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Abstract

By the comprehensive mathematical description of cardiac biochemistry, bioelectricity and biophysics, cardiac computational
models simulate function and behavior of the heart so that researchers can understand the underlying mechanism of cardiac activity.
So, visualize the electrophysiological data is of great importance. In this paper, we review the progress for the development of the
visualization method of the human heart electrophysiological data.

Introduction

Cardiac electrical activities are valuable for the investigation of
complex heart diseases, e.g., arrhythmias, ischemia, and ventricular
fibrillation, and can be invasively measured by medical devices
like electrocardiogram (ECG). With the progress in programmed
electrical modeling and simulation, electrophysiological simulation
has gradually been a promising direction and an essential method
for cardiac electrophysiology study to understand the mechanism
and functionality of the heart. By simulating the cardiac electrical
activities over a wide variety of scales from single ion channel
proteins to whole organs, cardiac electrophysiological simulation
can help in revealing the mechanisms of normal and abnormal
cardiac electrical activities, interpreting of clinical data, and
even designing drugs and therapeutic plans. Due to the complex
structure of the heart, the large amount of data and the hidden
electrophysiological feature, to observe the electrophysiological is
a challenging task. Fortunately, researchers have been dedicated
to propose visualization method to facilitate the research of
electrophysiological simulation.

Solution

Inthissection, we presentthesolution ofthe electrophysiological
data visualization. Hurmusiadis has developed a simulation
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system called Virtual Heart [1] for electrophysiological behavior
demonstration. The proposed system was coded in C++and OpenGL.
Lu et al. simulate the wave propagation of human ventricular tissue
with ischemia symptom through the increasing of concentration of
extracellular K+ and ischemic size. And they visually assess both
2D and 3D simulation results [2]. However, these systems did
not take advantage of spatial information that can improving the
demonstration of electrophysiological behavior. With the context
information from the heart anatomical structure, one can easily
understand the visualization results. Thus, to improve the 3D
electrophysiological behavior visualization, we should consider
both anatomical reference and electrophysiological measurements.
Inresponse to this question, Seemann [3] established heterogeneous
three-dimensional anatomical and electro-physiological model of
human atria. Wang et al. [4] have proposed a multi-dimensional
transfer function to visualize cardiac electrophysiology simulation.
In their work, an improved LH histogram method was proposed,
and multi-dimensional transfer function design was discussed.
With this method, boundary information was enhanced, and
cardiac electrophysiology behavior was accurately demonstrated,
as shown in Figurel.
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Figure 1: Rendering of electrophysiological simulation combined with anatomical model using multidimensional transfer function.
(a) excitation propagating in left ventricle at the time of 120ms.
(b) excitation propagating in left ventricle at the time of 250ms
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Unfortunately, their implementation could not provide
real-time rendering results, and results in poor user interaction
performance. With our real-time rendering capability, their
works could reflect the wave propagation and the time elapsing.
To address this problem, Kharche et al. proposed a high-
performance computing (HPC)+high-performance visualization
(HPV) framework to study the 3D anatomically detailed model of
clinical human atria electrophysiology [5]. However, the bottleneck
of the communication of their method would drastically affect
the visualization efficiency when the data transfer is frequent. In
addition, the hardware and the software used in this work were not
easily acquired. Thanks to the development of Graphics processing
unit (GPU), Zhang et al. investigated image processing, optimization
techniques for 4D (3D + time) cardiac image rendering [6]. They
also proposed GPU-accelerated methodologies for multimodality
4-D medical image visualization and optical blending, along with
real-time synchronization of dual-modality dynamic cardiac
images. They also discussed transfer function design and data

exploration for both dynamic volumetric magnetic resonance
imaging (MRI) and ultrasound (US) cardiac data. Zhang et al.
proposed a GPU-base ray-casting method and designed transfer
function for visual evaluating the electrophysiological data [7].
They then proposed a multi-modality visualization method for
electrophysiological data [8]. Their work was initially inspired by
[4] and they used an improved Context-preserving model [9] to
offer silhouette information for demonstrating the spatial relation
of the tissue with the electrophysiological wave propagation and
the anatomic structure of the human heart. Figure 2 shows an
example of observing the electrophysiological simulation with
anatomical reference of different setup. The proposed method was
finally integrated into the G-Heart platform for GPU accelerated
electrophysiological simulation and interactive multi-modality
cardiac visualization [10]. Figure 3 demonstrates an example
of electrophysiological data visualization in different time step
(Figure 2&3).
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Figure 2: From left to right, different fusion setup of multi-modality visualization for electropysiological data [8].
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Figure 3: From left to right, visualization of electropysiological data in different time step [10].
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In order to further improve the rendering speed, Yu et al.
introduced an efficient GPU-based rendering algorithm for
4D electrophysiological data visualization [11]. The proposed
rendering algorithm can greatly boost the visualization speed while
keeping the high quality rendering results. To further uncover the
organ level cardiac bioelectrical behavior, Yang et al. proposed
a coupling ray radiation function (CRRF) for the dual pattern
visualization of coupling of cardiac bioelectricity activity and static
physical structure [12]. To study the dynamics of cardiac ischemic
reentrant pathways, Heidenreich [13] proposed a 3D heterogeneous
model for the regional ischemic human ventricles. The visualized
simulation results predicted the appearance of figure-of-eight
reentrant wave fronts that cross the central ischemic zone.

How can we boost the rendering speed? Are there new
techniques to visually explore the electrophysiological data? These
questions are still open questions for future investigation.

Discussions and Perspectives

We
visualization techniques.

data
have

have introduced recent electrophysiological

Volume rendering methods
been dominantly applied together with GPU techniques. In the
foreseeable future, the electrophysiological data visualization
will still be an active research area, since the massive amount of
electrophysiological simulation data will be available and high
rendering efficient and high-quality rendering method is in great
need. With new techniques especially WebGL and cinematic
rendering [14, 15] emerging, we can expect electrophysiological
simulation data visualization methods of great rendering quality
and rich user interaction to come.

Conclusion

the of cardiac

activities have benefited significantly from visualizing cardiac

Understanding underlying mechanism
electrophysiological function data, which is expected to have an
impact on diagnosis, therapy planning and prevention of cardiac
disorders. Current visualized cardiac electrophysiological features
have a remarkable biophysical detail. This review of the human
heart electrophysiological data visualization has covered two major
prospects: therendering efficacy and the quality of visualization. The
rendering efficacy will be further improved with the development
of rendering hardware, e.g.,, GPU techniques. The quality of the
visualization will be enhancing as well to meet the request of future
electrophysiology research and cardiac healthcare.
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