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ABSTRACT

An optional simulation training programme for Anaesthesiology residents was developed and incorporated into
a National Pedagogical Plan at the Biomedical Simulation Centre of Centro Hospitalar e Universitario de Coim-
bra, Portugal, tailored to each specific year of residency. This study aimed to evaluate participants’ assessment
of the module and its perceived impact.

METHODS: Confidential pre- and post-module questionnaires were completed by all the residents who attended
the simulation modules between February 2011 and March 2018.

RESULTS: A total of 340 questionnaires were answered. Residents' self-assessment of the importance of core
concepts in Anaesthesiology increased significantly during the Year | and Year Il modules (p <0.05) and then
plateaued until the end of year IV. Self-assessment regarding training also improved from the pre-Year | module
to the end of Year IV (p <0.05). Nevertheless, significant fluctuations were observed when comparing pre-post
responses within the same module (p <0.05) and when comparing post-module scores with the pre-module
scores of the following year (p <0.05). An exception was observed in advanced life support (ALS) training, which
showed a marked increase during the Year | module and subsequently remained consistently high until the final
year. In contrast, self-assessment of overall experience and training followed a similar trajectory with less pro-
nounced fluctuations over the course of the programme.
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CONCLUSION: Self-assessment of the role of simulation in Anaesthesiology training was positive, with the great-
est gains noted during the first year of the residency. These findings suggest that the implementation of a
national simulation-based training initiative enhances self-perceived competence in key domains essential to a
robust educational programme.
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RESUMO

INTRODUCAO: O Centro de Simulacdo Biomédica do Centro Hospitalar e Universitario de Coimbra, em Portugal,
desenvolveu um programa opcional de formacdo com simulacdo, integrado num Plano Pedagdgico Nacional
destinado a médicos internos de Anestesiologia. O programa foi estruturado de forma diferenciada para cada
ano do internato médico. Este estudo pretende avaliar a percecdo dos participantes relativa ao mddulo e ao seu
impacto.

METODOS: Foram aplicados questionarios confidenciais antes e apds a realizacdo de cada médulo, preenchidos
por todos os internos que frequentaram os modulos de simulacdo entre fevereiro de 2011 e marco de 2018.

RESULTADOS: Foram obtidos 340 questionarios. A avaliacado dos internos quanto a importancia de véarios con-
ceitos-chave em Anestesiologia aumentou significativamente durante os modulos do 1° e 2° anos (p <0,05),
estabilizando posteriormente até ao final do 4° ano. A autoavaliacdo relativa ao nivel de formacdo também
evidenciou um aumento significativo e consistente do inicio do 1° ano até ao final do 4° ano (p <0,05). Ainda
assim, registaram-se flutuacdes estatisticamente significativas entre a avaliacao pré e pds de todos os modulos
(p < 0,05), bem como entre os resultados pds-maddulo e os resultados do pré-modulo do ano seguinte (p < 0,05).
A principal excecdo foi observada na formacao em suporte avancado de vida, que apresentou um aumento im-
portante durante o mddulo do 1.° ano, mantendo-se elevada e estével até ao final do Ultimo mdédulo. Por outro
lado, a autoavaliacdo da experiéncia e da formacéo global seguiu uma evolucdo semelhante, mas com flutuacoes
menos acentuadas ao longo dos diferentes anos.

CONCLUSAO: A autoavaliacdo do papel da simulacdo na formacdo em Anestesiologia é globalmente positiva,
sendo mais expressiva no primeiro ano do internato médico. Os nossos resultados sugerem que a implemen-
tacdo de uma iniciativa nacional de formacao baseada em simulacdo potencia a percecdo de competéncia em

dominios essenciais para a consolidacao de um programa educacional robusto.

PALAVRAS-CHAVE: Anestesiologia; Educacdo Médica; Internato e Residéncia; Treino com Simulacao

INTRODUCTION

Simulation education has been a trend and is now rec-
ognized as part of medical education, mainly due to
decreased opportunities to practice in real-world situ-
ations and concerns about patient safety.’*

In Anaesthesiology, the number of challenging tech-
nical procedures is increasing, leading to a higher in-
cidence of procedure-related complications, partic-
ularly when the anaesthesiologist is not adequately
trained.?” Therefore, it is essential to develop strate-
gies to address these issues, in alignment with the eth-
ical imperative to ensure the safety of both patients
and healthcare professionals.

Medical simulation in Anaesthesiology has shown
promising results regarding effectiveness and efficien-
cy.68
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To bridge the gaps in Anaesthesiology teaching and
to integrate the simulation as a pedagogical reference
tool, the Biomedical Simulation Centre of Centro Hos-
pitalar e Universitario de Coimbra (BSC-CHUCQ), Portu-
gal, offers an optional pedagogical plan (National Ped-
agogical Plan) to all Anaesthesiology residents. This
plan comprises four simulation modules designed ac-
cording to the curricular goals defined by the specialty
board and in a team-oriented way.”'* The curriculum
development occurred based on a six steps approach:
step 1: problem Identification and general needs as-
sessment; step 2: needs assessment for each year of
residency; step 3: goals and objectives - aligned with
the curricular requirements defined by the Portuguese
Board of Anaesthesiology; step 4: select and apply ad-
equate educational strategies; step 5: design the strat-
egy of implementation; step 6: definition of evaluation
and feedback indicators - carried out by a group of



experts comprising hospital coordinators of the An-
aesthesiology residency programme, all of whom had
received specific training as simulation instructors.

The evaluation of simulation-based training as an edu-
cational tool presents a challenge, owing to the need for
objective and reliable assessment instruments. Accord-
ingly, we developed structured questionnaires to obtain
participants’ evaluations of the training modules.*!

Therefore, this study aimed to evaluate the progres-
sion and perceived impact, through self-assessment,
of Anaesthesiology residents enrolled in the simula-
tion programme at BSC-CHUC over the four years of
specialist training. This assessment was based on con-
fidential questionnaires administered in person, before
and after each specific simulation module, including
individual and team learning, behaviour, and course
evaluation questions. Skills, knowledge, and attitudes
are integral components of clinical performance, and
the presented study focuses on the technical aspects
of the learning and training process.

Although this work was conceptually grounded in An-
aesthesiology training, the findings of our study are
potentially applicable across all fields of medical ed-
ucation. Accordingly, we aimed to explore the role of
simulation in influencing individual and team learning,
corresponding to Level 1 (Reaction) of the Kirkpatrick
model.?216

METHODS
STUDY DESIGN

This prospective observational study was designed to
evaluate the impact of the Anaesthesiology National
Pedagogical Plan of BSC-CHUC in the self-assessment
of confidence, behaviour, and training of Portuguese
Anaesthesiology residents. Residents who participat-
ed in the optional simulation modules completed an
in-person questionnaire, before and after each simula-
tion module, designed according to the program con-
tents of each year of the Anaesthesiology Residency
Program (ARP) (Table 1).1*

Questionnaires that had been previously developed,
validated, and translated into English'” included items
addressing learning, behavioural components, and the
evaluation of the pedagogical content of each simula-
tion module. The draft questionnaire was designed by
two anaesthesiologists with experience in simulation.
To ensure face and content validity, the items were re-
viewed for clarity, syntax and relevance by a panel of 5
experts with recognised expertise in simulation-based

TABLE 1. Programmatic content of each simulation mo-
dule

- Basic pharmacology in Anaesthesiology

- Basic and advanced airway

- Ventilation

- Ultrasound in Anaesthesiology |

Year | i . .
- Central and peripheral cannulation using

ultrasound
- Neuraxial anaesthesia and local anaesthetics
- ALS

- Leadership and health management

- Difficult airway management

- Supraglottic and transcutaneous devices
Yearll - Fibroscopy principles

- Ultrasound in Anaesthesiology I

- Regional blocks

- Anaesthetic approach to the burn patient

- Assessment of a trauma patient

- Massive haemorrhage management

- Pathophysiology and management of acute
respiratory distress syndrome (ARDS)

- ARDS ventilation

- Pathophysiology of sepsis

- Management of a septic patient

- Anatomy-physiological changes of pregnancy
- Labour analgesia

Year Il

- Obstetric emergencies
- Effective communication

- Crisis resource management in
anaesthesiology

- Operating room (OR) emergencies

Year IV

Anaesthesiology training. The questionnaires were
administered to 30 participants of the Anaesthesiolo-
gy National Pedagogical Plan from BSC-CHUC, in two
pilot-courses. These participants were Anaesthesiolo-
gy residents from CHUC belonging to the target group
of the questionnaires.

Learning questions were the same across the four
years (horizontal questionnaire - Table 2).

SETTING

This was an observational study conducted in Portu-
gal, between 2011 and 2018, at the BSC-CHUC. The
same simulation modules were offered at BSC-CHUC
on a consistent and optional basis from February 2011
onwards.

PARTICIPANTS

Four participants were included in each section with the
roles of senior fellow (1%t help), fellow, and 2 residents,
according to each scenario. Each scenario included an
actor and an instructor, who set the scene for the sim-
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TABLE 2. Horizontal questionnaire for evaluation over
the 4 years of Anaesthesiology Simulation Pedagogical
Plan. These questions were performed pre-and pos-
t-simulation modules in each year of the residency in
Anaesthesiology.

Q1 How do you assess your training for critical events
in the operating or emergency room?

Q2.1 ..airway management?

Q2.2 ..ventilatory monitoring?

Q2.3 ...cardiac monitoring?

Q2.4 ..neuromuscular block monitoring?

Q3.1 ..indifficult airway management?

Q3.2 ..inALS?

Q3.3 ...for emergencies in your clinical practice?
Q3.4 ...in crisis resource management?

Q3.5* ...in obstetric emergencies?

Q3.6* ...intrauma?

Q4.1 ..indifficult airway management?

Q4.2 .inALS?

Q4.3 ..for emergencies in your clinical practice?
Q4.4 ...in crisis resource management?

Q4.5* ..in obstetric emergencies?

Q4.6* ...intrauma?

Simulation team training is an important

Q17 complement to the residency program
Qis A regular simulation update plan should be
defined
Simulation team training improves clinical daily
Q19 .
practice
Q20 Simulation team training may have an impact on

patients' clinical outcome
*Questions only apply to the 3 year questionnaire

ulation and assigned the roles. All residents were active
in hot seats. The scenarios' script was related to each
module's content, described in Table 1, and representa-
tive ones are included as supplementary data (Addition-
al file 1). Each scenario was preceded by a briefing that
set the scene for the simulation and assigned the roles.
Participants should know who they are, where they are,
and what their role is. Participants were all Anaesthe-
siology residents who participated in the optional sim-
ulation modules at BSC-CHUC, and this was the only
inclusion criterion to participate in this study.

PATIENT SIMULATION

The mannequins used were 2 iStan (CAE), 1 PediaSIM
(CAE), 1 SimBaby (Laerdal), and 1 Noelle (Gaumard).
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All the performed modifications are specified in the
scenario scripts that include technical and non-techni-
cal pedagogical goals. These goals are also structured
in all the points of the debriefing. (Additional File 1).

SIMULATION ENVIRONMENT

All the scenarios were developed at the simulation
centre. Each scenario had all the settings, technical
support, and equipment expected in the clinical envi-
ronment. The simulation environment included 3 sim-
ulation rooms: an operating room, which maintains all
the atmosphere of a surgery room, a post-anaesthetic
care unit, and an emergency room or ward. The exter-
nal stimuli were the continued clinical practice.

SIMULATION EVENT/SCENARIO

Annually, approximately 15 residents participated in
each module, with the number of modules per vear
depending on the number of enrolled residents. Most
simulations were conducted in groups with specif-
ic individual and group learning objectives. Adjuncts
to simulation practice included moulage, media, and
props. All the facilitators were Anaesthesiology con-
sultants with specific simulation instructor training (Eu-
SIM course or Center for Medical Simulation - Harvard
Medical School). Furthermore, all actors and standard-
ized/simulated patients had an introductory simulators
instructor course offered by the BSC-CHUC.

TIMELINE AND DESIGN

Simulation modules were performed during the first
trimester of each specific year, being integrated as part
of the residency training. Participants had the oppor-
tunity to repeat each scenario.

Standards for participant performance were defined
in alignment with the goals for each year of training
designed by the Anaesthesiology Board of the Portu-
guese Medical Association and evidence-based infor-
mation for each clinical event. Every situation that de-
manded special individual attention had one assigned
instructor for follow-up.

Since every situation was integrated as part of the resi-
dency training, the difficulty was aligned with the goals
for each year of training designed by the Anaesthesiol-
ogy Board of the Portuguese Medical Association. To
sustain the learning process, educational support and
small lectures were given.

DEBRIEFING

Following each scenario, the instructor facilitated a
structured debriefing. Each scenario was followed by



a debriefing session approximately three times longer
than the simulation itself, with two facilitators present.
All debriefings followed three distinct phases: descrip-
tion, analysis, and application, concluding with key
take-home messages.

VARIABLES AND METHOD
OF ASSESSMENT

All variables were collected on an anonymized data-
base specifically designed for the study. The source
of all the variables were the specific questionnaires
applied before and after each simulation module. The
collected variables were grouped in individual learn-
ing and simulation impact. Answers were given on an
eleven-point Likert Scale (0-10, ranging from null to
maximum) for individual learning questions and a five-
point Likert Scale for simulation impact (O-strongly
disagree; 1-partially disagree; 2-no opinion; 3-partially
agree; 4-strongly agree).

BIAS

The study was only based on residents' self-assess-
ment, which can constitute a source of bias due to in-
tra-personal variability.

QUANTITATIVE VARIABLES

All collected variables were quantitative.

STATISTICAL METHODS

Non-parametric statistical methods were used. All
analyses were performed using the Wilcoxon test. Val-
ues are presented as mean (95% confidence intervals).
Data analyses were performed using SPSSv20 (IBM,
USA). Tests were considered significant at a<0.05 sig-
nificance level (two-sided).

RESULTS

A total of 340 answered questionnaires were included
in the study: the first-year module was completed by
76 residents, the second year by 89, the third year by
82, and the fourth year by 93 residents. The median
age of the residents in the first year was 26 years, with
a minimum of 25 years and a maximum of 29 years.
Seventy-four percent of the responses belong to fe-
male patients. All residents were affiliated to a region-
al or district hospital. None had other experience with
high-fidelity simulation programs.

All figures, except Fig. 4, are grouped in panels cor-
responding to different groups of questions, except
Panel A. Panel A corresponds to the first question,

a general one, regarding each student's perception
about critical events in the operating or emergency
room (Q1 - Table 2). Panels B, C, and D include ques-
tions regarding the importance given by the student to
critical points in Anaesthesiology (Q 2 - Table 2), the
perception of each student about their training in the
same critical points in Anaesthesiology (Q3 - Table 2)
and each student's own experience in the same critical
points in Anaesthesiology (Q4 - Table 2), respectively.
Panel E includes questions about the role of simulation
training in the educational process (Q17, Q18, Q19,
and Q20 - Table 2).

PRE-MODULE SELF-EVALUATIONS

Fig. 1 presents all pre-module self-evaluations con-
ducted annually, allowing comparison across all four
years. When comparing Year | with Year I, all panels
show a significant increase in scores, except for the
items related to the importance attributed to critical
points in Anaesthesiology (Panel B). This suggests that
students were already aware of the key concepts in
Anaesthesiology from the outset of their training. The
only notable exception was the increased importance
attributed to neuromuscular blockade in the pre-Year
[l assessment compared to pre-Year .

Regarding comparing Year Il to lll, it is essential to note
the decrease in panel A, demonstrating an increase
in the awareness about the students' preparation for
critical events. In the importance attributed to (pan-
el B), students gave more importance to ventilatory,
cardiac, and neuromuscular block monitoring in the
third year. The perception about training in the man-
agement of critical events also increased from the sec-
ond to the third year (panel C). It is interesting to point
out the decrease noted in clinical practice experience
and the increase in the experience in difficult airway
management (panel D). From the second to the third
year, students gave more importance to simulation as
a complement to the Anaesthesiology resident pro-
gram (panel E).

From Year Il to IV, it is possible to verify a stabilization
in almost all variables. The exceptions were in panel B,
particularly in the importance given to cardiac moni-
toring, which is higher in the fourth year; in panel D
regarding the experience in the management of critical
events that are higher in Year IV; in panel, E showing
that students ultimately agreed on the importance of
periodic simulation actualizations in Year Il and also
agreed with the fact that simulation could impact the
clinical evaluation of patients.
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FIGURE 1. Pre-module self-evaluations performed at each vyear,
comparing all years (Mean). Panel A: Q1 - Table 2; Panel B: Q2
- Table 2; Panel C: Q3 - Table 2; Panel D: Q4 - Table 2; Panel E:
Q17,Q18, Q19 and Q20 - Table 2.
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POST-MODULE SELF-EVALUATIONS

Fig. 2 shows all post-module evaluations at each year,
comparing all years. From Year | to Year Il, students
increased their awareness about their preparation in
critical events in the operating or emergency room
(Panel A). There was an increase in the importance
given to airway management and cardiac monitoring
(panel B), in the level of evaluation about their training
in ALS and emergencies during clinical practice (panel
C), in their experience in difficult airway management,
in emergencies during clinical practice and in the man-
agement of critical events (Panel D), and in the level
of agreement regarding the importance of simulation
team training during the residency program (Panel E).

From post-module Year Il to Year Ill, students per-
ception of preparedness to deal with critical events
in the operating or emergency room reduced (Panel
A), demonstrating a raised awareness of their self-ef-
ficacy; increased the importance given to ventilatory
monitoring and neuromuscular monitoring (Panel B),
the evaluation of their training in airway management,
emergencies during their clinical practice and in the
management of critical events (Panel C), the experi-
ence in emergencies during clinical practice and de-
creased the confidence about their experience in the
management of critical events (Panel D). There was
also an increased agreement regarding the importance
of simulation team training during the residency pro-
gram (Panel E).

Comparing Year Ill with Year IV, there was an increase
in the confidence regarding preparedness to deal with
critical events in the operating or emergency room
(Panel A), no differences in the importance attributed
to critical points of anaesthesiology (panel B), and an
increase in the level of training about critical events
management (Panel C). The level of experience also
increased in ALS and critical events management (pan-
el D), and no differences regarding the importance of
simulation training (Panel E).

EVALUATION OVER TIME

Fig. 3 analyses all evaluation moments, showing a sig-
nificant evolution of the students during each simula-
tion module (pre-post analysis). In the first year, there
was a significant improvement in all the questions. In
the second year, the differences were also significant,
except the evaluation of training level in ALS and the
agreement regarding the inclusion of simulation in a
periodic updating plan, both of which remained un-
changed compared to Year I. In the third year, there
were four questions whose answers did not change



FIGURE 2. Post-module self-evaluations performed at each year, FIGURE 3. Evaluation over time comparing pre-module and post-

comparing all years (Mean). Panel A: Q1 - Table 2; Panel B: Q2 -module at all evaluation moments (Mean). Panel A: Q1 - Table 2;
- Table 2; Panel C: Q3 - Table 2; Panel D: Q4 - Table 2; Panel E: Panel B: Q2 - Table 2; Panel C: Q3 - Table 2; Panel D: Q4 - Table
Q17,Q18, Q19 and Q20 - Table 2. 2; Panel E: Q17, Q18, Q19 and Q20 - Table 2.
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FIGURE 4. Global evolution of the simulation modules. Mean + 95% ClI.

before and after the simulation module: the impor-
tance of neuromuscular blocking, the experience of
difficult airway management, the inclusion of simula-
tion in a periodic actualization plan, and the impact of
simulation in the improvement of clinical practice. In
Year |V, similar to Year lll, the importance of neuro-
muscular blocking did not change with the module, nor
did all guestions of panel E, regarding the importance
of simulation. In response to these questions, all stu-
dents agreed on the high impact and importance of
simulation.

Comparisons between self-assessment of each
post-module questionnaire with the pre-module of
the following year were also performed to address
the learning during residency (post-pre analysis). Com-
paring post-Year | with pre-Year Il, the preparedness
for critical events increased (panel A). However, the
importance attributed to critical points in Anaesthe-
siology decreased (panel B). Regarding panel C, the
evolution showed a marked increase in the training in
difficult airway, contrary to the management of critical
events that decreased from post-Year | to pre-Year Il.
All other comparisons showed statistically significant
differences, except for the evaluations concerning
training for emergencies in clinical practice and the
perceived impact of simulation training on patients’
clinical outcomes.

When comparing post-Year Il with pre-Year Ill, the
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evolution is mainly positive except for the preparation
for critical events, the training about ALS, emergen-
cies in the clinical practice, and critical events manage-
ment, which decreased. This is also accompanied by a
decrease in the experience of emergencies in clinical
practice and critical events management. The same
pattern was found in the comparison between post-
Year Il and pre-Year IV.

Regarding the four questions that only belong to the
Year Il questionnaire (3.5, 3.6, 4.5, and 4.6), the evo-
lution was positive in all the questions (p <0.05). Q3.5:
pre 6.44 (6.31-6.56) and post 8.10 (8.03-8.16); Q3.6:
pre 6.83 (6.70-6.96) and post 8.84 (8.76-8.92); Q4.5:
pre 6.43 (6.30-6.55) and post 8.06 (7.98-8.14); Q4.6:
pre 6.86 (6.70-6.86), post 8.85 (8.77-8.92).

GLOBAL EVOLUTION

Fig. 4 shows the global evolution of the simulation
modules. All trends are positive, apart from Q3.3 re-
garding the importance of cardiac monitoring, which
was already high before the first-year simulation mod-
ule and therefore, the difference for the post-fourth
year evaluation was not significant

DISCUSSION

Our study demonstrates that, across all simulation
modules delivered throughout each year of the Anaes-



thesiology residency, self-assessed learning and com-
petency development showed consistent improve-
ment. Notably, in the first year, the difference between
pre- and post-module self-assessments regarding the
perceived value of simulation was several-fold, indicat-
ing a substantial initial impact. In the remaining years,
the differences were not so pronounced. Respecting
the results of the self-assessment learning between
simulation modules, there was an overall drop from
post- simulation assessment in the previous vyear,
compared with the pre-simulation assessment of the
following year. Finally, self-assessment of the simula-
tion modules was positive for all the evaluated param-
eters, meaning that the self-perception of competence
improved the key for any educational program. The
unigue exception is for the self-assessment of the
importance of cardiac monitoring that was as high at
the beginning of the simulation modules as it was at
the end. However, we have to point out that it is not
entirely attributable to simulation since the evaluation
was done by residents who were in a constant learning
process, according to the pedagogical content of each
year.

In Portugal, Anaesthesiology is considered an option-
al subject in most medical schools. Therefore, in most
cases, residents have their first meaningful contact
with this medical specialty and its various components
during postgraduate training. This helps to explain the
findings in our study, which demonstrate that simula-
tion had a significantly greater impact in the first year
compared to subsequent years.

The variations observed in the knowledge acquisition
process across different modules suggest that resi-
dents progressed along Dreyfus’ model of skill acquisi-
tion, moving from unconscious incompetence to con-
scious incompetence.’® This shift is likely related to the
increasing clinical experience and growing self-aware-
ness of Anaesthesiology residents during each specific
year of training. Furthermore, some loss or dilution of
previously acquired concepts over time may also influ-
ence their self-evaluations.

During the first-Year, residents reported increased
confidence in technical skills such as airway manage-
ment, ventilation, cardiovascular support, and neuro-
muscular blockade, as well as in understanding their
importance within Anaesthesiology. Although there
was a slight decrease between post-Year | and pre-
Year Il, the values stabilized after post-Year Il until
the end of the study. Nevertheless, and besides this
knowledge, the knowledge/awareness process fluctu-
ations were much more marked, except for ALS, which

stabilized after pre-Year Il. ALS is the standard ERC
ALS training and belongs to the first-year curriculum,
and therefore these results suggest that the training in
the first year was sufficient for the residents' knowl-
edge in this crucial area. Moreover, the variations in
the experience in ALS presented the same pattern.
The impact of simulation training in ALS is well doc-
umented; when combined with traditional medical
training, it has shown promising results compared with
traditional education.” Furthermore, it should be not-
ed that 26% of the questionnaires were completed by
residents with an ALS background, which constitutes
a valuable complement to their training.

The changes observed in training on difficult airway
management appeared paradoxical: after a marked
increase from post-Year | to pre-Year |l, there was a
notable decline during Year Il. The initial increase sug-
gests that residents had substantial exposure to airway
management during their first year of residency and
perceived themselves as having achieved a high level
of competence in this skill. However, during the Year ||
simulation module, when specific training in the man-
agement of difficult airways was delivered, residents
became aware of a critical gap in their competence in
this area. Notwithstanding, the experience regarding
difficult airway management stabilized after post-Year
[l until the end of the program with a slight decrease
between post-Year Il and pre-Year IV, again demon-
strating the gain of awareness at different timings of
the training process and a loss of concepts throughout
the year.

This is of paramount importance since airway manage-
ment is a cornerstone in Anaesthesiology, emergency,
and critical care medicine that can have a considerable
impact on patient safety.*820-22

Emergencies and critical events management simula-
tion belong to last year module, which may explain the
variations found not only in training but also in the ex-
perience. Each simulation module, as demonstrated by
pre- and post-module comparisons, had a positive im-
pact on training and experience in the management of
emergencies and critical events. Nevertheless, in the
intervals between modules (post-to-pre comparisons),
average self-assessment scores declined. This sug-
gests that, over the course of years, residents develop
greater self-awareness and insight into their training,
including recognition of existing performance gaps.

This was also demonstrated regarding their prepa-
ration for critical events: until post-Year I, residents
perceived an increase and stabilization (pre Il-post II)
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on their preparation in critical events management.
However, after that, variations occur, and although the
preparation increased during the simulation module, it
decreased between consecutive simulation modules.
It is known that clinicians' performance during a crisis
is variable and imperfect. Simulation seems to be well
suited to fill this potentially lethal gap without an im-
pact on patient safety.?32*

It was somewhat unexpected to find that the percep-
tion about the positive effect of simulation in team
training was relatively low initially, increased after post
Year |, and stabilized after that. The same pattern was
verified in the importance attributed to team simula-
tion training in the clinical evolution of patients. Team
training is crucial in the context of anaesthesia since the
team is composed of elements with different degrees of
training, experience and skills, that work in a technologi-
cally complex environment and, often, without previous
mutual knowledge.?® Moreover, Anaesthesiology is the
specialty most frequently confronted with airway-relat-
ed critical events in the emergency department, oper-
ating theatre, and intensive care unit, underscoring the
vital importance of effective teamwork.?®

During residency, trainees are shaped into indepen-
dent clinicians, and simulation increases the learning
opportunities, sharing responsibility for patient safe-
ty, and overcoming communication barriers.?¢ With an
education based on simulation, residents can acquire
psychomotor skills required for a procedure and be-
come "pre-trained novices" in their first standardized
procedures with real patients.'* However, it is still
unclear how simulation should be effectively incor-
porated in education. One crucial issue is the stan-
dardization of all aspects of simulation healthcare,
such as the curriculum, the staff, the environment,
and teaching, research, or assessment methods.?” The
impact or benefit of simulation-based training should
be rigorously assessed by research in its various di-
mensions.?”%% One of the dimensions is the resident
self-assessment performed in this study.

This study was a national, innovative, and comprehen-
sive project in which enrolment was optional, and we
had to find a balance that would allow us to evaluate
the program itself. We considered that a more formal
assessment could inhibit participants from enrolling,
compromising the program itself. Nevertheless, our
results are only based on residents' self-evaluation,
which is a limitation since it only addressed the results
of simulation training, in the context of residency, from
the resident's point of view. Therefore, the results may
be skewed by different self-perceptions, and there was
no independent evaluation of the learning curve to
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confirm this self-evaluation. Therefore, further studies
need to objectively address the performance of the
residents evaluated by the trainer. Finally, since only
residents that voluntarily enrolled in the program were
included, these residents are, a priori, more prone and
willing to learn.

CONCLUSION

This study shows that a simulation program standardi-
zed according to the curricular objectives defined by
the Portuguese Board of Anaesthesiology positively
impacts the learning process of Anaesthesiology resi-
dents. Our findings also provide insight into the poten-
tial impact of simulation in medical education beyond
the field of Anaesthesiology. A structured simulation
programme, aligned with the learning objectives of
each specialty, could positively influence both the trai-
ning and professional behaviour of residents.

In the first year of residency, the impact of simulation
was more pronounced than in subsequent years. Bet-
ween simulation modules, there was a decline in self-
-assessed learning, which may be attributed to increa-
sed self-awareness and critical reflection on one’s own
competencies. Taken together, our findings support
the establishment of a national programme designed
to be accessible to all Anaesthesiology residents. Such
a programme would enhance clinical performance,
complement traditional education, and enable longi-
tudinal follow-up of participants throughout the four
years of training.

DECLARACAO DE CONTRIBUICAO
/CONTRIBUTORSHIP STATEMENT

FMM, MRM, IM - Concecéo, recolha de dados, andlise
estatistica, interpretacdo de dados, preparacao do ma-
nuscrito e revisao critica

GN - Preparacdo do manuscrito e revisdo critica

Todos os autores aprovaram a versao final a ser pu-
blicada

FMM, MRM, IM - Design, Data collection, Statistical
analysis, Interpretation of data, Preparation of manus-
cript and Critical review

GN -Preparation of manuscript and Critical review

All'authors approved the final version to be published.

RESPONSABILIDADES ETICAS

CONFLITOS DE INTERESSE: Os autores declaram a
inexisténcia de conflitos de interesse na realizacdo do
presente trabalho.



FONTES DE FINANCIAMENTO: N&o existiram fontes ex-
ternas de financiamento para a realizacao deste artigo.

CONFIDENCIALIDADE DOS DADOS: Os autores decla-
ram ter seguido os protocolos da sua instituicao acerca
da publicacdo dos dados de doentes.

PROTECAO DE PESSOAS E ANIMAIS: Os autores decla-
ram que os procedimentos seguidos estavam de acor-
do com os regulamentos estabelecidos pela Comisséao
de Etica responsavel e de acordo com a Declaracdo de
Helsinquia revista em 2024 e da Associacdo Médica
Mundial.

PROVENIENCIA E REVISAO POR PARES: Ndo comissio-
nado; revisdo externa por pares.

ETHICAL DISCLOSURES

CONFLICTS OF INTEREST: The authors have no con-
flicts of interest to declare.

FINANCING SUPPORT: This work has not received any
contribution, grant or scholarship

CONFIDENTIALITY OF DATA: The authors declare that
they have followed the protocols of their work center
on the publication of patient data.

PROTECTION OF HUMAN AND ANIMAL SUBJECTS: The
authors declare that the procedures followed were in
accordance with the regulations of the relevant clinical
research ethics committee and those of the Code of
Ethics of the World Medical Association (Declaration
of Helsinki as revised in 2024).

PROVENANCE AND PEER REVIEW: Not commissioned;
externally peer-reviewed.

REFERENCES

1. ZivA, Wolpe PR, Small SD, Glick S. Simulation-based medical
education: an ethical imperative. Acad Med. 2003;78:783-8.
doi: 10.1097/00001888-200308000-00006.

2. Savoldelli GL, Burlacu CL, Lazarovici M, Matos FM, @stergaard
D; Utstein Simulation Study Group. Integration of simulation-
-based education in anaesthesiology specialist training: Syn-
thesis of results from an Utstein Meeting. Eur J Anaesthesiol.
2024;41:43-54. doi: 10.1097/EJA.0000000000001913.

3. So HY, Chen PP, Wong GK, Chan TT. Simulation in medical
education. J R Coll Physicians Edinb. 2019;49:52-7. doi:
10.4997/JRCPE.2019.112.

4. Yunoki K, Sakai T. The role of simulation training in anesthe-
siology resident education. J Anesth. 2018;32:425-33. doi:
10.1007/s00540-018-2483-y.

5. Ostergaard D. National Medical Simulation training pro-
gram in Denmark. Crit Care Med. 2004;32:558-60. doi:
10.1097/01.ccm.0000110743.55038.94.

6. Berger-Estilita JM, Greif R, Berendonk C, Stricker D, Schnabel
KP. Simulated patient-based teaching of medical students im-
proves pre-anaesthetic assessment: A rater-blinded randomi-

sed controlled trial. Eur J Anaesthesiol. 2020;37:387-93. doi:
10.1097/EJA.0000000000001139.

7. Baker DP, Day R, Salas E. Teamwork as an essential com-
ponent of high-reliability organizations. Health Serv Res.
2006;41:1576-98.doi:10.1111/j.1475-6773.2006.00566 ..

8. Zdravkovic M, Berger-Estilita J, Sorbello M, Hagberg CA.
An international survey about rapid sequence intubation of
10,003 anaesthetists and 16 airway experts. Anaesthesia.
2020;75:313-22. doi: 10.1111/anae.14867.

9. Cook TM, Woodall N, Frerk C; Fourth National Audit Project.
Major complications of airway management in the UK: results
of the Fourth National Audit Project of the Royal College of
Anaesthetists and the Difficult Airway Society. Part 1: anaes-
thesia. Br J Anaesth. 2011;106:617-31. doi: 10.1093/bja/
aer058.

10. Lorello GR, Cook DA, Johnson RL, Brydges R. Simulation-ba-
sed training in anaesthesiology: a systematic review and me-
ta-analysis. Br J Anaesth. 2014;112:231-45. doi: 10.1093/
bja/aet414.

11.Ministério da Saude. Portaria n® 49/2011 de 26 de Janeiro.
Diario da Republica, Série I. 18/2011. Lisboa: MS; 523-9.

12.Motola I, Devine LA, Chung HS, Sullivan JE, Issenberg SB.
Simulation in healthcare education: a best evidence practical
guide. AMEE Guide No. 82. Med Teach. 2013;35:e1511-30.
doi: 10.3109/0142159X.2013.818632.

13.Kirkpatrick DL. Evaluating training programs: evidence versus
proof. Training Develop J. 1977; 31:9-12.

14.Castanelli DJ. The rise of simulation in technical skills tea-
ching and the implications for training novices in anaes-
thesia. Anaesth Intensive Care. 2009;37:903-10. doi:
10.1177/0310057X0903700605.

15.Boet S, Sharma S, Goldman J, Reeves S. Review article:
medical education research: an overview of methods. Can
J Anaesth. 2012;59:159-70. doi: 10.1007/s12630-011-
9635-y.

16.Dieckmann P, Manser T, Wehner T, Rall M. Reality and Fiction
Cues in Medical Patient Simulation: An Interview Study with
Anesthesiologists. J Cognitive Engin Decision Making. 2007;
1:148-68.

17.Matos FM, Martins MR, Martins I. Non-technical skills pro-
gression during anesthesiology residency in Portugal: the
impact of a National Pedagogical Plan. Med Educ Online.
2020;25:1800980. doi: 10.1080/10872981.2020.1800980.

18.Pena A. The Dreyfus model of clinical problem-solving skills
acquisition: a critical perspective. Medical Educ Online. 2010;
15:10.3402/meo.v15i0.4846.

19.Sanri E, Karacabey S, Eroglu SE, Akoglu H, Denizbasi A. The
additional impact of simulation based medical training to tradi-
tional medical training alone in advanced cardiac life support:
a scenario-based evaluation. Signa Vitae. 2018; 14:68-72.

20.Rall M, Dieckmann P. Safety culture and crisis resource
management in airway management: general principles to
enhance patient safety in critical airway situations. Best Pract
Res Clin Anaesthesiol. 2005;19:539-57. doi: 10.1016/j.
bpa.2005.07.005.

21.Bessmann EL, @stergaard HT, Nielsen BU, Russell L, Paltved
C, QOstergaard D, et al. Consensus on technical procedures
for simulation-based training in anaesthesiology: A Delphi-
-based general needs assessment. Acta Anaesthesiol Scand.
2019;63:720-9. doi: 10.1111/aas.13344.

22.Thomsen JLD, Ngrskov AK, Rosenstock CV. Supraglottic
airway devices in difficult airway management: a retros-
pective cohort study of 658,104 general anaesthetics re-
gistered in the Danish Anaesthesia Database. Anaesthesia.
2019;74:151-7. doi: 10.1111/anae.

GAZETA MEDICA N°1 VOL. 13 - JANEIRO/MARGO - 2026 - 25



23.Cook TM, Woodall N, Harper J, Benger J; Fourth National
Audit Project. Major complications of airway management in
the UK: results of the Fourth National Audit Project of the
Royal College of Anaesthetists and the Difficult Airway So-
ciety. Part 2: intensive care and emergency departments. BrJ
Anaesth. 2011;106:632-42. doi: 10.1093/bja/aer059.

24.Weinger MB, Banerjee A, Burden AR, Mclvor WR, Boulet J,
Cooper JB, et al .Simulation-based Assessment of the Ma-
nagement of Critical Events by Board-certified Anesthesio-
logists. Anesthesiology. 2017;127:475-89. doi: 10.1097/
ALN.0000000000001739.

25.Rosen MA, Salas E, Wu TS, Silvestri S, Lazzara EH, Lyons R, et
al. Promoting teamwork: an event-based approach to simu-
lation-based teamwork training for emergency medicine re-
sidents. Acad Emerg Med. 2008;15:1190-8. doi: 10.1111/j.
1553-2712.2008.00180.x.

26.Pian-Smith MC, Simon R, Minehart RD, Podraza M, Rudolph
J, Walzer T, et al. Teaching residents the two-challenge rule: a
simulation-based approach to improve education and patient
safety. Simul Healthc. 2009 Summer;4:84-91. doi: 10.1097/
SIH.0b013e31818cffd3.

26 - GAZETA MEDICA N°1 VOL. 13 - JANEIRO/MARGO - 2026

27.Cumin D, Weller JM, Henderson K, Merry AF. Standards for
simulation in anaesthesia: creating confidence in the tools. Br
J Anaesth. 2010;105:45-51. doi: 10.1093/bja/aeq095.

28.54-Couto C, Patrado L, Maio-Matos F, Pégo JM. Biomedical Si-
mulation: Evolution, Concepts, Challenges and Future Trends.
Acta Med Port. 2016;29:860-8. doi: 10.20344/amp.8403.

29.McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. Revi-
siting ‘A critical review of simulation-based medical educa-
tion research: 2003-2009". Med Educ. 2016;50:986-91. doi:
10.1111/medu.12795.

30.Issenberg SB, Ringsted C, Ostergaard D, Dieckmann P. Set-
ting a research agenda for simulation-based healthcare
education: a synthesis of the outcome from an Utstein sty-
le meeting. Simul Healthc. 2011;6:155-67. doi: 10.1097/
SIH.0b013e3182207c24.

31.Dieckmann P, Phero JC, Issenberg SB, Kardong-Edgren S, Os-
tergaard D, Ringsted C. The first Research Consensus Summit
of the Society for Simulation in Healthcare: conduction and
a synthesis of the results. Simul Healthc. 2011;6 Suppl:S1-9.
doi: 10.1097/SIH.0b013e31822238fc.



