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ABSTRACT

Objectives: By the end of residency training, pediatric

emergency medicine (PEM) residents are expected to have

developed the confidence and abilities required to manage

acutely ill children. Acquisition of competence requires

exposure and/or supplemental formal education for critical

and noncritical medical clinical presentations. Simulation can

provide experiential learning and can improve trainees’

knowledge, skills, and attitudes. The primary objective of this

project was to identify the content for a simulation-based

national curriculum for PEM training.

Methods: We recruited participants for the Delphi study by

contacting current PEM program directors and immediate

past program directors as well as simulation experts at all of

the Canadian PEM fellowship sites. We determined the

appropriate core content for the Delphi study by combining

the PEM core content requirements of the Royal College of

Physicians and Surgeons of Canada (RCPSC) and the

American Board of Pediatrics (ABP). Using the Delphi

method, we achieved consensus amongst the national group

of PEM and simulation experts. The participants completed a

three-round Delphi (using a four-point Likert scale).

Results: Response rates for the Delphi were 85% for the first

round and 77% for second and third rounds. From the initial

224 topics, 53 were eliminated (scored <2). Eighty-five topics

scored between 2 and 3, and 87 scored between 3 and 4. The

48 topics, which were scored between 3.5 and 4.0, were

labeled as “key curriculum topics.”

Conclusion: We have iteratively identified a consensus for the

content of a national simulation-based curriculum.

RÉSUMÉ

Objectifs: Les résidents en médecine d’urgence pédiatrique

(MUP) sont censés avoir acquis, à la fin de leur formation, la

confiance et les compétences nécessaires pour traiter des

enfants souffrant d’une maladie aiguë. L’acquisition des

compétences exige une exposition à des tableaux cliniques

médicaux extrêmement graves ou non, ou encore une

formation supplémentaire en la matière. Les simulations

peuvent, d’une part, fournir les acquis expérentiels et, d’autre

part, améliorer les connaissances, les habiletés et les

attitudes des stagiaires. L’étude décrite ici avait pour objectif

principal d’établir le contenu d’un programme national, fondé

sur la simulation en MUP.

Méthode: Afin de trouver des participants à l’étude menée

selon la méthode Delphi, les auteurs ont communiqué avec

les directeurs actuels de programme en MUP et leurs

prédécesseurs immédiats ainsi qu’avec des experts dans le

domaine de la simulation, dans tous les établissements

offrant une formation postdoctorale en MUP, au Canada. Le

contenu de base pertinent en vue de l’étude a été élaboré à

l’aide des exigences du Collège royal des médecins et

chirurgiens du Canada et de celles de l’American Board of

Pediatrics en la matière. Le recours à la méthode Delphi a

permis d’établir un consensus au sein du groupe national

d’experts en MUP et en simulation, et ce, après 3 tours de

consultation (application de l’échelle de Likert à 4 points).

Résultats: Les taux de réponse ont été de 85 % au premier

tour, et de 77 % au deuxième et au troisième tour de

consultation, menés selon la méthode Delphi. Sur 224 sujets

présentés au départ, 53 ont été éliminés (score <2). Par

ailleurs, 85 ont obtenu un score se situant entre 2 et 3; et 87,

entre 3 et 4. Finalement, 48 sujets, dont les scores variaient de

3,5 à 4,0, ont été considérés comme les principaux points à

inclure dans le programme.

Conclusion: Une démarche itérative de consensus a permis

d’établir le contenu d’un programme national de formation,

fondé sur la simulation.

Keywords: pediatric emergency medicine, simulation,

curriculum, Delphi
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INTRODUCTION

By the end of postgraduate training, pediatric emer-
gency medicine (PEM) residents are assumed to possess
appropriate knowledge, skills, and attitudes to treat
acutely ill children. Achievement of competence in
managing acutely ill children requires broad clinical
exposure supplemented by educational opportunities.

The volume of acute trauma and resuscitation
in pediatric emergency departments is limited.1

Nevertheless, treatment for seriously ill patients is
time-sensitive and dependent on careful coordination of
team performance to ensure efficient and effective
patient care. It is impractical and unethical for PEM
trainees to rely entirely on opportunities arising from
clinical interactions with critically ill patients to develop
and master the skills required to effectively manage
patient resuscitation.2 In the United States and Canada,
implementation of new duty hour regulations limits the
time trainees are permitted to spend providing clinical
care. These regulations potentially reduce opportunities
for exposure to important clinical problems.3,4 Within
these current circumstances also exists a new push
toward competency-based medical education (CBME)
to ensure competent practitioners.5 Thus, the challenge
for PEM training program directors is to minimize
the risk of harm to critically ill children, while ensuring
that PEM physicians acquire the knowledge, skills,
and attitudes necessary for effective and competent
clinicians.

PEM training program directors currently address
these challenges through the use of multiple methods,
one of which is simulation-based education (SBE).2,6

Procedural skills training using simulation has shown to
improve the acquisition of skills such as lumbar punc-
tures,7 chest tube insertion,8 and intubation.9 SBE
provides on-demand, experiential learning that can be
customized to the learning needs of specific trainees or
groups.10 It is now widely used for teaching clinical
expertise in domains that are infrequently encountered
in the clinical setting11-13 and has proven to be effective
in promoting the acquisition of the knowledge, skills,
and attitudes necessary to perform effectively as an
emergency physician.13-26 SBE affords residents the
opportunity to apply and improve their individual
and team crisis resource management (CRM) skills,27

as well as practice recognition and medical manage-
ment of rare events.28 The opportunity to practice in a
safe learning environment with dedicated time for

debriefing allows the development of competence that
is not easily achieved in the clinical environment.29

Several simulation-based studies have demonstrated
transference of skills from simulation into the clinical
environment.30,31 SBE has been shown to increase skill
performance and time to perform tasks in real patients
while improving patient outcomes in both pediatric and
adult patients.10,32 SBE can also be an educational
activity within a CBME curriculum.5 This growing
body of literature supports the integration of SBE into
PEM training programs in a structured manner.10,12

Although many SBE programs are well described in
the literature, consensus-based learning objectives for
simulation-based training have not been formally
addressed at a national level in the United States or
Canada.1,33

Our research project was designed to identify the
appropriate content required for a comprehensive
simulation-based national curriculum for PEM train-
ing. We used the Delphi method34 to build consensus
among a national group of PEM and simulation experts.

METHODS

Ethics

The Research Ethics Board of the Faculty of Medicine,
McGill University, granted ethics approval for the
study. We explained the Delphi study process to all
participants. The completion of each step of the Delphi
process served as informed consent.

Study population

Purposive sampling was used in selecting study parti-
cipants. Using a list of PEM program directors from the
Royal College of Physicians and Surgeons of Canada
(RCPSC), we emailed current program directors of all
10 PEM fellowship training programs in Canada and
immediate past program directors who have left the
program director position within the past 5 years
(n = 16), inviting them to participate in the study. We
also asked the current program director to provide
names for one or more simulation experts at their
site (n = 10). When we had identified all potential
participants, we acquired informed consent from all
for participation in a three-round Delphi consensus
building process.
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Data collection—Delphi consensus building process

The Delphi consensus building process employs an
iterative process to collect informed judgments from
experts in the field.34 For the purpose of this research,
simulation is defined as the learning process wherein
trainees practice a procedure or routine in an authentic
learning environment before treating actual patients.
These environments use different scenarios and
equipment, and thus vary in realism.35 We included the
following in our definition of simulation: 1) high fidelity:
whole-body simulation using computerized simulators
(e.g., Laerdal Sim-man, Laerdal Sim-baby); 2) task
trainers: lifelike models of body parts, such as an arm or
pelvis. Task trainers are useful to break down specific
tasks into steps; 3) low-fidelity mannequins: manne-
quins that are not computer-based; and 4) standardized
patients: trained actors who simulate patients in a
standard manner.

Members of the research team (IB, AC, FB) devel-
oped an inclusive list of core content that would be
suitable for learning through simulation. The core
content was determined by combining the PEM core
content requirements of the RCPSC and the American
Board of Pediatrics (ABP).36,37 The ultimate list of 306
topics was then iteratively reviewed by the investigators
with content and simulation expertise (IB, AC, FB).
Subsequently, based on group consensus, 82 content
items were removed because they were deemed not
suitable for teaching using simulation. Examples of
items that were removed include fractures of primary
and secondary teeth and management of dysmenorrhea.
This latter step helped minimize the quantity of Delphi
content in order to maximize full participation of our
“expert panel.” The remaining list of items included all
topics that had the potential of being taught using
simulation as an educational modality.

We then approached the group of 26 PEM and
simulation experts to request their input into defining
the appropriate content for the training. For each of the
224 items from 22 different content categories, each
expert was instructed to rate the suitability of simulation
as a pedagogical tool. Each item was rated on four-point
scale anchored by the following descriptors: Definitely
should be taught using simulation= 4; Should be
taught using simulation= 3; Can be taught using
simulation= 2; Best taught using methods other than
simulation = 1. Because we were not aware of any
similar studies done in the identification of a simulation

curriculum, the descriptors were developed by con-
sensus amongst the authors of the paper and reflect the
use of simulation as an innovative and supplemental
educational modality.
The experts were encouraged to add to the list any

missing learning objectives that they felt should be
included in a simulation-training program for PEM.
After each iteration of the Delphi process, items that
were rated an average of 2 or lower on the four-point
scale were eliminated. The score of below 2 was
predetermined to be the lower limit at any point within
the Delphi process. It had been predetermined that any
item rated greater than 3.5 at the completion of the
process would be considered to be a key learning
objective. The results of this first iteration, including
average ratings of each objective and removal of the
lower ranked objectives, were resubmitted to the expert
panel members asking them to reconsider their rat-
ings.38 This rating process was repeated a second and a
third time, wherein experts were asked to review their
ratings while reflecting on the ratings of the entire
group.33,39-41 Survey Monkey42 was used to administer
the survey. It contained no identifiable characteristics
of the respondents, so rating submissions remained
confidential.

RESULTS

Sixteen past and present program directors and ten
simulation experts participated in the process. All 10 of
the PEM accredited program sites were represented in
this group of participants.
The response rate for the first round of the Delphi

was 85% (22 of 26 participants responded). Thirty-
eight items were eliminated in the first round. The
response rate for the second round of the Delphi was
77% (20 of the 26 participants). During that round,
another 15 items were eliminated. In the third and final
round of the Delphi, the response rate was 77%. In this
last round, no items were eliminated (Figure 1).
The final list of 172 topics fell into 19 different

content categories (Table 1). The Delphi process led to
the elimination of all of the dentistry, dermatology, and
orthopedics topics. All of the topics in the resuscitation
and CRM categories remained, and all were categorized
as high priority. Of the 172 topics remaining on the list,
85 scored between 2 and 3, 87 scored between 3 and 4,
and 48 scored in the predetermined range of “key
learning objectives” (Table 2) (Appendix A).
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DISCUSSION

To identify content for a national simulation-based
curriculum, we built expert consensus using a three-
round Delphi process. We propose to use the learning
objectives that scored above 3 to form the basis of a
new national PEM simulation curriculum. Some PEM
teaching programs have developed their own curricula

using simulation as a key educational modality to
supplement clinical experience. Two such curricula2,6

have improved education in their local environments.
One program is a detailed 2-year modular simulation-
based curriculum for PEM trainees. The curriculum
received positive feedback from learners and perceived
success at addressing gaps in previous training.2

Another program addressed the challenges in acute
care training by creating a 1-day workshop using six
instructional simulated cases.6 That study produced a
PEM instructional curriculum with modest subjective
gains and demonstrated the need for more frequent and
focused simulation education for trainees. Neither
of the previously described curricula was developed
using a formalized needs assessment that incorporated
external stakeholder input from other institutions, and
neither used a national expert panel. As such, it may
not be appropriate to assume that these curricula are
generalizable to meet the needs of trainees across all
PEM training programs.
In the past, the Delphi process has been used

to create curricula, such as a national curricula for
pediatric trauma41 and a procedural skills curriculum
for medical students.43 Both projects highlight the
importance of conducting needs assessments in struc-
tured institutions, to ensure that the results reflect

Figure 1. Delphi Process

Table 1. Final Delphi Categories and Topics

Topic Category
Number of topics with score ≥3/ Total number of

topics in that category

Resuscitation 11/11
Trauma 12/27
Cardiology 4/8
Environmental 4/14
Hematology 1/6
ID 1/11
Neurology 3/9
Otolaryngology 3/8
Psychosocial 3/8
Pulmonary 4/7
Toxicology 3/24
Procedures 27/40
CRM 13/13
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Table 2. Key Curriculum Topics

Topic Delphi Round 3 result

RESCUSITATION
Cardiopulmonary arrest & post arrest 3.95
Respiratory failure/ arrest: upper airway obstruction 3.95
Respiratory failure/ arrest: lower airway obstruction 3.90
Cardiogenic shock 3.95
Hypovolemic shock 3.70
Neurogenic shock 3.55
Distributive shock 3.75
Anaphylactic shock 3.90
Septic shock 3.90
Neonatal resuscitation 3.75
TRAUMA
Trauma resuscitation: primary and secondary survey 3.85
Blunt head trauma / increased intracranial pressure 3.85
Blunt thoracic trauma: pneumothorax 3.60
Blunt thoracic trauma: hemothorax 3.55
Penetrating thoracic trauma: cardiac tamponade 3.60
CARDIOLOGY
Cardiac dysrhythmias 3.80
Cardiac tamponade 3.65
ENVIRONMENTAL
Drowning and submersion injuries 3.60
NEUROLOGY
Altered level of consciousness & coma 3.70
Seizure management 3.80
Status epilepticus 3.90
PULMONARY
Status asthmaticus 3.75
Foreign body aspiration 3.65
PROCEDURAL TOPICS
Rapid sequence induction for intubation 3.90
Placement of LMA (Laryngeal mask airway) 3.80
Emergency cricothyroidectomy and transtracheal ventilation 3.80
McGill forceps removal of supraglottic foreign body 3.75
Cardioversion and defibrillation 3.95
Cardiac pacing 3.80
Cervical spine immobilization 3.50
Needle decompression of chest 3.85
Chest tube 3.85
Intraosseous access 3.80
Appropriate delivery of adenosine 3.65
Pericardiocentesis 3.65
Acute upper airway foreign body removal 3.70
CRISIS RESOURCE MANAGEMENT SKILLS
Exercise leadership & followership 3.55
Distribute the workload 3.55
Reevaluation of case 3.55
Use good teamwork 3.60
Allocate attention wisely 3.55
Set priorities dynamically 3.55
Communicate effectively 3.68
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generalizable content. The Delphi consensus method
employed in this study assured participation of experts
from across Canada determining 48 key curriculum
topics (scores of 3.5 or greater after three rounds).
These 48 topics can be grouped into four different
categories: 1) crisis resource management (CRM),
2) resuscitation, 3) trauma, and 4) medical procedures.
In our study, the very high item ratings may reflect their
relatively low-volume and high-impact nature in the
clinical environment. Items that ranked in the range of
3 to 3.5 are also considered of high importance in PEM
training and thus should be included for the future
national curriculum. These items tended to be topics
that relate to high acuity scenarios but may have more
consistent exposure in the clinical environment, such as
blunt abdominal trauma, croup, and bronchiolitis. Items
rated between 2.0 and 3.0 were identified as objectives
that were important but would not be part of the core
curriculum. They could still be incorporated at specific
training programs based on their perceived local needs.

The next steps in developing the curriculum will
include engaging governing bodies at the national level
(e.g., RCPSC Specialty Committee in PEM), simulat-
ing experts and learners (fellows) across the country,
supporting the development of local simulation
resources and infrastructure at each institution, and
building local interest in participating in a national
curriculum. These variables will dictate the structure of
the curriculum—whether it be longitudinal or “boot
camp” (modular) style. Studies assessing courses given
longitudinally have demonstrated longer retention
of skills after completion of the course,44-46 yet are
challenged with maintaining full participation and
attendance for all sessions. Modular or boot camp style
courses, such as standardized resuscitation courses
offered by the American Heart Association and Heart
and Stroke Foundation of Canada (e.g., Advanced
Cardiac Life Support Course), have observed skills
acquisition, which decay over a 6- to 12-month period
of time.47-51 However, these courses have the demon-
strated benefit of ensuring higher attendance and
participation. Further discussion with national stake-
holders and simulation experts has resulted in a
recommendation that the optimal implementation of
the curriculum include longitudinal delivery of scenarios
spread out over 2 years of fellowship (e.g., sessions every
2 weeks or monthly).

To assist in the translation of the objectives identified
in this project into a national curriculum that would

allow ease of use for members of the PEM teaching
community, several concrete steps are already under
way. The steps include the following:

1. Identification of members of a national working
group to develop the curriculum

2. Determination of the simulation resources required for
programs to be able to participate in the curriculum

3. Creation of simulation cases
4. Review of cases to ensure that all primary curricu-

lum objectives are covered at least one time (some
objectives may be covered more than one time)

5. Pilot testing of the cases
6. Creation of an assessment plan
7. Implementation of the curriculum across all

training sites

As soon as the curriculum has been implemented, it
may be necessary to revise and edit the cases (and/or
instructional design) to ensure that objectives are
properly met. The current consensus across all PEM
programs in Canada is to provide the national simulation
curriculum in a longitudinal manner. Each program will
complete the national curriculum with the provided cases
on a monthly to bimonthly basis, in addition to any other
learning opportunities that the program may provide.
Over the 2-year training period, two simulation cases
will be run every month, to allow each trainee the ability
to cover all objectives set out by the Delphi consensus,
and all cases created by the members of the national
working group.
Our study had one important limitation. Learners

were not included in the Delphi process. We chose to
exclude learners (PEM fellows) because we thought that
they potentially did not have enough content or simu-
lation experience to complete the study. As SBE
becomes increasingly accepted and provided in training
centres, it may be important to allow review of the
curriculum with current learners, recent graduates,
program directors, and PEM experts to address any
areas that may be redundant or lacking in the PEM
fellowship training.

CONCLUSION

PEM fellows are expected to acquire the knowledge,
skills, and attitudes to care for all patients in emergency
situations. It may not be possible to acquire these
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through clinical experience alone. We have attempted
to address this dilemma by iteratively determining
consensus, using the Delphi method, for the content of
a national simulation-based curriculum that could be
used to supplement clinical training and optimize edu-
cation. The next steps in this critical process include
engaging key stakeholders to develop, pilot test,
implement, and refine the curriculum.
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