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Iterative replacement method for the dynamic reconstruction of cardiac chambers

HUANG Yingsong, WU Jian

Research Center of Biomedical Engineering, Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, China

Abstract: Objective To introduce an iterative replacement algorithm for real- time dynamically reconstructing cardiac
chambers based on the points sequentially obtained from endocardium using the catheter during ablation. Methods The
reconstruction algorithm was based on Delaunay triangulation, and the reconstructed surface was represented by a closed
oriented polygon which was composed of triangles. The algorithm successively inserted sample points into Delaunay diagram
and updated surface structure in the small neighborhood field of inserted points. The reconstructed surface was guaranteed to
be two-dimensional manifold at each step of iteration. In addition, if sample points cloud was relatively sparse during ablation,
reconstructed surface mesh was subdivided based on Loop method for a better display. Results The cardiac mapping procedure
in atrial fibrillation surgery was simulated. The update time of the algorithm was about 40 ms at each step of iteration, and the
error of reconstruction results was within 1.2 mm when the number of sample points reached 100. Conclusion The error of the
reconstruction result meets the clinical requirements. Compared with other reconstruction methods in existing endocardial
mapping system, the method is well-adapted and easy to manipulate without beforehand partition.

Keywords: heart; endocardium; iterative replacement reconstruction; Delaunay diagram; two-dimensional manifold
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Fig.1 Local update of reconstructed surface
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a: Delaunay diagram and reconstructed
surface before point C was inserted
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b: Delaunay diagram and reconstructed

surface after point C was inserted
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Fig.2 Two—-dimensional (2D) sketch of dynamic

update of inserted points
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Fig.3 Removing singularity by inflating
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The iteration process
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Fig.4 Flow chart of the algorithm

a: Reconstructed surface at step k

b: Delaunay conflict region of point A

c: Choosing the surface enclosed by BA
and AC as neighborhood replaced surface
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d: Update of surface

e: An isolate vertex, point D

f: Handle of the isolate vertex
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Fig.5 2D sketch of the algorithm process
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Fig.7 Reconstruction of the left atrium
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