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ABSTRACT

Background As emergency medical services (EMS)
systems develop globally in resource-limited settings,
equipping providers with paediatric training is essential.
Low-fidelity simulation-based training is an effective
modality for training healthcare workers, though limited
data exist on the impact of such training programmes. The
objective of this study was to evaluate the paediatric
portion of a simulation-based curriculum for prehospital
providers in Botswana.

Methods This was a prospective cohort study of EMS
providers from more populated regions of Botswana, who
attended a 2-day training that included didactic lectures,
hands-on skills stations and low-fidelity simulation
training. We collected data on participant self-efficacy
with paediatric knowledge and skills and performance on
both written and simulation-based tests. Self-efficacy and
test data were analysed, and qualitative course feedback
was summarised.

Results Thirty-one EMS providers participated in the
training. Median self-efficacy levels increased for 13/15
(87%) variables queried. The most notable improvements
were observed in airway management, newborn
resuscitation and weight estimation. Mean written test
scores increased by 10.6%, while mean simulation test
scores increased by 21.5% (p<0.0001). One hundred per
cent of the participants rated the course as extremely
useful or very useful.

Discussion/Conclusion We have demonstrated that

a low-fidelity simulation-based training course based on
a rigorous needs assessment may enhance short-term
paediatric knowledge and skills for providers in

a developing EMS system in a limited-resource setting.
Future studies should focus on studying larger groups of
learners in similar settings, especially with respect to the
impact of educational programmes like these on real-
world patient outcomes.

INTRODUCTION

Clinic and hospital-based interventions have reduced
childhood mortality in low-income and middle-
income countries, while many prehospital systems
are non-existent or in their infancy.' Simple prehospi-
tal interventions may save lives, especially in paediatric
patients. In 20135, the Botswana Human Development
Index rank was 106 (medium human development
category).? It was in this year that Botswana started
their Ministry of Health and Wellness (MOHW)
emergency medical services (EMS) programme in
response to concerns about preventable prehospital
deaths.> However, these prehospital providers have
disparate training backgrounds and limited experi-
ence. Furthermore, the Botswana MOHW EMS

specifically identified provider training in paediatric
resuscitation as a critical need.

Simulation-based training has been useful in
offering healthcare workers an effective way of
developing clinical knowledge, procedural skills,
teamwork and communication.*® In addition, it
has successfully been used to train prehospital pro-
viders, especially for paediatric resuscitation.””
Consequently, improved outcomes have been
observed at various impact levels.'® In limited-
resource settings, simulation-based training has
been successful for several types of healthcare
providers.' '™ This is the first report of simulation-
based training of EMTs in limited resource settings.

In response to the need for training, we previously
developed a curriculum based on a prior needs
assessment,'* as well as communication with the
Botswana EMS coordinator. The curriculum
focused on the most common and high-risk prehos-
pital scenarios and procedures for both adults and
children. Collaborators iteratively developed the
curriculum with feedback from global health, simu-
lation and EMS experts, including in-country pro-
viders. The curriculum has since been implemented,
and the objective of this study was to evaluate the
paediatric portion of the simulation-based curricu-
lum for prehospital providers in Botswana.
Outcome measures included a change in provider
satisfaction, self-efficacy, knowledge and perfor-
mance on simulation-based testing.

METHODS

Study design

This was a prospective cohort study of the first
group of participants in a simulation-based EMS
course designed to address the educational needs
of the Botswana MOHW EMS programme. The
study was approved by the institutional review
boards of Baylor College of Medicine (Houston,
Texas, USA) and the Republic of Botswana
MOHW  Research and Ethics Committee
(Gaborone, Botswana), and written consent was
obtained from all participants.

Population and setting

At the time of the training in September 2015, the
Botswana MOHW EMS programme consisted of six
EMS stations in more populated regions of the coun-
try, staffed by approximately 115 EMS providers (doc-
tors, emergency medical technicians (EMTs), nurses,
healthcare assistants and drivers) in total.> These
regions included Gaborone, Lobatse, Mahalapye,
Palapye, Francistown and Phikwe. Most of these
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Table 1

Characteristic

Characteristics of study participants

Frequency (%), n=31

Gender
Male 19 (61)
Female 12 (39)
Study site
Gaborone 11 (35)
Mahalapye 10 (32)
Francistown 10 (32)
Years in healthcare, median (IQR) 6.0 (3.0-8.0)
Years in EMS, median (IQR) 2.0 (1.0-2.0)
Prior life support training
Basic life support 20 (65)
Intermediate life support 10 (32)
Paediatric advanced life support 4(13)
Advanced or international trauma life support 10 (32)

EMS, emergency medical services.

EMS providers had prior training as either EMTs or registered
nurses. The EMS stations provide coverage to the health districts
where the EMS stations are located. Most parts of the country do
not have access to formal EMS. Botswana has an area of 224 610
square miles and a population consisting of approximately two
million people. These EMS providers respond to emergency calls
in their jurisdictions and transport patients in ground ambulances
only.

Intervention

The Botswana MOHW chose EMS providers who were not on
active duty from all six stations to attend one of the 2-day
mandatory trainings that were offered in three urban areas
(Gaborone, Mahalapye and Francistown) of the country. In
total, 31 (67.4%) of 46 prehospital providers in Botswana met
eligibility criteria and participated in the study. Characteristics of
the participants, including their years of experience are described
in table 1. These EMS providers were invited to voluntarily
participate in this research study by allowing their data to be
collected and analysed.

The 2-day course involved 5 hours of instruction each day, and
the paediatric portions of the curriculum included didactic lec-
tures, hands-on skills stations and low-fidelity simulation train-
ing. Teaching materials were developed based on the results of
a prior needs assessment by our team, which determined the most
common patient conditions encountered by the EMS system.'?
This needs assessment was based on an analysis of prehospital
calls in the busiest EMS centre (Gaborone) in Botswana in 2014.
On average, the 33 employees of the Gaborone prehospital cen-
tre (2 doctors, 3 EMTs, 8 nurses, 10 healthcare assistants and 10
drivers) responded to approximately 12 000 calls in 2014, of
which 8% were for paediatric patients.'” The most common
paediatric response calls were for respiratory distress, trauma,
gastrointestinal complaints, newborn deliveries and seizure
emergencies.'* Didactic lectures covered an introduction to
simulation, paediatric resuscitation, newborn delivery, neonatal
resuscitation and trauma. Skills stations covered peripheral intra-
venous and intraosseous access, airway management, cardiopul-
monary resuscitation and motion restriction for patients with
trauma using cervical collars, backboards and splints.
Simulations encompassed the management of respiratory distress
and failure, diarrhoea/dehydration with hypovolaemic shock,
trauma, neonatal resuscitation and seizure. Simulations were

taught using rapid-cycle deliberate practice, allowing prompt
feedback on performance throughout the scenarios, followed
by the opportunity to immediately apply the feedback on the
next round of scenarios.’® '® Simulation equipment included
manikins (ALS Baby, MegaCode Kid, and MegaCode Kelly;
Laerdal Medical, Stavanger, Norway) as well as resuscitation
supplies, including oxygen delivery devices, bag—valve-masks,
intravenous and intraosseous equipment, and syringes to simu-
late medications.

Data collection

We collected data on three measures both before and after the
course: self-efficacy of participants, performance on a written
test and performance on a simulated resuscitation. Before the
course, participants completed a demographic questionnaire
and a self-efficacy survey of 15 topics covered in the course.
On the self-efficacy survey, they rated their own confidence in
performing a variety of paediatric skills using a 7-point Likert
scale (1=extremely uncomfortable, 7=extremely comfortable;
table 2). All participants also completed a 15-item written test
composed of multiple-choice questions to assess their knowl-
edge of paediatric prehospital assessment and management (see
online supplementary appendix 1).

Each EMS provider individually participated in a simulated
paediatric resuscitation of a patient presenting with signs of
shock, who also required airway management due to respiratory
failure. Since most EMS providers would respond to calls with
a partner, each participant was paired with a confederate partner
who would follow the directions of the participant to assist in
patient care. The confederate was instructed to only act when
directed to do so and not to make any suggestions on the manage-
ment of the case. The simulated resuscitations were video-
recorded and later independently scored by two study investiga-
tors using a modified version of the Simulation Team Assessment
Tool (STAT).'” This tool was modified to account for small team
size and differences in locally available resources, and it included
23 items, each scored on a scale from 0 to 2 (see online supple
mentary appendix 2).

The participants did not receive feedback on their performance
on the written pretest nor the simulated resuscitation scenario
that was conducted prior to the course. At the end of the course,
participants completed the self-efficacy survey, a written test and
a slightly modified version of the original simulated resuscitation
scenario, which was again video-recorded for subsequent scoring
as described previously. The participants also completed a course
evaluation at the end of the course.

Data analysis

Demographic data and the participants’ overall rating of the
course were summarised with descriptive statistics. We analysed
the Likert-based self-efficacy data using the Wilcoxon signed-
rank test. The scores from the written test were converted to
a percentage, and the prescores and postscores for each partici-
pant were compared using the paired t-test. The video-recorded
simulations were independently reviewed by two people using
modified STAT scores. Twenty-three specific desired actions from
the modified STAT were rated on a scale from 0 to 2 (see online
supplementary appendix 2). These ratings were then used to
compile a total score, with a percentage calculated out of a total
of 46 points. The scores of the two reviewers were averaged, and
an intraclass correlation coefficient (ICC) was calculated. If the
two reviewers had >10% discrepancy in scores on a particular
video, a third investigator also reviewed and scored the video. We
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Table 2 Participants’ reported self-efficacy before versus after training™

Paediatric knowledge or skill n Median pretraining score (IQR) Median post-training score (IQR) P value
Administering oxygen 31 7.0 (6.0-7.0) 7.0 (7.0-7.0) p=0.01

Placing an airway adjunct 31 5.0 (4.0-6.0) 7.0 (6.0-7.0) p<0.001
Administering rescue breaths 31 7.0 (6.0-7.0) 7.0 (7.0-7.0) p=0.01

Suctioning the airway 31 6.0 (6.0~7.0) 7.0 (6.0-7.0) p<0.001
Managing an upper airway obstruction 30 5.5 (5.0-6.0) 7.0 (6.0-7.0) p<0.001
Managing a patient with asthma 31 6.0 (6.0~7.0) 7.0 (6.0-7.0) p=0.02

Recognising signs of shock 31 6.0 (5.0-7.0) 7.0 (7.0-7.0) p<0.001
Providing fluid resuscitation for shock 31 6.0 (6.0~7.0) 7.0 (7.0-7.0) p<0.001
Performing chest compressions 31 6.0 (6.0~7.0) 7.0 (7.0-7.0) p=0.003
Rapidly assessing a newborn 31 5.0 (4.0-6.0) 7.0 (6.0-7.0) p<0.001
Recognising and managing respiratory distress in a newborn 29 5.0 (4.0-6.0) 7.0 (6.0-7.0) p<0.001
Rapidly conducting a primary survey on a patient with trauma 31 5.0 (4.0-5.0) 6.0 (5.8-7.0) p<0.001
Immobilising the cervical spine 28 6.0 (5.0-6.0) 7.0 (6.0-7.0) p<0.001
Rapidly assessing an actively seizing patient 29 6.0 (5.0-7.0) 7.0 (6.0-7.0) p=0.002
Using a length-based tape to estimate a child's weight 28 4.0 (3.0-5.0) 7.0 (6.0-7.0) p<0.001

*Likert scale of 1 (extremely uncomfortable)—7 (extremely comfortable).

averaged the reviewers’ percentage scores for each of the simula-
tion videos, and we compared the prescores and postscores for
each participant using the paired t-test. For both the written test
and the simulated resuscitation videos, a 95% CI for the differ-
ence in scores was calculated. Excerpts from the qualitative feed-
back on the best aspects of and suggested changes for the course
were tabulated by major themes. Since this was a pilot study of
the first group of participants in this course and the decision was
made to use a convenience sample of providers (all of whom were
employed by the Botswana MOHW) based on the availability of
EMS workers, a sample size was not calculated. The sample size
could not be changed and all available EMS workers participated.

RESULTS

The initial paediatric training consisted of 31 prehospital provi-
ders employed by the Botswana MOHW (table 1). One hundred
per cent of providers requested to participate in the training
completed the training. Of those who participated, only 20
(659%) had completed basic life support training.

On the self-efficacy assessment of participants’ perceived con-
fidence with paediatric knowledge and skills, median self-efficacy
levels increased for 13/15 (87%) variables queried (table 2).
Median values for the administration of both oxygen and rescue
breaths were at the maximum level (7=extremely comfortable)
both before and after training.

The mean score for the written test increased by 10.6%, while
the mean score for the simulation test increased by 21.5% (table 3).
This difference was statistically significant for both written and
simulation test (p<0.0001). Out of the 62 videos reviewed (31
participants each with a pretest and post-test), only four videos had
greater than a 10% discrepancy in scores. The calculated ICC was
0.956 (95% CI1 0.926 to 0.973).

At the end of each training, the participants were asked to
provide feedback by rating the course as well as free text
responses about their favourite part and possible changes in the

Table 3  Written test and simulation-based evaluation

Method of Mean pretest Mean post-test 95% Cl for the

evaluation score (SD) score (SD) difference P value
Written test 75.3% (9.6) 85.9% (7.2) 7.7t013.5 p<0.0001
Simulation 56.2% (13.0) 77.7% (8.4) 16.5 t0 26.6 p<0.0001

course. One hundred per cent of the participants rated the course
as extremely useful or very useful. Excerpts from the participants’
postcourse evaluation are summarised by major themes in box 1.

DISCUSSION

In this educational study of providers who underwent simula-
tion-based paediatric training in a developing EMS system in
Botswana, we demonstrated an improvement in the confidence,
knowledge and skills of the participants after completion of the
training. Insufficient EMS provider training has been reported as
a major weakness in developing EMS systems in other African
countries, so the provision of effective training might exert
a positive impact in a similar setting.’® '° In the present study,
we specifically assessed the impact of the training programme in
Botswana using the first three levels in Kirkpatrick’s model for
evaluation of the training programme.”® The model has four
levels to assess the effectiveness of an educational programme
by determining the learner’s perception about satisfaction or self-
efficacy with respect to the curriculum (level 1), whether they
learnt what was taught (level 2), whether their behaviour demon-
strated that they can apply what was taught (level 3) and whether
changed learner behaviour results in a different real-world out-
come after training (level 4).

Though participants’ perceived overall confidence with pae-
diatric knowledge and skills was high before the training, the
observed change in specific areas and the qualitative feedback
from the postcourse evaluation provided meaningful feedback
that may inform how to implement the course in other similar
settings. Significant improvements were observed in paediatric
airway management (placing adjuncts and managing obstruc-
tion), newborn assessment and management, and using a length-
based tape to estimate a child’s weight. An increase in self-efficacy
of these skills might be attributed to the opportunity for hands-on
practice with each skill during the course relative to the provi-
ders’ limited procedural experience before the training.
Therefore, this may indicate the need to emphasise practice of
these skills when teaching paediatrics to providers in developing
EMS systems. The qualitative feedback obtained from the lear-
ners was another aspect of level 1 evaluation from Kirkpatrick’s
model, and it complemented the self-efficacy findings with
respect to newborn resuscitation and managing respiratory dis-
tress in children.
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Box 1 Qualitative postcourse feedback themes

What was the best part of the course?

Newborn resuscitation

» Learning how to manage a newborn child in respiratory
distress.

> Assessment of paediatric and infant patients was

interesting, especially the topics pertaining to the

resuscitation of newborns. Initially, | wasn't sure what to do,

but now | feel more confident.

Review and practice the resuscitation of a newborn baby.

| enjoyed the neonatal resuscitation portion.

Simulation on the delivery and resuscitation of an infant.

Respiratory distress

» Review of paediatric asthma.

» Recognising and managing respiratory distress.

Trauma assessment and management

» Review of the primary trauma assessment skills training
sessions.

Paediatric fluid management

» Information on paediatric fluid resuscitation and
simulations.

» Learning maintenance and bolus fluid calculations for
paediatric patients.

» Fluid resuscitation and intraosseous insertion.

General paediatric management principles

» Managing the sick infant/child. There are many changes and
calculations when compared with adult patients.

» Learnt about paediatric emergency treatment and
medication dosing.

Simulation as a teaching modality

» The simulation scenarios: real-life scenarios that we see
every day, especially trauma.

» Practicing simulation scenarios and receiving feedback on
how well performed.

» The best part was hands on participation of each learner.

Overall

» |'m extremely happy and ready to use the skills I've acquired.

» | am going to use what | learnt here to save lives.
» Generally, the course is being perfectly conducted.
» The course is fabulous.

What changes would you make to the course?
Supplement teaching with other modalities

» More theory before we get to the simulations.

» Teaching aids like videos would be helpful.

Increase duration

» |'d allocate more time to the course so that more materials,
including cardiac conditions, can be covered.

> Increase the time/duration of the simulations to 1 week so
that we adequately gain experience in a diversity of
scenarios.

Provide concurrent life support training

» The course should provide advanced life support training/
certification.

Augment pharmacology training

> More training on use of paediatric medications used in
prehospital setting.

Enhance realism of scenarios

» More practical simulations.

» Include the use of the delivery training manikin.

vyvyy

Although self-efficacy improved and the learner satisfaction
was high, the critical measures of educational effectiveness in
Kirkpatrick’s model that were evaluated included levels 2 and
3: demonstrating that they learnt what they were taught and
could apply the acquired knowledge. Specifically, the increase
in the scores on both the written and hands-on simulation-
based tests demonstrates that these EMS providers in Botswana
acquired new knowledge and were able to apply it. Although
these assessments were conducted immediately at the end of the
course, the data from another study of EMS providers in South
Africa showed that prior training is associated with enhanced
future performance.”! Assessing the providers long-term knowl-
edge retention serves as a future opportunity for research.

This EMS curriculum involved developing a separate 2-day
train the trainer course of six EMS providers (one from each of
the main EMS centres in country) selected by the Botswana
MOHW EMS programme. These trainers were the primary
instructors for the main simulation course. Future train the trai-
ners sessions are planned to provide for more instructors and to
allow for biannual trainings for all Botswana MOHW EMS pro-
viders. Previously, similar models of sustainability in emergency
medicine training have been successfully demonstrated through
collaboration between high-income and low-income to middle-
income countries.*> All simulation equipment procured for
this project remained with the Botswana MOHW EMS pro-
gramme to allow for future trainings. Despite such collabora-
tions, enhancing the availability of EMS, especially in rural
areas, is challenging as the EMS systems develop in resource-
limited settings.*® 2 Therefore, investing in training laypersons
or other types of first responders, such as the police, may be
beneficial.*® *° In addition, as countries develop towards indus-
trialisation, the causes of death have also shifted, thereby provid-
ing novel opportunities for early prehospital intervention.>°

Our study does have several limitations. First, the number of
EMS providers that participated in this pilot study was relatively
small, and we could only enrol those that the Botswana MOHW
was able to support to attend the training. Another limitation is
the before and after comparison in our study design, since pro-
viding any education is likely to demonstrate an improvement
after the training relative to the providers’ knowledge and skills
before the training. For feasibility reasons, we chose to provide
the same education to all participants. While the curriculum was
designed based on the educational needs that were previously
assessed in the capital city,!* it is possible that the educational
programme might not entirely fulfil the needs of the learners in
different cities in Botswana. Although we observed an improve-
ment in both the written and simulation test scores, this study did
not evaluate level 4 of Kirkpatrick’s model in determining
whether real-world outcomes in patients improved after the
training. Finally, although we used a modified version of the
previously validated STAT to score participant performance
through video review of their simulations, the modified version
of the tool was not validated. Modifications were made to align
with the Botswana prehospital provider guidelines and resources
available. We confirmed the current findings through indepen-
dent review of the videos and by a third reviewer to resolve the
scoring discrepancies.

CONCLUSION

A low-fidelity simulation-based training course based on
a rigorous needs assessment may enhance short-term paediatric
knowledge and skills for providers in a developing EMS system in
a limited-resource setting. The most notable improvements were
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observed in airway management, newborn resuscitation and
weight estimation. Future studies should focus on studying larger
groups of learners in similar settings, especially with respect to
the impact of educational programmes like these on real-world
patient outcomes.
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