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Accurate dielectric models for cardiac tissue are key to the design of improved cardiac ablation devices. 

Historically, the heart has been largely treated as a homogeneous organ in a majority of dielectric studies. 

However, a recent study has demonstrated the organ to be dielectrically heterogeneous [1]. Debye models for 

specific heart regions could be used to improve frequency-dependent computational models of the heart. Our focus 

in this study is on left atrium (LA) and left atrial appendage (LAA), since these structures are often the target of 

ablation when performing pulmonary vein isolation (PVI) and LAA isolation procedures for treatment of atrial 

fibrillation (AF) [2-3]. Therefore in this work we conducted an analysis of the dielectric properties of the left 

atrium and left atrium appendage. The goal was to calculate the optimal parameters of a three-pole Debye model 

for these two important regions of the heart.  

 

The dielectric property data for LA and LAA are part of a larger experimental data, involving many regions of the 

heart [3]. Specifically, in the experiment, ex vivo measurements of the dielectric properties of 19 distinct regions 

of the heart were performed using an open-ended coaxial probe. The measurement data was acquired from four 

ovine hearts, with 15 measurements taken for each heart region. The Keysight 5063A ENA was used for the 

measurements on the first two hearts (200 MHz – 8.5 GHz) and the Agilent E8362B PNA for measurements on 

the other two (200 MHz – 20 GHz). A total of 240 measurements were taken in the LA and the LAA regions: 120 

measurements per region. The data and metadata was collected in line with the Minimum Information for 

Dielectric Measurements of Biological Tissues (MINDER) guidelines and has been made available online [4]. 

 

In the analysis, we assessed the measurement uncertainty and compensated for differences in temperatures 

between measurements. We then collated the measurements corresponding to the same cardiac region, and 

established the most accurate values of three-pole Debye model parameters. We used two different optimization 

techniques for Debye parameter fitting and selected the best set of parameters with the smallest average fractional 

error between the fit and the data. We compared the results for the parameters of the model for each region with 

the parameters of the three-pole Debye model for the heart from the literature [5-6], and identified significant 

differences. This means that these two regions have different dielectric properties to themselves and to historical 

models of the heart, and therefore should be modelled with different parameters. 

 

In a practical clinical scenario, the Debye model parameters for the LA and the LAA could help better predict the 

size of the RF lesions during PVI and LAA isolation. The study highlights that the heart is not a dielectrically 

homogeneous organ, and different regions of the heart have different dielectric properties. In cases where the 

target of the ablation is a specific part of the heart e.g. LA and LAA, incorporating the appropriate dielectric 

properties model into numerical simulations would be significant improvement over the simplified homogenous 

heart models developed historically.  
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