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Abstract

Background: Pediatric endocrine emergencies require rapid, guideline-based management,
complication monitoring, and effective teamwork. Limited exposure to high-risk clinical cases and
patient-safety concerns highlight the value of clinical simulation and virtual reality (VR). This review
synthesized evidence on these approaches for training healthcare learners in pediatric endocrine
emergency management and identified implications for adaptation and development in Iran.

Materials and Methods: A structured narrative review was conducted using descriptive, analytical,
and comparative approaches. Persian- and English-language sources were searched from database
inception through February 28, 2026, across international and Iranian databases. Two reviewers
independently screened, selected, and reviewed eligible sources; disagreements were resolved by
consensus. Data on emergency type, educational modality, learner group, setting, instructional design,
debriefing, outcomes, and implementation factors were extracted and narratively synthesized using
Kirkpatrick’s framework.

Results: Evidence primarily addressed pediatric diabetic ketoacidosis (DKA); studies of adrenal
crisis, severe hypoglycemia, congenital adrenal hyperplasia—related hyperkalemia, thyroid storm, and
hyperosmolar hyperglycemic state were limited. Principal modalities included high-fidelity manikin-
based simulation, interprofessional education, in situ simulation, immersive VR, and screen-based
virtual patients. These approaches generally improved knowledge, problem-solving, confidence,
simulated performance, and team coordination. Multifaceted interventions combining simulation,
structured feedback, and guideline-based checklists improved adherence to DKA-management
processes in some studies. In situ simulation identified latent safety threats and workflow failures.
Evidence for transfer to clinical practice, learning retention, cost-effectiveness, and patient-related
outcomes remained limited. Published Iranian evidence on intervention design, implementation, and
evaluation was sparse.

Conclusion: Simulation and VR are complementary. Iran should develop phased, locally adapted,
Persian-language training for DKA, severe hypoglycemia, and adrenal crisis, incorporating
debriefing, interprofessional learning, faculty development, and objective learner and system-level
assessment.
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1- INTRODUCTION

Pediatric endocrine emergencies—
including diabetic ketoacidosis (DKA),
severe hypoglycemia, and adrenal crisis—
are  time-critical,  potentially life-
threatening conditions frequently
encountered in pediatric emergency and
intensive care settings. Their safe
management requires rapid recognition,
structured assessment, timely therapeutic
decisions, accurate fluid and medication
management, correction of electrolyte
abnormalities, and close monitoring for
complications. In children with type 1
diabetes, DKA is among the most
important metabolic emergencies; errors in
fluid replacement, potassium management,
insulin  administration, or neurological
monitoring may contribute to serious
complications, including cerebral injury (1,
2).

Effective management depends on more
than theoretical knowledge. Clinicians
must interpret clinical and laboratory data,
prioritize actions, calculate and administer
treatments safely, adhere to evidence-
based guidelines, and coordinate care
within multidisciplinary teams. However,
opportunities for learners to manage real
pediatric endocrine emergencies under
supervision are limited and unpredictable,
particularly for severe or complex
presentations.  Conventional  teaching
methods, such as lectures and bedside
instruction, may therefore be insufficient
for developing timely decision-making and
crisis-management skills while
maintaining patient safety.

Simulation-based education (SBE) enables
repeated practice of clinical scenarios in a
safe, controlled environment without
exposing patients to avoidable risk. It can
support training in initial assessment,
interpretation  of  laboratory  results,
treatment selection, error management, and
non-technical competencies, including
crisis communication, team leadership,
task allocation, and resource management.
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Interprofessional simulation training for
pediatric DKA has been associated with
improved knowledge and preparedness
among physicians and nurses;
nevertheless, the retention of learning and
its transfer to real clinical practice require
further investigation (3).

Virtual reality (VR) is an emerging
simulation  modality that provides
immersive, interactive, and standardized
three-dimensional learning environments.
It may be particularly useful for practicing
rare, high-risk, and time-sensitive
scenarios, especially where access to high-
fidelity manikins or dedicated simulation
facilities is limited. A systematic review
and meta-analysis found that VR-based
education improved healthcare
professionals’ cognitive skills compared
with conventional teaching (standardized
mean difference, 1.12; 95% confidence
interval, 0.81-1.43). However, evidence
regarding behavioral change in practice,
cost-effectiveness, and patient-related
outcomes remains limited (4).

Although simulation and VR are
increasingly used in medical education
worldwide, pediatric emergency
simulation research has predominantly
focused on resuscitation, trauma, shock,
and airway management. Evidence on
standardized simulation or VR scenarios
specifically addressing pediatric endocrine
emergencies  remains  comparatively
limited. Existing DKA studies have
primarily examined knowledge, self-
confidence, perceived realism, simulated
performance, and adherence to treatment
guidelines. For example, in situ simulation
combined with structured feedback in
community emergency departments has
been associated with improved adherence
to pediatric DKA-management processes.
High-fidelity DKA scenarios have also
been judged realistic and professionally
relevant by pediatric and emergency
medicine residents (5).

1298



Kharazmi and Parviz

In Iran, pediatric DKA remains a clinically
important concern. A study conducted in
southern Iran found that 57.1% of children
newly diagnosed with type 1 diabetes
mellitus presented with DKA. Younger
age, rural residence, delayed diagnosis,
and lower maternal educational level were
associated with DKA at presentation (6).
These findings emphasize the importance
of strengthening early recognition and safe
management of pediatric  endocrine
emergencies. Interest in simulation-based
health professions education is also
growing; a recent scoping review
identified 95 quasi-experimental studies
published over a decade (7). Nevertheless,
published evidence on the design,
implementation, and evaluation of clinical
simulation or VR specifically for training
in  pediatric  endocrine  emergency
management remains sparse. Differences
in access to simulation centers, equipment,
software, Persian-language content, trained
faculty, and financial resources may affect
the feasibility of widespread
implementation.  Critically synthesizing
global evidence and examining its
adaptability to Iranian educational needs
and capacities may  support the
development of locally relevant scenarios,
interprofessional training, and the gradual
integration of simulation-based
technologies into pediatric and emergency
medicine education (7, 8).

1-1. Study Aim

This structured narrative review aimed to
critically synthesize evidence on the use of
clinical simulation and virtual reality
technologies for training healthcare
learners in the recognition, decision-
making, and management of pediatric
endocrine  emergencies. It examined
educational interventions, learner groups,
implementation settings, reported
outcomes, and implementation
requirements and identified implications
for adapting and developing contextually
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appropriate educational programs in Iran
in relation to global trends.

The review addressed three interrelated
domains:

e Educational applications and
interventions: To describe and analyze
the use of clinical simulation and VR in
training for the recognition, decision-
making, and management of pediatric
endocrine emergencies, considering
emergency type, educational modality,
learner group, setting, and instructional
design.

eQOutcomes and  implementation
requirements: To critically examine
reported educational and operational
outcomes, including knowledge,
clinical reasoning, decision-making,
technical and non-technical skills,
teamwork,  confidence,  guideline
adherence, and clinical readiness,
alongside the role of debriefing,
organizational facilitators,
implementation barriers, and
infrastructure requirements.

e Comparative interpretation and
implications for lIran: To interpret
international evidence in light of Iran’s
educational needs, capacities, and
constraints and to identify practical
priorities  for the design, local
adaptation, phased implementation, and
evaluation of simulation and VR
interventions  in  pediatric  and
emergency-care training.

2- MATERIALS AND METHODS

2-1. Study Design

This study was a structured narrative
review using descriptive, analytical, and
comparative approaches. It aimed to
critically synthesize evidence on the use of
clinical simulation and extended reality
technologies for training healthcare
learners in the recognition, clinical
decision-making, and management of
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pediatric endocrine emergencies.
Technologies of interest included virtual
reality (VR), augmented reality (AR),
mixed reality (MR), virtual patients, and
other digital simulation approaches. The
review also considered the practical
implications of this evidence for the local
adaptation and development of educational
programs in Iran in relation to international
trends.

A structured narrative  review s
appropriate for topics with heterogeneous
evidence in terms of technology type,
learner population, educational setting,
scenario complexity, intervention design,
and assessed outcomes. This approach
aims to provide a systematic and critical
interpretation of available evidence,
applications,  knowledge gaps, and
practical implications rather than a
quantitative estimate of effect size or an
exhaustive mapping of all published
literature (9-12).

2-2. Review Scope and Questions
The review addressed three main domains:

1. Educational applications and
interventions: To describe and analyze
the use of clinical simulation and extended
reality technologies for training in the
recognition, decision-making, and
management of pediatric  endocrine
emergencies, considering emergency type,
educational modality, learner group,
setting, and instructional-design
components.

2. Outcomes and implementation
requirements: To critically examine
educational and implementation outcomes,
including knowledge, problem-solving,
clinical decision-making, technical and
non-technical skills, teamwork,
confidence, adherence to clinical
guidelines, and clinical readiness. The
review also examined the contributions of
debriefing, implementation facilitators,
organizational barriers, and infrastructure
requirements.
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3. Implications for lIran: To interpret
international evidence in light of the needs,
capacities, and constraints of medical
education in Iran and to identify practical
priorities for the design, local adaptation,
phased implementation, and evaluation of
simulation- and VR-based interventions in
pediatric and emergency-care education.

The endocrine emergencies of interest
included diabetic ketoacidosis (DKA),
hyperosmolar hyperglycemic state (HHS),
adrenal crisis and acute adrenal
insufficiency,  severe  hypoglycemia,
thyroid storm, and other acute pediatric
metabolic-endocrine conditions.

2-3. Information Sources and Search
Strategy

Persian- and English-language sources
were searched from database inception
through February 28, 2026. International
databases included PubMed/MEDLINE,
Scopus, Web of Science Core Collection,
Embase, ERIC, CINAHL, the Cochrane
Library, and Google Scholar. To identify
Persian-language evidence, Iran-specific
information, and implementation- or
policy-related sources, SID, Magiran,
IranDoc, ISC, Civilica, and the Iranian
Registry of Clinical Trials (IRCT) were
also searched.

The search strategy combined controlled
vocabulary, including Medical Subject
Headings (MeSH) in PubMed, with free-
text terms. The principal concepts
included:

e Clinical simulation, simulation-based
education,  manikins,  high-fidelity
simulation, in  situ  simulation,
standardized patients, and virtual
patients

e Virtual reality, augmented reality,
mixed reality, and extended reality

¢ Children, pediatrics, neonates, infants,
and adolescents
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e Diabetic ketoacidosis, hyperosmolar
hyperglycemic state, adrenal crisis,
adrenal insufficiency, severe
hypoglycemia, thyroid storm, and
endocrine emergencies

e Medical and nursing education, clinical
decision-making, teamwork, debriefing,
and adherence to treatment guidelines.

To supplement database  searches,
reference lists of key studies, relevant
reviews, and authoritative clinical

(

"Simulation Training"[Mesh]

OR "simulation-based education”[Title/Abstract]
OR "clinical simulation"[Title/Abstract]

OR "high-fidelity simulation"[Title/Abstract]
OR "in situ simulation"[Title/Abstract]

OR "Virtual Reality"[Mesh]

OR "virtual reality"[Title/Abstract]

OR "augmented reality"[Title/Abstract]

OR "mixed reality"[Title/Abstract]

OR "extended reality"[Title/Abstract]

OR "virtual patient"[Title/Abstract]

OR manikin[Title/Abstract]

OR mannequin[Title/Abstract]

AND

(
"Pediatrics"[Mesh]
OR "Child"[Mesh]
OR "Adolescent"[Mesh]
OR "Infant"[Mesh]
OR pediatric*[Title/Abstract]
OR paediatric*[Title/Abstract]
OR child*[Title/Abstract]
OR adolescen*[Title/Abstract]
OR infant*[Title/Abstract]
OR neonat*[Title/Abstract]

AND

(
"Diabetic Ketoacidosis"[Mesh]
OR "diabetic ketoacidosis"[Title/Abstract]
OR DKA[Title/Abstract]
OR "hyperosmolar hyperglycemic state"[Title/Abstract]
OR "adrenal crisis"[Title/Abstract]
OR “adrenal insufficiency"[Title/Abstract]
OR hypoglycemi*[Title/Abstract]
OR "thyroid storm"[Title/Abstract]
OR "endocrine emergenc*"[Title/Abstract]
OR "endocrine crisis"[Title/Abstract]

For other international and Persian
databases, the search strategy was adapted
while retaining the core concepts and
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guidelines were manually screened.
Forward citation searching of key
publications was also undertaken using
Google Scholar. Clear reporting of
information sources, search dates, search
terms, and selection rationale was
considered essential to the rigor of this
narrative review (9-12).

Example PubMed Search Strategy:

accounting for each database’s indexing
structure, search syntax, abbreviations, and
search functions.
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2-4. Source Selection and Prioritization

The search process, initial title and abstract
screening, and selection of relevant
sources were conducted independently by
two reviewers. Sources were initially
assessed for relevance to the review
objectives, pediatric  populations or
learners involved in pediatric care,
endocrine emergency type, and use of
simulation or extended reality
technologies. Full texts of potentially
relevant sources were then examined for
intervention characteristics, learner group,
implementation  setting,  educational
outcomes, implementation barriers, and
practical implications.

Disagreements  regarding  relevance,
inclusion, or interpretation were resolved
through discussion and consensus. Priority
was given to peer-reviewed primary
studies, educational intervention studies,
trials, quality-improvement initiatives,
feasibility studies, scenario-development
or validation reports, relevant systematic
reviews, and authoritative clinical
guidelines.

Sources focused solely on the clinical
treatment of endocrine emergencies
without an educational component were
excluded from the main synthesis. Studies
using VR exclusively for treatment,
rehabilitation, pain  management, or
entertainment were also excluded. Persian-
language sources, official documents, and
credible grey literature were considered
when they provided specific information
on feasibility, barriers, infrastructure,
implementation, or localization in Iran.

2-5. Data Extraction and Evidence
Synthesis

Data from selected sources were recorded
in a predesigned extraction matrix. The
matrix included author, publication year,
country, study or source type, learner
group, implementation setting, target
emergency, simulation modality or
extended reality technology, instructional-
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design  components, the roles of
prebriefing and debriefing, assessment
methods,  reported  outcomes, and
implementation barriers or facilitators.

Findings were analyzed using a narrative
thematic synthesis. Sources were first
organized according to  endocrine
emergency type, educational modality,
learner group, implementation setting, and
intervention design. Evidence was then
interpreted across four themes:

1. Patterns of evidence and
educational interventions in
pediatric endocrine emergencies

2. Educational and  performance
outcomes, including knowledge,
clinical decision-making, technical
and non-technical skills, teamwork,

confidence, and guideline
adherence
3. Roles of scenario  design,

debriefing, interprofessional
education, and in situ simulation in
intervention effectiveness

4. Research gaps, implementation
barriers, and practical implications
for Iran.

Kirkpatrick’s framework was used as an
analytical lens to classify findings across
learner reaction, learning, behavioral
change, and organizational- or patient-
related outcomes. Because of considerable
heterogeneity in technology type, learner
population, setting, intervention design,
and outcome measures, meta-analysis was
not undertaken.

2-6.  Trustworthiness and Ethical
Considerations

To enhance the trustworthiness of the
synthesis, the review considered study
design, clarity of intervention reporting,
appropriateness of learner groups and
settings, outcome-measurement methods,
the presence of comparison groups,
follow-up duration, and consistency
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between reported data and the authors’
conclusions. Reporting was aligned with
the SANRA criteria, including the
importance of the topic, clarity of aims,
description of literature sources and search
strategy, quality of referencing, scientific
reasoning, and presentation of relevant
data (10).

As this study was a secondary review of
previously published literature and did not
involve direct intervention with human
participants or access to confidential
patient records, separate biomedical ethics
approval was not required. Nevertheless,
principles of scientific integrity, bias
reduction,  accurate  reporting, and
adherence to the Committee on Publication
Ethics (COPE) principles and codes of
conduct were observed throughout the
study (13).

3- RESULTS

The selected evidence was organized
through a narrative thematic synthesis
across three analytical domains: (1)
educational applications and interventions
in pediatric endocrine emergencies; (2)
educational outcomes and potential
mechanisms  of effect; and (3)
implementation requirements and practical
implications for Iran in the context of
global trends. The literature predominantly
focused on training for pediatric diabetic
ketoacidosis (DKA) management.
Reported interventions included high-
fidelity manikin-based simulation, in situ
simulation, interprofessional education,
immersive virtual reality (VR), and screen-
based virtual patients. Studies addressing
adrenal  crisis,  congenital  adrenal
hyperplasia (CAH)-related hyperkalemia,
and severe hypoglycemia were more
limited and were mainly scenario-based or
focused on system readiness. Evidence on
simulation- or VR-based training for
pediatric thyroid storm and hyperosmolar
hyperglycemic state (HHS) was limited (3,
5,7,14-21).
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3-1. Educational Applications
3-1-1. DKA as the Predominant Focus

DKA represented the most extensively
studied pediatric endocrine emergency.
Educational scenarios commonly
addressed  early  recognition, initial
assessment, interpretation of blood gas and
electrolyte results, fluid management,
timing of insulin initiation, potassium
replacement, and  recognition  of
neurological deterioration suggestive of
cerebral injury or cerebral edema (1,7).
Thus, DKA simulation extends beyond
teaching isolated technical skills; it
provides an opportunity to integrate
knowledge, clinical reasoning, therapeutic
calculations,  prioritization,  guideline
adherence, and teamwork.

Interprofessional simulation is particularly
relevant to DKA because safe management
requires  coordinated work  among
physicians, nurses, and, in complex cases,
clinical pharmacists and intensive care
teams. Larson-Williams et al. reported that
a multistage interprofessional simulation
program for pediatric residents and nursing
staff improved DKA-management
knowledge. The partial decline in retention
at follow-up also highlighted the need for
periodic practice and integration of
simulation into continuing professional
development (3).

High-fidelity manikin-based scenarios can
reproduce dynamic changes in patient
status and allow learners to practice
stepwise decision-making. Monzani et al.
demonstrated that a standardized DKA
scenario was rated by pediatric and
emergency medicine residents as realistic
and professionally relevant. Learners
practiced diagnosis, fluid therapy, insulin
administration, electrolyte correction, and
complication monitoring in a controlled
setting (7). This standardized scenario also
enabled practice in neurological
assessment, reassessment of treatment, and
team coordination in response to potential
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complications, including cerebral edema
(7).

3-1-2. In Situ Simulation and System
Readiness

In situ simulation has value beyond
individual learner training because it can
assess team and system readiness in the
actual emergency-care environment. In an
observational in situ simulation study
conducted in  general  emergency
departments, the mean overall adherence
score of interprofessional teams to
pediatric DKA-management guideline
components was 55.6%. Inappropriate use
of intravenous fluid boluses, insulin, and
bicarbonate was reported among some
teams (21). These findings suggest that in
situ simulation can reveal discrepancies
between theoretical knowledge, guideline
implementation, and real-world readiness.

Conversely, multifaceted programs
incorporating  simulation, performance
feedback, and educational resources may
move beyond identifying gaps and
contribute to improving care processes.
One intervention in general emergency
departments increased adherence to a
DKA-management checklist from 77.8%
to 88.9%, with significant improvements
in hourly glucose monitoring and the
selection of appropriate fluid rates (20).
Therefore, the practical value of in situ
simulation may be greatest when
implemented as a cycle of scenario
delivery, data-informed feedback, process
improvement, and repeated practice (20,
21).

3-1-3. Virtual Reality and Virtual
Patients
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Immersive VR enables repeated practice of
clinical decision-making in a standardized
environment and may reduce dependence
on manikins, dedicated physical space, and
synchronous instructor availability. In a
pilot study, Mallik et al. reported that VR
scenarios increased learners’ confidence in
managing diabetic emergencies, including
DKA (14). However, confidence was
largely self-reported and cannot, by itself,
establish transfer of learning to clinical
performance.

A randomized controlled trial by Baek and
Lee found that experiential learning—based
VR simulation improved nursing students’
problem-solving  ability and  self-
confidence in DKA  management
compared with electronic case-based
learning (15). This finding supports VR as
a tool for cognitive learning and decision-
making  practice;  however,  direct
extrapolation to pediatric emergency teams
or actual clinical environments requires
caution.

Screen-based virtual patients may offer a
potentially lower-cost and more scalable
alternative for individual practice. Mahou
et al. described the development of a
virtual patient for teaching nursing
management of DKA. The platform
allowed learners to practice patient
assessment, treatment selection, and
decision-making in DKA scenarios;
however, the report focused primarily on
intervention development and usability and
did not provide sufficient comparative
evidence of educational superiority or
clinical benefit (19).
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Table-1: Synthesis of Selected Studies and Educational Interventions in Pediatric Endocrine Emergencies.

Emergency/topic

Pediatric DKA

Pediatric DKA

Pediatric DKA

Pediatric DKA

Pediatric

DKA,
including
neurological
monitoring for
cerebral edema

DKA and
other diabetic
emergencies

Learners and
setting

Pediatric
residents and
Nurses;
simulation
center

Interprofessional
teams; general
emergency
departments

General
emergency-
department staff

Pediatric and
emergency
medicine
residents;
simulation
center

Pediatric and
emergency
medicine
residents;
simulation
center

Healthcare
professionals;
VR environment

Educational
intervention

Multistage
interprofessional
simulation

Observational in
situ simulation

Simulation,
feedback, and
quality-
improvement
intervention

Standardized
high-fidelity
manikin
scenario

High-fidelity
manikin
simulation

Immersive VR
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Primary
educational
objective

DKA.-
management
knowledge,
team
coordination,
and
recognition of
complications

System
readiness and
guideline
adherence

Care-process
improvement
and checklist
adherence

Diagnosis,
stepwise
decision-
making, and
treatment
management

Early
recognition,
fluid
management,
insulin
initiation,
electrolyte
correction,
and
neurological
monitoring

Decision-
making and
perceived
preparedness

Reported
outcome

Improved post-
intervention
knowledge

Identified
important gaps
in DKA-
guideline
implementation

Checklist
adherence
increased from
77.8% to
88.9%

High perceived
realism and
educational
relevance

Realistic and
relevant to
professional
practice;
enables
stepwise
decision-
making in a
controlled
setting

Increased
acceptance and
confidence

Analytical
interpretation

Appropriate
for joint
physician—
nurse training;
retention
requires
repeated
practice

Main value is
identifying
workflow
failures and
latent safety
threats

Simulation
combined
with feedback
and
organizational
support may
improve
process
performance

Useful for
standardizing
learning
experiences
and practicing
decision-
making

Cerebral
edema was
one of several
monitored
complications,
rather than the
exclusive
focus of the
scenario

Promising for
individual,
repeatable
practice;
clinical
transfer

References

©)

(21)

(20)

()

(7, 16)

(14)
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Emergency/topic

DKA

Adrenal
crisis/CAH

Hypoglycemia
with seizures

Nursing
management
of DKA

Learners and
setting

Nursing
students;
educational VR
environment

Emergency-care
learners;
simulation
center

Emergency
teams; multiple
centers

Students and
nurses; digital
setting

Educational
intervention

Experiential
learning—based
VR

Manikin-based
scenario

Systems-
focused
simulation

Screen-based
virtual patient

Primary .
educational oRStpc %rr:]eed ﬁrt]:‘rlyrt':t::tlion References
objective P
requires
evaluation
Improved Effects
problem- depend on
Problem- solving and instructional
solving and confidence design and (15)
self-efficacy compared with  feedback, not
electronic case-  technology
based learning  alone
Understudied
Recognition but
of shock, Practice in appropriate
hyperkalemia  diagnosticand  for scenario- a7
management,  treatment based training
and steroid algorithms because of
administration high time
sensitivity
Identified L
. Primarily
errors in
useful for
dextrose .
System deliver evaluating
readiness and /€Ty, system safety  (18)
medication
process safety and
processes, and .
uncovering
team
_— latent threats
coordination
Potentially
lower-cost
Decision- Platform option for
making and development individual (19)
nursing care and usability practice and
remote
learning

Note: CAH: Congenital adrenal hyperplasia; DKA: Diabetic ketoacidosis; VR: Virtual reality. Table data were
extracted from the cited sources (3, 7, 14-21).

3-2. Educational Outcomes and
Mechanisms

3-2-1. From Learner Reaction to
Process Performance

The narrative synthesis indicated a
hierarchical pattern in the outcomes
reported across studies. Most studies
assessed  outcomes close to the

intervention, including satisfaction,
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perceived realism, engagement,
confidence, knowledge, problem-solving,
and performance in simulation settings.
Outcomes closer to clinical practice—such
as guideline adherence, team
communication, workplace performance,
and system readiness—were assessed less
often. Final patient-related outcomes,
including reduced cerebral edema, shorter
hospitalization, fewer treatment errors, or
lower mortality, were rarely reported.
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This pattern suggests that simulation and
VR are currently used primarily to enhance
educational preparedness and learner
competence. Although confidence is
important for learner readiness, it should
be interpreted alongside  objective
measures of performance. Indicators such
as correct completion of critical actions,
time to intervention, adherence to
guidelines, and quality of team
communication have greater relevance to
clinical performance.

Multifaceted DKA programs suggest that

combining simulation scenarios with
checklists, data-driven feedback, and
process  improvement can  move

educational impact beyond knowledge and
satisfaction toward behavioral and care-
process performance (20, 21). A
systematic review by Thim et al
associated simulation-based team training
in pediatric emergencies with improved
execution of time-critical interventions and

greater adherence to treatment guidelines;
however, heterogeneity and risk of bias
limited conclusions regarding patient
outcomes (22).

3-2-2. The Role of VR in Educational
Outcomes

The principal advantages of VR are
standardized educational  experiences,
repeatability, independent practice, and
interactive decision-making environments.
However, VR is not necessarily superior to
high-fidelity manikin simulation across all
outcomes. Kim et al. found that both VR
and  high-fidelity = simulation  could
influence anxiety, confidence, learner
engagement, and perceived learning, but
no consistent advantage of VR was
demonstrated across outcomes (23).
Therefore, decisions regarding VR
adoption should be based on learning
objectives, cost, access, the need for team-
based practice, and learner characteristics
rather than technological novelty alone.

Table-2: Educational and Implementation Outcomes Interpreted Through Kirkpatrick’s Framework.

Examples of evidence

DKA and VR scenarios
were generally viewed
as acceptable and

Increased confidence

interprofessional
simulation and VR

knowledge, decision-
making, and problem-

NUETES Reported outcomes
level
Satisfaction,
Level 1: acceptability, perceived
Reaction realism, presence, and
engagement useful
i Confidence, self- ;
Level 2a: efficacy, and perceived following
Attitudes acy, and p
readiness
Knowledge, problem-
Level 2b: solving, decision- Improved DKA
Knowledge making, critical actions,
and skills and scenario .
solving
performance
) Teamwo_rk, . Simulation with
Level 3: communication,
Behavior guideline adherence, and

workplace performance

feedback improved
DKA care processes
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Analytical interpretation References

Acceptability is
necessary for sustained
use but does not alone
establish educational or
clinical effectiveness

(7, 14, 15,
23)

Mostly self-reported
outcomes; should be
interpreted alongside
objective performance
measures

(3, 14, 15)

Evidence supports short-
term learning, but
measures and follow-up
periods are
heterogeneous

(3,7, 15,
19)

Integrating simulation
with feedback and
process improvement
may increase transfer to

(20, 21)
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Identification of

process failures in
hypoglycemia and
DKA management

:Z:,r;patmk Reported outcomes
Level 4: Safety threats, care
Results quality, complications,

and patient outcomes

Examples of evidence

Analytical interpretation References

performance

Useful for identifying

system risk; direct effects (18, 21,
on patient outcomes 22)
remain uncertain

Note: In the available literature, Level 4 outcomes were more often related to safety threats or process indicators
than to demonstrated reductions in mortality or patient complications (18, 21, 22). DKA: Diabetic ketoacidosis;

VR: Virtual reality.

3-3. Educational Design and
Implementation Requirements

3-3-1. Technology Alone Is Insufficient

The synthesis indicated that intervention
effectiveness depends more on
instructional design than on technological
sophistication. First, scenarios should be
aligned with evidence-based guidelines
and critical actions. In DKA, these include
assessment of hydration and neurological
status, appropriate fluid therapy, timing of
insulin initiation, potassium correction,
glucose monitoring, and recognition of
warning signs of cerebral injury (1).

Second, scenario design should be
matched to learners’ level of experience.
For novice learners, scenarios may focus
on recognizing DKA and sequencing
essential actions. At more advanced levels,
dynamic potassium changes, reduced
consciousness, possible cerebral edema,
communication errors, or equipment-
access barriers can be incorporated. Such
progressive complexity helps maintain
attention to key decisions and avoids
excessive  cognitive load in  less
experienced learners (7, 15, 19).
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Third, structured debriefing and data-
informed feedback are necessary to
transform  scenario  participation into
transferable learning. In DKA scenarios,
debriefing should address the rationale for
therapeutic decisions, team
communication, role allocation, guideline
implementation, and  organizational
barriers. Interprofessional training
involving physicians and nurses may
strengthen team coordination, mutual role
understanding, and crisis-resource
management (3, 5, 22).

3-3-2. Implementation Barriers and
Facilitators

Key barriers to implementing simulation
and VR include equipment costs, limited
simulation space, clinical workload,
challenges in scheduling interprofessional
education, shortages of faculty skilled in
scenario design and debriefing, and, for
VR, the need for technical support and the
potential for cybersickness. Nevertheless,
virtual ~ patients and  screen-based
simulation may  provide practical
complementary approaches for individual
decision-making practice and use in
resource-constrained settings.
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Table-3: Key Design Elements, Implementation Barriers, and Practical Implications.

. Element or Contribution to
Domain .
factor effectiveness
A!|gnment Makes scenarios
with ;
. - standardized tools
Scenario content  guidelines
. for performance
and critical
. assessment
actions
Progressive
complexity Strengthens
Learning design  and dynamic  clinical reasoning
patient and prioritization
changes
Structured, g)? nevr?;Sce into
Debriefing data-informed per
feedback learning and error
correction
Inclusion of Strengthens
. physicians, communication,
Interprofessional )
. nurses, and task allocation,
education -
relevant team  and crisis-resource
members management
Choice of
manikin, VR,  Improves
or virtual alignment
Technology patient between
according to educational tool
learning and targeted skills
objectives
Objective Enables .
. progression from
checklists, satisfaction to
Evaluation OSCEs, and
assessment of
process
v performance and
indicators

behavior

Implementation

Practical

T References
challenge implication
Design DKA,
Unclear adrenal crisis, and
objectives or hypoglycemia (1,5,7,
unrealistic scenarios using 16, 20, 21)
scenarios performance
checklists
Exce§§|ve Match scenario
cognitive load complexity to the
for prexiy (7, 15, 19)
. . learner’s
inexperienced :
| educational stage
earners
Limited time and ~ Train faculty and
insufficient use a consistent (3, 5, 15,
skilled feedback 20)
facilitators framework
Conduct joint
Scheduling and DKA scenarios in
role-related simulation centers (3, 5, 22)
differences and emergency
departments
Cost, Use phased and
maintenance, blended (4, 14, 15,
access, and technology 19, 23)
cybersickness implementation
Use pre/post
Overreliance on }Zﬁg:g::e'%gd (5,7, 20—
self-report and P, L
workplace- 22)
short follow-up
performance
assessment

Note: OSCE: Obijective Structured Clinical Examination; VR: Virtual reality; DKA: Diabetic ketoacidosis.
Multifaceted interventions incorporating scenarios, feedback, and educational resources may have greater
potential to improve adherence to DKA-management processes (20).

3-4. Implications for Iran

In the Persian- and English-language
sources reviewed, published studies
specifically addressing clinical simulation
or VR for training in pediatric endocrine
emergencies in Iran were limited. This
finding does not necessarily indicate an
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absence of local activity; rather, it may
reflect limitations in the documentation,
publication, or indexing of existing
initiatives. Nevertheless, the review by
Sohrabi et al. suggests that simulation-
based education is expanding within
Iranian health professions education,
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indicating foundational capacity for more
targeted interventions (8).

International trends suggest that DKA
training has evolved from isolated
manikin-based scenarios toward integrated
programs that combine in situ simulation,
performance feedback, interprofessional
training, guideline-based checklists, and
digital technologies. In Iran, the initial
priority should not be the procurement or
widespread deployment of VR alone.
Instead, emphasis should be placed on
developing standardized, Persian-
language, guideline-based educational
packages for DKA, severe hypoglycemia,
and adrenal crisis.

Such packages may include measurable
behavioral objectives, staged scenarios,

critical-action  checklists,  pre-learning
materials, facilitator guides, structured
debriefing frameworks, and performance-
assessment tools. Initially, appropriately
selected manikin-based simulation, screen-
based wvirtual patients, or tabletop
simulation may be used to teach individual
decision-making and algorithm mastery. In
subsequent  stages, interprofessional
education and in situ simulation can
strengthen physician—nurse coordination,
assess system readiness, and identify
workflow failures. Following needs
assessment and feasibility evaluation, VR
may be introduced in selected centers as a
complementary tool for individual
practice, remote learning, and repeated
practice of low-frequency scenarios.

Table-4: International Trends, Published Evidence in Iran, and Proposed Priorities.

Published evidence in

Domain International trends Iran Proposed priority for Iran  References
Predominant focus on Eu:cliliif::etdo Stgg;gtsric Develop three priority
- . DKA; more limited P clop scenarios: DKA, severe (3, 5-8,
Clinical topics . endocrine .
evidence for adrenal . hypoglycemia, and 16-18)
crisis and hypoglycemia EMETgEncies are adrenal crisis
limited
Integration of scenarios, General expansion of
Intervention feedback, in situ simulation is Develop multicomponent (5, 8, 20
simulation, and documented, but packages rather than O
model : . . e 21)
interprofessional endocrine-specific stand-alone workshops
education data are limited
. Limited evidence on Begin with manikins or
B_Ien_ded use_of high- VR specifically for lower-cost virtual (4, 8, 14,
Technology fidelity manikins, VR, e . SR
. . pediatric endocrine patients; pilot VR based 15, 19)
and virtual patients :
emergencies on needs assessment
. General simulation Prioritize physician—
Residents, nurses, . O
Learner capacity exists in nurse teams, followed by
emergency staff, and . : (3, 8,19)
groups : health professions selected caregiver
caregivers ! )
education education
Increasing focus on Lonaitudinal and Use OSCEs, DKA
Outcome guideline adherence, gl o checklists, teamwork (5-8, 20—
endocrine-specific .
assessment system safety, and . assessment, and learning ~ 22)
A data are limited
process indicators follow-up
Infrastructure  Gradual expansion of Resource variability Share scenarios, develop (4, 8, 19)
Med Edu Bull, Vol.7, N.1, Serial No.19, Jun. 2026 1310
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Published evidence in

Domain International trends Iran

design teams and
technological capacity

across educational
centers is likely

Proposed priority for Iran ~ References

faculty capacity, and
conduct multicenter
pilots

Note: Statements regarding Iran are based on the published sources reviewed and should be interpreted as an
analysis of needs and opportunities for locally adapted program development. DKA: Diabetic ketoacidosis; VR:

Virtual reality.

3-5. Summary of Findings

The narrative thematic synthesis indicates
that clinical simulation and VR have
complementary roles in training for
pediatric endocrine emergency
management. High-fidelity =~ manikin
simulation is particularly suitable for
practicing dynamic clinical changes and
complications; in situ simulation can
identify performance and organizational
gaps; interprofessional education can
strengthen teamwork; and VR or virtual
patients can  support  standardized,
repeatable individual decision-making
practice.

DKA was the central focus of educational
interventions because of its clinical
complexity, time sensitivity, and potential
for standardized critical-action training.
Although findings were encouraging for
knowledge, confidence, problem-solving,
teamwork, and adherence to care
processes, evidence for adrenal crisis,
severe hypoglycemia, thyroid storm, and
HHS was more limited. Evidence
regarding learning retention, transfer to
actual  clinical  performance,  cost-
effectiveness, and patient-related outcomes
also remains insufficient. For Iran, the
gradual development of locally adapted,

guideline-based scenarios; faculty
development in simulation design and
debriefing; implementation of

interprofessional education; and targeted
adoption of digital technologies represent
practical opportunities for advancing this
field.
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4- DISCUSSION

This structured narrative review
critically synthesized evidence on the use
of clinical simulation and virtual reality
(VR) technologies for training in the
recognition, decision-making, and
management of pediatric  endocrine
emergencies; examined  educational
outcomes and implementation
requirements; and interpreted their
implications for Iran in relation to
international trends. The narrative thematic
synthesis showed that the literature
predominantly focused on pediatric
diabetic ketoacidosis (DKA). Reported
educational approaches included high-
fidelity manikin-based simulation, in situ
simulation, interprofessional education,
immersive VR, and screen-based virtual
patients.  These interventions  were
generally associated with improvements in
knowledge, problem-solving, confidence,
simulated performance, and, in some
studies, adherence to guideline-based care
processes. In contrast, evidence regarding
patient outcomes, sustained transfer of
learning to clinical practice, cost-
effectiveness, and non-DKA
emergencies—including adrenal crisis,
severe hypoglycemia, thyroid storm, and
hyperosmolar hyperglycemic state
(HHS)—was more limited. Published
condition-specific evidence on simulation
or VR for pediatric endocrine emergency
education in Iran was also sparse.
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4-1. DKA Simulation: From Individual
Knowledge to Team Performance

The predominance of DKA in the literature
is consistent with the clinical complexity
of this condition. Safe DKA management
involves a sequence of time-sensitive
decisions: recognizing the condition,
performing an  initial  assessment,
interpreting blood gas and electrolyte
results, selecting appropriate fluid therapy,
determining the timing of insulin initiation,
correcting  potassium  abnormalities,
monitoring  glucose, and repeatedly
assessing neurological status. Therefore,
theoretical knowledge alone is insufficient;
learners must integrate changing clinical
and laboratory information within a
coherent management framework (1, 7,
16).

Simulation enables learners to rehearse
this sequence of decisions in a safe
environment where predictable errors can
be experienced, analyzed, and corrected.
Its main value in DKA education is not
merely  improving  knowledge  but
integrating clinical reasoning, treatment
calculations,  prioritization,  guideline
adherence, and team communication.
Larson-Williams et al. found that
multistage interprofessional simulation
improved DKA-management knowledge
among pediatric residents and nursing
staff. The partial decline in learning
observed at follow-up further emphasized
the need for periodic practice and
structured refresher training (3).

Findings from in situ simulation and
quality-improvement initiatives suggest
that DKA errors do not arise solely from
individual knowledge deficits. Inadequate
physician—nurse communication, unclear
role allocation, delays in medication
preparation, ambiguous orders, limited
access to equipment or protocols, and
weaknesses in patient-transfer pathways
may all compromise guideline
implementation (5, 20, 21). Training in
DKA management should therefore move
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beyond an individual-focused model and
involve pediatric residents, emergency
physicians, nurses, and, where feasible,
clinical pharmacists. Such
interprofessional approaches may support
the development of shared mental models,
closed-loop communication, crisis-
resource management, and explicit task
allocation.

A systematic review by Thim et al.
reported that simulation-based team
training in pediatric emergencies may
improve the delivery of time-critical
actions and adherence to clinical
guidelines. However, heterogeneity across
interventions, risk of bias, and limited
assessment of patient outcomes constrain
definitive conclusions regarding effects on
clinical outcomes in children (22).
Simulation should therefore be considered
one component of a broader competency-
development and patient-safety program
rather than a stand-alone substitute for real
clinical experience.

4-2. Virtual Reality as a Complementary
Modality

VR offers important potential for
standardizing learning experiences,
enabling independent and repeatable
practice, and providing flexible access to
educational content. These features may be
particularly valuable for low-frequency,
high-risk, and time-sensitive scenarios,
such as DKA and adrenal crisis. In a
systematic review and meta-analysis,
Kyaw et al. found that VVR-based education
was associated with improved cognitive
skills among healthcare professionals
compared with conventional teaching;
however, evidence for changes in clinical
behavior, cost-effectiveness, and patient
outcomes remained limited (4).

Studies focusing more specifically on
DKA have also suggested that VR may
improve learners’ confidence, problem-
solving, and educational outcomes (14,
15). Nevertheless, these findings were
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largely obtained in educational settings,
often assessed short-term outcomes, and in
some cases relied on self-reported
measures. VR should therefore not be
viewed as a complete replacement for
high-fidelity manikin-based simulation or
interprofessional training. Manikin-based
simulation is generally better suited to
practicing technical skills, observing
physiological changes, responding to
complications, and coordinating team-
based care. VR and virtual patients, by
contrast, may be particularly useful for
individual practice, algorithm review,
interpretation of clinical data, and
repetition of decision pathways.

A blended model is therefore defensible.
Learners may first use VR or virtual
patients to practice DKA algorithms,
interpret blood gas and electrolyte
findings, and rehearse individual decisions.
They can then progress to manikin-based
or in situ simulation to practice
communication, task allocation,
leadership, and responses to evolving
clinical deterioration. Such an approach
places technology in the service of
learning objectives rather than treating
technology itself as the objective of the
educational program.

A review by Lie et al. identified barriers to
implementing VR in health professions
education, including the absence of
appropriate standards, inadequate
infrastructure, challenges in  content
development and  updating,  cost,
requirements for technical support, and
limited organizational support (24).
Accordingly, VR implementation in Iran
should be based on educational needs
assessment, context-appropriate
technology selection, development of
Persian-language content, faculty and user
training, and feasibility and cost
evaluation.

4-3. Cognitive Load and Scenario
Design

Med Edu Bull, Vol.7, N.1, Serial No.19, Jun. 2026

The management of pediatric endocrine
emergencies, particularly DKA, requires
simultaneous processing of multiple data
streams: clinical signs, dehydration
severity, blood gas results, glucose values,
electrolyte  disturbances, neurological
status, and response to treatment. From a
cognitive-load perspective, poorly
designed educational activities may
introduce unnecessary demands and reduce
learners’ capacity for clinical reasoning. In
contrast,  staged  scenario  design,
information tailored to learner level,
critical-action checklists, and opportunities
for repetition may facilitate information
organization and maintain focus on key
decisions (25).

This framework should be used as a
foundation for instructional design rather
than  interpreted as evidence of
effectiveness measured in every study
included in this review. For example, a
DKA scenario for novice learners may
initially focus on recognizing the condition
and sequencing essential actions. For more
advanced learners, dynamic potassium
changes, declining consciousness,
suspected cerebral edema, communication
breakdowns, or unavailability of essential
medications can be incorporated. This
progressive approach aligns scenario
complexity with learner competence and
intended educational outcomes.

4-4. Debriefing and Educational Quality

The findings of this review indicate that
technology alone does not determine
educational effectiveness. The quality of
instructional  design—and  particularly
structured  debriefing—is central to
meaningful learning. Debriefing
transforms participation in a clinical
scenario from a practical event into an
opportunity  for  reflection,  decision
analysis, error identification, revision of
mental models, and transfer of learning to
similar situations. Best-practice standards
in healthcare simulation emphasize that
planned debriefing should be incorporated

1313



Simulation and VR Training for Pediatric Endocrine Emergencies

into all simulation-based educational
activities.

The Promoting Excellence and Reflective
Learning in  Simulation (PEARLYS)
framework is one example of a structured
debriefing approach that combines learner
self-assessment, facilitated discussion, and
directive feedback or teaching (26). Such
frameworks may be especially useful for
less experienced educators because they
guide discussion away from simple
performance judgments and toward
exploration of decision-making processes,
recognition of strengths, and identification
of improvement strategies.

In DKA scenarios, debriefing should
address three interconnected levels. At the
clinical level, it should explore the
rationale for fluid management, insulin
timing, potassium  monitoring, and
neurological assessment. At the team level,
it should address role allocation, closed-
loop communication, leadership, and
coordination. At the system level, it should
consider access to medications, infusion
pumps, essential laboratory testing, written
protocols, and transfer pathways. This
multilevel approach can help learners
distinguish among individual errors, team-
level failures, and organizational barriers.

4-5. In Situ Simulation and System
Safety

An important implication of the present
findings is that in situ simulation shifts the
focus from assessing learners alone to
evaluating the readiness of the broader
care system. Conducted within the actual
clinical environment, in situ simulation can
identify latent safety threats before they
affect real patients. These threats may
include difficulty accessing medications,
unavailable equipment, unclear
responsibilities, poor team communication,
delays in laboratory testing, and failures in
referral or transfer processes.

A review by Grace and O’Malley found
that in situ simulation in emergency
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medicine is valuable for identifying latent
safety threats, with equipment- and
communication-related problems among
the most frequently reported findings (27).
In DKA care, this approach may reveal
potential errors in fluid choice or rate,
insulin initiation, bicarbonate use, glucose
monitoring, or coordination of patient
transfer. Multifaceted programs combining
simulation, performance feedback, and
process improvement have also shown
potential to improve adherence to
guideline-based actions (5, 20, 21).

However, in situ simulation requires
careful planning to avoid disrupting the
care of actual patients. A safety review of
in situ simulation in emergency settings
found that, although the method is useful
for identifying latent threats, reporting on
its effects on real patients present in the
same environment remains limited (28).
Program design should therefore include
coordination with shift leaders, selection of
appropriate times, predefined scenario-stop
procedures for clinical emergencies, and
debriefing only after actual patient-care
priorities have been addressed.

4-6. Implications for Iran

The need for contextually appropriate
educational strategies is reinforced by the
clinical burden of pediatric DKA in Iran.
In a study from southern Iran, 57.1% of
children with newly diagnosed type 1
diabetes mellitus presented with DKA.
Younger age, rural residence, delayed
diagnosis, and lower maternal educational
level were associated with DKA at
presentation (29). These findings highlight
the importance of strengthening the
capacity of healthcare teams to recognize
and manage pediatric DKA promptly and
safely, particularly in settings where
delayed presentation and unequal access to
specialized care may occur.

The findings of this review underscore the
importance of contextual adaptation rather
than simple transfer of technology. In Iran,
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the initial priority should be the
development of standardized, Persian-
language, guideline-based educational
packages for DKA, severe hypoglycemia,
and adrenal crisis. These packages should
include measurable behavioral objectives,
staged scenarios, pre-learning materials,
critical-action checklists, facilitator guides,
structured debriefing plans, and objective
assessment tools.

During the first implementation phase,
appropriately  selected  manikin-based
simulation, tabletop simulation, or screen-
based virtual patients may be used to teach
individual decision-making and algorithm
mastery. In the second  phase,
interprofessional and in situ simulation can
be introduced to strengthen physician—
nurse coordination, assess team readiness,
and identify workflow failures. In the third
phase, VR may be evaluated in selected
centers as a complementary tool for
repeated practice, distance education, and
cognitive preparation.

A review by Kouijzer et al. on VR
implementation in healthcare settings
found that successful adoption requires
barrier identification, a coherent multilevel
strategy, stakeholder engagement,
attention  to  users’ needs, and
organizational ~ support  (27).  Thus,
localization of VR in Iran should involve
more than translating scenario language. It
should reflect the actual availability of
medications, fluids, emergency laboratory
testing, transfer facilities, team
composition, and local clinical protocols.

Implementation planning should also
consider the workload, psychological well-
being, and organizational support needs of
healthcare personnel. A study conducted
among Iranian healthcare workers during
the COVID-19 pandemic identified
substantial levels of anxiety, depression,
and health anxiety and showed that
workplace-related factors were associated
with these outcomes (30). Although this
evidence does not specifically evaluate
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simulation-based education or VR, it
supports the practical importance of
introducing educational innovations with
adequate staffing, protected training time,
accessible faculty support, and managerial
commitment rather than as an additional
uncompensated burden for clinical staff.

Involving  pediatric ~ endocrinologists,
emergency physicians, nurses, medical
educators, clinical pharmacists, and
information-technology  specialists  in
scenario design and validation may
improve content validity, feasibility, and
local acceptability. This approach is
consistent with the findings of Sohrabi et
al., who reported growing use of
simulation in Iranian health professions
education and emphasized the need to
strengthen  intervention  design  and
outcome evaluation (8).

4-7. Research Gaps

First, standardized scenarios for pediatric
adrenal crisis, severe hypoglycemia, HHS,
thyroid  storm, and  CAH-related
hyperkalemia should be developed and
validated. The dominance of DKA in the
literature should not result in educational
neglect of less frequent but high-risk
emergencies.

Second, future research should move
beyond self-reported outcomes and assess
objective indicators, including OSCE
performance, time to critical actions,
accuracy of fluid and medication
administration,  checklist  adherence,
quality of team communication, learning
retention, and system readiness.

Third, fair comparisons are needed among
VR, high-fidelity = manikins, virtual
patients, and blended educational models.
These comparisons should examine not
only educational outcomes but also cost,
feasibility, learner needs, and the
suitability of each modality for individual
versus team-based skills.
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Fourth, future studies should investigate
the transfer of learning from simulation to
clinical practice and patient-related
outcomes. A review by Zendejas et al.
found that simulation-based education,
compared with no intervention or non-
simulation instruction, was associated with
small-to-moderate  benefits in patient
outcomes; however, studies assessing
direct patient outcomes were substantially
fewer than those assessing educational
outcomes (31). This evidence gap is
particularly  important in  pediatric
endocrine emergencies, where critical
events are relatively infrequent and
evaluation of hard clinical outcomes is
challenging.

4-8. Limitations

This narrative review has several
limitations. Heterogeneity in learner
populations, educational technologies,
settings, scenario types, and assessment
instruments limited direct comparison of
findings and precluded quantitative
estimation of effect sizes. In addition, the
retrieved literature was predominantly
focused on DKA, with substantially fewer
data available for other pediatric endocrine
emergencies, particularly thyroid storm
and HHS.

A considerable proportion of included
studies relied on short-term and self-
reported outcomes, such as satisfaction,
confidence, and perceived learning.
Evidence regarding long-term  skill
retention, transfer to real clinical practice,
cost-effectiveness, and patient outcomes
was more limited. Furthermore, published
and retrievable Iranian  evidence
specifically addressing simulation or VR
for  pediatric  endocrine  emergency
education was sparse. Therefore, the
recommendations proposed for Iran should
be interpreted as contextually adapted
implications of international evidence
rather than as conclusions drawn from a
large body of Iran-specific studies.
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5- CONCLUSION

This structured narrative review
indicates that clinical simulation and VR
are complementary approaches for training
in  pediatric  endocrine  emergency
management. High-fidelity manikin-based
and interprofessional  simulation are
particularly suited to practicing clinical
decision-making during dynamic
conditions, responding to complications,
team communication, and crisis-resource
management. In situ simulation can
support learner training while also
identifying performance gaps and latent
safety threats in the real clinical
environment. VR and virtual patients offer
substantial potential for standardized,
repeatable, individual practice in clinical
decision-making.

Current evidence most strongly supports
these interventions in pediatric DKA
education. However, the predominance of
DKA should not prevent the development
of educational scenarios for adrenal crisis,
severe hypoglycemia, CAH-related
hyperkalemia, HHS, and thyroid storm.
Future research should extend beyond
satisfaction and confidence measures to
assess objective performance, accuracy of
treatment decisions, guideline adherence,
teamwork, learning retention, system
readiness, and child-related outcomes.

For Iran, developing locally adapted,
Persian-language, guideline-based
educational packages for DKA, severe
hypoglycemia, and  adrenal  crisis
represents a practical starting point. Such
packages should include staged scenarios,
critical-action checklists, structured
debriefing, interprofessional education,
and objective assessment tools. A phased
implementation strategy—beginning with
appropriate manikin-based simulation or
lower-cost virtual patients, followed by
expansion of in situ training and evaluation
of VR in selected centers—may provide a
realistic path toward safe, sustainable, and
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evidence-informed pediatric  endocrine
emergency education.

6- AUTHORS’ CONTRIBUTIONS

Study conception or design: HK, SP; Data
analyzing and draft manuscript
preparation: HK, and SP; Critical revision
of the paper. HK; Supervision of the
research: HK and SP; Final approval of the
version to be published: HK, and SP.

7- CONFLICT OF INTEREST: None.
8- REFERENCES

1. Glaser N, Fritsch M, Priyambada L, Rewers
A, Cherubini V, Estrada S, Wolfsdorf Jl,
Codner E. ISPAD clinical practice consensus
guidelines 2022: Diabetic ketoacidosis and
hyperglycemic hyperosmolar state. Pediatr
Diabetes. 2022 Nov;23(7):835-856. doi:
10.1111/pedi.13406. PMID: 36250645.

2. Abrigo E, Munarin J, Bondone C, Tuli G,
Castagno E, de Sanctis L, Matarazzo P.
Adrenal insufficiency management in the
pediatric emergency setting and risk factors for
adrenal crisis development. Ital J Pediatr. 2023
Jun 6;49(1):63. doi: 10.1186/s13052-023-
01475-y. PMID: 37280667, PMCID:
PMC10242818.

3. Larson-Williams LM, Youngblood AQ,
Peterson DT, Zinkan JL, White ML, Abdul-
Latif H, Matalka L, Epps SN, Tofil NM.
Interprofessional, multiple step simulation
course improves pediatric resident and nursing
staff management of pediatric patients with
diabetic ketoacidosis. World J Crit Care Med.
2016 Nov 4;5(4):212-218. doi:
10.5492/wjccm.v5.i4.212. PMID: 27896145;
PMCID: PMC5109920.

4. Kyaw BM, Saxena N, Posadzki P,
Vseteckova J, Nikolaou CK, George PP, et al.
Virtual Reality for Health Professions
Education: Systematic Review and Meta-
Analysis by the Digital Health Education
Collaboration. J Med Internet Res. 2019 Jan
22;21(1):e12959. doi: 10.2196/12959. PMID:
30668519; PMCID: PMC6362387.

5. Abulebda K, Whitfill T, Montgomery EE,
Kirby ML, Ahmed RA, Cooper DD, et al.
Improving Pediatric Diabetic Ketoacidosis

Med Edu Bull, Vol.7, N.1, Serial No.19, Jun. 2026

Management in  Community Emergency
Departments Using a Simulation-Based
Collaborative Improvement Program. Pediatr
Emerg Care. 2021 Nov 1;37(11):543-549. doi:
10.1097/PEC.0000000000001751. PMID:
30870337.

6. Kharazmi HA, Asgari A, Parviz S, Sedaghat
A. A Comprehensive Review of Factors
Influencing Precocious Puberty in Iranian
Children: A Comparative Global Perspective.
Health Provid 2025; 5(2): 197-205. doi:
10.22034/hp.2025.542666.1079

7. Monzani A, Corti E, Scalogna A, Savastio
S, Pozzi E, Sainaghi PP, et al. Effectiveness of
a standardized scenario in teaching the
management of pediatric diabetic ketoacidosis
(DKA) to residents: a simulation cross-
sectional study. BMC Med Educ. 2024 Mar
27;24(1):345.  doi:  10.1186/s12909-024-
05334-0. PMID: 38539183; PMCID:
PMC10976788.

8. Sohrabi Z, Ghasemi S, Nouri Khaneghah Z,
Barry A, Zhianifard A, Nosrati S. A Scoping
Review of Quasi-experimental Studies on
Simulation-Based Learning in  Medical
Education: Trends and Insights from the Last
Decade. Med J Islam Repub Iran. 2025 May
20;39:70. doi: 10.47176/m;iri.39.70. PMID:
40740580; PMCID: PMC12309349.

9. Ferrari, R. Writing Narrative Style
Literature

Reviews. Medical Writing, 2015;24: 230-35.
https://doi.org/10.1179/20474806152.0000000
00329.

10. Baethge C, Goldbeck-Wood S, Mertens S.
SANRA-a scale for the quality assessment of
narrative review articles. Res Integr Peer Rev.
2019 Mar 26;4:5. doi: 10.1186/s41073-019-
0064-8. PMID: 30962953; PMCID:
PMC6434870.

11. Sukhera J. Narrative Reviews in Medical
Education: Key Steps for Researchers. J Grad
Med Educ. 2022 Aug;14(4):418-419. doi:
10.4300/JGME-D-22-00481.1. PMID:
35991097; PMCID: PMC9380643.

12. Basheer A. International Journal of
Advanced Medical and Health
Research 2022;9(2):124-26.

doi: 10.4103/ijamr.ijamr_234_22.

1317


https://www.health-providers.ir/?_action=article&au=1541060&_au=Hossein+Ali++Kharazmi
https://www.health-providers.ir/?_action=article&au=1543125&_au=Ali++Asgari
https://doi.org/10.1179/2047480615Z.000000000329
https://doi.org/10.1179/2047480615Z.000000000329
https://www.ovid.com/jnls/iamr/toc/2022/09020

Simulation and VR Training for Pediatric Endocrine Emergencies

13. Committee on Publication Ethics (COPE).
Guidelines on Good Publication Practice and
Core Practices for Journal Editors, Authors,
and Publishers. COPE; 2024. Available from:
https://publicationethics.org/quidance.

14. Mallik R, Patel M, Atkinson B, Kar P.
Exploring the Role of Virtual Reality to
Support Clinical Diabetes Training-A Pilot
Study. J Diabetes Sci Technol. 2022
Jul;16(4):844-851. doi:
10.1177/19322968211027847. Epub 2021 Jul
1. PMID: 34210183; PMCID: PMC9264436.

15. Baek G, Lee E. Effectiveness of a virtual
reality simulation based on experiential
learning theory for enhancing diabetic
ketoacidosis management competencies: a
randomized controlled trial. BMC Med Educ.
2026 Mar 11;26(1):638. doi: 10.1186/s12909-
026-08970-w. PMID: 41814271; PMCID:
PMC13093922.

16. Dupont A, Ciener D, Monteilh C, Bharath
A, Thomas A, Wolpert K, Pearce J. Pediatric
Emergency  Medicine  Didactics  and
Simulation (PEMDAS): Pediatric Sedation
Complications. MedEdPORTAL. 2024 Feb
13;20:11384.  doi:  10.15766/mep_2374-
8265.11384. PMID: 38352651; PMCID:
PMC10861802.

17. Schuh A, Burns R, Reid J, Stone K.
Pediatric Emergency Medicine Simulation:
Hyperkalemia due to Congenital Adrenal
Hyperplasia. MedEdPORTAL.
2015;11:10250. https://doi.org/10.15766/mep_
2374-8265.10250.

18. Walsh BM, Gangadharan S, Whitfill T,
Gawel M, Kessler D, Dudas RA, et al. Safety
Threats During the Care of Infants with
Hypoglycemic Seizures in the Emergency
Department: A Multicenter, Simulation-Based
Prospective Cohort Study. J Emerg Med. 2017
Oct;53(4):467-474.e7. doi:
10.1016/j.jemermed.2017.04.028. Epub 2017
Aug 24. PMID: 28843460.

19. Mahou F, Elamari S, Sulaiman AA,
Bouaddi O, Changuiti O, Mouhaoui M,
Khattabi A. Teaching nursing management of
diabetic ketoacidosis: a description of the
development of a virtual patient simulation.
Adv Simul (Lond). 2023 Jan 11;8(1):2. doi:
10.1186/s41077-022-00241-0. PMID:
36627708; PMCID: PMC9831878.

Med Edu Bull, Vol.7, N.1, Serial No.19, Jun. 2026

20. Alsaedi H, Lutfi R, Abu-Sultaneh S,
Montgomery EE, Pearson KJ, Weinstein E, et
al. Improving the Quality of Clinical Care of
Children with Diabetic Ketoacidosis in
General Emergency Departments Following a
Collaborative Improvement Program with an
Academic Medical Center. J Pediatr. 2022
Jan;240:235-240.e1. doi:
10.1016/j.jpeds.2021.08.081. Epub 2021 Sep
3. PMID: 34481806.

21. Abulebda K, Abu-Sultaneh S, White EE,
Kirby ML, Phillips BC, Frye CT, et al.
Disparities in Adherence to Pediatric Diabetic
Ketoacidosis Management Guidelines Across
a Spectrum of Emergency Departments in the
State of Indiana: An Observational In Situ
Simulation-Based Study. Pediatr Emerg Care.
2024 Nov  1;40(11):e265-e2609. doi:
10.1097/PEC.0000000000001494. Epub 2018
Apr 24. PMID: 29698339.

22. Thim S, Henriksen TB, Laursen H, Schram
AL, Paltved C, Lindhard MS. Simulation-
Based Emergency Team Training in
Pediatrics: A Systematic Review. Pediatrics.
2022 Apr  1;149(4):e2021054305.  doi:
10.1542/peds.2021-054305. PMID: 352378009.

23. Kim S, Lee JH, Jung HJ, Kim M, Lee SK,
Yu J. Effects of virtual reality simulation on
medical students’ emotional and subjective
experience  compared to high-fidelity
simulation in pediatrics clerkship. PLoS One.
2025 Oct 8;20(10):e0323150. doi:
10.1371/journal.pone.0323150. PMID:
41060979; PMCID: PMC12507253.

24. Lie SS, Helle N, Sletteland NV, Vikman
MD, Bonsaksen T. Implementation of Virtual
Reality in Health Professions Education:
Scoping Review. JMIR Med Educ. 2023 Jan
24;9:e41589. doi: 10.2196/41589. PMID:
36692934; PMCID: PMC9906320.

25. Decker S, Sapp A, Bibin L. Healthcare
Simulation Standards of Best Practice®: The
Debriefing Process.Clinical Simulation In
Nursing, 2025; 105: 1-7. Available from:
https://www.nursingsimulation.org/action/sho
wPdf?pii=S1876-1399%2825%2900092-1.

26. Eppich W, Cheng A. Promoting
Excellence and Reflective Learning in
Simulation (PEARLS): development and
rationale for a blended approach to health care
simulation debriefing. Simul Healthc. 2015

1318


https://publicationethics.org/guidance
https://doi.org/10.15766/mep_2374-8265.10250
https://doi.org/10.15766/mep_2374-8265.10250
https://www.nursingsimulation.org/action/showPdf?pii=S1876-1399%2825%2900092-1
https://www.nursingsimulation.org/action/showPdf?pii=S1876-1399%2825%2900092-1

Kharazmi and Parviz

Apr;10(2):106-15. doi:
10.1097/SIH.0000000000000072.

27. Kouijzer MMTE, Kip H, Bouman YHA,
Kelders SM. Implementation of virtual reality
in healthcare: a scoping review on the
implementation process of virtual reality in
various healthcare settings. Implement Sci
Commun. 2023 Jun 16;4(1):67. doi:
10.1186/s43058-023-00442-2. PMID:
37328858; PMCID: PMC10276472.

28. Truchot J, Boucher V, Li W, Martel G,
Jouhair E, Raymond-Dufresne E, et al. Is in
situ simulation in emergency medicine safe? A
scoping review. BMJ Open. 2022 Jul
19;12(7):e059442. doi: 10.1136/bmjopen-
2021-059442.

29. Kharazmi HA, Parviz S, Lashgari Kalat H,
Asgari A, Sedaghat A. Diabetic Ketoacidosis
at the Onset of Pediatric Type 1 Diabetes
Mellitus: Prevalence and Associated Factors in
Southern Iran. Crescent Journal of Medical &
Biological Sciences, 2026;13(3):148. doi.
10.34172/cjmb.2006.

30. Ahmadi A., Lashgari Kalat H.,,
Mohammadi M. H., Mirzaei M., Dadshahi S.,
Kharazmi H. A., Alidousti K., Ghazanfarpour
M., Dehghan A., Zolala S., Jahani Y., Atef S.
Factors Affecting Anxiety, Depression, and
Health Anxiety among Healthcare Workers
during the COVID-19 Pandemic in Iran. HP.
2025;5(1):109-123. doi:
10.22034/hp.2025.526617.1067.

31. Zendejas B, Brydges R, Wang AT, Cook
DA. Patient outcomes in simulation-based
medical education: a systematic review. J Gen
Intern Med. 2013 Aug;28(8):1078-89. doi:
10.1007/s11606-012-2264-5. PMID:
23595919; PMCID: PMC3710391.

Med Edu Bull, Vol.7, N.1, Serial No.19, Jun. 2026

1319



