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Introduction +UM

1. The problem: surgical inner-ear interventions
present a big challenge as there is a high
anatomical complexity

a. Training time

b. Resources

c. Technological complexity: Cochlear
Implants (ClI)
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Objectives UM

1. Main goal: to introduce a workflow for the surgical simulation of inner-ear interventions in
order to solve the mentioned needs
2. Secondary objectives:
a. Design and conceptualization: design requirements, modularity, applications, etc.
b. Anatomical model acquisition from real patients
c. Results validation
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Materials and methods
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Input images

Open source software: 3D-Slicer,
Blender, etc..

Tool and devices integration
Semi-Automatic processes
Precision and validation of the
models

OTOVIRT Workflow

Surgical Planification

Multiphysics simulation

Haptic Virtual Surgery

Data Processing

Modelling

Virtual Surgery Simulation

MRI & CT SCANS

Tissue analysis

Segment physics modelling

Structure cuantization

Mesh calculus
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Haptic device feedback control

Sound Modeling

Data transformation

OTOVIRT Haptic Device
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Results: Pipeline OTOVIRT

INPUT DATA
CT & MRI

1. MULTIMODAL
REGISTRATION

2. SEGMENTATION

3D model
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3. VIRTUAL
SURGERY
SIMULATION

:")4. MULTI-PHYSICS

SIMULATION
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Results: Multimodal registration UM

e Available images: CT and MRI
e Afirst step that is key: models presented in the same anatomic space
of coordinates
o Manual registration based in the localization of key reference
points
o Important anatomic points: present in CT and MRI

oOEAl tools
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Results: 3D Slicer segmentation extension

A 3D Slicer extension is developed
for the segmentation of relevant
structures. Includes the following
sections:

Cochlea segmentation

Facial nerve segmentation
Internal carotid segmentation
Temporal bone segmentation
Region Growing segmentation
Transformations
Measurements and guided
sections

&

> Help & Acknowledgement

~ Reload & Test
Reload Reload and Test

Threshold: EE o 8s0 |

Morph. Opening: ==t 0.50 % || Apply Opening

Islands division: Apply islands

Draw Segment 1 == 4.50 |3 Erase Segment 1
Draw Segment 2 e 4.50 & Erase Segment 2
PPPPPPPP Apply Grow Seeds

A:-15.3000mm = Y

oOEAl

SIMUtools









https://docs.google.com/file/d/1wbW-Mkx-14emMSZXAYSZol11PZSeQjyQ/preview

Features of some of the sections:
e Cochlea Segmentation:

o  Crop subsection:
m Buttons to generate a ROl and

captura the intersection with the CT

Scan
o Segmentation subsection:
m Thresholding
m Morphological opening
(erode+dilate)
m  Connecitivity filtering
Facial Nerve and carotid sections:
o Buttons to place fiducials
Interpolation between fiduciary points to

generate a tubular structure
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OTOVIRT workflow is tested in a clinical environment with images from real patients. It is possible to obtain
realistic anatomical models and multiple data and measures.
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Results: Validation of anatomical models UM

e Obtained models are validated
by experts

e An open repository is used to
assess the functioning of the

tools
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Results: Multiphysics simulation UM

e With the obtained models it is possible to analyze the best stimulation procedure
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Results: Virtual surgical simulation UM

e The virtual surgical simulation is performed successfully
with the use of the previously obtained models




We can observe the digastic ridge and facial nerve
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Conclusion UM

-The pipeline provides a base workflow that will be developed in a systematic methodology for the
surgical planning

-The work is based in open-source software. This eases the access for the community and allows for
future improvements

-Support systems can reduce patient’s risk and ease the planification, improve understanding and
surgical efficiency

-Simulation of procedures proves efficient and capable. The use of these tools during training also has
huge potential

Demo ext. Slicer Demo simulation  Clinical case of use:
example
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Future lines of action

RN~

Improve pre-processing

Release of an image repository with 3D models for the community

Improvements in the 3D Slicer extension for its future publication

Development of a 3D Slicer extension for the segmentation of the cochlear implant

Use of Al for the image processing: segmentation and registration could be automatized

Demo ext. Slicer Demo simulation  Clinical case of use:
example

SIMUtools
2023

15th EAl International Conference
on Simulation Tools and Techniques




Thank you very much!

Team contacts:

M. Lazo-Maestre (Engineering): manuel.lazo@faigesco.es

F. Ropero-Romero (Surgery):
francisco.ropero.sspa@juntadeandalucia.es

C. Alonso-Gonzalez (Surgery):
cristina.alonso.sspa@juntadeandalucia.es

J. Ambrosiani-Fernandez (Anatomy): ambrosiani@us.es
J. Reina-Tosina (Engineering): jreina@us.es

S. Sanchez-Gémez (Surgery):
serafin.sanchez.sspa@juntadeandalucia.es

M.A. Callején-Leblic (Engineering): mcallejon@us.es

This work has been funded by OTOVIRT project (PIN-0097-2020): Cirugia
Virtual para el entrenamiento por simulacién y el ensayo preoperatorio en
cirugia otolégica y en cirugia endoscopica endonasal.

Uniéon Europea E
ndacion Piblica Andaluza i

Fu
para la Gestion de la Investigacié m

Junta
de Andalucia

Consejeria de Salud e
y Familias en Salud de Sevilla (FISEVI)

Fondo Europeo
de Desarrollo Regional

Andalucia & -

se mueve con Europa

Other resources:
Programa de implantes cocleares: generalidades y
red de implantes cocleares

Implantes cocleares: via clinica.

Flujo de pacientes

Demo ext. Slicer Demo simulation

Clinical case of use:
example
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