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Introduction

« Coronary heart disease

* One of the major causes of death in the world
« 8.14 million deaths (16.8%) in 2013

 Percutaneous Coronary Intervention (PClI)

An effective treatment for coronary heart diseases
A wide range of complex intravascular operations
Many potential life-threatening complications
Dangerous for new surgeons to operate

on human patients
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Introduction

 Virtual Reality (VR) based surgery simulator
» Most are designed for laparoscopic surgery

* Only deal with pre-settled data

¢« A PCI simulator supporting personalized data
« More chances for surgeons to be trained

* Lower down the risk in real surgery
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System overview

Haptic feedback hardware
« Software & hardware | s
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Software

3D Reconstruction of Cardio-Vascular Model
Physically-Plausible Deformation Model

6 DOF Catheter & Wire Simulation

Collison Detection & Response

Virtual X-Ray Image Generation

Contrast Medium Simulation
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Software

3D Reconstruction of Cardio-Vascular Model

« Extract vessels as an example
CT or MRI Volume data Coarse model

i
’

Level set

o

Extract
Fine model centerline

‘ \ Estimate cross-
Lofting section radius

&) SCIENCE CHINA PRESS



Software

 Physically-Plausible Deformation Model
 Integrate Position Based Dynamics (PBD) and mass-spring models
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Software

 Physically-Plausible Deformation Model
 Integrated Position Based Dynamics (PBD) and mass-spring models

Registration
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Software

 Wire & Catheter Simulation

« Cosserat based method, discretized as a set of control points
« Motion is governed by potential, kinetic, and dissipation energy
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Software

 Collision Detection & Response
« Construct hierarchical AABBs, improve efficiency

« Constraint projection method
« Move the object along the normal
« Make sure it lies outside the collision surface

« Compute contact force and send to the haptic devices
« Based on the penetration depth and collision angle
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Software

 Virtual X-Ray Image Generation

A ray-casting based method
 Intensity of light decrease after pass through certain object
* Intensity of light on projected plane is virtual X-Ray image

X-Ray source

" Projected plane

Ray-castin
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Software

e Contrast Medium Simulation

* Modeled as particle system
* Move following the blood and change the uniformity of vessels
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Hardware

e Surgery tools
« Wire, catheter, injector, pressure pump and so on
« The same with those used in real surgery
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Hardware
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 Haptic feedback hardware BT L

« Optical sensors measuring wire and catheter's

Lo | L® | s
displacements and rotations
 Driving motors generating feedback forces & i

T (D Displacement acquisition unit
(@) Force feedback device

@) Driving motor
PC (4) Flow measurement unit
(6) Pressure measurement unit

Footboard
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Conclusion

We propose a prototype medical system to simulate the PCI surgery.

We develop a software containing different functionalities and achieve the
whole PCI procedures

Our system has been tested and used for training and teaching in Peking

Union Medical College Hospital and some other hospitals or medical
Institutes

We will propel it for clinical applications in near future
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