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NEUROSURGERY

The Development of a Virtual Simulator for
Training Neurosurgeons to Perform and Perfect
Endoscopic Endonasal Transsphenoidal Surgery

BACKGROUND: A virtual reality (VR) neurosurgical simulator with haptic feedback may
provide the best model for training and perfecting surgical techniques for trans-
sphenoidal approaches to the sella turcica and cranial base. Currently there are 2
commercially available simulators: NeuroTouch (Cranio and Endo) developed by the
National Research Council of Canada in collaboration with surgeons at teaching hos-
pitals in Canada, and the Immersive Touch. Work in progress on other simulators at
additional institutions is currently unpublished.

OBJECTIVE: This article describes a newly developed application of the NeuroTouch
simulator that facilitates the performance and assessment of technical skills for endo-
scopic endonasal transsphenoidal surgical procedures as well as plans for collecting
metrics during its early use.

METHODS: The main components of the NeuroTouch-Endo VR neurosurgical simulator
are a stereovision system, bimanual haptic tool manipulators, and high-end computers.
The software engine continues to evolve, allowing additional surgical tasks to be per-
formed in the VR environment. Device utility for efficient practice and performance
metrics continue to be developed by its originators in collaboration with neurosurgeons
at several teaching hospitals in the United States. Training tasks are being developed for
teaching 1- and 2-nostril endonasal transsphenoidal approaches. Practice sessions
benefit from anatomic labeling of normal structures along the surgical approach and
inclusion (for avoidance) of critical structures, such as the internal carotid arteries and
optic nerves.

CONCLUSION: The simulation software for NeuroTouch-Endo VR simulation of trans-
sphenoidal surgery provides an opportunity for beta testing, validation, and evaluation
of performance metrics for use in neurosurgical residency training.
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here is increasing support for the concept
that surgical skills should be initially learned
in a laboratory setting rather than in the

operating room." "> Cost-effective alternatives to
traditional training schema have been advo-

cated.'"® Public demand and the highly visible

ABBREVIATIONS: CTA, cognitive task analysis; VR,
virtual reality
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safety programs in the aviation industry have led
to new educational paradigms in neurosurgery
and other surgical specialties."”?* This is partic-
ularly true in teaching the commonly performed
endoscopic endonasal transsphenoidal surgical
approach.”*?® The indirect view and confined
work space characteristic of this procedure
increase the potential for technical errors.

Safe performance of this approach relies on
pliable and easily manipulated soft tissues, a con-
dition that is difficult or impossible to simulate
with embalmed surgical specimens.””*° Three-
dimensional computer-based models have been
described to augment surgical education and
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provide an opportunity for preoperative rehearsal of trans-
sphenoidal procedures.”’** An additional advantage of virtual
reality (VR) over cadaver training will be its potential to study an
individual patient’s endoscopic anatomy before the actual
surgery.”** Simulation with haptic feedback could further
answer some of these educational needs.>*** Some of the first
developments in VR endoscopy were for otolaryngologists, for
the demanding training needs of endoscopic sinus surgery.>>*>4
Experience with validation studies in general surgery showed that
the use of virtual laparoscopy simulators increased accuracy,
reduced errors, and decreased the time to complete a task. The
National Research Council Canada has described a first attempt
to develop standardized training modules for technical skills
acquisition in neurosurgical oncology for use on the National
Research Council Canada NeuroTouch VR simulator (Figure 1.7
Work is currently under way to evaluate technical expertise in
neurosurgery in the VR environment.**? Indeed, international
neurosurgery educators have recently expressed the opinion that
“VR-based simulators in general are now matured enough to
consider them for a worldwide regular surgery curriculum”

(Cakmak response in Delorme et al article!”).

Objective

The objective of this report is to describe the development of 1
simulator that facilitates the acquisition and assessment of
technical skills for endoscopic endonasal transsphenoidal proce-
dures. The goal is to create and define a program for resident
training that may be applied in residency curricula and at
international neurosurgical residency boot camps. The simulation
should begin with sessions that familiarize the user with the
pertinent visible and nearby anatomy and appropriate use of
visualization devices and surgical instruments. The tasks should
become increasingly difficult and complex. Finally, they should
provide the users with feedback, both positive and negative, on
their performance of VR surgery.

PATIENTS AND METHODS

Identification of Core Technical Skills

In previous work in developing the fundamentals of neurosurgery as
standardized training modules for neurosurgery technical skills training,
our group began by identifying the skills that a resident is required to
master to graduate in neurosurgery.”’ We consulted Canadian and
American curricula, focused on neurosurgical oncology, and prioritized
performance objectives that involved hands-on techniques. The iden-
tified skills were grouped into broad categories. Of these, those that are
pertinent to the current work for endoscopic endonasal transsphenoidal
procedures are highlighted in bold in Table 1.

Previous work by Bakker et al,*® in which they investigated the training
needs for functional endoscopic sinus surgery, was also consulted. This
group had outlined and classified 18 skill requirements in order of difficulty
for functional endoscopic sinus surgery, based on the results of question-
naires distributed to 32 otolaryngologists. Overall, the authors found skills
that required manual dexterity to be less difficult, whereas skills related to
spatial orientation were judged to be the more difficult skills to master.
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FIGURE 1. NeuroTouch, the National Research
Council Canada’s virtual reality simulator. The
system was designed for neurosurgical resident
training with exercises ranging from basic instru-
ment handling of commonly used instruments to
realistic neuro-oncology procedures for both open
cranial and. endoscopic interventions. The simu-
lator in endonasal configuration is shown.

Ovur previous work required definition of appropriate training exercises
that could serve to teach the relevant skill set. This was accomplished by
performing a cognitive task analysis (CTA) for the endoscopic resection of
a pituitary adenoma. A CTA involves breaking down a given procedure
into its elemental subtasks, including surgical cues and decision loops, to
reveal simplified tasks that could be suitable as training exercises.””!

Specifications for Endoscopic Endonasal
Transsphenoidal Simulation Training

Endoscope

The simulator graphics mimic the screen visualization of a typical rigid
rod-lens endoscope with a 4-mm outer diameter, with the associated need

www.neurosurgery-onIine.com



TABLE 1. Technical Skill Requirements for Graduation in
Neurosurgical Oncology With Emphasis of Skills Specific to
Endoscopic Endonasal Transsphenoidal Procedures”
1 Open and close scalp incisions
2 Perform ventriculostomies, place lumbar drains and
intracranial monitors
3 Position patients for craniotomy
4 Perform the opening and closing of craniotomies
5 Resect cranial lesions
6 Perform image-guided biopsies
7 Demonstrate facility with the use of surgical instruments
including operating the microscope and endoscope
8 Identify interface between the tumor and brain and use as an
operating plane for tumor resection
9 Identify anatomic landmarks, functional regions, and major
structures
10 Show how to minimize and control intraoperative bleeding
11 Perform resection of extra-axial and intra-axial brain tumors
12 Perform resection of supra- and infratentorial brain tumors
13 Perform resection of pituitary lesions
14 Perform basic cranial base procedures
15 Detect and handle unexpected complications

9Adapted from Choudhury et al.*”

to direct and cleanse it in such a way as to maintain visualization of the
surgical corridor.

Neurosurgical Tools

The simulator allows manipulation of the tools and instruments
commonly used during endonasal transsphenoidal surgery, including
drills, debrider, suction, cautery, curettes, and forceps. The development
of realistic tools that will allow simultaneous use of both hands and will
mimic the handling characteristics of commonly used transsphenoidal
instruments is undergoing constant refinement.

Anatomy and Tissues

The ideal simulator for transsphenoidal surgery should incorporate
tissues that are soft, semisoft, and rigid, as is the case with the variety of real
tissues encountered when performing this approach. The debrider and
drill have different weights and handling characteristics. Tumors may be
soft or firm; they may be variably able to be aspirated or require piecemeal
or en bloc mechanical removal. Progressive adoption of extensions to the
transsphenoidal approach, with removal of bone along the tuberculum
sellae and the planum sphenoidale, creates a need for laboratory practice
environments even for the mature neurosurgeon.

Fluids

Fluids, such as blood and cerebrospinal fluid, are encountered when
anatomically appropriate, and interface in a realistic manner with the other
instruments such as an endoscope, suction, and bipolar cautery.

Development of Endoscopic Endonasal
Transsphenoidal Simulation Training Module

Once potential training exercises have been identified, an appropriate
pedagogical training module is obtained by expanding the identified

NEUROSURGERY
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manual tasks to include specific learning objectives, levels of difficulty, and
performance metrics. The exercises are designed with incremental
difficulty, such that successive skills are mastered sequentially rather than
all at once. This organization favors optimal lf:arning.41 Performance
metrics are integrated to provide immediate feedback to the user to
permit autonomous learning. For completeness, metrics include both
measures of efficiency and error. In neurosurgical oncology, the
appropriate measures relate to maximizing removal of the lesion
while minimizing permanent damage to critical structures. Metrics also
calculate blood loss and the duration of the surgery.

The exercises identified from the CTAs are then further detailed
through expert interviews to determine which features to include in the
tasks to maximize the educational value. This is achieved through
questionnaires, discussions, and interviews with subject matter experts.
The analyses serve to (1) classify features as essential or optional, (2) set the
levels of difficulty, (3) define appropriate performance metrics, and (4)
prioritize the features to be developed in simulation. Iterative validation is
required as the training modules are refined to ensure that the content
remains useful and pertinent.

Training Tasks Identification

Endoscopic skills training can be quite complex due to the unfamiliar
anatomy and ergonomics involved. As such, we decided to begin with
simple tasks to favor optimal learning of these skills. We focused on
manual skills training; specifically, we focused on navigating the surgical
instruments through the narrow confines of the nasal cavities. The goal
was to organize the tasks such that once the user becomes familiar with
a given surgical instrument, the next step is to proceed to practicing
technique and, finally, to perform procedures.

The CTA performed for the endoscopic resection of a pituitary adenoma
consisted of different phases (preparation, approach, tumor exposure and
removal, and closure). Due to the large number of steps and level of detail
involved, only the approach phase is described here (Figure 2). The
approach was broken down into the nasal, sphenoid, and sellar portions
that were further reduced to each elemental subtask. This final breakdown
identified the sequence of basic steps to follow to accomplish a particular
portion of the procedure. The CTA also proved to be useful by revealing
the subtasks: locating the sphenoid ostia and enlarging ostia to reach the
sella as suitable training tasks to practice technique. These tasks were
selected due to the manual skills and the decision making involved.

Endoscopic Endonasal Transsphenoidal
Simulation Features

Endoscope

At present, a VR endoscope with a 4-mm outer diameter with viewing
angle of 0° is available, with 30° and 45° lens views and tool simulations
under development (Figure 3). The instrument handle replicates
a camera, permitting the user to practice holding an endoscope as in
the operating room. The endoscope tissue-tool interaction model
features an endoscopic view complete with “barrel effect” and lens
blurring; the latter occurs when the endoscope tip comes into contact
with tissue. The lens can be rinsed clean when a foot pedal is pushed
(Figure 1).

Neurosurgical Tools

At present, interchangeable microdebrider and microdrill instrument
handles, along with specific tissue-tool interaction models, have been
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detailed here).

FIGURE 2. Cognitive task analysis deconstructing the approach phase in the resection of a pituitary adenoma. In this example, locating the sphenoid ostia and reaching the
sella were selected as possible training rasks. These subtasks were further broken down to expose features and cues that were potentially important to simulate for training (not

developed for simulation in NeuroTouch (Figures 4 and 5). The
microdebrider is simulated as a standard instrument with a 3.5-mm
outer diameter and a double serrated tip rotating at 5000 rpm. This
instrument is under constant low vacuum to aspirate soft tissue through
its side opening. The microdrill is modeled as a typical instrument with
a 4-mm outer diameter with a spherical drill burr. The drilling/tip
rotation action of both instruments is activated via a foot pedal, and the
resulting vibration is felt in the user’s hand.

Anatomy and Tissues

The training task of locating the sphenoid ostium involves the nasal
phase of the endoscopic removal of pituitary adenomas. It is typically the
first major step in the endoscopic transnasal approach to resecting
a pituitary adenoma. Using anatomic landmarks, such as the turbinates,
choana, and sphenoethmoid recess, the ostium of the sphenoid sinus is

$88 | VOLUME 73 | NUMBER 4 | OCTOBER 2013 SUPPLEMENT

located and visualized (see Video, Supplemental Digital Content 1, which
demonstrates labeled normal anatomy encountered during the approach to
the sella, http://www.youtube.com/watch?v=s2wGGkpQEXs). The second
training task, to enlarge the ostia, is the step required to access the sphenoid
sinus during the approach. This task involves drilling through bone to
enlarge an already existing opening. Although fluid simulation is important,
it is currently not available in NeuroTouch.

Endoscopic Endonasal Transsphenoidal Simulation
Training Modules

The selected training tasks were elaborated in complete training
modules with the inclusion of learning objectives, target audience,
training goals, and customized metrics to assess performance. The tasks
were ordered by level of difficulty: (1) endonasal navigation to locate the

www.neurosurgery-onIine.com
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complete with the endoscopic view.

FIGURE 3. The endoscope model in NeuroTouch is equipped with a physical handle resembling a camera, with a virtual model

sphenoid ostium (navigation only) and (2) endonasal drilling to enter
sphenoid sinus (requires navigation + drilling). Currently, the task is
being developed to make 2 training approaches available.

A given task itself was structured to include levels of difficulty, related to
different patient anatomy. For example, the presence of a septal deviation
or small nasal passages makes the landmarks harder to locate and
navigation more difficult. Metrics included positive performance meas-
ures as well as errors. Complications that can occur include bleeding
resulting from tools rubbing on the nasal mucosa or perforating the
septum and damage caused by applying force to structures that should
normally not be touched, such as the ethmoid sinuses. The complete
training module for each task is described, respectively, in Tables 2 and 3.

The goal of the endonasal navigation exercise is to locate and identify the
sphenoid ostium. With input from the subject matter experts, it was decided
that the pertinent errors include improper tool handling (such as losing
orientation or losing sight of the surgical instrument) or using too much
force. Performance is optimal when the ostium is located with efficient
handling of the endoscope without error. Reasonable time estimates were
discussed to be approximately 5 minutes to find the ostium. The simulation
automatically captures a successful outcome if the user is able to locate the
ostium (target) and hold it in the center of the virtual endoscopic view.

The goal of endonasal drilling is to use the microdrill to enlarge the sphenoid
ostia, then to enter the sellar floor with 2 training approaches available. The
1-nostril approach uses the same nare for both the endoscope and the working

FIGURE 4. The microdebrider tool handle with the possibility to rotate the virtual instrument tip using a wheel at the thumb.
The instrument simulation model functions by first aspirating soft tissue into its opening. The instrument is double serrated;
therefore, the aspirated tissue is cut when the inner blade rotates to close the outer opening.

NEUROSURGERY
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FIGURE 5. The microdrill model in NeuroTouch is available with a typical physical handle that is cylindrical in shape. The
virtual instrument consists of a spherical drill burr with an adjustable drilling power via a knob on the simulator console.

instruments. The 2-nostril approach initiates the approach through 1 nare to
reach the sphenoid ostium, moves to the second nare to identify the second
sphenoid ostium, and then works bimanually to connect the 2, completing
the approach. For the sellar portion of the procedure, including tumor removal,
the endoscope is maintained in 1 nostril while the dissecting instruments move
in and out of both nostrils, as needed (see Video, Supplemental Digital
Content 2, which demonstrates the 2 nostril approach in that the endoscope
is “parked” on 1 nostril while dissection proceeds through 1 or both nostrils,
http:/fwww.youtube.com/watch?v=77MJ4M3dwX8).

DISCUSSION

Over the past 5 years, we developed a simulator for craniotomy-
based procedures. Approximately 20% of cranial surgery done in
teaching hospitals is performed via a transsphenoidal approach,
and the number of cranial base surgery cases deemed appropriate
for an expanded transsphenoidal approach is increasing (E. R.
Laws, personal communication, 2011). This created an impetus
for the development of VR simulators for these approaches, with

TABLE 2. FNS Endoscopic Nasal Navigation Training Scenario With Task to Locate the Ostia of the Sphenoid Sinus®
Implemented in
Conceptual Module NeuroTouch
Learning objectives 1. Handling an endoscope with indirect view onscreen v
2. Recognizing nasal anatomic landmarks v
3. Demonstrating bimanual coordination v
Intended user PGY-3 neurosurgery resident or any person desiring to practice
endoscopic skills
Instructions Use endoscope and retractor to navigate along the nasal cavity until v
ostia of the sphenoid sinus are located
Level of difficulty Easy: normal anatomy, anatomic labels present v
Intermediate: septal deviation, prelateralized middle turbinates, v
anatomic labels present
Advanced: normal anatomy, intact turbinates, no anatomic labels
Performance metrics Outcome
® Were the sphenoid ostia located? (pass/fail) v
Efficiency
m Distance traveled to reach ostia v
= Time taken to reach ostia v
Errors
® Number of times excessive force was applied v
® Time that tool tip not in view

9Adapted from Choudhury et al.’
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TABLE 3. FNS Endoscopic Nasal Navigation Training Scenario With Task Enter the Sphenoid Sinus
Implemented in
Conceptual Module NeuroTouch
Learning objectives 1. Handling an endoscope with indirect view onscreen v
2. Recognizing nasal and sphenoid anatomic landmarks v
3. Demonstrating bimanual coordination v
Intended user PGY-3 neurosurgery resident or any person desiring to practice endoscopic skills
Instructions Use endoscope and drill to navigate along the nasal cavity until ostium of the sphenoid v
sinus is located Enlarge the opening and enter the sinus
Level of difficulty Easy: 1-nostril technique, normal anatomy, anatomic labels present v
2-nostril technique, normal anatomy, anatomic labels present v
Intermediate: septal deviation, prelateralized turbinates, anatomic labels present
Advanced: normal anatomy, intact turbinates, no anatomic labels
Performance metrics Outcome
m Were the sphenoid ostia located? (pass/fail) v
® Was the sellar floor visualized? v
Efficiency
® Distanced travelled to reach sellar floor v
® Time taken to reach sellar floor v
Errors
® Number of times excessive force was applied v
= Time that tool tip not in view
® Removal/damage to tissue normally not to be touched

an ultimate goal to establish a VR training curriculum for
neurosurgery residents. Building on the foundation previously
described over the past 3 years, we developed a simulator for
endoscopic endonasal procedures. Previous experience with
neurosurgeons in the advisory network of our teaching hospitals
showed that early versions of our VR simulator for neurosurgery
were most praised for their visual content and most criticized for
touch, with the majority of suggestions focused on ergonomics.
Future improvements will focus on these aspects of the device.

The next steps in the development of training tasks will include
obtaining comments and metrics from use of the endonasal
anatomy program. Metrics from the use of an ethmoidectomy task
for otorhinolaryngology residents will be used to develop sphe-
noidectomy and sellar exploration tasks, as well as extended
transsphenoidal exposures. Tool trajectory analysis metrics may
be implemented to assess the metrics of efficiency of cleansing
the endoscope, smoothness of movement, and bimanual
coordination.

These psychomotor skills training modules will continue to
require linkage with a continually updated didactic, cognitive
component to provide complete neurosurgeon training. Initial
studies demonstrated improved performance on the craniotomy
performance tool, with neurosurgery residents performing better
than medical students.”” Further stratification of expertise and
documentation of improvement is ongoing.so’51

Future Directions

In addition to training resident neurosurgeons, the use of
NeuroTouch could potentially be extended to patient-specific

NEUROSURGERY

rehearsals before surgery. Such future uses could be accomplished
through the development of a high-speed data-processing pipeline
to convert magnetic resonance and computed tomography images
into simulation models.

CONCLUSION

NeuroTouch is a virtual simulator with haptic feedback that
offers promise for enhancing the educational curricula for teaching
endonasal endoscopic transsphenoidal surgery to neurosurgeons.
The potential advantages include cost because the system can be
used an unlimited number of times once purchased, unlike
cadavers. The device may ultimately demonstrate both efficiency
and reliability in depicting the endonasal operative corridor in the
living patient as well as potentially provide for training in
pathological variance. Metrics are being developed for validation
studies with neurological residents.
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