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Summary Statement: Simulation is relatively new in many low-income countries. We
describe the challenges encountered, solutions deployed, and the costs incurred while es-
tablishing two simulation centers in Uganda. The challenges we experienced included
equipment costs, difficulty in procurement, lack of context-appropriate curricula, unreliable
power, limited local teaching capacity, and lack of coordination among user groups. Solu-
tions we deployed included improvisation of equipment, customization of low-cost simula-
tion software, creation of contextspecific curricula, local administrative support, and
creation of a simulation fellowship opportunity for local instructors. Total costs for simulation
setups ranged from US $165 to $17,000. For centers in low-income countries trying to
establish simulation programs, our experience suggests that careful selection of context-
appropriate equipment and curricula, engagement with local and international collaboro-
tors, and early emphasis to increase local teaching capacity are essential. Further studies
are needed to identify the most costeffective levels of technological complexity for simulo-
tion in similar resourceconstrained settings.
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Simulation—based education has become increasingly popu-
lar as an effective method for teaching and evaluating medical
trainees and providers. Simulation is most commonly used
in high-income countries despite potential benefits in low-
income countries (LICs).! Postgraduate medical education in
many LICs, including much of Sub-Saharan Africa, relies on
traditional education methods such as lectures, bedside teach-
ing, and self-directed learning. Faculty-directed learning, in-
cluding bedside instruction, is often limited in these settings
where provider shortages, high clinical volumes, and the need
to rapidly expand the workforce are commonplace.
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Although factors such as cost are often anecdotally cited
among the many obstacles for implementation of simulation
in LICs, few reports exist that describe the feasibility of simu-
lation in such settings. Previous studies and reviews have con-
cluded that simulation has high educational value in multiple
facets of medical education, including transfer of knowledge,
skills, and behaviors. A small number of studies have also re-
ported effects on patient-related outcomes.”™ The case has
also been made for the value of simulation for improving pa-
tient safety through enhanced task management, teamwork,
situational awareness, and decision-making in high-income
countries as well as LICs.”” Improved real-world performance
has been reported after simulation training for laparoscopy,
central line insertion, paracentesis, advanced cardiac life sup-
port, and treatment of postpartum hemorrhage among
others.*'*> Some authors would argue that clinical training
without simulation is ethically questionable.'*

A major hindrance to technologically complex simulation
is the cost of the fully or semiautomated simulators, applica-
tions, and equipment required to simulate different clinical
scenarios.'”” Some commonly used simulation mannequins
cost approximately US $50,000, and simulation facilities can
cost well more than US $1 million.

For many educators and education theorists, there is an as-
sumption that the closer to reality a simulation scenario can ap-
pear, the more effective it will be in imparting knowledge.'*™"®
Numerous previous studies have indicated that the most im-
portant components of simulation-based education are not
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necessarily the advanced technological or expensive features but
the psychological experience such tools do offer (ie, does it feel
real)."®!*2° This can be achieved through provision of effective
feedback, repetitive practice, curriculum integration, a range of
difficulty levels, a controlled environment, and clearly defined
learning outcomes and benchmarks."

Despite these findings, only a small number of simulation
initiatives from LICs have been reported.”?'™** In Rwanda,
Nigeria, Ethiopia, and Kenya, longstanding international col-
laborations have been used to establish simulation centers at
multiple teaching hospitals.*"** Several of these efforts have
demonstrated high utilization, positive skills acquisition, and
sustained knowledge transfer. One simulation-based training
program in Central America, PRONTO, has also demon-
strated sustained impact on clinical practice patterns. The pro-
gram, which focused on training obstetric and neonatal care
providers in emergency care, resulted in decreased cesarean-
section and neonatal mortality rates.”*>*® Although all of
these efforts have been well received and demonstrated a range
of positive impacts, many have costs that exceed US $100,000.
None has thoroughly reported the challenges encountered in
setting up simulation education in LICs.

As a first step toward determining the role and impact of
simulation-based medical education on learners' competen-
cies and patients' outcomes in a LIC, we sought to characterize
the experience and challenges encountered while establishing
simulation centers at one urban and one rural teaching hospi-
tal in Uganda. Here, we describe the cost implications for vary-
ing levels of simulation technology, challenges encountered,
and solutions used during a 3-year pilot project to establish
simulation centers in a LIC.

Project Scope

This pilot project (2014-2017) established a simulation center
at the Makerere University College of Health Sciences
(MakCHS), a large urban teaching institution in Kampala,
Uganda, and another simulation center at Busitema University
Faculty of Health Sciences (BUFHS), a teaching institution in
Mbale, Uganda.

The MakCHS campus is adjacent to Mulago National Re-
ferral Hospital and includes a medical school with approxi-
mately 600 medical students and numerous residency training
programs (Masters of Medicine) including surgery, anesthesia,
and obstetrics & gynecology programs. The BUFHS campus is
adjacent to Mbale Regional Referral Hospital and includes a

medical school with approximately 300 medical students,
150 nursing students, and 20 nonphysician anesthesia trainees.

Project planning and funding were a collaborative effort
of many departments at the MakCHS and BUFHS, including
surgery, anesthesia, orthopedics, and obstetrics & gynecology,
as well as multiple visiting international collaborators. During
the project period, we collected data on setup costs for the two
simulation laboratories and recorded challenges encountered
during the pilot period. After reviewing all challenges recorded
during the pilot period, we categorized them ad hoc as either
equipment, infrastructure, human resource, context, or other.
All costs are reported in US dollars.

Challenges and Solutions Used

Two simulation laboratories were established during the pro-
ject period with simulation incorporated into the MakCHS
Masters of Medicine Anesthesia training program (see Figure, Sup-
plemental Digital Content 1A, http://links.lww.com/SIH/A402;
which shows the setup of the simulation laboratory at the
MakCHS) and the BUFHS Bachelor of Science in Anesthesia pro-
gram (see Figure, Supplemental Digital Content 1B, http://links.
Iww.com/SIH/A403; which shows the setup of the simulation lab-
oratory at the BUFHS). During the project period, all equipment
remained functional, and both laboratories were used by different
users as reported in Table 1. The costs of equipment for the two
simulation laboratories are reported in Table 2, and the challenges
encountered are reported hereinafter and in Table 3.

Equipment

Limited local availability of equipment, high cost for man-
nequins, and technical limitations in audio-video setups were
the most significant equipment-related challenges encountered.
Most clinical equipment, such as the gurney, anesthesia ma-
chine, defibrillation unit, airway equipment, intravenous tubing
setups, and patient monitor cables were procured cheaply from
local medical surplus stores. These pieces of clinical equipment
were deemed unusable for clinical care. Other equipment such
as mannequins and partial-task trainers were difficult to procure
locally and were markedly expensive. To delineate which simu-
lation setup led to student and instructor acceptability and uti-
lization, we trialed several different mannequin configurations
with significant range in cost from essentially no cost (donated
and repurposed mannequin parts) to US $4500 for a new man-
nequin. These setups are illustrated in Figures 1 and 2. Initially,
a full-length mannequin was assembled from repurposed

TABLE 1. Utilization of the Simulation Laboratories at the MakCHS and BUFHS

MakCHS Simulation Laboratory (Since 2014)

BUFHS Simulation Laboratory (Since 2017)

User departments * *Surgery

* *Anesthesia

* *Obstetrics and gynecology

+ Accident and emergency
+ Orthopedics
+ Internal medicine

Courses administered

* Basic and advanced life support

+ Advanced trauma management course
+ Anesthesia orientation course

+ Airway management workshop

* Regional anesthesia workshop

+ Nonphysician anesthetists
+ Clinical year medical students

« +CITA
* Medical student simulations

*Frequent users relative to other departments.
+36 nonphysician anesthetists have completed the CITA course.
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TABLE 2. Relative Costs and Level of Technology for Various Simulation Laboratory Features

Technology/Cost* Lower Intermediate Higher
Patient Volunteer student as actor Repurposed parts from used or donated Mannequin (Laerdal MegaCode Kelly), with
(subtotal $00) mannequins and partial-task trainers homemade customizations for voice and pulse
(subtotal US $00) (Fig. 1B) (US $4400) (subtotal US $4400)
Monitors Manual blood pressure cuff and 2 iPads (US $320) with SimMon software (US $23); 2 iPads (US $320) with SimMon software
stethoscope (US $15); vitals Manual blood pressure cuff and stethoscope (US $23); Manual blood pressure cuff and
reported orally as needed by (US $15) (subtotal US $358) stethoscope (US $15); 24-inch LCD monitor
in-room instructor (US $100) to display iPad screen more visibly
(subtotal US $15) for video recording from afar; iPad lightning
to VGA adapter (US $44); monitor mount
(US $15) (subtotal US $517)
Audio Patient voice by volunteer; Mannequin and instructor remote voice: iPad Mannequin and instructor remote voice:
no recording SimMon app custom programed by developer USB 110-240v powered mini portable guitar
(subtotal US $00) to allow one-way, wireless voice communication amp/preamp (US $15) with XLR¥ input placed
from instructor remotely into learning environment ~ behind mannequin head and connected to
Recording audio: built-in microphone on camcorder microphone (US $10) in control room
(US $80) (subtotal US $80) Recording audio: condenser microphone
(US $85) hung from ceiling and connected to
camcorder (US $140); phantom power adapter
for camcorder audio input (US $15)
(subtotal US $265)
Video Real-time viewing: done in-room Real-time viewing: done in-room (no video) Real-time viewing: LCD monitor in adjacent
(no video) Recording for playback: control room (US $100); viewing thru one-way
Recording for playback: none Camcorder (US $80) with playback on window custom installed (US $200)
or recorded on personal either TV or via microSD card on LCD monitor Recording for playback: camcorder (US $140)
mobile phone (US $150) (US $100) (subtotal US $180) with playback via microSD card on computer
(subtotal US $150) screen (US $100) or LCD projector (US $300);
Miscellaneous cables (US $100)
(subtotal US $940)
Power supply Central (subtotal US $00) Central (subtotal US $00) Battery backup system custom built (US $1000)
(subtotal US $1000)
Facility Any available patient room or Dedicated vacant classroom Refurbishment of room to include partitions,
classroom (subtotal US $00) (subtotal US $00) security bars, one-way windows, and furniture
(US $2500-US $10000)
(subtotal US $2500-10,000)
Anesthesia Manual bag-valve for hand Surplus, nonfunctioning, closed-circuit anesthesia Drawover open anesthesia circuit (Diamedica Inc,
equipment ventilation (subtotal US $00) machine with manual bag-valve for hand UK - US $3500); or surplus, nonfunctioning
ventilation; or surplus, nonfunctioning Oxford closed-circuit anesthesia machine repaired to
miniature vaporizer and bellows (US $200) allow manual ventilation with tank supply gas
(subtotal US $200) (k cylinder + welding regulator US $250);
Airway partial-task trainer (Laerdal) (US $1000)
(subtotal US $4750)
Total cost} US $165 US $748 US $8032§

*Select items were purchased preowned from the Internet auction sites.
tItems listed in multiple rows though represent the same one-time cost.
$The XLR connector is a style of electrical connector, primarily found on professional audio, video, and stage lighting equipment. The connectors are circular in design and have between 3 and 7 pins.
SRefurbishment costs were highly variable and not included in this total.

mannequin parts that had been donated by visiting collabo-
rators. Later in the project period, a new simulation manne-
quin (MegaCode Kelly — brown skin; Laerdal) was procured

TABLE 3. Challenges to Establishing Simulation Centers in Uganda

without the external controller (SimPad PLUS) that facilitates
electrocardiogram interpretation, sounds, and various sim-
ulation scenarios. This controller, similar to mannequins

Equipment

Infrastructure

Human Resource

Local Context

High cost of mannequins

+ Limited availability of vendors for
local procurement of equipment

+ High shipping costs for materials
not available locallyt

Low quality and high cost of
audio-video setups

« Difficulty of simulation laboratory
setup and operation*

+ Limited availability of 110-240v
compatible equipment

+ Equipment durability and
maintenance

+ Duplication and redundancy of
simulation equipment

gas supply

+ High cost and unavailability
of facility space

« Unreliable electricity

+ Lack of pressurized

+ Security of simulation facility
+ Time consuming to use
video playback for debrief

and equipment

for simulation

» Lack of local simulation instructors

+ Limited time for simulation teaching with
trainees due to high clinical responsibilities

+ Limited coordination among visiting

international groups.

+ Lack of staff to manage simulation laboratory

« Inconsistent local institutional resources

+ Limited availability of simulation
scenarios written for the local
practice environment

+ Simulation not formal part of local
curriculum

« Finding optimal balance between
technology, cost, user experience
and impact

*Mannequins and partial task trainers.

tNearly all equipment, including audio-video setups, required significant orientation before instructors were able to operate simulation scenarios independently.
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FIGURE 1. Diagram of the first piloted audio/video setup. Outlines the least expensive simulation laboratory setup that was used during
the pilot. The setup consists of one room (simulation room) with a video recording device and wirelessly controlled patient monitors

with additional features, would have added significantly to
the overall cost, and thus, several workarounds were used.
Firstly, low-cost simulation software for iOS devices was piloted
(donated by SimMon, Denmark). This software allowed a pa-
tient monitor with vital signs to be displayed on a tablet screen,
whereas the vital sign parameters could be controlled from a
second tablet within wireless range (see Figure, Supplemental
Digital Content 2, panel A, http://links.lww.com/SIH/A404;
which shows the iPad Monitor that is linked through wire-
less). Two preowned tablet computers (iPads; Apple Inc)
were purchased to run the software at each simulation lab-
oratory. Tablets that support faster Wi-Fi peer-to-peer data
transfer speeds, for example, those with lightning ports, per-
formed better than those with only Bluetooth. Another
workaround to address the high cost of mannequins was the
improvisation of features such as the airway partial-task trainers
we created from recycled donated mannequins (see Figure,
Supplemental Digital Content 2, panel B, http://links.Iww.
com/SIH/A404; which shows repurposed airway task trainers)
or the creation of a carotid pulse (see Figure, Supplemental
Digital Content 2, panel C, http://links.lww.com/SIH/A404;
which shows improvised carotid artery setup).

The challenges we faced specific to the audio-video setup
(Figs. 1-3) included limited field of view during recording,

audio volume and quality, as well as cost and unavailability of
this equipment locally. The simplest and lowest cost setup for
audio used only the facilitator's voice to directly report vitals
orally and to provide verbal prompts from the low-
technology mannequin. In an effort to improve the technolog-
ical experience and move the facilitator outside of the simula-
tion room, a system using a portable, miniaturized, public
address speaker and microphone was also installed (Figs. 2
and 3). A forthcoming feature in the SimMon software will al-
low the facilitator to speak into the controller iPad and have the
facilitator's voice projected from the monitor iPad in the simu-
lation room. A beta version of this feature was developed and
piloted as part of this project.

The least expensive setup for audio-video recording and
playback used a smartphone. Another relatively inexpensive
setup used a camcorder to record sessions onto a microSD card
and played back these recordings on an external LCD monitor
during debriefing (Fig. 2). Both setups functioned, but audio
quality suffered because of high ambient noise and distance
from the participants, as we were forced to position the camera
far away to capture the extent of the simulation room. To ad-
dress this problem, a different video camera was procured with
remote microphone input, and a hanging condenser micro-
phone was hung from the ceiling over the mannequin's head

Debrief & Control Room

Control Room
Monitor

Sim Room
Video [
Camera 1
____ Paml
h voice
- ; speaker
Simulated | |

Monitor | |4 __________________________________ | Wireless peer-to-peer

| Controller for simulated
M monitor

FIGURE 2. Diagram of audio/video setup at the MakCHS. Outlines the simulation laboratory setup used currently at the MakCHS.
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FIGURE 3. Diagram of audio/video setup at the BUFHS. Outlines the most expensive setup deployed during our pilot and is currently in

use at the BUFHS.

(Fig. 3). It is important to note that these microphones are
“phantom powered” (ie, require power supply directly from
the camcorder), and these can cost more than US $500. As a
workaround, we procured a US $15 standalone phantom
power supply to facilitate use of an inexpensive camcorder
and still provide high-quality audio. The current audio-video
schematic setups at the MakCHS and BUFHS simulation lab-
oratories are shown in Figures 1 and 2, respectively.

Two additional equipment-related challenges that we rou-
tinely encountered included frequent mannequin damage and
limited access to maintenance and repair supplies. Airway man-
nequins and partial-task trainers were frequently damaged be-
cause of lack of airway lubrication or inexperienced users and
instructors. To address this challenge, relatively inexpensive
(recreational) bubble solution was substituted for airway lubri-
cation, and certain pieces of equipment (ie, airway trainers) were
restricted to use only in the presence of experienced instructors.

Lessons Learned

1. Simulation can be conducted for extremely low cost and with re-
sources available in many LICs

2. Surplus or broken medical equipment is routinely available in
low-resource settings and works well for simulation.

3. The easiest and least expensive simulation laboratory setups to
implement may not be well utilized

4. Instructors reported several key simulation features that im-
proved psychological fidelity include the following: presence of
a functioning (intubatable airway), capability for ventilation with
chest rise, presence of intravenous push line, remotely controlled
monitors, and instructor-controlled remote patient voice. Most
of these features can be implemented for relatively low cost.

Infrastructure

To create simulation laboratory space at both project sites,
we first identified existing rooms that were available and could
be converted into simulation laboratories (Table 4). The sim-
ulation laboratory at the MakCHS did not require renovation
because it was a section of the Canadian Network for Interna-
tional Surgery skills laboratory skill laboratory. At the BUFHS,
however, we remodeled a vacant room into a simulation labo-
ratory at a cost of US $5000 (Table 2). A local carpenter con-
structed insulated, sound-dampening partitions to divide the
single space into the following three rooms: a control room,
simulation room, and debrief/classroom. Reflective windows,

TABLE 4. Establishment and Evolution of Simulation Laboratories at the MakCHS and BUFHS

Year MakCHS Simulation Laboratory

BUFHS Simulation Laboratory

2014 + Concept developed
+ Space identified and remodeled from Canadian
Network for International Surgery skills laboratory
+ Simulation laboratory trialed during anesthesia
residents’ orientation week
+ Camcorder-only audio-video system
2015 + Installation of audio-video system
+ Hired administrator for the simulation laboratory
» Modification of simulation software (SimMon)
to include remote patient voice control
2016 * Procurement of new simulation mannequin to replace
preowned and damaged mannequin
» Modification of simulation software (SimMon) to
include preset vitals and scenarios

2017 + Integration of simulation into formal anesthesia curriculum

Vol. 14, Number 2, April 2019

+ Space identified and remodeled

+ Installation of backup power

+ Installation of audio-video system with public address system
to control remote patient voice

+ Installation of audio-video system with camcorder phantom
powered condenser microphone

+ Open to use by university faculty and students
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plumbing with a sink, curtains, and security bars were installed.
Tables (with granite tops and metal legs for increased durability)
and secure storage cabinets were also built locally.

At the MakCHS, observers (in an adjacent classroom)
could view live scenarios by streaming the live video feed from
the simulation room onto a projector in the classroom. When
power was not available, this setup did not function, and
learners who were not participating in the scenario could not
observe the scenarios. At the BUFHS, a one-way window was
installed to overcome this challenge. This setup facilitated larger
groups of trainees (up to 6-8 learners at a time) to be more ac-
tively engaged even when not participating in simulation.

Another infrastructural difference between the two sites
was the overall room layout. In addition to the one-way win-
dow previously mentioned, the BUFHS laboratory had a ded-
icated control room (with one-way observation window). At
the MakCHS, an adjacent room was used as a control room,
but because it was shared for other purposes, the instructor's
equipment had to be setup each time simulation sessions were
held. This created extra work for instructors and additional
barriers to implementing simulation.

A significant challenge at both sites (though more fre-
quent at the more rural BUFHS site) was the lack of consistent
power supply. To address this challenge, we hired a local elec-
trical technician to make a power backup supply using two
large capacity (200 amp-hour) truck batteries and an alternat-
ing current-direct current charger with inverter (see Figure,
Supplemental Digital Content 2, panel D, http:/links.Iww.
com/SIH/A404; which shows the backup battery). The batte-
ries are able to power the simulation laboratory for up to
2 days. An additional challenge at both sites was the lack of
pressurized gas supply that was needed for operating anesthe-
sia machines and conducting scenarios related to oxygen fail-
ure. We procured large (size K) compressed oxygen cylinders
and secured them in the simulation laboratory (see Figure,
Supplemental Digital Content 2, panel E, http://links.Iww.
com/STH/A404; which shows the oxygen cylinder).

Lessons Learned

1. Establishing a secure and functional simulation space was associ-
ated with significant costs.

2. A one-way window was preferred for observation by learners and
instructors over the setup that used a video camera to stream the
scenario for nonparticipating learners.

3. The creation of a backup power supply was essential where power
failure occurred frequently.

4. Oxygen cylinders and regulators intended for welding applica-
tions may be cheaper and more readily available than those desig-
nated for clinical use.

Human Resources

Lack of simulation instructors and simulation laboratory
managers was a significant challenge at both project sites. Al-
though this is a common challenge for newly established sim-
ulation centers regardless of location, the magnitude of the
challenge faced in Uganda was compounded by the critical
shortage of clinical care providers and medical educators.
For example, in Uganda, there are only approximately 84 phy-
sician anesthesiologists for the population of 38 million.

118 Feasibility of Simulation Education in Uganda

In addition, the lack of simulation laboratory managers or
administrators made communication among simulation labo-
ratory users difficult. This resulted in duplicated equipment
purchases, as well as parallel course development and imple-
mentation. To increase utilization, communication, and coor-
dination between different users, a skills laboratory manager
was recruited at the MakCHS in the early stage of the pilot.
A shared, online Google calendar was created to help coordi-
nate teaching activities of multiple local and visiting groups.
The simulation laboratory at the BUFHS is in the process of
hiring a manager.

Despite significant interest in simulation among faculty at
both project sites, few had experience with simulation educa-
tion and even fewer had time to dedicate to an additional
teaching endeavor. In an effort to increase the number of local
educators trained in medical simulation, the University of
California San Francisco and the World Federation of Societies
of Anesthesiologists created a medical simulation fellowship
for trainees from Uganda and other LICs. The program grad-
uated its first fellow in 2017 who plans to lead training of more
simulation instructors in the region.

Lessons Learned

1. Lack of adequately trained, local personnel was among the most
significant barriers to implemented simulation. This included
trained educators to teach the sessions as well as staff to maintain
the facility and equipment and to coordinate teaching initiatives.

2. Aplan for increasing and supporting local simulation teaching ca-
pacity was as important if not more important than creating the
facility itself.

Local Context

Relatively few training curricula or equipment is designed
specifically for low-resource settings. One minor challenge
(relevant to our project location) was the relative lack of dark
skin mannequins that were available for local purchase or in-
ternational donation. In addition, few existing anesthesia sim-
ulation scenarios are openly accessible and are explicitly
designed for providers in low-resource settings. Most existing
scenarios use equipment or drugs that are often not locally
available in LICs or omit scenarios commonly encountered
in low-resource settings.

Based on input from faculty and trainees in Uganda, we
developed 12 clinical scenarios relevant to anesthesiology and
the local practice environment. Each scenario contained key
elements highlighted by previous studies as critical for effective
simulation education, including the following: clearly defined
objectives, debrief, repetitive practice, and varying degrees of
difficulty. In addition, curricula for partial-task training in air-
way management and basic life support were also developed.
Simulation scenarios were compiled into an instructor's man-
ual. To facilitate easier implementation of each scenario by the
instructor, we worked with the manufacturer of the SimMon
app (Denmark) to incorporate the preset vital signs corre-
sponding to the different stages for each scenario directly into
the beta version of the app. The curriculum scenarios will be
published in an open access format.

An additional curricular challenge encountered during this
project was the lack of dedicated time for simulation learning

Simulation in Healthcare
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because of lack of formal incorporation into the core anesthesia
curriculum. For the course of the pilot period, simulation was
formally incorporated into the first-year anesthesia curriculum
at the MakCHS and incorporated into the formal curriculum
for the Bachelor of Science in Anesthesia at the BUFHS.

A final challenge we encountered that was particularly dif-
ficult to solve was the harmonization of different local and in-
ternational groups who were involved in simulation-based
teaching. On many occasions, these groups brought in equip-
ment and supplies but did not share or collaborate, leading to
duplication of efforts and inefficient use of resources. This spe-
cific challenge has not been fully explored in this report or
others from LICs, although it is likely to have been experienced
in other similar settings.®!! To begin addressing this issue, we
recommend investment in a local coordinator.

Lessons Learned

1. Scenarios must be developed to fit locally available resources and
the local clinical context.

2. Incorporation of simulation into formal curricula may be critical
to ensuring maximal utilization of a simulation laboratory.

3. Investment in a local coordinator can increase facility utilization
and increase harmonization of equipment donations and other
forms of collaborator support. This position should be supported
by the local institution for sustainability.

DISCUSSION

Innovative medical education strategies, such as simulation,
may play an important role in LICs where provider shortages
and high clinical volumes limit local training capacity. This
project successfully created two simulation laboratories in
Uganda for relatively low cost and with potential for high utili-
zation, despite encountering several significant challenges. The
most commonly encountered challenges were related to equip-
ment and infrastructure (cost and local availability) although
the most difficult challenges to address were those categorized
as human resource or local context. We found solutions to
equipment and infrastructure challenges to be relatively easy
and often related to fundraising, resourcefulness, and effort.

This pilot was an initial step toward the ultimate goal of
scaling-up simulation as a teaching method in Uganda and
assessing the impact of simulation on learners' competencies
in a resource-constrained setting. The primary limitation of
this pilot report is the lack of data on utilization and learners'
outcomes. An electronic registry was maintained during the
study period to track facility utilization; however, a large por-
tion of the data was inadvertently deleted, making data analysis
and reporting difficult. We are tracking utilization data pro-
spectively at the time of publication and have also begun to
collect formal feedback in the form of written surveys from
all simulation participants. An additional limitation of this
project was the reliance on donated equipment or equipment
procured outside the implementation site. Although this
mechanism for obtaining equipment may be available at many
institutions in LICs, the feasibility of establishing simulation
may be significantly more challenging at sites with limited in-
ternational partnerships or access to supplies.
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Despite these limitations, the dearth of published reports
on simulation in LICs and growing interest have compelled
us to share our experience to assist others seeking to establish
simulation training programs in LICs.

CONCLUSIONS

Simulation-based medical education is feasible for institutions
in LICs at various price points and may represent a useful and
underused learning tool. Workforce shortages pose significant
obstacles to implementation.

To help advocate for increased resources for simulation
and integration into existing curricula, additional data are
needed on outcomes for learners and, ultimately, patients.
For other initiatives in LICs trying to establish simulation cen-
ters, our experience suggests that several key elements are re-
quired for success: careful selection of context-appropriate
equipment and curricula, engagement with local and interna-
tional collaborators, and early emphasis on plans to increase
local teaching capacity.
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