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�Simulation Pearls

	1.	 Challenges to development, implementation, and mainte-
nance of a simulation program are similar to those in 
improving healthcare in low-resource settings.

	2.	 Education of technical and non-technical skills received 
by simulation training may enhance quality of healthcare 
provided in LMICs.

	3.	 Low to middle fidelity simulation programs may be more 
cost-effective than high fidelity simulation with little to 
no difference in outcomes, and they are easier to organize 
and implement in low-resource countries.

	4.	 Development, implementation, and maintenance of a 
simulation program is best accomplished by following a 
structured approach similar to that offered by Kern’s six-
step approach to curriculum design.

	5.	 Reflection of the simulation experience should take into 
consideration communication and cultural differences in 
order to enhance the learning solidifying during debrief-
ing sessions.

�Introduction

Simulation in medical education has its roots in the avia-
tion industry but has grown substantially within healthcare, 
particularly anesthesia and other acute care fields, over the 
past three decades [1]. Although computer-based simula-
tion has been in existence since the 1960s [2], high fidelity 
mannequin-based simulation did not emerge until the 1980s 
[3]. In their comprehensive review of medical simulation, 
Cooper and Taqueti suggested that it is important to real-
ize that the term “simulator” is used to refer to all technolo-
gies that imitate task [4]. As noted by Gaba, “simulation is 
a technique—not a technology—to replace or amplify real 
experiences with guided experiences that evoke or replicate 
substantial aspects of the real world in a fully interactive 
manner” [5]. This understanding of simulation is especially 
important as we consider simulation in the setting of low- 
and middle-income countries (LMICs) or simulation for the 
austere environment.

Despite a greater than 50-year history of development and 
implementation in well-resourced areas, medical simulation 
is just breaking ground in low-resource settings. Although 
many perceived barriers exist, nongovernmental organiza-
tions (NGOs) and medical personnel funded by charitable 
organizations have been able to perform research studies or 
develop neonatal simulation programs in low-resource coun-
tries with some success [6–9]. However, there is a paucity 
of literature describing practical components of longitudinal 
program development, design, and implementation. Towards 
this end, we present this chapter divided into two main sec-
tions. First, a brief review of the use of medical simulation 
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in low-resource settings including existing evidence on its 
utility in improving medical knowledge, clinical practice, 
self-efficacy and, ideally, clinical outcomes. The second 
section will describe best practices on the development, 
implementation, and maintenance of a successful simulation 
program in low-resource areas based on both current litera-
ture and the experience of the authors.

�Chapter Objectives

This chapter focuses on the role of medical simulation in 
meeting educational and healthcare needs in low-resource 
settings, reviews current strides being made towards devel-
oping simulation programs, and discusses best practices in 
program development. There is a great deal of heterogeneity 
found between countries and regions in the clinical scenar-
ios commonly encountered, availability of medical person-
nel and resources, health policies, and standards of medical 
knowledge and training. This chapter was developed to offer 
expert advice and evidence-based suggestions for those 
developing and implementing simulation in healthcare edu-
cation in these low-resource settings.

�History of Simulation in Low-Resource 
Settings

Medical simulation extends back to seventeenth–
eighteenth-century France where M. Gregoire created the 
first obstetric simulator using a mannequin he created and 
a dead fetus in order to demonstrate techniques for assisted 
and complicated deliveries to midwives [10]. In 1748, the 
midwife for the Queen of France provided instruction on 
management principles of childbirth to other midwives 
using her own mannequin made from leather and bone 
[11]. While well-resourced countries have taken the lead 
in advancing technological development, knowledge, and 
experience in medical simulation since the 1960s, in low- 
to middle-income countries (LMICs) over the last decade, 
simulation training has increasingly been utilized as a 
means to provide medical education, improve knowledge 
gaps, and identify systems problems in order to enhance 
efficiency, efficacy, and outcomes of currently available 
medical care. In 2009, a systematic review of clinical 
interventions associated with reduced intrapartum deaths 
concluded that obstetric drills and safety checklists were 
among a limited number of strategies shown to improve 
provision of emergency obstetric care [12]. The authors 
suggest that simulation with “significantly lower cost, 
durable, easy to disassemble and sanitize, high-fidelity 
mannequins with culturally appropriate features” could 
reduce perinatal deaths in low-resource settings.

There are a variety of challenges to improving health-
care in low-resource settings: lack of financial support/
funding, shortage of skilled healthcare workers, poor local 
and national infrastructure, availability and cost of trans-
portation, and limited health supplies [13]. These features 
of some LMICs contribute to the “three-delay model,” the 
components of which can be interdependent. These three 
delays are (1) a delay to first seeking medical care, (2) a 
delay in reaching medical care, and (3) a delay in receiv-
ing adequate healthcare (Fig. 27.1). This phenomenon was 
first described in explaining pregnancy-related mortal-
ity in the areas of Ghana, Sierra Leone, and Nigeria [14]. 
Barnes-Josiah et  al., in examining the causes of maternal 
mortality in Haiti through the lens of the three-delay model, 
found, similar to Thaddeus and Maine, that the three delays 
contributed to maternal mortality in 12 cases and were 
intimately intertwined as opposed to being a sequence of 
discrete events [15]. They concluded that the first two delays 
were in large part due to an apparent lack of faith in the 
Haitian healthcare system and a perception that available 
obstetric care was inadequate or ineffective. Simulation 
training may be able to play a role in directly addressing the 
third delay by improving healthcare providers’ knowledge, 
skills, and attitudes, identifying and addressing systems 
errors, and enhancing multidisciplinary teamwork and com-
munication. Improved outcomes could, in turn, positively 
impact the first and second delay through a change in public 
perception of healthcare delivery with improved efficiency, 
efficacy, and safety of healthcare. In consideration of the 
healthcare disparities present in low-resource settings, the 
Lancet Commission in Global Surgery, the third Edition 
of the World Bank’s Disease Control Priorities (DCP), and 
the World Health Assembly have identified “access to safe 
emergency and essential surgical care and anesthesia” as a 
primary goal as part of the initiative to achieve universal 
health coverage [16]. As part of this initiative, the World 
Health Organization (WHO) identified three “bellwether 
procedures” or essential surgeries that are most commonly 
performed and most likely to predict the ability of the health-
care delivery system to perform other WHO primary care 
package procedures: [17] cesarean delivery, laparotomy, 
and open fracture repair. According to the DCP, through 
improvements in the provision of healthcare for these essen-
tial surgeries in low- to middle-income countries (LMIC), 
3.2% of annual deaths and 3.5% of disability-adjusted life 
years could be prevented [18]. Given this emphasis, it is 
appropriate that the majority of current simulation litera-
ture in LMICs reviews training of neonatal, maternal, and 
trauma resuscitation scenarios [6–8, 19, 20].

Simulation courses designed for training in obstetric 
and neonatal emergencies include the Pacific Emergency 
Obstetric Course, the WHO Essential Newborn Care 
Course [21], the Life Saving Skills Course, the Practical 
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Obstetric Multi-Professional Training (PROMPT) Course, 
the PRONTO International Simulation Course [19, 20, 22–
24], the IMPACT Africa Simulation Course (developed and 
directed by the authors of this chapter), and Helping Babies 
Breathe (Table  27.1). An evaluation following the imple-
mentation of the WHO Essential Newborn Care Course 
identified improvements in midwife skill and knowledge and 
demonstrated a reduction in perinatal deaths following its 
introduction in Zambia [21, 25]. While a randomized control 
trial assessing the impact of this course across multiple sites 
failed to demonstrate similar effects, it did reveal a signifi-
cant decrease in the rate of stillbirths [26]. The simulation 
course led by PRONTO (Programa de Rescate Obstetrico 
y Neonatal: Tratamiento Optimo y Oportuno) International 
was reported to lead to improvements in inter-professional 
knowledge, self-efficacy [22–24], teamwork, and communi-
cation [19, 23] in two low-resource areas.

Helping Babies Breathe [HBB] is an American Academy 
of Pediatrics global neonatal resuscitation initiative that 
employs simulation training to improve neonatal resusci-
tation in low-resource countries and has been successfully 
implemented in more than 77 countries. In 2014, a report 
on perinatal mortality in Tanzania following implantation 

of HBB documented a decrease in early neonatal mortal-
ity (from 13.4 to 7.1 deaths per 1000 live births), stillbirths 
(from 19 to 14.5 per 1000 births), and early perinatal mortal-
ity (from 32.2 to 21.6 per 1000 births) [27]. Similar results 
have been reported from other countries following introduc-
tion of this training [28, 29]. A separate clinical trial evalu-
ating the effectiveness of reducing perinatal mortality and 
resuscitation practices in three low-resources areas is cur-
rently underway [9].

PRONTO International conducted a randomized con-
trolled trial with perinatal mortality at 12-month follow-
up as the primary outcome in 12 government hospitals in 
Mexico [20]. Six hospitals were randomly selected to 
receive simulation training using a low-cost hybrid simula-
tor (PartoPants™, or modified surgical scrubs on a simu-
lated patient and Laerdal Neonatalie™). Simulation training 
consisted of scenarios focused on teamwork, communica-
tion, neonatal resuscitation, and obstetric emergencies (e.g., 
shoulder dystocia, hemorrhage, and preeclampsia/eclamp-
sia). The authors reported a lower incidence of postpartum 
complications following cesarean delivery at 12-month fol-
low-up but no other statistically significant results. Effecting 
improvements in maternal and neonatal outcomes through a 

Factors affecting 
outcome Phases of delay

Socioeconomic/ 
Cultural factors

Communal/Cultural pressure to 
delivery vaginally at home; lack of 
education; failure to recognize 
danger or patient condition; lack of 
financial resources or insurance to 
pay for hospital stay 

Long distances to appropriate
medical facility; nearby hospitals
may not have resources/training
necessary to manage clinical
condition; poorly constructed road
system

Lack of appropriately trained care 
teams at all facilities, even where 
such teams would be expected 
(sub-county, county hospitals); lack 
of medical resources (i.e. blood) or 
ability to provide higher level of 
care (i.e. ICU)

Phase l:
Deciding to seek

care

Phase II:
Identifying and

reaching medical
facility

Phase Ill:
Receiving adequate

and appropriate
medical care

Access to 
facilities 

Examples from 
western kenya

Quality of care

Fig. 27.1  The three delay model. First described in Ghana, Sierra 
Leone, and Nigeria, the three delay model offers an insight into the 
challenges that contribute to pregnancy mortality in low-resource coun-

tries. These factors are often interdependent, which makes seeking and 
obtaining medical care more of a challenge. (Based upon Barnes-Josiah 
et al. [15])
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simulation-based training program without a means to finan-
cially maintain a simulation center or the associated train-
ing program may prove pointless. At the Society in Europe 
for Simulation Applied to Medicine Conference in 2011, 
Msemo stated, “You need commitment to be there from the 
government side, because training without support for the 
trainee to have equipment [in order] to do resuscitation is 
useless.” Professor Vanessa Burch of the University of Cape 
Town also warns against the impetus to pursue simulation in 
healthcare without considering the “hidden costs” of main-
taining a center, equipment, and skills [30]. Given that sim-
ulation centers with advanced simulation technology, high 
fidelity mannequins, and software requiring trained person-
nel are the most financially intensive to maintain [31], some 
programs have used lower fidelity models with success to 
decrease cost [7, 20, 32]. A low-cost simulation course for 
trauma using only medical equipment and resources locally 
available demonstrated not only improvement in knowledge 
acquisition but also increase in number of tasks completed 
and a decrease in time in which critical actions were com-
pleted. The authors were able to develop their course for 
33 participants for $2844.00 with a total maintenance cost 
for all participants of $8.82 as compared to using a single 
high fidelity chest tube simulator which may cost as much 
as $3000 [7]. Multiple studies have failed to demonstrate 
superior improvement in performance of trainees after high 
fidelity simulation training versus low fidelity [33–37], sup-
porting the claim that low to moderate fidelity simulation 
programs are more cost-effective and can yield comparable 
outcomes in a low-resource country.

�Development and Implementation 
of a Simulation Program

The currently existing models reviewed here provide exam-
ples of successfully implemented and sustained healthcare 
simulation programs. The following discussion will focus 
on development and implementation of an LMIC healthcare 
simulation program based on existing models including the 
ImPACT Africa project (ImProving Perioperative Anesthesia 
Care & Training in Africa) simulation program in East 
Africa which was created and implemented by the authors 
of this chapter. This capacity-building program involved the 
creation of two self-sustaining simulation centers of excel-
lence in Kenya which function as components in a wider 
nurse anesthesia training program in Kenya.

Livingston et al. outlined key steps undertaken to develop 
and implement a sustainable simulation center-based train-
ing program in Rwanda. These include engaging mul-
tidisciplinary partners with a shared vision, identifying 
feasible short- and long-term goals, obtaining a viable fund-
ing source, recruiting local staff, developing site-appropriate 

curricula, training of local leaders, constructing a physical 
space, cultivating sustainable partnerships while engaging 
the wider community, and finally monitoring and evaluat-
ing use following program implementation [38]. Kern’s Six-
Step Approach to Curriculum Development offers a broader 
outline for application to the design and implementation 
of a simulation program [39]. Adaptation of the above two 
approaches alongside methods undertaken by these authors 
are represented in Fig. 27.2.

Prior to incorporating simulation training into medical 
education in an LMIC, an understanding of the healthcare 
environment is critical to the development of common 
clinical scenarios appropriate for achieving practical learn-
ing objectives. For example, there are 5.1 million trauma-
related deaths worldwide each year, 90% of which occur 
in LMICs, with a majority resulting from road traffic colli-
sions [7]. Against this backdrop, identification of the need 
to improve response time and trauma skill competency in 
Managua, Nicaragua, led to the development of a low-cost 
simulation program using Advanced Trauma Life Support 
(ATLS) principles and procedure stations made from local 
material. In another example, given that laparoscopic sur-
gery is becoming more widely accessible to LMICs while 
laparoscopic simulation technology remains cost prohibi-
tive, a teaching hospital in Northern Haiti provided simula-
tion training for surgical residents using a box trainer (made 
from cardboard, plastic, a small webcam, and laparoscopic 
handles) alongside a structured modular curriculum [40]. 
Both of these courses addressed the needs of their medi-
cal community and targeted learners through the creation of 
programs that were reproducible and sustainable in a low-
resource setting.

Assessment of local resources is a critical component of 
any needs assessment in the creation of a simulation train-
ing program. Croft and colleagues warn that we should 
heed the recommendations published by the WHO to avoid 
development of training models based on those created in 
high-income countries. They suggest that the success of 
any training model depends primarily on “appropriately 
skilled instructors in sufficient numbers and suitable, locally 
adapted training materials.” They go on to state that “Care 
must be taken to ensure that areas with the highest maternal 
and neonatal mortality, and perhaps, with the most need for 
training are given appropriate support to develop and evalu-
ate sustainable, clinically effective training programmes” 
[11]. A successful training program must be customized to 
fit the clinical ecosystem, resources, culture, language, and 
local leadership of the target environment.

During the initiation of a LMIC simulation train-
ing program, infrastructure, expertise, and funding from 
high-resourced educational institutions may be necessary. 
However, the relationship between the medical leaders in 
the LMIC and the high-resourced institution must be one 
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of mutual respect and partnership. In the experience of the 
authors and of Livingston et al., this is more easily facilitated 
when there is a preexisting relationship that has been culti-
vated with the principles of trust and support. Identification 
of both key stakeholders (i.e., government officials from 
Ministry of Health, hospital leadership, targeted learners, 
and patients) and potential barriers is vital to ensure oper-
ability and sustainability.

Dependent upon both the resources and goals for a simula-
tion program, one must address specific questions to identify 
the appropriate setting for instruction: “Are there sufficient 
resources available to construct a simulation center?” “Is in 
situ simulation a suitable model for meeting program goals?” 
“Can the objectives be accomplished utilizing a low technol-
ogy center while still providing a high level of fidelity?”

A simulation center should be located at a site accessible 
to participants and in close proximity to a health facility to 
ensure consistent and ongoing participation, reduced travel 
costs, and improved security. Depending on the degree of 
technology employed, it may be necessary to train local 
staff as simulation technologists. An ideal simulation center 
would include both a simulation theater designed to maxi-
mize scenario fidelity and a separate space for safe and effec-
tive debriefing.

In situ simulation occurs in the clinical environment (e.g., 
hospital) with participants composed of on-duty personnel. 
Performing simulation in the actual clinical environment 
provides a realism that cannot be replicated in a simulation 
center, while also allowing the simulation program to meet 
goals less realizable through use of a de novo center. Center-
based simulation, often associated with a prescribed set of 
learning objectives, is more often focused on the practice of 
technical and non-technical skills, whereas in situ simulation 
is more likely to identify system deficiencies and preexist-
ing team dynamics. While it is difficult to compare outcomes 
between programs utilizing in situ or center-based simula-
tion, one randomized controlled trial comparing NRP pro-
grams demonstrated improved technical scores (based on 
number of correct interventions performed), team perfor-
mance scores, and greater efficiency of neonatal resuscita-
tion based on mannequin heart rate at 3 and 5 minutes in an 
in situ simulation intervention group [42].

In Kern’s Six-Step Approach, a learner’s needs assess-
ment must be performed in order that the goals and objectives 
of the course addresses the group targeted [39]. However, 
given the variable knowledge base within groups and over 
time, Kern emphasizes the dynamic nature of the Six-Step 
Approach. The learning objectives and goals, while initially 

Livingstone’s recommendations Impact Africa Kern’s 6-step approach

Engage multidisciplinary partners with a 
shared vision

Problem Identification & General needs 
assessment

Needs assessment of targeted learners 

Goals and objectives

Educational strategies

Implementation: 
Procurement of political support 
Identification and procurement of resources 
Identify and address barriers to 
implementation 
Introduce curriculum: Pilot 
Administer 
Refine over successive goals

Evaluation and Feedback 
Assess performance of individuals and the 
curriculum

Cultivate relationships with
multidisciplinary leaders
and key stakeholders

Needs Assessment

Identify funding and 
resources

Identify goals & objectives 
and design course

Pilot& Train trainers

Reassessment & 
Improvement

Train

Assess

Improve

GOAL

Ministry
of

Health

Targeted
learners

Hospital
leadership

Identify feasible short and long term goals

Identify and obtain funding

Recruit local staff and secure employment 
contracts

Design and refine curricula suitable for local 
context

Identify and train faculty leaders

Locate, rehabilitate, and furnish physical 
space

Cultivate sustainable partnerships and 
engage wider community

Center operational

Monitor and evaluate implementation & use

Fig. 27.2  Stepwise and dynamic approach to developing and imple-
menting a simulation course in low-resource settings. This image illus-
trates a practical implementation of recommendations from two 

well-known curriculum development guidelines [38, 39] in an ongoing 
simulation training program in East Africa
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developed to address the general needs of the group as a 
whole, adapt and evolve to meet the growing and changing 
needs of the targeted learners as discovered through repeated 
evaluative processes. Therefore, goals and objectives for a 
simulation program should result from a review of basic 
knowledge on a specific clinical topic (i.e., epidemiology, 
clinical presentation, management), reasons the topic is clini-
cally relevant for targeted learners, and the relevant technical 
and non-technical skills. Furthermore, the information pre-
sented and the clinical scenarios practiced as part of a simu-
lation course must be culturally and contextually relevant. 
This requires an understanding of current local practices, 
available resources (medical equipment and medications), 
and local health policy. For example, our Kenyan learners 
stated that they may respond better if the simulation man-
nequin had a greater resemblance to their patient population. 
Also, it is inappropriate to expect learners from low-resource 
settings to respond to certain emergencies with interventions 
available to those in a high-resource area, such as the initia-
tion of a massive transfusion for an obstetric hemorrhage. 
Treatment protocols presented through simulation curricula 
must integrate context-appropriate interventions or the func-
tional utility of the program would be compromised.

Results obtained from a needs assessment of the local 
environment and learners will guide simulation course 
design and decisions on logistics such as choosing among a 
de novo simulation center, in situ simulation, or a lower-cost 
hybrid to achieve the predetermined goals and objectives. 
The IMPACT Africa (Improving Perioperative Anesthesia 
Care and Training in Africa) Simulation Course for Obstetric 
Emergencies was developed with input from over 70 anes-
thesia and obstetric care providers practicing in East Africa 
(see curriculum description in Table  27.2). The IMPACT 
Africa simulation course provided didactic training on those 
obstetric emergencies determined to be the most common 
and critical based on learner input (obstetric hemorrhage, 
preeclampsia/eclampsia, obstructed labor/fetal distress, and 
high spinal) followed by an introduction to team training and 
crisis resource management principles. The knowledge and 
skills were incorporated into a series of simulation scenarios 
with structured debriefing. Soon after implementation, the 
importance of sharing common language to facilitate effec-
tive team dynamics and crisis management was discovered. 
This issue was compounded by the diversity of clinical back-
grounds found among our learners (midwives, nurses, obste-
tricians, and anesthetists/anesthesiologists), and it became 
clear that an introductory didactic session was needed to 
build a common language which could be reinforced through 
simulation. This cycle of feedback and redesign through both 
and initial and repeated needs assessment is crucial to pro-
gram success.

The goals of any simulation-based training program 
include improvements in individual and team knowledge, 

team performance, the culture of safety, and patient out-
comes. Key characteristics that have been identified among 
obstetric simulation programs associated with improvement 
in clinical outcomes [41] include institution-level incentives, 

Table 27.2  This describes the initial preparation and organization of 
the IMPACT Africa OB emergency simulation training course

Course preparation: An initial assessment was made by the course 
directors of each of eight government hospitals in Western Kenya to 
assess the need for the course and the type and frequency of obstetric 
emergencies encountered, in addition to the direct needs of the 
participants.
Course registration: Agreement to participation was provided after 
supplementing a description of the course, its goals, and expected 
outcomes. Registration was opened to multidisciplinary members 
(including nurses/midwives, obstetricians, anesthesiologists, 
registered nurse anesthetists (KRNAs), student nurse anesthetists, 
security personnel, and administrators) that would be involved in 
delivering care to the pregnant patient.
Course structure: An average of 20 participants were enrolled at 
each facility. The duration of the course spanned 2 days, for a total 
of 4 days. Each cohort was divided into two groups of ten, and 
during the course each group was further divided into two groups of 
five to facilitate efficient simulation sessions and in order to ensure 
each member was able to actively participate in each scenario.
Participant preparation: At this time, preparation of the 
participants was not performed, but the ultimate goal is to provide 
each course member with a soft cover book reviewing all essential 
information regarding the most frequent obstetric emergencies 
encountered in Western Kenya, team training, and an introduction 
into simulation techniques and debriefing.
Course curriculum
Day 1 Day 2
Introductions Overview of the 

day
Review basic obstetric and anesthetic principles Review 

management of 
high spinal

Review of high-risk obstetrics High spinal 
scenario

Break Group debrief
Review neonatal resuscitation Break
Review team training and simulation/simulator Preeclampsia/

eclampsia 
scenario

Introduction to mannequin Group debrief
Lunch Obstetric 

hemorrhage 
scenario

“Ice breaker” faculty simulation scenario and 
debrief

Group debrief

Peripartum hemorrhage scenario Lunch
Group debrief Review 

management of 
obstructed

Preeclampsia/eclampsia scenario Labor/fetal 
distress

Group debrief Obstructed 
labor/fetal 
distress scenario
Group debrief

The course curriculum is outlined below
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multidisciplinary training of all hospital staff within the unit 
in which they work, integration of teamwork principles into 
clinical teaching, and the use of a high-fidelity (though not 
high-tech) simulation model. In the authors’ experience, 
offering institution level and individual incentives can aid in 
garnering initial interest and while also sustaining high rates 
of participation. Multidisciplinary training of all relevant 
hospital staff can also enhance participants’ shared commit-
ment to providing exemplary patient care.

In addition to incorporating a feedback mechanism to 
allow for simulation program revisions based on interval 
needs and program assessments, sustainability and con-
textual relevance is maximized through efforts at “training 
the trainers.” As participants are trained as instructors, the 
needs of the health workers, facility, and community targeted 
by the program are likely to evolve. Finally, an assessment 
of needs and curriculum effectiveness based on outcome 
measures and participant feedback will allow for program 
improvements and potential expansion, at the regional or 
national level.

�Debriefing and Cultural Influence

Debriefing is an exercise in facilitated reflection which helps 
to solidify the technical and non-technical skills gained dur-
ing a simulation experience and ideally result in the restruc-
turing of one’s approach to real-life clinical scenarios [43]. 
When led by a trained facilitator, post-simulation debrief-
ing plays a critical role in experiential learning. As Chung 
et al. have acknowledged, while simulation in healthcare has 
spread worldwide, the practice of debriefing and all related 
literature originate from Western culture with little consid-
eration of cultural differences in learning and pedagogy. A 
deep understanding of the local culture and its bearing on 
learning and communication can play a decisive factor in 
ensuring a safe and effective learning environment in which 
learners feel capable of sharing their thoughts and gain from 
the simulation experience. The non-judgmental, objective 
nature of effective feedback provided as a component of 
facilitated debriefing [44] delivered with knowledge of the 
local culture will be more readily accepted by cultures prone 
to shame brought on by criticism or negative attention. More 
research is needed to understand efficacious and culturally 
appropriate debriefing methods and can be highly specific to 
cultural context.

�Conclusion

Local and effective partnership with stakeholders, creation 
of simulation facility infrastructure appropriate for program 
goals and objectives, and curriculum development based on 

initial and repeated needs assessments performed in paral-
lel with the training of local simulation faculty represent the 
critical initial steps in the implementation of a sustainable 
simulation program in an LMIC.  While evidence demon-
strating improvement in patient outcomes is largely lacking, 
guided debriefing of common and critical emergency sce-
narios can help identify individual and system deficiencies. 
In the experience of these authors, an effective simulation 
program can motivate local leaders to advocate for improve-
ments to local infrastructure. Identification of each culture’s 
unique modes of learning and communication and integrat-
ing these features into the simulation program can enhance 
the educational experience during the simulation experience 
and post-simulation debriefing.

References

	 1.	Rosen K.  The history of medical simulation. J Crit Care. 
2008;23:157–66.

	 2.	Denson JS, Abrahamson S.  A computer-controlled patient sim-
ulator. JAMA. 1969;208(3):504–8. https://doi.org/10.1001/
jama.1969.0316003007800.

	 3.	Gaba DM, DeAnda A.  A comprehensive anesthesia simulation 
environment: rec-creating the operating room for research and 
training. Anesthesiology. 1988;69(3):387–94.

	 4.	Cooper J, Taqueti V. A brief history of the development of manne-
quin simulators for clinical education and training. Qual Saf Health 
Care. 2004;13(Suppl 1):i11–8.

	 5.	Gaba DM.  The future vision of simulation in healthcare. 
Simul Healthc. 2007;2(2):126–35. https://doi.org/10.1097/01.
SIH.0000258411.38212.32.

	 6.	Tansley G, Bailey JG, Gu Y, Murray M, Livingston P, Georges N, 
Hoogerboord M. Efficacy of surgical simulation training in a low-
income country. World J Surg. 2016;40(11):2643–9.

	 7.	Pringle K, Mackey JM, Modi P, Janeway H, Romero T, Meynard 
F, Perez H, Herrera R, Bendana M, Labora A, Ruskis J, Foggle J, 
Partridge R, Levine AC. A short trauma course for physicians in a 
resource limited setting: is low-cost simulation effective? Injury. 
2015;46:1796–800.

	 8.	Pammi M, Dempsey EM, Ryan CA, Barrington KJ.  Newborn 
resuscitation training programmes reduce early neona-
tal mortality. Neonatology. 2016;110(3):210–24. https://doi.
org/10.1159/000443875.

	 9.	Bang A, Bellad R, Gisore P, Hibberd P, Patel A, Goudar S, 
Esamai F, Goco N, Meleth S, Derman RJ, Liechty EA, McClure 
E.  Implementation and evaluation of the Helping Babies Breathe 
curriculum in three resource limited settings: does Helping Babies 
Breathe save lives? A study protocol. BMC Pregnancy Childbirth. 
2014;14:116–21.

	10.	Buck GH.  Development of simulators in medical education. 
Gesnerus. 1991;48:7.

	11.	Crofts JF, Winter C, Sowter MC.  Practical simulation train-
ing for maternity care-where we are and where next. BJOG. 
2011;118:11–6.

	12.	Hofmeyr GJ, Haws RA, Bergstrom S, Lee AC, Okong P, Darmstadt 
GL, Mullany LC, Shwe Oo EK, Lawn JE. Obstetric care in low-
resource settings: what, who and how to overcome challenges to 
scale up? Int J Gynaecol Obstet. 2009;107(Suppl 1):S21–44.

	13.	Abass OA, Samuel BO, Odufeko GT. Medical simulation a tool yet 
untapped in most developing nations in Africa. Int J Comput Appl. 
2014;97(5):1–4.

M. DiMiceli et al.

https://doi.org/10.1001/jama.1969.0316003007800
https://doi.org/10.1001/jama.1969.0316003007800
https://doi.org/10.1097/01.SIH.0000258411.38212.32
https://doi.org/10.1097/01.SIH.0000258411.38212.32
https://doi.org/10.1159/000443875
https://doi.org/10.1159/000443875


321

	14.	Thaddeus S, Maine D. Too far to walk: maternal mortality in con-
text. Soc Sci Med. 1994;38(8):1091–110.

	15.	Barnes-Josiah D, Myntti C, Augustin A. The “three delays” as a 
framework for examining maternal mortality in Haiti. Soc Sci Med. 
1998;46(8):981–93.

	16.	O’Neill KM, Greenberg SL, Cherian M, Gillies RD, Daniels KM, 
Roy N, Raykar NP, Riesel JN, Spiegel D, Watters DA, Gruen 
RL. Bellwether procedures for monitoring and planning essential 
surgical care in low and middle income countries: caesarean deliv-
ery, laparotomy, and treatment of open fractures. World J Surg. 
2016;40(11):2611–9.

	17.	Meara JG, Leather AJ, Hagander L, et al. Global surgery 2030: evi-
dence and solutions for achieving health, welfare, and economic 
development. Lancet. 2015;386:569–624.

	18.	Mock CN, Donkor P, Gawande A, et  al. Essential surgery: key 
messages from disease control priorities, 3rd edition. Lancet. 
2015;385:2209–19.

	19.	Walker DM, Cohen SR, Estrada F, Monterroso ME, Jenny A, Fritz 
J, Fahey JO. PRONTO training for obstetric and neonatal emergen-
cies in Mexico. Int J Gynaecol Obstet. 2012;116:128–33.

	20.	Walker DM, Cohen SR, Fritz J, Olvera-Garcia M, Zelek ST, Fahey 
JO, Romero-Martinez M, Montoya-Rodriguez A, Lamadrid-
Figueroa H. Impact evaluation of PRONTO Mexico: a simulation 
based program in obstetric and neonatal emergencies and team 
training. Simul Healthc. 2016;11:1–9.

	21.	Mcclure EM, Carlo WA, Wright LL, Chomba E, Uxa F, Lincetto O, 
Bann C. Evaluation of the educational impact of the WHO Essential 
Newborn Care course in Zambia. Acta Paediatr. 2007;96(8):1135–8.

	22.	Cohen SR, Cragin L, Wong B, Walker DM. Self-efficacy change 
with low-tech, high fidelity obstetric simulation training for mid-
wives and nurses in Mexico. Clin Simul Nurs. 2012;8(1):e15–24. 
https://doi.org/10.1016/j.ecns.2010.05.004.

	23.	Walker D, Cohen S, Fritz J, Olvera M, Lamadrid-Figueroa H, 
Greenberg Cowan J, Gonzalez Hernandez D, Dettinger JC, Fahey 
JO.  Team training in obstetric and neonatal emergencies using 
highly realistic simulation in Mexico: impact on process indicators. 
BMC Pregnancy Childbirth. 2014;14:367–76.

	24.	Walker D, Holme F, Zelek ST, Olvera-Garcia M, Montoya-
Rodriguez A, Fritz J, Fahey J, Lamadrid-Figueroa H, Cohen S, 
Kestler E.  A process evaluation of PRONTO simulation training 
for obstetric and neonatal emergency response teams in Guatemala. 
BMC Med Educ. 2015;15:117–24.

	25.	Carlo WA, Wright LL, Chomba E, Mcclure EM, Carlo ME, Bann CM, 
Collins M, Harris H. Educational impact of the neonatal resuscitation 
program in low-risk delivery centers in a developing country. J Pediatr. 
2009;154(4):504–508.e5. https://doi.org/10.1016/j.jpeds.2008.10.005.

	26.	Carlo WA, Goudar SS, Jehan I Chomba E, Tshefu A, Garces A, 
Sailajanandan P, Althabe F, McClure EM, Derman RJ, Goldenberg 
RL, Bose C, Krebs NF, Panigrahi P, Buekens P, Chakraborty H, 
Hartwell TD, Wright LL, First Breath Study Group. Newborn care 
training and perinatal mortality in developing countries. N Engl J 
Med. 2010;362:614–23. https://doi.org/10.1056/NEJMsa0806033.

	27.	Msemo G, Massawe A, Mmbando D, Rusibamayila N, Maji K, 
Kidanto HL, Mwizamuholya D, Ringia P, Ersdal HL, Perlman 
J.  Newborn mortality and fresh stillbirth rates in Tanzania after 
Helping Babies Breath training. Pediatrics. 2013;131:e353–60. 
https://doi.org/10.1542/peds.2012-1795.

	28.	Goudar SS, Somannavar MS, Clark R, Lockyer JM, Revankar 
AP, Fidler HM, Sloan NL, Niermeyer S, Keenan WJ, Singhal 
N.  Stillbirth and newborn mortality in India after helping babies 
breathe training. Pediatrics. 2013;131(2):e344–52.

	29.	Hoban R, Bucher S, Neuman I, Chen M, Tesfaye N, Spector JM. 
‘Helping babies breathe’ training in sub-Saharan Africa: educa-
tional impact and learner impressions. J Trop Pediatr. 2013;59:180. 
https://doi.org/10.1093/tropej/fms077.

	30.	Burch V. Does simulation based training have a future in Africa? 
Afr J Health Prof. 2014;6(2):117–8. https://doi.org/10.7196/
AJHPE.534.

	31.	McIntosh C, Macario A, Flanagan B, Gaba DM. Simulation: what 
does it really cost? Simul Healthc. 2006;1(2):109.

	32.	Skelton T, Nshimyumuremyi I, Mukwesi C, Whynot S, Zolpys 
L, Livingston P.  Low-cost simulation to teach anesthetists' non-
technical skills in Rwanda. Anesth Analg. 2016;123:474–80.

	33.	Campbell DM, Barozzino T, Farrugia M, Sgro M.  High-fidelity 
simulation in neonatal resuscitation. Pediatr Child Health. 
2009;14(1):19–23.

	34.	King JM, Reising DL. Teaching advanced cardiac life support pro-
tocols: the effectiveness of static versus high-fidelity simulation. 
Nurse Educ. 2011;36(2):62–5.

	35.	Hoadley TA. Learning advanced cardiac life support: a compari-
son study of effects of low- and high-fidelity simulation. Nurs Educ 
Perspect. 2009;30(2):91–5.

	36.	Donoghue AJ, Durbin DR, Nadel FM, Stryjewski GR, Kost SI, 
Nadkarni VM.  Effect of high-fidelity simulation on pediatric 
advanced life support training in pediatric house staff: a random-
ized trial. Pediatr Emerg Care. 2009;25(3):139–44.

	37.	Nimbalkar A, Patel D, Kungwarni A, Phatak A, Vasa R, Nimbalkar 
S.  Randomized control trial of high fidelity versus low fidelity 
simulation for training undergraduate students in neonatal resus-
citation. BMC Res Notes. 2015;8:636. https://doi.org/10.1186/
s13104-015-1623-9.

	38.	Livingston P, Bailey J, Ntakiyiruta G, Mukwesi C, Whynot S, 
Brindley P.  Development of a simulation and skills centre in 
East Africa: a Rwandan-Canadian partnership. Pan Afr Med J. 
2014;17:315. https://doi.org/10.11604/pamj.2014.17.315.4211.

	39.	Kern DE, Thomas PA, Howard DM, Bass EB. Curriculum develop-
ment for medical education: a six step approach. Baltimore: The 
John Hopkins University Press; 1998. Print

	40.	Damas E, Norceide C, Zephyr Y, William KL, Renouf T, Dubrowski 
A. Development of a sustainable simulator and simulation program 
for laparoscopic skills training in Haiti. Cureus. 2016;8(6):e632. 
https://doi.org/10.7759/cureus.632.

	41.	Siassakos D, Crofts JF, Winter C, Weiner CP, Draycott TJ.  The 
active components of effective training in obstetric emergencies. 
BJOG. 2009;116:1028–32.

	42.	Rubio-Gurung S, Putet G, Touzet S, Gauthier-Mouliniere S, Jordan 
I, Beissel A, Labaune JM, Blanc S, Amamra N, Balandras C, 
Rudigoz RC, Colin C, Picaud JC.  In-situ simulation training for 
neonatal resuscitation: a RCT. Pediatrics. 2014;134:e790–7.

	43.	Chung HS, Dieckmann P, issenberg SB. It is time to consider cul-
tural differences in debriefing. Simul Healthc. 2013;8:166–70.

	44.	Rudolph JW, Simon R, Rivard P, Dufresne RL, Raemer 
DB. Debriefing with good judgment: combining rigorous feedback 
with genuine inquiry. Anesthesiol Clin. 2007;25:361–76.

	45.	Draycott TJ, Sibanda T, Owen L, Akande V, Winter C, Reading S, 
Whitelaw A. Does training in obstetric emergencies improve neo-
natal outcome? BJOG. 2006;113(2):177–82.

	46.	Draycott TJ, Crofts JF, Ash JP, Wilson LV, Yard E, Sibanda T, 
Whitelaw A. Improving neonatal outcome through practical shoul-
der dystocia training. Obstet Gynecol. 2008;112(1):14–20. https://
doi.org/10.1097/AOG.0b013e31817bbc61.

	47.	Siassakos D, Hasafa Z, Sibanda T, Fox R, Donald F, Winter C, 
Draycott TJ.  Retrospective cohort study of diagnosis-delivery 
interval with umbilical cord prolapse: the effect of team train-
ing. BJOG. 2009;116(8):1089–96. https://doi.org/10.111
1/j.1471-0528.2009.02179.

	48.	Shoushtarian M, Barnett M, McMahon F, Ferris J.  Impact 
of introducing practical obstetric multi-professional training 
(PROMPT) into maternity units in Victoria, Australia. BJOG. 
2014;121(13):1710–8. https://doi.org/10.1111/1471-0528.12767.

27  Simulation in Low-Resource Settings: A Review of the Current State and Practical Implementation Strategies

https://doi.org/10.1016/j.ecns.2010.05.004
https://doi.org/10.1016/j.jpeds.2008.10.005
https://doi.org/10.1056/NEJMsa0806033
https://doi.org/10.1542/peds.2012-1795
https://doi.org/10.1093/tropej/fms077
https://doi.org/10.7196/AJHPE.534
https://doi.org/10.7196/AJHPE.534
https://doi.org/10.1186/s13104-015-1623-9
https://doi.org/10.1186/s13104-015-1623-9
https://doi.org/10.11604/pamj.2014.17.315.4211
https://doi.org/10.7759/cureus.632
https://doi.org/10.1097/AOG.0b013e31817bbc61
https://doi.org/10.1097/AOG.0b013e31817bbc61
https://doi.org/10.1111/j.1471-0528.2009.02179
https://doi.org/10.1111/j.1471-0528.2009.02179
https://doi.org/10.1111/1471-0528.12767

	27: Simulation in Low-Resource Settings: A Review of the Current State and Practical Implementation Strategies
	Simulation Pearls
	Introduction
	Chapter Objectives
	History of Simulation in Low-Resource Settings
	Development and Implementation of a Simulation Program
	Debriefing and Cultural Influence
	Conclusion
	References




