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Introduction: Simulation-based training is increasingly being adopted in cardiac surgery to train future surgeons. Although low- and
high-fidelity cardiac surgical simulations have been described previously, simulation fidelity or the degree to which a simulation
replicates reality is poorly defined and not well established. This study examines the literature on the themes of fidelity using a novel
multidimensional surgical framework.

Methods: A keyword-based literature review was conducted to retrieve published cardiac surgical simulation studies using
MEDLINE and EMBASE, from January 2000 to February 2020. The search was limited to the date of publication and not by type.
Within predefined dimensions, the included articles were thematically analyzed using a hybrid coding approach to identify fidelity
themes and subthemes.

Results: Twenty-six articles were included in the thematic analysis after duplicate removal, screening, and eligibility assessment
based on the inclusion and exclusion criteria. Seven themes were identified within physical, surgical, and interactional dimensions.
They were derived from environmental, equipment, anatomical, physiological, procedural, perceptual, and psychological simulation
components. Subthemes for three levels of realism were generated for each theme by using an iterative process.

Conclusion: This fidelity framework provides educators with actionable guidance for designing cost-effective cardiac surgical
simulation for competency-based training by enabling selective fidelity utilization. Educators can apply this framework through
aligning learning objectives, fidelity dimensions and levels accordingly. The framework facilitates optimal resource allocation by
designing effective and fit for learner simulations.
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Introduction
Simulation-based cardiac surgery training is a valuable tool to teach complex, invasive, and high-stake procedures in safe
environments. Since the beginning, cardiac surgeons have used simulations to practice procedures on animals or cadavers
before performing them on humans.' Recent advances in surgical simulation have motivated training bodies to adapt
simulations to resident training. Considering that surgical education is transforming into competency-based training
rather than the Halstedian apprenticeship model, simulation-based training could certainly be advantageous.” Such
transition puts pressure on surgical educators to advance simulation-based training curricula and instructional design,
and calls for further funding in simulation research.

The literature on cardiac surgical simulation is rich, with several publications documenting significant efforts to
design and validate simulators, build simulation experience, and assess their educational value. Notably, the literature
presented a multitude of simulation experimentation, from bench-top, low-cost, and do-it-yourself simulators to sophis-

ticated complex simulation programs by major academic centers.'>** Frequently, researchers described their simulators as
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having low or high fidelity based on their complexity and technical abilities. It is indisputable that increasing simulator
functions would increase the cost to design, and operate them.’ As a result, without financial backing, access to so-called
“high fidelity” simulators would become limited. Furthermore, this unidimensional approach fails to capture the
complexity of surgical training needs which include importance for continuous access to simulation training and the
dynamic nature of surgical environments. Because simulation operational costs have become a challenge to simulation-
based training, many medical educators have questioned the concept of fidelity.®® This prompted educators to study
fidelity as a construct and add further controversy.”'® This led to inconsistent definitions, terminology, and application in
the literature, hampering a systematic and clear fidelity conceptualization across disciplines.

In surgical simulation, the relationship between the trainee and simulator is unique and essential. This relationship
cannot be characterized exclusively in terms of engineering or simulator functions and capabilities. Surgical simulation
fidelity emerges from several aspects of reality around the trainee, including physical elements, procedures, and
simulation interactions. Here, the concept of dimensional simulation fidelity by Beaubien et al becomes more relevant
and dynamic in surgical simulation design.'' This approach is particularly relevant to surgical simulation where selective
use of fidelity may be more important that global high fidelity. In fact, surgical educators can design simulation
experiences with fit-for-purpose fidelity and cost efficiency in mind.'? Furthermore, enhancing simulation design by
utilizing fidelity could address learner needs and streamline their training and assessment.

Despite growing cardiac surgical simulations, no previous effort has systematically studied how fidelity is concep-
tualized and reported in the literature. This thematic literature review intends to expand the dimensional fidelity concept
by mapping and identifying its themes in cardiac surgical simulation.

Theoretical Framework and Aim

Pragmatically, overarching fidelity dimensions may be derived from actual surgical practice. Kneebone et al demon-
strated this in their circles of focus simulation concept.'® In The innermost circle encompasses the surgical field in which
surgery is actively been performed, thus establishing a surgical field dimension. Lies outside that circle, the surrounding
environment, and its elements; hence, a physical dimension was added. Finally, the outermost least-focused circle
represents the general context of the disease. In addition, the trainee’s interaction with the simulation itself could be
a major modifier for enhancing simulation authenticity. Rystedt et al advocated considering this interaction as an
indication of simulation fidelity. Therefore, we included an interactional dimension'* Importantly, simulation authenticity
is defined as the subjective experience of a simulation activity to be relevant to a learner’s reality.

The aim of this thematic review was to identify fidelity themes according to a multidimensional framework expanded
from Kneebone et al and Rystedt et al work and to generate subthemes that determine the level of realism (low,
intermediate, and high) for each theme within cardiac surgical simulation. The research questions were as follows: (1)
What are the fidelity themes in cardiac surgical simulations according to the predefined fidelity dimensions? (2) What
subthemes determine their level of realism?

Methods

Study Design and Search Strategy

A literature review was conducted using MEDLINE (January 2000-February 2020) and EMBASE (January 2000—
February 2020). Medical Subject Heading (MeSH) terms and keywords were identified using the Population, Interest and
Context (PICo) framework for qualitative research. The search strategy was formulated using population (cardiac surgery
trainees), interest (surgical simulation), and context (training) (Box A.1 in the appendix). The search covered simulated

publications in English, and a search was conducted on the retrieved studies for cited references. Duplicates were
removed using MEDLINE and EMBASE database advanced tools.

Screening
Our initial search identified 880 sources of evidence, and 425 article abstracts were retrieved after removing duplicates.
Screening of titles and abstracts yielded 99 articles for full-text analysis. Of these, 76 articles did not meet the inclusion
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and exclusion criteria. Subsequently, 23 articles were included, and three were added from a reference search for a total
of 26 articles. The PRISMA flowchart in Figure 1 depicts the screening and assessment processes.

The full-text review of 99 articles determined eligibility according to predetermined criteria, which included 1)
simulation-based training with a defined outcome; 2) involving cardiovascular training; 3) trainees including residents,
fellows or attendings 4) including cardiac surgical procedures; 5) all simulator modalities; and 6) including a description
of the simulation design. Articles offering a technical description of simulation technology were excluded.

Analysis and Coding

Thematic analysis was conducted to identify themes and subthemes using a hybrid approach with deductive and
inductive coding. One author (M.A.) examined the articles’ text, photographs, and video-based data. This process was
accomplished by the following established steps: familiarization by reading and viewing data from articles and generat-
ing initial codes manually using an iterative process. Themes and subthemes were then identified, the initial results were
reviewed by the authors (K.L., J.H., H.M, and M.M)., and a thematic map was created. After the final analysis by the

Records identified through Additional records identified
database search through other sources
(n = 880) (n=12)

Records after de-duplication

(n=425)
A\ 4
Abstracts screened R Records excluded
(n =425) i (n = 326)
Full-text articles Records excluded with
assessed for eligibility — reasons
(n=299) (n=76)
Duplicates
A (n=35)
Non-physician traini
Articles included in on-p (ynsEu;:l) raining
thematic review No full-text available
(n=23) (n=17)
Technical design
articles
(n=3)
Articles included from

references search
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A4

Total articles included
for thematic review
(n =26)

Figure | PRISMA flowchart of screening and assessment process.
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authors (M.A., K.L., and J. H)., themes were organized, renamed, and defined to generate a final report. The coding
process included initial deductive coding, where three overarching dimensions (physical, surgical field, and interactional)
were examined within the data. This resulted in identifying the initial codes manually and inductive coding, followed by
consolidating the extracted codes into 13 initial themes and an extensive search for subthemes. The retrieved subthemes
were aimed at identifying the patterns of gradual simulation realism within the data. The review process involved
analyzing and testing the final themes and subthemes.

Results

Studies Characteristics

The years of publication of the included studies ranged from 2008 to 2020. Studies were conducted in the United States
(n=14), Canada (n=4), China (n=2), Turkey (n=2), and other countries (n=4). The publications were empirical articles,
with comparative studies being the most prevalent (single group, pre-post test (n=9), single group, post-test (n=5),
randomized controlled trials (n=4), observational studies (n=4), and others (n=4)). Table A.1 in the appendix summarizes

other descriptive characteristics, such as simulators utilized, simulator modality, targeted competencies or skills, and
outcomes. Targeted cardiac surgical competencies included coronary artery bypass grafting (n=8), aortic and venous
cannulation, cardiopulmonary bypass or extracorporeal membrane oxygenation management (n=6), aortic or mitral valve
procedures (n=4), multiple cardiac surgical procedures (n=3), heart transplant and left ventricular assist device insertion
(n=2), congenital procedures (n=2), and aortic anastomosis (n=1).

Thematic Analysis

The three predefined overarching fidelity dimensions, physical, surgical field, and interactional dimensions by Kneebone
et al and Rystedt et al, were the starting point of the analysis by the author (M.A). The deductive coding process started
by reading the articles in search of patterns of meaning that might be coded. The initial codes were noted manually and
included features that fit under predefined dimensions (eg, physical elements: surgical lights, conversations, alarms,
colors, and surgical instruments). This proceeded inductively by looking for themes that aggregated the codes, yielding
13 primary themes (eg, sounds and equipment under the physical dimension). Subsequently, subthemes that generated
meanings of gradual increases or reductions in realism (low, intermediate, and high realism) commenced. This was
followed by a continuous review of themes and subthemes to ensure consistency across articles. As a result, seven
themes generated after redefinition, renaming, and subthemes were reviewed again within the articles to refine and update
them (Figure 2). Finally, two themes were identified and reported for the physical dimension: (1) the simulation
environment and (2) simulation equipment. Three themes were identified in the surgical field dimension: (3) surgical
anatomy, (4) surgical physiology or pathology, and (5) procedural steps. Finally, the two themes for the interactional
dimension: (6) perceptual interactions, and (7) psychological interactions. The results of thematic analysis are presented
in Tables1-3.

Themes

Physical Themes

In the Simulation environment, almost all studies (n = 24) described the environment surrounding the simulated activities
in a variety of ways. The majority reported a detailed description of the physical space in which the activity was
performed, as well as environmental elements such as sounds, light, functions, and appearances. In fact, realism is closely
related to those elements; for instance, low realism in a physical space would equal practicing at home or a basic
simulation laboratory without operating room physical cues.'> 7 Advancing levels of realism would provide a greater
resemblance to the real surgical zone around the trainee, such as a simulated operating room or an actual operating
room.'®'” Simulation equipment, The majority of the studies (n = 23) mentioned the equipment used in their simulation
exercises. Multiple studies emphasized the use of real surgical instruments to train skills, some studies described the use
of specific devices that are crucial to the simulation context (eg use of a surgical robot, cardiopulmonary bypass pump,
and prosthetic heart valves).”>>* The level of realism was primarily determined by the degree of improvised items, the
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Deductive coding stage

- Define main dimensions and themes
- Extract of codes from articles

U

Inductive coding stage

- Group extracted codes into themes
- Identify fidelity themes and realism subthemes

U

Reviewing stage

- Review, collate and rename themes and subthemes
- Test and verify themes across data set

Figure 2 Hybrid thematic analysis stages.

presence of devices or elements essential to context and most importantly the use of real surgical-grade instruments.
Surgical equipment contributes significantly to the authenticity of the experience as it provides a unique surgical
simulation theme.

Surgical Field Themes

Surgical anatomy, All the studies addressed the anatomical features of the surgical field. Meanings were retrieved from
descriptive simulation designs or from attached photos and videos. Some articles referenced the use of simulators based
on previously published technical descriptions. These publications were retrieved for verification, if needed. The levels of
realism of the simulated field ranged from a lack of accurate anatomical details to absolute realism by using human
cadavers.'>?%%¢ Furthermore, the use of three-dimensional printing to create synthetic models with accurate pathological
anatomy significantly increased the level of realism.”*** Surgical physiology and pathology, each study (n = 26) was
successfully mapped for physiological and pathological surgical field functions by extracting multiple codes from text,
photos, and videos. The most coded physiological functions simulated a beating heart to increase realism and induce
pathological reactions during surgical scenarios to add complexity.””*®*” Some simulations were created with only one

Table | Physical Dimension Themes and Subthemes

Themes Low Realism Intermediate Realism High Realism
Environmental ® Basic simulation laboratory'>~'” ® Introduction of OR or ICU physical elements | ® Simulated operating room'®'?
fidelity ® No physical elements of a real ICU or OR (lights, appearances, and sounds) ® Simulated intensive care unit
® At home practice ® Introduction of OR or ICU personnel (limited, | ® A fully interactive surgical or
® Dissection laboratory non-interactive, not in a realistic setting) intensive care team
® No OR or ICU personnel ® A real operating room or
intensive care unit
Equipment ® No realistic instruments or devices ® Presence of some improvised equipment ® Real surgical instruments,
fidelity ® All equipment is improvised ® State when instruments needed for a specific task gowns, and surgical drapes
® The surgical elements are not realistic or not is real, but the setup is not (real needle holder but (specific to the surgical field)
appropriate (the suture is a different type, or the retractors are improvised) ® Real surgical devices or/
prosthetic valve is improvised) ® Deficiency of an important device that is essential adjuncts (cautery, CPB pump,
for context (valve seizer) surgical robot)?*2?
® Real surgical elements
(sutures, drains, gauze, valves,
rings etc).m'22
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Table 2 Surgical Field Dimension Themes and Subthemes

Themes Low Realism Intermediate Realism High Realism
Anatomical ® Deficient anatomical details (no accu- | ® Use of animate model but involving a different | ® Use of animate models that mimic human
fidelity rate and realistic anatomical relation- anatomical area or field (practice coronary anasto- anatomy in a proper context
ship, shape, or structure) mosis on carotid artery) ® Use of alive animate models
® Synthetic or plastic models (veins, | ® Presence of anatomical details (including patholo- | ® Cadaveric simulation'>2>2
arteries, or hearts) with no accurate gical anatomy) on a synthetic model (mitral valve
anatomical or pathological details prolapse on silicon modeI)B‘24
® No animate or alive models ® Hybrid models (synthetic vein on a swine heart)
Physiological ® Deficient physiological functions (beat- | ® Presence of an important physiological function | ® Presence of multiple physiological functions
fidelity ing, pressurization, bleeding, or relaxa- (singular) that make a single task more complex that provide realistic physiology and com-
tion of muscle) (beating, bleeding, pressurization)?”?® plexity for a whole procedure®®?'
® Deficiency of an important pathologi- | ® Presence of a pathological function that allows | ® Allow multiple tasks to be performed and
cal function (leaflet prolapse of a valve) a single task to be performed (examination of leaf- interventions to be simulated
® Static models (no vitality) let prolapse of a valve)?’ ® Ability to introduce pathological functions
during simulation
Procedural ® Procedural steps cannot be performed | ® Procedural steps can be performed fully with mini- | ® Procedural steps can be performed without
fidelity fully for a single task?22932 mal technical interruption (inherent to the simula- interruption and in chronological order
® Technical interruption of any per- tor design and not trainee ability) ® A whole procedure can be completed with
formed task ® Allow procedural steps to be done but not in almost all required essential tasks
® No chronological order chronological order (no accuracy)
® No procedural completion ® A whole procedure cannot be carried out without
missing a task (complete arterial and venous
cannulation)

Table 3 Interactional Dimension Themes and Subthemes

Themes Low Realism Intermediate Realism High Realism
Perceptual ® pPhysical properties are perceived to be | ® Synthetic models with improved perceivable physical prop- | ® Physical properties are perceived to be as real (feel,
fidelity unrealistic (feel, look, tissue feedback) erties (improved tactile feedback)zs’27 look, tissue feedback)”’36
® The context does not include audiovisual | ® Physical properties are unrealistic, but an added function | ® Audiovisual cues and communications are realistic and
cues or real communication provides a perceivable dimension (synthetic artery on beating accurate®
®  Physical properties are perceived in 2D station) ®  Physical properties are perceived on an animate model
dimension (using a robot to suture ® The context includes minimal audiovisual cues and real in robotic surgery (using a robot to suture an animate
a virtual valve) communication heart)?°
® Physical properties are perceived in 3D dimension (using
a robot to suture 3D artery)
Psychological ® Unsupervised free practice or home- ® Supervision by an inexperienced member (trainee at the ® The trainee is supervised by an experienced
fidelity based same level) member!>'62!:35
® No added anatomical or physiological | ® Minimal resemblance of the environment to a real setting | ® Complex anatomical and physiological functions or alive
elements (complexity) (minimal elements of OR or ICU) animate model
® No immediate feedback or assessment ®  Training is video recorded but not for assessment or the ® |mmediate feedback or instructions from the
®  Unrecorded practice trainee is not aware instructor'®19:3¢
® No team members were involved in the | ® Training is designed to improve surgical exposure but not | ® Training is timed and video recorded for assessment
simulation for skill acquisition (showcase rare repairs) purposes and the trainee is aware®®
® No context or interactive clinical ® Feedback is expected but not immediate ® Real and accurate context or scenario (crisis scenario)
scenario ® Context does not involve real interaction with surgical team | ® Simulated or real OR or ICU
[ ]

Context involves an interaction with surgical team

(non-technical skills)

needed physiological or pathological function, resulting in a higher level of realism.?® Other simulators used complex

technology to simulate multiple physiological functions, providing a realistic clinical scenario.’**" In Surgical proce-

dural steps, all studies (n = 26) included a description of the procedural tasks that were supposed to be simulated by

trainees. Some studies intended to teach non-technical cardiac surgical scenarios but did not address surgical

skills.?>?%3238 Ag a result, trainees were evaluated based on their ability to perform complete clinical assessments and

provide a management plan. For these simulations, the ability to perform complete assessments and management steps

was considered the degree of realism. For simulated technical procedures, the ability to perform all tasks with minimal

interruption was deemed high in realism. Incompleteness or frequent interruptions in the performance of these tasks
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confer a lower level of realism. Additionally, the following chronological order was considered higher realism and vice
versa.

Interactional Themes

The perceptual interactions, all studies (n = 26) characterized the perceptual relationship of the trainee with the simulator
to some extent. The majority of them have shown that employing surgical models with great anatomical details improves
perceptual reactions (eg, animate models or cadaveric tissues), as they provide a realistic appearance and tissue feedback
and react to surgical tasks accurately.”>27¥3¢ Alternatively, some studies have created highly interactive surgical
scenarios with realistic audiovisual cues that were perceived as authentic by trainees as real.*® On the other hand, virtual
reality training on robots was not regarded as realistic. However, the use of animate models with robots markedly boosted
realism perceptually.?’ The psychological interaction, most of the studies (n = 25) were mapped for triggers that result in
greater psychological or affective responses as a consequence of interaction with simulation experiences. For example,
home practice and surgeon-supervised simulation sessions have different experiences for each trainee. The combination
of video recording and awareness of assessment has placed trainees in a more psychologically demanding
situation.'>'?!*> Immediate and repetitive feedback from surgeons simulated a real trainee-instructor interaction
throughout the procedure.'®'*>® Multifunctional complex simulators involving team interaction elicited far more realistic
affective responses.

Discussion

This literature review and thematic analysis used multidimensional fidelity to establish seven major themes of cardiac
surgical simulation fidelity. The detected themes were developed based on expansive dimensions from the studies of
Kneebone et al and Rystedt et al. Given that our research question aimed to identify fidelity themes and subthemes, this
review successfully met its objectives. As most of the included studies have been published over the past decade, this
thematic framework was formulated using recent data from a growing field of surgical simulation. As a result, the
dimensional fidelity themes established may guide future simulation and instructional design in cardiac surgical
simulation-based training and facilitate the uniformity of fidelity definitions.

The analysis generated two themes by expanding the physical dimension, which encompassed all major physical
triggers outside the surgical field for trainees. Consequently, we compiled many codes under an environmental fidelity
theme that included the location of the simulation exercise and its elements (ie, home or simulation laboratory without
the physical elements of the actual operating room or personnel in a real simulated operating room with dedicated staff).
This theme was closely related to the psychological theme, where interaction with the simulation in a low environmental
fidelity setting (eg, home or residents’ lounge) resulted in reduced psychological responses and vice versa. In addition,
the analysis revealed that environmental fidelity often correlated with training objective, basic skills training required
minimal realism while team training was performed in maximum realism. The other is the equipment fidelity theme,
which maps physical tools and instruments (ie, improvised items, surgical tools, and elements to real ones). It is often
associated with perceptual themes in which improvised items do not provide more perceptual realism. This also holds
true for anatomical fidelity, where realistic equipment resulted in the simulation being perceived as authentic (eg, using
cautery and retractors on cadaveric tissue). All of these intertwined relationships between themes necessitated that while
designing a certain simulation exercise, one may consider how these themes would interact with one another and whether
it is necessary. For example, using real surgical instruments in low realism environments or anatomical models was
proved cost-effective.'®

Three themes specific to the surgical site were identified under the surgical field dimension, which was developed
from Kneebone’s innermost circle of focus. The anatomical theme corresponded to the accuracy of anatomical details and
relationships. It was evident that the level of realism increased when synthetic materials were replaced with hybrid and
animate models. Rich anatomical features are sometimes necessary to replicate a surgical field but might be overlooked
when the attention is on a strictly technical task requiring repetitive movements and deliberate practice (eg, practicing
complex suturing techniques and instrument manipulation). This theme is relevant when high anatomical realism presents
a distraction rather than a requirement for novice learners training on basic surgical skill (eg, repetitive suturing).
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The second theme is physiological fidelity, which was mapped from models that replicated a normal or abnormal
function, and was critical when educators incorporated bleeding and beating functions or used live animals to simulate
a real surgical field. This translated into better authenticity and engagement, as well as produced complexity (eg,
practicing cardiopulmonary bypass on beating the animate heart to observe the physiological responses). It is important
to highlight increased cost with higher physiological realism especially when requiring higher realism in other themes
(eg, environmental, anatomical, equipment). Finally, the procedural fidelity theme was dependent on the completion,
interruption, and chronological order for any given task or procedure. This provided an important simulation feature that
might have a detrimental effect on learning outcomes if the trained tasks are not performed completely or in order. As
observed, procedural fidelity depends on the desired objectives (ie, subthemes related to levels of realism were consistent
when it was a simple singular task or a procedure with many tasks). Notably, non-procedural tasks such as situational
awareness could not be accounted for because this theme is exclusive to performing surgical acts. In addition, novice
learners need low procedural realism as they acquire deconstructed skills and then advance into higher levels when
training on full procedures. Finally, the three themes interacted with the interactional dimension when their realism was
enhanced (eg, the addition of physiological functions, such as bleeding, would boost psychological fidelity).

The interactional dimension, as proposed by Rystedt et al, generated two themes: a perceptual fidelity theme, in which
the simulation is perceived by the trainee to be realistic or unrealistic. It was evident that the accurate features of animate
models provided better perceptual fidelity and were regarded as better than synthetic non-animate models. In addition,
audiovisual cues, such as alarms, conversations, and gray noise, enhance realism. This theme is relevant to surgical
simulation because it enhances the authenticity of the surgical sense and physical interaction of the trainee with the model
(eg, inserting a cannula in a pressurized animal aorta has higher perceptual fidelity than a plastic tube). Finally, the
psychological fidelity theme featured stimuli that might heighten the trainees’ affective responses. Certainly, low
anatomical, physiological, and environmental fidelity is associated with low complexity and psychological interaction,
and vice versa. Additional subthemes included supervision by a staff surgeon and instantaneous feedback as a genuine
stimulus for trainees in real practice. Likewise, simulating a complicated urgent situation involving interactions with
multiple teams elicits a real psychological response. This theme provided elements that could be manipulated during
simulation to raise or reduce psychological fidelity for trainees, thereby aiding in the design of exercises suited to the
trainee level and task required (eg, less stressful exercises for novices to enable skill acquisition, followed by increasing
the psychological load as they advance). Altogether, the seven surgical fidelity themes are not mutually exclusive because
their presence depends on their level of realism for a given design rather than on the present or absent dichotomy.*® The
complex interaction between themes revealed that high realism in one dimensions did not necessarily require higher
realism in others. For instance, the coronary anastomosis trainer benefited from high procedural and perceptual fidelity
but required minimal environmental realism.'® Conversely, team training on emergency scenarios demanded high
environmental and psychological fidelity but tolerated lower anatomical and procedural domains.

Certainly, fidelity is not a well-established concept, and the published surgical education literature does not define it
consistently.'” In fact, cardiothoracic surgery educators have urged for robust educational research since there is a paucity
of high-quality research.*” By mapping meanings of surgical fidelity beyond prior definitions and further extending
previous simulation educators’ work, this analysis can provide educators with universal definitions and standard
operational frameworks.”'*'**! This effort has the potential to bring consistency to the field with the indirect goal of
improving simulation research through the use of uniform terminology and themes. Depending on their top-priority
surgical fidelity themes and level of realism, educators may compare various simulations and their outcomes better.
Additionally, the cost-benefit of healthcare simulation is understandably a limiting issue, with no clear evidence of
a return on investment.*? In fact, there is no strong evidence to back up the use of expensive, high-fidelity simulation for
strong and tangible outcomes.'' Alternatively, utilizing the framework of dimensional fidelity, augmentation of low-
realism and affordable simulation may be a valid solution. As an illustration, adding pertinent perceptual fidelity elements
(eg, adding a synthetic tissue with actual feedback to a simple coronary anastomosis trainer or using progressive
anatomical fidelity to teach skills on a synthetic valve model before fine-tuning it on an animate heart) may enhance
authenticity.
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Table 4 Dimensional Fidelity Framework Implementation Guide for Educators

Steps Goals

| — Define learning objectives Specify targeted competencies using established framework (accreditation bodies)

2 — Conduct dimensional fidelity analysis For each objective: evaluate required fidelity dimensions and theme (eg physical dimension and equipment theme)
3 — Select appropriate fidelity — objective fitment Match realism levels to learning objectives and learner level (eg basic skill: high procedural, low environment,

intermediate perceptual and psychological)

4 — Optimize resources allocation Prioritize themes that are critical for objectives, evaluate commercial versus self-developed simulators and
consider hybrid settings.

5 — Assess and refine settings Assess learning against fidelity investments and document effective configurations depending on learner needs.

It is impossible to overlook the fundamental change in surgical education toward competency-based instruction and
assessment.” In real practice, trainees must develop certain competencies that they would not have encountered
throughout their training and may need simulation to fill in gaps. To achieve this, the simulation instructional design
and desirable outcomes or competencies must be aligned. We propose a guide for dimensional fidelity to flexibly help
modify various simulation designs to target specific competencies more effectively, Table 4. For example, a competency
that requires pure technical skills can be exercised using a simulation design that prioritizes equipment and procedural
fidelity, while maintaining cost efficiency. This implies that rather than seeking simulation that resembles the aviation
industry in healthcare, surgical instructors should strive for fit-for-purpose design.*’ It is enticing to aim for high
technological properties in simulation design in surgical training, although this may provide advanced technological
functions, this may not translate into better training outcome.® This is due to the fact that surgical simulation is unique to
its discipline with many unpredictable clinical scenarios and different technical approaches. Compared to aviation,
surgical simulation design must be adaptable to train various surgical skills and procedures within limited time and
resources. However, this simplistic approach to fidelity should not persuade educators to depend solely on it to enhance
simulation. In fact, the fidelity is only one facet of the overall simulation mosaic. A recent systematic review identified
the features that promote fidelity and authenticity in simulation-based education. They included featuring real-life
content, feedback, performance expectations, logical scenarios, cueing and other elements.** This model while developed
for cardiac surgery, non-cardiac surgical disciplines can apply the dimensional fidelity framework and modify its themes
according to their domains, while maintaining the principle of selective fidelity. Finally, the findings of this research,
which support calls not to abandon fidelity as a simulation principle, further broaden understanding of dimensional
fidelity from previous descriptions. They also supported skill training via a cost-efficient design by offering an
operational fidelity framework in the era of competency-based cardiac surgical education. While acknowledging
uncertainty of surgical simulation costs and return of investment, this framework could democratize simulation training

by reducing cost barriers while maintaining simulation quality and authenticity.

Limitations

This literature review utilized deductive and inductive thematic analysis, which provides a flexible and reliable
methodology to extract meanings from a large body of data, and highlights the similarities and subtleties of fidelity.
This strategy increased the overall mapping of diverse literature and generated new findings, but not without limitations.
First, quality appraisal was not performed because the included articles had high heterogeneity in methodology and
varying reporting of the simulation design. Since our aim was limited to mapping the existing literature for fidelity
themes, we decided not to exclude any studies after the application of inclusion and exclusion criteria, which helped
capture broader meanings. Finally, theme extraction was dependent on the quality of reporting of the simulation design,

conduct, and results, which varied across the articles.
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Conclusion

A multidimensional framework was used to thematically map fidelity in the cardiac surgery simulation. The analysis
generated seven fidelity dimensional themes and various subthemes that reflected their level of realism. This novel
dimensional fidelity concept challenges prevailing assumptions about fidelity, demonstrating that selective enhancement
of specific fidelity dimensions may achieve educational goals more efficiently than pursuing uniform higher uniform
fidelity. This framework can be utilized in curriculum design by defining learning objectives, selecting dimensional
themes and levels, matching them appropriately and allocating resources as needed. Barriers to implementation include
faculty training, and institutional support. Future research should validate the framework and explore optimal fidelity
dimensions configurations for specific educational competencies.
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