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1 MRIVIH MBS #E (a) OE; (b) SKT
Fig. 1. Image segmentation of MRI slices: (a) Heart; (b) torso.
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Fig. 2. Personalized three-dimensional heart-torso model.
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Fig. 3. The second-order tetrahedral element with 10 nodes.
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Fig. 4. Discretized three-dimensional heart-torso model:
(a) 3D cardiac model; (b) heart-torso model.
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Fig. 5. Evolution of excitation potential u at ¢ = 20, 40, 60.

Solid line: numerical solution of FHN equation. Dotted line:

analytical solution of FHN equation.
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Fig. 6. TMP distribution of a cardiac cycle: (a), (b), (¢c) Depolarization process (¢ = 30, 60, 90)7 (d), (e), (f) repolarization process (&

= 120, 150, 180).
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Fig. 7. TMP time evolution curve, solid line: right ventricu-
lar TMP; dashed line: left ventricular TMP.
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dotted line: numerical solution.
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Fig. 10. Extracorporeal magnetic field distribution: (a)—(h) Simulated cardiac magnetic distribution (¢ = 40, 60, 80, 100, 120, 140,

160, 180); (i) measured human MCG in the literature.
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Magnetocardiogram forward problem based on personalized
three-dimensional heart-torso model
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Abstract

In order to simulate the distribution of magnetic field generated by cardiac electrophysiological activities, a
three-dimensional (3D) computing framework of magnetocardiogram forward problem based on a finite element
method (FEM) is proposed. First, the 3D heart-torso geometry model is established from the 3D reconstruction
of magnetic resonance images. Then the modified FitzHugh-Nagumo (FHN) equation combined with 3D cardiac
geometry is used to investigate the propagation of transmembrane potential (TMP). In the end, quasi-static
Maxwell equations and 3D torso model are used to explore the propagation of the bioelectromagnetic field
produced by TMP. In our calculation, the Galerkin finite element method is used. The results show that the
FEM-model can simulate extracorporeal magnetic field. Further, numerical solutions of simplified models with
the one-dimensional FHN equation and the straight wire are respectively consistent with the analytical
solutions, which verifies the feasibility of the computing framework. In summary, this framework successfully
simulates the cardiac TMP and extracorporeal magnetic field, which may conduce to the study of

magnetocardiogram inverse problem.

Keywords: magnetocardiogram, FitzHugh-Nagumo equation, finite element method, transmembrane potential
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