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Simulation-based training

The recent emphasis on simulation-based training in neurosurgery has led to the development of
many simulation models and training courses.

Simulation-based training is increasingly being used for the assessment and training of psychomotor
skills involved in medicine. The application of artificial intelligence and machine learning technologies
has provided new methodologies to utilize large amounts of data for educational purposes. A
significant criticism of the use of artificial intelligence in education has been a lack of transparency in
the algorithms' decision-making processes.

A study aimed to 1) introduce a new framework using explainable artificial intelligence for simulation-
based training in surgery, and 2) validate the framework by creating the Virtual Operative Assistant,
an automated educational feedback platform. Twenty-eight skilled participants (14 staff
neurosurgeons, 4 fellows, 10 PGY 4-6 residents) and 22 novice participants (10 PGY 1-3 residents, 12
medical students) took part in this study. Participants performed a virtual reality subpial brain tumor
resection task on the NeuroVR simulator using a simulated ultrasonic aspirator and bipolar.

<html><iframe src=“https://player.vimeo.com/video/190588397” width=“640” height=“360”
frameborder=“0” allow=“autoplay; fullscreen” allowfullscreen></iframe> <p><a
href=“https://vimeo.com/190588397”></a> </html>

Metrics of performance were developed, and leave-one-out cross validation was employed to train
and validate a support vector machine in Matlab. The classifier was combined with a unique
educational system to build the Virtual Operative Assistant which provides users with automated
feedback on their metric performance with regards to expert proficiency performance benchmarks.
The Virtual Operative Assistant successfully classified skilled and novice participants using 4 metrics
with an accuracy, specificity and sensitivity of 92, 82 and 100%, respectively. A 2-step feedback
system was developed to provide participants with an immediate visual representation of their
standing related to expert proficiency performance benchmarks. The educational system outlined
establishes a basis for the potential role of integrating artificial intelligence and virtual reality
simulation into surgical educational teaching. The potential of linking expertise classification,
objective feedback based on proficiency benchmarks, and instructor input creates a novel educational
tool by integrating these three components into a formative educational paradigm 1).

Patel et al. aimed to identify the currently available simulators and training courses for neurosurgery,
assess their validity and determine their effectiveness.

Both Medline and EMBASE were searched for English language articles that validate simulation
models for neurosurgery. Each study was screened according to Messick's validity framework, and
rated in each domain. McGaghie's model of translational outcomes was then used to determine a
level of effectiveness (LoE) for each simulator or training course.

Upon screening of 6006 articles, 114 were identified either validating or determining a LoE for 108
simulation-based training models or courses. Achieving the highest rating for each validity domain
were: six models and training courses for content validity; 12 for response processes; 4 for internal
structure; 14 for relations to other variables and none for consequences. For translational outcomes, 6
simulators or training achieved a LoE of greater than 2 and thus demonstrated skills transfer beyond
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the simulation setting.

With the advent of increasing neurosurgery simulators and training tools, there is a need for more
validity studies. Further attempts to investigate translational outcomes to the operating theatre when
using these simulators are particularly warranted. Finally, more training tools incorporating full
immersion simulation and non-technical skills training are recommended 2) 3).

The current simulation technology used for neurosurgical training leaves much to be desired.
Significant efforts are thoroughly exhausted in hopes of developing simulations that translate to give
learners the “real-life” feel. Though a respectable goal, this may not be necessary as the application
for simulation in neurosurgical training may be most useful in early learners. The ultimate uniformly
agreeable endpoint of improved outcome and patient safety drives these investments 4).

Medicine and surgery are turning towards simulation to improve on limited patient interaction during
residency training. Many simulators today utilize virtual reality with augmented haptic feedback with
little to no physical elements.

To optimize the learning exercise, it is essential that both visual and haptic simulators are presented
to best present a real-world experience. Many systems attempt to achieve this goal through a total
virtual interface.

Bova et al., approach has been to create a mixed-reality system consisting of a physical and a virtual
component. A physical model of the head or spine is created with a 3-dimensional printer using
deidentified patient data. The model is linked to a virtual radiographic system or an image guidance
platform. A variety of surgical challenges can be presented in which the trainee must use the same
anatomic and radiographic references required during actual surgical procedures.

Using the aforementioned techniques, they have created a ventriculostomy simulators, percutaneous
stereotactic lesion procedure for trigeminal neuralgia, and spinal instrumentation.

The system has provided the residents an opportunity to understand and appreciate the complex 3-
dimensional anatomy of the 3 neurosurgical procedures simulated. The systems have also provided
an opportunity to break procedures down into critical segments, allowing the user to concentrate on
specific areas of deficiency 5).

Multiple simulators have been developed for neurosurgical training, including those for minimally
invasive procedures, vascular, skull base, pediatric, tumor resection, functional neurosurgery, and
spine surgery.

Advances in imaging and computer technology have led to the development of different simulation
models to complement traditional surgical training. Sophisticated virtual reality (VR) simulators with
haptic feedback and impressive imaging technology have provided novel options for training in
neurosurgery. Breakthrough training simulation using 3D printing technology holds promise for future
simulation practice, proving high-fidelity patient-specific models to complement residency surgical
learning 6).
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Shakur et al., developed a real-time augmented reality simulator for percutaneous trigeminal
rhizotomy using the ImmersiveTouch platform. Ninety-two neurosurgery residents tested the
simulator at American Association of Neurological Surgeons Top Gun 2014. Postgraduate year (PGY),
number of fluoroscopy shots, the distance from the ideal entry point, and the distance from the ideal
target were recorded by the system during each simulation session. Final performance score was
calculated considering the number of fluoroscopy shots and distances from entry and target points (a
lower score is better). The impact of PGY level on residents' performance was analyzed.

Seventy-one residents provided their PGY-level and simulator performance data; 38% were senior
residents and 62% were junior residents. The mean distance from the entry point (9.4 mm vs 12.6
mm, P = .01), the distance from the target (12.0 mm vs 15.2 mm, P = .16), and final score (31.1 vs
37.7, P = .02) were lower in senior than in junior residents. The mean number of fluoroscopy shots
(9.8 vs 10.0, P = .88) was similar in these 2 groups. Linear regression analysis showed that increasing
PGY level is significantly associated with a decreased distance from the ideal entry point (P = .001), a
shorter distance from target (P = .05), a better final score (P = .007), but not number of fluoroscopy
shots (P = .52).

Because technical performance of percutaneous rhizotomy increases with training, they proposed
that the skills in performing the procedure in there virtual reality model would also increase with PGY
level, if this simulator models the actual procedure. The results confirm this hypothesis and
demonstrate construct validity 7).

Simulation technology identifies neurosurgical residency applicants with differing levels of technical
ability. These results provide information for studies being developed for longitudinal studies on the
acquisition, development, and maintenance of psychomotor skills. Technical abilities customized
training programs that maximize individual resident bimanual psychomotor training dependant on
continuously updated and validated metrics from virtual reality simulation studies should be explored
8).

Surgical education is moving rapidly to the use of simulation for technical training of residents and
maintenance or upgrading of surgical skills in clinical practice. To optimize the learning exercise, it is
essential that both visual and haptic cues are presented to best present a real-world experience.
Many systems attempt to achieve this goal through a total virtual interface.

To demonstrate that the most critical aspect in optimizing a simulation experience is to provide the
visual and haptic cues, allowing the training to fully mimic the real-world environment.

Bova et al approach has been to create a mixed-reality system consisting of a physical and a virtual
component. A physical model of the head or spine is created with a 3-dimensional printer using
deidentified patient data. The model is linked to a virtual radiographic system or an image guidance
platform. A variety of surgical challenges can be presented in which the trainee must use the same
anatomic and radiographic references required during actual surgical procedures.

Using the aforementioned techniques, they have created simulators for ventriculostomy,
percutaneous stereotactic lesion procedure for trigeminal neuralgia, and spinal instrumentation. The
design and implementation of these platforms are presented.
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The system has provided the residents an opportunity to understand and appreciate the complex 3-
dimensional anatomy of the 3 neurosurgical procedures simulated. The systems have also provided
an opportunity to break procedures down into critical segments, allowing the user to concentrate on
specific areas of deficiency 9).

Simulation center

Simulation Centers
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