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Abstract
Purpose of Review Anesthesia workforce gaps in low- and middle-income countries (LMICs) can hinder safe surgical care.
Several countries have fewer than one anesthesiologist per million population and some have fewer than two anesthesiologists
nationally. Limited apprenticeship opportunities and inadequate supervision present serious challenges in these locations.
Although simulation training could help disseminate expert guidance, the high cost, technical challenges, and varied approaches
limit application. We reviewed the literature on cost-efficient and effective simulation training programs for anesthesia work-
forces in LMICs.
Recent Findings Publications relevant to anesthesia simulation in these countries are limited but include anesthesia skill gap
identification, technical skill training, and scenario management.
Summary High-cost, high-technology simulation available in high-resource countries is often impractical in LMICs. We iden-
tified low-cost approaches that are typically used to assess skill deficiencies and develop nontechnical and technical skills. Future
studies should evaluate optimal modalities and equipment for greatest impact.
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Introduction

Over 5 billion people lack access to safe and affordable
surgical anesthesia and obstetric (SAO) care [1]. Most live
in low- and middle-income countries (LMICs) [2]. SAO
care is important to public health because it is paramount
to the prevention of death and disability and to the develop-
ment of a resilient health care system [3]. Population density
data have shown that many countries in sub-Saharan Africa
and South-East Asia have fewer than 1 anesthesia provider
per 100,000 population (Fig. 1). Studies indicate that an
SAO workforce density of 20 to 40 per 100,000 significant-
ly improves health outcomes [4].

The shortage of anesthesia providers among the SAO
workforce limits optimal care and jeopardizes patient out-
comes. In many sub-Saharan African countries, the ratio of
health care providers in the population can be less than one
anesthesiology physician per million, with some countries
having as few as zero to three anesthesiologists nationally.
SAO care in these locations relies heavily on task-shifted
nurse anesthetists, anesthesia officers/technicians, or physi-
cians and nurses who are informally trained in anesthesia
delivery. The lack of anesthesia experts in these countries
constrains the apprenticeship, supervised guidance, and
continuing medical education opportunities for task-
shifted nurse anesthetists. These circumstances hinder fun-
damental anesthesiology training and practice improve-
ment, especially in aspects of clinical decision-making and
technical and nontechnical skill development.

LMICs represent 48% of the world’s population and
have only 20% of the SAO workforce (19% of the sur-
geons, 15% of the anesthesiologists, and 29% of obstetri-
cians) [5]. Training and education can help to increase the
density of the SAO workforce as well as identify and
remediate critical skill and process gaps among current
practitioners in LMICs. Training opportunities can be
increased through private and nongovernmental organiza-
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tion educators and partnerships between high-income
countries and LMICs.

Simulation is an important training method that has been
used successfully in some LMICs. Examples include the part-
nership between Canadian and Rwandan governments that
resulted in the creation of a simulation center to teach SAO
clinical skills [6]. Another example is found in Tanzania
where the University of California, San Francisco, partnered
with the School of Medicine at Muhimbili University of
Health and Allied Sciences. Simulation was used to train 60
senior medical students in fundamental SAO knowledge and
skills, enabling them to assist with surgical procedures in a
resource-limited environment [3]. In Mozambique, the Royal
College of Surgeons in Ireland has collaborated with the
College of Surgeons of East, Central, and South Africa to
develop a van-based mobile simulation center that provides
intubation and resuscitation training opportunities, although it
is largely focused on laparoscopic surgery training [7].

Simulation-based medical education (SBME) offers a lim-
ited number of experts within a large geographic region, the
opportunity to assess critical life-determinant anesthesia skills,
and develop curricula and scenarios to target high-risk but
uncommonly occurring critical events [8••]. SBME can help
the SAO workforce to respond to these events through mas-
tery learning [9] and/or Rapid Cycle Deliberate Practice
(RCDP), a method in which the simulation facilitator can
pause the simulation at teaching moments, provide immediate
feedback and debriefing, and then rewind and try again

[10–12]. However, given the limited resources in some of
these countries, a variety of barriers might inhibit implemen-
tation of these types of training modalities.

Simulation and Logistical Challenges

The foundation of simulation is influenced by adult learning
theory and the work ofMalcolmKnowles, who coined the term
andragogy: the study of how adults learn [13]. Several adult
learning theories that directly apply to simulation include David
Kolb’s experiential learning theory [14] and Jack Mezirow’s
transformational learning process [15]. The key step in both
theories is that the learner must reflect on his/her experience.
During simulation, reflection is the debriefing session when the
learner and facilitator review the scenario. This is the period
when learning occurs. After the debriefing, the learner can de-
velop a newmental model or frame of reference uponwhich he/
she can experiment through simulation [16].

Simulation as an educational tool was first developed for
medical use in 1969 by educator Stephen Abrahamson, PhD;
anesthesiologist Judson Denson, MD; and psychologist
Richard Wolfe, PhD [17]. Over the last two decades,
simulation-based training has gradually become a significant
component of medical education at undergraduate, graduate,
and continuing medical education levels primarily in the high-
income countries. The concerns for patient safety have
constrained the opportunities to teach necessary clinical skills
in actual clinical environments, which accelerated the need for

Fig. 1 Global distribution of physician anesthesia providers per 100,000 population. Source: The World Federation of Societies of Anaesthesiologists
(WFSA) Global Anesthesia Workforce Survey [60]
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simulation training programs [18–20]. SBME can offer a safe
and effective learning environment as it provides “repetitive
practice, ability to integrate into curriculum, ability to alter the
degree of difficulty, ability to capture clinical variation, imme-
diate feedback, and approximation of clinical practice” [20].
Two meta-analyses indicated that simulation-based training
was associated with increase in learners’ satisfaction, knowl-
edge, and skills and was superior to other more traditional
instructional methods in a wide range of topics: technical
skills, communication, teamwork, and leadership [21, 22].
Simulation exercises also enable instructors to assess clinical
performance [23•]. Simulation can be used to teach teamwork,
identify system issues, or for just-in-time training. Simulation
offers learners the opportunity to practice the tenets of inter-
professional collaboration: communication, teamwork, roles/
responsibilities, and ethics [24].

Simulation has been shown to improve skills acquisition. In
a study by Scavone et al. [25], residents who had focused train-
ing on a simulator for cesarean delivery with general anesthesia
performed better on this task than residents who did not under-
go focused simulator training [26]. Simulation can also be used
to assess the work environment. In a study by Chima et al. [8••],
nurse anesthetists using a spontaneously breathing simulation
manikin in a low-resource setting were identified as having
numerous, unexpected gaps in knowledge and skills that could
have resulted in a life-threatening situation for patients requiring
general anesthesia for a cesarean section after spinal anesthesia
placement was ineffective in providing a surgical spinal block.
Once such endemic problems are identified, simulation-based
training programs can be developed that target the process,
knowledge, and procedural gaps.

Simulation can be used not only to teach technical skills but
also nontechnical skills such as effective communication and
task management. One example is the anesthesia nontechnical
skills (ANTS) framework, which has been proposed as a way
to develop a simulation-based curriculum in low-resource
countries. Originally developed in Scotland in 1999, it focuses
on four key areas: situational awareness, decision making,
task management, and teamwork skills. Each area provides
examples of good and bad behaviors and creates an effective
framework for a behavioral assessment on a 4-point scale [27].
This framework provides an instrument with which to ap-
praise performance during various resource-management
courses in anesthetic simulation [26]. The ANTS framework
can also be used to train the local trainers, allowing the system
to continue even after the initial training mission is complete
and the visiting trainers return home.

The Society for Simulation in Healthcare defines fidelity as
the degree to which the simulation replicates the real event
and/or workplace, including the physical, psychological, and
environmental elements [28]. In health care simulation, high-
fidelity refers to simulation experiences that are realistic and
provide a high level of interactivity and realism for the learner.

High fidelity can be applied to many modes or methods of
simulation such as human/standardized patients, manikins,
task trainers, or virtual reality. Selecting the right simulator
is based on objectives and needs assessments individualized
to each country.

Although ANTS was designed initially to be used in the
UK, where high-fidelity simulation has been shown to provide
significant improvements in crisis situations, the framework is
versatile enough to be applied to low-fidelity simulators with
similar results. Indeed, it has been used in low-income coun-
tries such as Rwanda [29, 30, 31•]. Additional recommenda-
tions for effective implementation of the ANTS framework for
simulation include (1) video replay to allow participants to
reflect on their actions and facilitate further exploration of
their cognitive processes, (2) small-group training to maxi-
mize time for class discussion and individual feedback, and
(3) a minimum 2-day course for trainers [27].

Deficiencies in human factors contribute to 82% of pre-
ventable anesthesia errors [32, 33]. Skelton et al. [31•] dem-
onstrated improvement in ANTS practice through low-fidelity
simulation in a low-income country, but additional studies are
needed to identify and evaluate the influence of culture on
teamwork and communication to better tailor educational pro-
grams to a country’s needs. Using the TEAM scale, a validat-
ed tool for measuring behavior skills in emergency resuscita-
tion, Perry et al. [34] observed lower scores in leadership and
communication skills after a Neonatal Resuscitation Program
in Honduras. Upon further evaluation, the authors noted that
high power distances (social status differences), which rein-
force an unequal power distribution, and a culture of collec-
tivism, which values group loyalty, made communication dif-
ficult during debriefing. A male-biased medical hierarchy was
also thought to affect the likelihood that female nurses would
voice their concerns. Chung et al. advocates debriefing with a
culture-sensitive interpretation of simulation-based learning to
maximize benefit from debriefing sessions. [35]

When simulation occurs in the unit or on the floor, as op-
posed to within a simulation center, it is called in situ simula-
tion [36]. This type of simulation can be used to train the entire
staff, but it also helps to identify lapses in safe care for the
patient. In low-resource environments, in situ simulation can
be used to provide mobile experiences to practitioners across a
vast geographical region or as a substitute for the high cost of
developing a simulation center.

A simulation operations specialist (SOS) is an inclusive
term that embodies many different roles within healthcare
simulation operations, including simulation technician, simu-
lation operations specialist, simulation multi-media/audio-vi-
sual specialist, or technology specialist [28]. Although many
of these individuals design simulation activities, set up and
break down the environment, and repair manikins, the
Society of Simulation in Healthcare now offers an SOS
certification.
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In several countries, SOSs must consider climate, power,
theft, and safety or security risks. The versatility and adapt-
ability of an SOS in overcoming difficulties can greatly con-
tribute to the success of the simulation [37]. While the over-
riding goal should be to develop self-sustaining simulation
systems in LMICs, at times, equipment must be transported
from high-income countries to develop a center or to use in
short-term training projects. Transportation, electrical/power
supply, cost, and maintenance of the equipment while in coun-
try and upon departure need to be taken into account. During
transport, high- and low-fidelity equipment must first pass
through the customs and border security of the countries these
equipment originate from, and often, these countries may re-
quire the submission of applications that disclose the type of
equipment and its intended purpose. Generally, these docu-
ments include (1) certificate of donation, (2) packing list, (3)
proforma invoice, and (4) certificate of conformity. After re-
ceiving these documents, the recipient may need to apply for
government clearance such as the country’s Food and Drug
Administration certificates and tax exemptions for the aca-
demic and medical equipment. Usually, only after such gov-
ernment clearance is obtained by the receiving institution can
the consignment be shipped to the country. Sending equip-
ment by boat may be less expensive than by air, but this
method must be planned well in advance as it may take more
than 6 months for some equipment to arrive. In many in-
stances, SOSs may choose to take equipment as a carry-on
or a checked bag. Whether shipping or by air or by boat,
weight is an issue, as one must consider the need for other
maintenance tools and/or fuses. Electrical and power chal-
lenges that may be encountered include the need for plug
convertors, surge protectors, and UPS (uninterrupted power
supply) support to smooth out interruptions during power fail-
ures. These items may be found in some countries, but others
need to be purchased in advance.

Working in a low-resource setting brings many challenges. A
very noticeable one is cost. Complex and life-like computer-con-
trolled manikins can cost twice as much as annual salaries for
educators (e.g., Laerdal SimMan 3G is $80,000 USD). A possi-
ble solution to help in low-resource settings is to work with
vendor-partners, grants, government agencies, and philanthropic
contributors.When trainers innovate their own programs through
the development of 3D printing, reconditioning older manikins,
or building skill-targeted scenarios around basic task-trainers, the
objectives of the simulation can still be met.

Maintenance is also a challenge because most systems
throughout simulation are reactive rather than proactive,
meaning that responsible parties tend to repair broken equip-
ment rather than using strong preventative maintenance pro-
grams [38]. A host of factors such as training time, profession-
al development, and cost can contribute to this tendency.
These challenges can be difficult to overcome in low-
resource settings, and solutions should be strategized to plan

for program sustainability. Training and professional develop-
ment for equipment support are rare in countries that do not
have distributors, sales, or networks of experts that can be
called upon for help.

Many SOSs have a wealth of experience to identify how
long chest skins, airways, or vessels will last or when they
should be replaced based on timing or usage. Humidity,
cleaning materials, and access to replacement parts are chal-
lenges to the upkeep of these trainers. To prolong the life of
the training equipment, SOSs should spend equal time teach-
ing maintenance and troubleshooting to improve the simula-
tion clinical experiences.

Current Developments

Good quality educational programs are critical to solving the
global anesthesia workforce crisis and improving access to
life-saving health care. Simulation training is consistently as-
sociated with positive improvements in knowledge, skills, and
behaviors when compared to no intervention and is at least as
good as non-simulation instruction [39, 40]. However, studies
of simulation training primarily take place in high-income
countries that lack the cultural and logistical challenges faced
in LMICs. For an education program to succeed, it must be
tailored to the local environment. Many differences related to
cultural factors, resources, and surgical needs exist even
among LMICs [41]. Most LMICs experience what is known
as an “education paradox” wherein health care workers in the
areas that require the most training are unable to offer that
training because they lack the time [41]. Even when trainers
are available, essential resources and equipment are often
lacking [42]. Studies on simulation models in LMICs are im-
portant for creating effective programs grounded in realistic
and authentic clinical context that maximizes the limited time
and resources [43].

The Johns Hopkins Global Alliance of Perioperative
Professionals (JH-GAPP) collaborated with the Sierra Leone
Ministry of Health and Sanitation to train nurse anesthetists
nationwide using portable, low-cost, high-fidelity simulation
equipment. An in situ simulation-based education program
that reviewed clinical concepts critical for safe anesthesia care
and utilized the RCDP methodology with locally adapted an-
esthesia scenarios was delivered to nurse anesthetist providers.
This simulation system consisted of a spontaneously breathing
model that allowed trainees an opportunity to execute man-
agement decisions as they transitioned between spontaneous
ventilation, assisted manual ventilation, and synchronized and
unsynchronized mechanical ventilation. JH-GAPP utilized
two durable, low-cost ($15,000) Ingmar Medicine systems
alongwith a SimMon vital sign simulation system (LCDmon-
itor, $600; Apple iPad, $300; SimMon App, $22.99) to train
trainers on skills such as intubation and ventilator manage-
ment. These trainers then traveled extensively with the
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simulation equipment and conducted regional trainings at dis-
trict hospitals with 1-week simulation drills for regional par-
ticipants. Follow-up refresher simulation trainings revealed
considerable learning retention with respect to clinical knowl-
edge and technical and nontechnical anesthesia skills. The
results for these trainings are under review for publication.

Similarly, a training-of-trainers program using low-cost
high-fidelity simulation was piloted in Tanzania based on the
training model previously used in Sierra Leone. JH-GAPP
collaborated with the Kilimanjaro Christian Medical Center
(KCMC) in Tanzania to conduct this training with anesthesia
providers from both Tanzania and Zambia in attendance.
Simulations were designed to teach providers how to efficient-
ly deliver inhalational anesthesia under routine conditions and
challenging situations such as power failure and depletion of
compressed oxygen. This training has been replicated for oth-
er anesthesia providers in Tanzania and Zambia multiple
times.

In Tanzania, recognition by the government of the rele-
vance and effectiveness of these anesthesia simulation train-
ings for various cadres of anesthesia providers has culminated
in the establishment of two national medical simulation labs in
Muhimbili and KCMC. In addition, the process of integrating
simulation training into the formal anesthesia degree and di-
ploma programs offered in Tanzania has been initiated. This
simulation-based approach is being widely adopted in concert
with the execution of the national surgical, obstetric, and an-
esthesia plan, and strategic investments in anesthesia equip-
ment and supplies.

Next steps for sustainably scaling up training in Tanzania
include plans for establishing regional simulation centers and
mobile simulation training teams targeting rural health facili-
ties. Hospitals are being strategically equipped with simula-
tion equipment and locally appropriate anesthesia equipment
such as the Universal Anesthesia Machine (UAM®).
Regional practicum sites are being developed to greatly in-
crease access to continuous simulation training and support
in situ clinical mentorship of anesthesia providers at rural
health centers in order to improve provider skills and optimize
patient surgical outcomes.

Future Directions

Many professional societies and academic institutions have
partnered with local governments and hospitals in LMICs to
provide training through educational workshops, but limita-
tions in time and budget make it difficult to maintain the
integrity and quality of these training programs.
Telesimulation is a novel concept that uses the internet to link
simulators and teach procedural skills to instructors and
trainees in different locations. One study showed that surgical
skills improved after an 8-week telesimulation course that
used a simple trainer box, webcam, and laptop to connect

physicians in Canada and Botswana [44]. Telesimulation has
also been used to teach a new intraosseous insertion tech-
nique to physicians in Botswana [45]. In anesthesia,
telesimulation could be utilized for training procedures that
range from epidural placement to regional techniques. A
limitation of this modality is the availability and reliability
of electricity and internet service. Telesimulation allows lon-
ger duration of training and follow-up, deliberate practice
with real-time feedback, and demonstration of proper
technique.

The idea of portable or mobile simulation is gaining
traction in the surgical community and should be studied
for its potential in anesthesia education as well [46].
Countries like Afghanistan and Liberia do not have an
established anesthesia residency training program and thus
rely on house officers, nurses, or anesthesia assistants to
deliver anesthesia care, putting patients at significant risk
for morbidity and mortality [42, 47]. The few available
trained anesthesia providers gravitate toward urban areas,
with very few serving rural areas. Linden et al. reports that
there are 17 anesthesiologists for all of Uganda, which has
a population of about 33 million [48]. Additionally, of the
14 district hospitals in Uganda, none had an anesthesiolo-
gist. Kenya has 120 anesthesiologists for a population of
32 million, but only 13 work in public hospitals; the re-
mainder are in private practice in the capital, Nairobi [42].
These statistics emphasize the need for increased numbers
of trained anesthesia providers and greater equity in their
distribution. Expanded use of center-based and mobile
simulation training can help reduce this unmet demand
for anesthetic care by making opportunities for continuous
training and skills remediation more accessible to physi-
cian and non-physician providers.

With practically no cost, mental imagery simulation also has
the potential to enhance any anesthesia simulation training, or it
can be used as a stand-alone program. Mental practice is a
cognitive rehearsal of a task before its performance. The obvi-
ous limitation with mental imagery is the absence of physical
practice to develop muscle memory, but Lim et al. found no
difference in epidural anesthesia skill acquisition when anes-
thesia residents were randomized to low-fidelity haptic simula-
tion or mental imagery training [49]. Conversely, RCDP is a
simulation modality that has been shown to improve skill ac-
quisition and retention through development of muscle memo-
ry and immediate feedback. Traditionally, simulation-based
team training involves post-simulation debriefing. Hunt et al.
first described RCDP in a study that showed improved pediat-
ric resident resuscitation skills at an American institution [10].
A potential limiting factor with RCDP in LMICs is time owing
to the number of cycles that may be required for a trainee to
complete a simulation.

Debriefing has been identified as an essential component of
health care simulation [50]. It consists of a facilitated
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conversation between the participant and trainer that takes
place after critical events and simulations. Its goal is to
help the trainee to analyze his/her thought process and
actions to improve performance [51]. In areas with limited
time, resources, and trained professionals, it becomes im-
perative to uphold certain standards when creating sus-
tainable training programs. One aspect that warrants fur-
ther study and development in LMICs is the use of tools
to evaluate the instructor’s debriefing competence. The
Debriefing Assessment for Simulation in Healthcare
(DASH) is one such method developed by Brett-Fleegler
et al. which was shown to have good reliability and va-
lidity for evaluating the quality of health care simulation
debriefings [52].

Development of successful educational programs in
LMICs hinges on several factors, including collaboration with
local providers and governments and development of appro-
priate curricula that take into account the needs of the recipient
country [53]. An effective simulation curriculum design max-
imizes learning and ultimately patient safety in LMICs.
However, there are very few examples of appropriate studies
that demonstrate progress or identify which new or existing
simulation models are the most effective (Table 1). It is im-
perative that we increase collaboration and effort toward glob-
al goals and standards for simulation training in LMICs.
Otherwise, limited knowledge is passed on to trainees, creat-
ing a flawed training system and compounding errors in anes-
thesia practice [54, 55], with the potential of patient harm.

Table 1 Simulation modalities and skills described in low- and middle-income countries (LMICs)

Author and year Primary
country

Simulation modality Skill and/or competence
domain

No. of participants Equipment

Africa

Bergman et al. 2008 [56] Tanzania Full-scale simulation
and task-training
device to teach
technical skills

Trauma resuscitation:
cardiac life support
and intubation

20 Basic manikins and
equipment available
at local facilities

Chima et al. 2017 [8••] Sierra Leone In situ, full-scale
simulation to identify
performance gaps

Obstetrics: managing
complications with
regional and general
anesthesia

21 Universal Anesthesia
Machine (UAM) and
lung simulators

Livingston et al. 2014 [57] Rwanda Full-scale simulation
and task-training
device to teach
technical and
nontechnical skills

Obstetric anesthesia
skills and knowledge

90 Low-fidelity simulators
(intubation heads,
resuscitation dolls,
and simple
task-trainers)

Mikrogianakis et al. 2011 [45] Botswana Telesimulation to teach
technical skills

Resuscitation:
intraosseous insertion
technique

22 Telesimulation using
standard television,
simulator camera,
laptop, and trainer
box

Skelton et al. 2016 [31] Rwanda Full-scale simulation to
teach nontechnical
skills

Anesthesia nontechnical
skills (ANTS):
hypotension and
anaphylaxis during
C-section

20 Laerdal airway manikin,
operating theater
equipment, an
anesthesia gas
machine (no longer in
service)

Taché et al. 2009 [3] Tanzania Task-training device to
teach technical skills

Anesthesia technical
skills: intubation

36 Adult intubation
manikins

Americas

Taira et al. 2016 [58] Nicaragua Full-scale simulation to
teach technical skills

Resuscitation: cardiac
arrest

13 Low-tech simulator

Urbano et al. 2009 [59] Honduras Full-scale simulation
and task-training
device to teach
technical skills

Resuscitation: CPR,
airway and vascular
access, arrhythmias

24 Laerdal manikins

Europe

Artyomenko et al. 2017 [23] Ukraine Full-scale simulation
and task-training

Obstetrics: CPR, airway
and vascular access

109 Basic and high-fidelity
manikins

CPR, cardiopulmonary resuscitation
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Conclusion

Good quality educational programs are critical to filling the
gap in the global anesthesia workforce. Simulation-based
learning may be an integral part of achieving this goal in
LMICs. However, many challenges and barriers can be en-
countered when developing and establishing anesthesia cur-
ricula in LMICs, where the needs and capacity vary signifi-
cantly from one country to another. Currently, the literature is
quite limited with regard to establishment of these anesthesia
training teaching tools. As such, ample opportunity exists for
additional research to identify the best simulation method for
each country’s unique needs and capabilities.
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