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1 Introduction

We have developed a new training tool for complex heart surgery
and present an open heart surgery simulator on congenitally
malformed hearts. The purpose of the simulator is (at least) two-
fold: 1) To illustrate various elements of difficult surgical
procedures, and 2) To allow surgeons to rehearse these elements
virtually. In time, virtual surgery is expected to become a natural
supplement to and even replace parts of current surgical training.
In a foreseeable future, new tools will take younger surgeons
faster and more safely through their inevitable learning curves.
We also expect these tools to help experienced surgeons during
their preoperative planning of the most complex cases.

2 Surgical simulation

Morphologically accurate models of congenitally malformed
hearts were reconstructed from 3D MRI data [Serensen and
Mosegaard 2005] and integrated in graphical settings representing
the surgical environment (Figure 1). It is possible to reconstruct
the morphology of individual patients or alternatively, through
post-processing “invent” more generalised malformations.

The simulator resolves a volumetric spring-mass system entirely
on the GPU [Mosegaard and Serensen 2005a]. Visualisation is
decoupled from the underlying simulation [Mosegaard and
Serensen 2005b]. Supported gestures include elastic tissue
deformation by grabbing, cutting, and suturing. Haptic feedback is
provided at 500 Hz [Serensen and Mosegaard 2006].

The system achieves visual feedback at 30 Hz on a Geforce 7900
GTX when a surface of 135,000 faces is visualized based on
deformation of an underlying spring-mass system of 20,000
nodes. The spring-mass system is updated off-screen at
approximately 500 Hz.

3 Discussion

Using the GPU as a processor, we can now harvest the
computational power necessary to simulate the deformation of
complex morphology in real time. For the first time, surgeons can
rehearse open-heart surgery interactively in a virtual environment.
As a consequence, an entire new field of surgical education is
emerging to help cardiac surgeons accelerate their learning curve
for the safety of patients. As complex cardiac malformations are
never identical from patient to patient, the presented tool greatly
enhances the surgeon’s spatial understanding of the individual
morphology prior to the surgical procedure.

SIGGRAPH 2006 attendees are invited to test their skills in
closing a ventricular septal defect (a hole between the two main
chambers of the heart).
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Figure 1: Ray-traced rendering of our open heart surgery graphics.
The heart is reconstructed from patient specific 3D MRI.
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