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Abstract

Objectives: To conduct a comprehensive scoping review

focusing on published anesthesiology-specific training

based on simulation to assess up-to-date uses of

simulation-based education in anesthesiology training.

Our goal was to establish a solid ground for building

standardized and accredited curricula for simulation-

based education in the specialty of anesthesia in the

near future.

Methods: We searched the PubMed, CINAHL and

EMBASE databases on May 10, 2021 for relevant arti-

cles. We followed the five-stage scoping review method-

ology: identifying a research question, identifying

relevant studies, study selection, charting the data, and

synthesis of results.
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Results: Our initial electronic search identified 5609

potential articles. After abstract screening and removing

duplicates, 636 articles were evaluated in full text for

inclusion or exclusion. Based on this strategy, 283 ar-

ticles were included in this review. We mapped the

current practice of simulation in training and certifica-

tion across different anesthesiology subspecialties.

Conclusions: Significant effort has been placed into the

use of simulation for training, certification, and

recertification in anesthesiology. Future effort to

develop simulation-based training that can be gener-

alized to trainees in this specialty, similar to other

fields such as aviation and space sciences, will enhance

the standardization of training and hence patient

safety.

Keywords: Anesthesia; Certification; Education; Recertifica-

tion; Residency; Simulation

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The development of mannequin simulators and simula-

tion programs for education and training was greatly aided
by anesthesiologists. It is already over half a century since the
introduction of the first fully automated cardiac auscultation

mannequin as a modern-day simulator (Singh et al., 2013).
Many remarkable advances have been developed, imple-
mented and flourished in practice to further augment the

permanent place of simulation-based education (SBE) in
anesthesiology and many other medical and health educa-
tional programs.

Since the 1990s, medical students and anesthesiology

residents have received extensive training on high-fidelity
simulators. With simulator training, anesthesia residents
answered more quickly and performed better.1 The rapid

and progressive increase in professional realization about
the utility and usefulness of SBE in anesthesiology is
evidenced by the growth of courses, centers, users, and

publications. This fast growth is evident in many
dimensions. In addition to larger user numbers, the
utility of SBE in anesthesiology has been growing in

terms of various forms, modalities, technologies and
interfaces.1

We conducted a comprehensive scoping review to focus
on published anesthesiology-specific training based on

simulation to assess the current use of SBE in anesthesiology
training. The purpose of our review was to investigate and
define the body of literature and concepts of SBE modalities

used in anesthesiology training, certification, and recertifi-
cation to serve as a guide for implementation in different
programs globally and to represent the basis for future

research effort.
Materials and Methods

Our approach was to conduct a scoping review rather

than a systemic or narrative review due to the large body and
vast variability in the existing research which preclude from
properly assessing and conducting analysis. By identifying

the body of literature through a scoping review, findings can
be used in the future as a precursor to for a rigorous systemic
or narrative review.2

For this review, we followed the four-stage scoping review
methodology as described by Arksey and O’Malley’s
framework.3 The stages and their application in this study
are described as follows.

Stage 1: Identifying the research question

To ensure a wide range of results, we asked a broad

question: what are the simulation modalities that have been
used in training anesthesia residents or in the primary certi-
fication or recertification of anesthesia physicians? Our

population focused on anesthesia residents or anesthesia
physicians sitting for primary or recertification.

Stage 2: Identifying relevant studies

With the aid of a librarian, we searched PubMed,
CINAHL and EMBASE databases on May 10, 2021 for

relevant articles (Appendix 1). We also searched gray
literature via Google Scholar and simulation and
anesthesia societies databases.

Stage 3: Study selection

After performing the search, we used the following
criteria to include or exclude articles:

Inclusion criteria:

1. Articles with simulation-based interventions where resi-
dency training, certification, or recertification was the
main goal.

Exclusion criteria:

Simulation-based training not geared towards residency
training, certification,or recertificationofananesthesiologist.

Initially, titles and abstracts were sequenced and reviewed
by two independent authors for inclusion. Full articles of the

included abstracts were screened again by two independent
authors for final inclusion. In the case of different findings at
any step, we used a third senior author to moderate and
derive a final decision.

Stage 4: Charting the data

Final data extraction from the included articles was

completed by two independent authors in a similar manner.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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We extracted the following data: author’s name, title, pub-
lication date, subspeciality, and topic of training.
Stage 5: Synthesis of results

The included articles were categorized based on sub-
specialties of training. We further described the topic of
training in each article in a quantitative manner (Appendix 2).

Results

Our initial electronic search identified 5609 potential ar-
ticles and no articles were added based on amanual search by

hand. After abstract screening and removing duplicates, 636
Figure 1: PRISMA flow diagram su

Table 1: Training topics divided by specialty.

Specialty Number of

articles

Topics

General Anesthesia 112 Advanced cardiac life sup

management (including v

airway, out of operating

airway emergencies, anes

venous access, career re-e
articles were evaluated in full text for inclusion or exclusion.
Based on this strategy, 306 articles were included in this re-

view. The PRISMA flow diagram shown in Figure 1 provides
a summary of the selection process and a detailed list of
included articles is given in Appendix 2.

Using thematic coding, the 283 included articles were
organized based on the main training subspeciality. We
identified 112 articles about general anesthesia, 57 articles

about non-technical skills (NTS) training, 40 about regional
anesthesia, 23 about obstetrics anesthesia, 20 about cardio-
thoracic anesthesia, 10 about critical care, 9 about certifica-
tion/recertification in anesthesia, 6 about pediatrics

anesthesia, and 6 about chronic pain management.
A detailed topics list divided by specialty is given in

Table 1. The number of articles varied greatly between
mmarizing the selection process.

port, cricoid pressure, basic airway management, advanced airway

ideolaryngoscopy, fiberoptic and blind intubation), difficult

room airway management, bronchoscopy training, surgical airway,

thetics emergencies, intraoperative care, arterial access, central

ntry, mass casualty, delayed emergence, electroencephalogram



Table 1 (continued )

Specialty Number of

articles

Topics

(EEG) monitoring, equipment failure, machine check, estimated blood loss, hemorrhage,

volume management, hand hygiene, inhaled anesthetics, liver transplant, trauma, malignant

hyperthermia, mechanical ventilation, medication error, novice anesthesiology programs,

patient safety, perioperative care, rapid sequence intubation, sepsis in the operating room

and World Health Organization (WHO) preoperative checklist.

NTS 57 Communication skills, breaking bad news, cognitive aid, conflict management, Crisis

Resource Management (CRM), fatigue, opioid addiction, patient hand off, human factors,

ANTS, OR environment safety, team training, wellness and stress and workload.

Regional Anesthesia 40 Anesthesia emergencies, axillary brachial plexus block, brachial plexus block, crisis resource

management (CRM), Femoral nerve block, interscalene blocks, Local anesthetics toxicity,

lower extremity block, Lumbar puncture, needle driving, paravertebral block, spinal

sonoanatomy, supraclavicular block, ultrasound-guided regional anesthesia and transversus

abdominis plane block.

Obstetrics Anesthesia 23 Airway emergencies, anesthesia obstetric crisis, aseptic techniques, cardiopulmonary

resuscitation, crisis resource management (CRM), epidural anesthesia, failed intubation,

general anesthesia for cesarean delivery, high neuraxial block, informed consent,

interdisciplinary care, postpartum hemorrhage, rapid response team and team training.

Cardiothoracic Anesthesia 20 Cardiac ultrasound, cardiopulmonary bypass, chest drain, single lung isolation,

tracheoesophageal echocardiogram and transthoracic echocardiogram.

Critical care 10 Bronchoscopy, hemorrhage, anticoagulation, septic shock, arrhythmia, Interhospital

transfer, tracheostomy/laryngectomy care, point of care ultrasound, novice course,

anaphylaxis and critical events.

Certification/recertification 9 Primary certification, regional anesthesia, primary certification, milestones and

recertification.

Pediatric Anesthesia 6 Emergencies in pediatric anesthesia, induction of anesthesia in an infant, Infant’s airway

management, surgical airway, perioperative care, difficult airway, airway scope.

Pain 6 CRM, lumbar sympathetic block, transforaminal epidural injection, radiation exposure and

cervical medial branch block.
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different specialties. The number of topics per specialty also
varied greatly. Numerically, the number of unique topics
were as follows: general anesthesia (112 articles), followed

by non-technical skills training (57 topics), regional anes-
thesia (40 topics), obstetrics anesthesia (23 topics), cardio-
thoracic anesthesia (20 topics), critical care (10 topics),

certification/recertification (9 topics), pediatric anesthesia (6
topics), and pain (6 topics).

No quantitative statistical analysis was completed due to

the high variability of topics, designs, and measurement tools
in these articles.
Discussion

In this scoping review, we accumulated and organized
literature published on SBE modalities to serve as a guide of
choice for educators around the globe. Adopting this guide
to develop global standardization will significantly enhance

education, assessment and certification in anesthesiology and
address the global worldwide anesthesia workforce defi-
ciency and competency assessment crisis.4e6

Multiple publications relating to SBE in anesthesiology
have shown promising results with regards to its application
in anesthesia training, certification, and recertification.

However, due to the high variability in study design and
application of these publications, there is no strong evidence
to support its universal application as a mandatory step.
Furthermore, these variabilities preclude its application
globally to unify the efforts in addressing shortages in the

anesthesiologist workforce.
Traditionally, anesthesiologists gain experience in man-

aging routine and critical events as they are exposed to pa-

tients. By the nature of their chosen field of specialization,
they are dealing with dangerous and life-threatening situa-
tions with a narrow margin of error. These events are un-

common and many cases are rare and totally inconsistent in
occurrence. To improve the education of future generations
of anesthesia practitioners and provide consistent training
outcomes, anesthesiologists have been very early adopters of

simulation-based education (SBE) in training. Over the past
decades,anesthesiology as a specialty, together with many
critical care and emergency medicine specialties, have grown

as major leading champions in medical fields in terms of
using SBE for training, assessment, evaluation, certification,
and recertification purposes.7,8

Although our review highlights the vast number and va-
riety of anesthesiology simulation-based education (ASBE),
this comes with high variability in design and delivery,

resulting in the inability to synthesize strong evidence to
support its validity and efficacy. Additionally, our results
show that certain topics and subspecialties have adopted the
use of ASBE for general anesthesia, regional anesthesia, and

NTS on a much broader basis than critical care and pain
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medicine. This could be explained by the fact that new and
emerging specialties such as NTS and regional anesthesia

have adopted simulation during their infancy while older
specialties are still heavily dependent on the classical edu-
cation curriculum. Nonetheless, in the absence of compelling

evidence to support ASBE, justifying the higher cost, re-
sources, and efforts to support this strategy might be diffi-
cult.9 Moving forward, it is critical to address this issue by

incorporating simulation-based education in all sub-
specialties and most importantly synthesizing credible
research-based evidence to support this modality.

As for anesthesiology simulation-based certification and

recertification (ASBCR), our review identified a major lack
of publications relating to modalities or evidence. Only a few
institutes, such as the Accreditation Council for Graduate

Medical Education American Board of Anesthesiology and
the Israeli National Board Examination in Anesthesiology
have published their data; this is due to both the lack of use

of ASBCR globally and the lack of scholarly work to support
ASBCR. As with ASBE, ASBCR requires more evidence to
be integrated more widely on a global basis.10e12

The main limitation of this review that we did not assess

the quality of each article or the overall quality of evidence
since many of the included articles were missing data about
their design, thus preventing us from properly assessing their

quality. Furthermore, assessing quality was beyond the
scope of our review. Instead, we intended to use this review
as a basic guide for educators to adopt existing literature for

ASBE, ASBCR, and research purposes.
A unified effort based on our guide will contribute greatly

to the future expansion of evidence based ASBEs and

ASBCRs, and may help to address the global anesthesia
workforce crisis.6

In summary, we collected research articles published on
the use of SBE in anesthesiology training certification and

recertification in all subspecialties so that this information
could be used to unify efforts and modalities for future
application in our field. The guide will also help to advance

scholarly activities to build better evidence-based applica-
tions to support SBE in anesthesiology. We make the case to
develop minimum level standard training requirements for

all anesthesiologists as a first step in the standardization
process. Finally, unifying the effort based on our findings
will potentially reduce the variability and increase the val-

idity of the potential benefit to address the global shortage of
anesthesia workforce.
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