-
strated an increase by 0.24 + 0.11 (SD) for ETCC 1 (p < 0.001) and
0.37 = 0.09 (SD) for ETCC 2 (p < 0.001) with a 95% confidence
(Table 2). When comparing unequal variances across the two groups
with a two-tailed paired t-test, ETCC 1 had a statistically significant
mean change in pre to assessment test scores of 24% compared to 37%
for ETCC 2, p < 0.001, with a 95% confidence.

A chi-square test was used to compare the ETCC1 and ETCC2 dif-
ferences in knowledge, application and problem-solving questions.
There was a statistically significant difference in ETCC1 and ETCC2 for
knowledge (p < 0.0001), application (p < 0.0001) and problem
solving (p = 0.0008) with an alpha value of 0.05 (Table 3). Similarly, a
chi-square test was used to compare knowledge, application and pro-
blem-solving questions within each cohort. Not only did groups im-
prove on the easier knowledge-based questions but also on the more
difficult problem-solving questions with a statistically significant dif-
ference in ETCC2 of p = 0.0118 (Table 4).

Discussion

There is a wide awareness of the need for robust prehospital systems
around the world. According to the Disease Control Priorities in
Developing Countries, there is little data on how to accomplish this
with meaningful efficacy [18]. This is one of the first studies in the
literature to describe the implementation of a prehospital trauma
training within an existing publicly supported EMS system in an LMIC
setting. Rwanda is an unusual example across LMICs of a well-orga-
nized health system that had invested heavily in emergency medical
services. This care is provided by SAMU's nurses and anesthetists. Our
collaboration has written about the provision of prehospital care by
SAMU and implementation of a continuous quality improvement pro-
gram for trauma had immediate and substantial improvement in five
critical pre-hospital trauma care metrics [8,10].

However, there is little written on tools to accurately assess clinical
staff for their ability to provide prehospital care. In the US, prehospital
or EMS staff have defined scope of practice outside of facility-based
clinicians. In fact, the existence of nurse to paramedic programs in the
US and EMS subspecialty fellowships for emergency physicians
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Table 2
Comparison of assessment scores by cohort.
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Cohort Pre-assessment mean & SD Post-assessment mean & SD Difference in mean from pre to post assessment p-Value (using matched pair t-—test)
ETCC 1 0.39 = 0.29 0.63 = 0.4 0.24 = 0.11 < 0.0001
ETCC 2 0.41 = 0.13 0.78 = 0.22 0.37 = 0.09 < 0.0001

demonstrate the need for specific training in prehospital care to be able
to effectively provide it. In this study, we first evaluated the current
knowledge base of the SAMU staff using a baseline assessment across all
EMS topics which was developed from standardized questions and were
written by one of the authors (BA) who is experienced at writing
questions for national nursing and EMS exams in the US. These ques-
tions were fine-tuned for language and context by our collaboration
prior to implementation to ensure accuracy. The results of this assess-
ment demonstrated that the SAMU team clearly needed training across
all EMS topics. While SAMU is fortunate to have trained clinical staff,
clearly nurses and nurse anesthesia programs train staff do not cover
the content and skills for prehospital management of a diverse set of
patients in Rwanda, much as they do not in the US. This and the 50%
incidence of trauma in this setting made trauma training for SAMU an
especially important focus for our collaboration. Trauma team training
has previously been proven to reduce mortality and improve hospital-
based outcomes [19]. This encouraged us to teach the prehospital staff
to improve the outcomes of their patients.

Many studies have focused on improving access to emergency ser-
vices in LMIC settings. These have largely focused on educating lay first
responders to provide basic trauma care in an emergency since many
settings have not meaningfully invested in creating a formal EMS
system [4,20]. Others have examined the role of lay-person disaster
response training [21-24]. Similar to our study, in Botswana, a two-day
prehospital course taught by US practitioners on a variety of prehospital
care topics and not limited to trauma led to improvements in post test
scores [25]. This study, though limited to trauma, demonstrates the
development and implementation of formal prehospital trauma care
training within an established EMS program which is unusual in the
LMIC setting. The course content was developed based on extensive
regional and national level experience in designing and teaching pre-
hospital and emergency courses by some of the authors (BA, SJ, SL) at
the VCU Center for Trauma and Critical Care Education. The content
was designed based on international literature and developed colla-
boratively to ensure rigor and context appropriateness.

Furthermore, based on the immense evidence that problem-based
and experiential learning is vastly more effective than traditional di-
dactic teaching, the curriculum of the course was developed to largely
emphasize scenario-based learning and skills practice with short di-
dactic sections [26]. Such interactive educational methods are in-
creasingly being implemented in trauma training [4]. Our results
showed 50% increases in assessment scores across both cohorts
(p < 0.001 in a matched pair analysis) and therefore demonstrates the
effectiveness of this pre-hospital trauma education program. ETCC2
improved more than ETCC1 which validated the effectiveness of the
newly trained SAMU ETCC instructors using this “train the trainers”
model. In addition to increasing the mean assessment scores, both co-
horts increased their scores in the more difficult questions as well as the
easier knowledge-based questions (p < 0.0001 vs p = 0.0008).

Our program also had a special emphasis on adult education which

has not yet been reported by others conducting train-the-trainers type
education programs in trauma. An unusual feature of this program was
the inclusion of an educator course that reviewed Bloom's taxonomy of
adult learning, effective techniques in adult learning and teaching,
approaches to giving effective feedback to trainees in order to ensure
that the SAMU instructors had robust training in effective education
methods [27]. There is no comparative literature in LMIC settings on
training instructors to teach trauma courses effectively although in-
structor courses do exist for courses such as ATLS™ in the United States.
The results of ETCC 2 especially highlight the effectiveness of the newly
trained instructors which in part may have been due to this specialized
educator training.

While this study has demonstrated the improvement in knowledge
base of the prehospital staff, we did not seek data on change in clinical
outcomes as that was beyond the scope of our project at this time.
Evaluation of hospital-based outcomes is another avenue of quality
improvement research in Kigali in the future. Lastly, language chal-
lenges may have affected results. Since the national language of
Rwanda is English, the program was conducted largely in English with
SAMU staff translating verbal content into French or Kinyarwanda as
needed. This translation was performed by SAMU staff who were as-
sisting with the course, it was very limited. However, trainees may have
underperformed on both pre and post assessments since both were
given in English. On discussing the results of trainees who did not pass
ETCC 1 and had to remediate, language was immediately apparent as
the main issue, especially since each assessment had a time limit of 1 h.
Those who were not comfortable in English needed more time for
translation, as SAMU staff was available for translation questions
during the exam and could not get through all of the questions in the
allotted time. It may be more effective to have local health care pro-
viders lead educational sessions compared to foreigners to avoid these
issues. The pre and post assessments for ETCC 2 were conducted with
more translation support. However, this may still have not been ade-
quate and may have added to bias.

Conclusion

Prehospital care and the development of adequate EMS systems
have resulted in substantial reduction in trauma-related deaths in high-
income countries. Based on the trauma burden in Rwanda, education
and training in prehospital trauma care has the potential to reduce
trauma-related morbidity and mortality immensely along with asso-
ciated potential for minimizing the economic impact of trauma. This
study addresses the need for effective prehospital trauma training in
Kigali where almost half of all trauma-related deaths occur in the
prehospital setting and many more occur within the first 24 h of the
hospital stay. This program, developed based on best practices to ad-
dress the specific trauma training needs in Kigali, created a core of
instructors in prehospital trauma care who can sustainably enhance the
growth and expansion of prehospital trauma care in the country.

Table 3
Comparison of assessment scores based on difficulty of question by cohort.
ETCC1 pre ETCC2 post ETCC1 diff ETCC2 pre ETCC2 post ETCC2 diff p-Value
Knowledge 0.3397 0.5032 0.1635 0.3815 0.7220 0.3405 < 0.0001
Application 0.2978 0.5069 0.2091 0.3818 0.7273 0.3455 < 0.0001
Problem solving 0.2947 0.4909 0.1962 0.4000 0.6826 0.2826 0.0008
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Table 4
Chi square test comparing difficulty of question within groups.
ETCC1 pre ETCC1 post ETCC1 diff ETCC2 pre ETCC2 post ETCC2 diff

Knowledge 0.3397 0.5032 0.1635 0.3815 0.7220 0.3405
Application 0.2978 0.5069 0.2091 0.3818 0.7273 0.3455
Problem solving 0.2947 0.4909 0.1962 0.4000 0.6826 0.2826
p-Value 0.3429 0.0118

Funding 3. Organization, W. H, et al. Prehospital trauma care systems. Geneva: World Health
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