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Abstract: This study investigates the influence of cardiac tissue uniformity on the accuracy of the 

Body Surface Potential Map (BSPM) generated from human heart simulations. A realistically shaped 

human torso was modeled using CT scan data, and the heart was reconstructed both as a volume 

matrix and a boundary surface. Two excitation propagation models were employed: the original 

Monodomain Reaction-Diffusion Equation (MD-RDE), assuming uniform conductivity, and a 

modified version accounting for non-uniform material properties. Comparative analysis of activation 

isochrones and BSPMs revealed slight differences, particularly during the QRS complex, although 

the overall impact of uniformity on BSPM accuracy was found to be minimal. These results suggest 

that while local differences exist, uniform and non-uniform models produce largely comparable 

BSPM results for many clinical and research purposes. 
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1. Introduction 

Within the body, the heart is seen as an anisotropic volume source and an inhomogeneous 

volume conductor [1–8]. The electrical field produced by that volume source can be quantified on the 

body’s surface using the Body Surface Potential Map (BSPM). Numerous studies have examined the 

modeling of the cardiac activation BSPM [1–8], and it has been noted that the fidelity of the BSPM is 

significantly influenced by the accuracy and structure of the ventricular conduction network [9,10]. 

The impact of cardiac material uniformity on the computed BSPM is covered in this work. 

2. Methods 

2.1. The Human Torso and the Human Heart Modeling 

Several organs have been modelled in a realistic human torso based on CT scans [11]. To describe 

the excitation propagation, the heart has been reconstructed in two ways: first, as a 3D volume matrix, 

and second, as a boundary surface for BSPM computations [12]. The Diffusion Volume scalar index 

was used to extract the human heart’s conduction network (Figure 1), which has been shown through 

a variety of methods to be reasonably close to the true conduction network [13,14]. 

2.2. Activation Isochrones Modeling 

The Monodomain Reaction-Diffusion Equation (MD-RDE) and its modified version [15–17] are 

used to predict the excitation propagation of the heart. The heart was regarded as a non-uniform 

material in the modified version of the equation, while it was regarded as a uniform material in the 

original (Figures 2 and 3). 
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Figure 1. Conduction network of the human heart [14]. 

 

Figure 2. Excitation Isochrones of Normal Activation using Original MD-RDE [17]. 

 

Figure 3. Excitation Isochrones of Normal Activation using Modified MD-RDE [17]. 

According to the difference between the two activations [17], the non-uniform conductivity 

activation lags in the right ventricle free wall and leads in the left ventricle free wall and IV Septum. 

Since the right ventricle’s free wall is activated roughly 25 mSec later than the left ventricle in Durrer 

et al.’s activation isochrones [18], this is far more realistic than the uniform model. 

3. Results 

A comparison between the two models has been completed and shown as the Correlation-

Coefficient (CC) and Relative-Error (RE). The Body Surface Potential Map (BSPM) has been 
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constructed for both models [19], where the body is regarded an inhomogeneous volume conductor 

in both cases. The BSPM that is produced with the Original MD-RDE is regarded as the reference. 

The CC and RE values were computed for 23 distinct time periods, all of which were separated 

from one another by roughly 5 mSec. Since the first and last time frames reflected the initial and final 

states of the depolarization, and because their values were equal to zero, they were eliminated. The 

peak value of the QRS complex is represented by frames 10 through 12. Prior to these frames (10 to 

12), the wave is growing up, and following them, it is declining (as shown in Lead II, for instance, 

although in certain other leads, as Lead aVF, the center frame value is nearly equal to zero). The CC 

and RE between the non-uniform and uniform heart’s material are shown in Table 1, and Figure 4 

demonstrates that the two created BSPMs differ slightly, particularly during the QRS complex’s 

building and decay. Therefore, it can be said that the modeled BSPM is not much impacted by the 

material consistency of the heart. 

Table 1. CC and RE between the Non-Uniform and the Uniform heart’s material. 

ID CC RE 

1 0.999 0.217 

2 0.997 0.185 

3 0.999 0.121 

4 0.995 0.141 

5 0.991 0.144 

6 0.972 0.242 

7 0.970 0.283 

8 0.987 0.209 

9 0.995 0.145 

10 0.996 0.103 

11 0.997 0.081 

12 0.997 0.080 

13 0.996 0.084 

14 0.995 0.102 

15 0.994 0.118 

16 0.994 0.140 

17 0.992 0.159 

18 0.986 0.223 

19 0.960 0.321 

20 0.891 0.481 

21 0.904 0.434 

22 0.965 0.281 

23 0.975 0.291 

   

Mean 0.980 0.199 

SD 0.027 0.106 
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Figure 4. CC and RE between the BSPMs which have been produced using the Non-Uniform (reference) and the 

Uniform heart’s material. 

4. Conclusions 

The comparison of uniform and non-uniform heart conductivity models reveals that although 

local differences in activation timing—particularly within the QRS complex—are evident, the overall 

BSPM output remains relatively stable. The findings indicate that assuming a uniform material model 

for the heart introduces only minor discrepancies in BSPM simulation, making it a viable 

simplification for many applications. However, for high-fidelity simulations or cases requiring 

detailed spatial accuracy, especially in the right and left ventricular regions, incorporating non-

uniform conductivity may be beneficial. 
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