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          Electroporation phenomenon nowadays is used in different spheres of application, covering cancer treatment. The 

method requires very precise designation of pulsing parameters and evaluation electric field distribution in tissue [1], 

where on of the most important parameters is tissue conductivity. From previous research it is known, that conductivity 

in tissue vary if electric field exceeds irreversible electroporation threshold [2]. Therefore, in this work conductivity 

dynamics were employed in numerical model. The results obtained from simulation creates a possibility of more accurate 

evaluation of electric field distribution and pre-treatment planning. 

         In this work the deep settled mice Lewis lung carcinoma (LLC1) three-dimensional tumor model was simulated in 

COMSOL Multiphysics (COMSOL, Stockholm, Sweden). Electric pulses were delivered through non-invasive plate 

electrodes placed with 3.8–4 mm distance between tumor tissue.  In order to reduce inhomogeneity spaces between the 

electrodes and skin were partially covered with conductive gel [3] (conductivity of 1.1 S/m). Our purposed skin model 

involves an inhomogeneity of tissue structure considering skin multilayers such as stratum corneum with epidermis, 

dermis combination with fat, muscle and subcutaneous tumor, with corresponding parameters and thicknesses of mice 

skin layers [4] [5].  It has been already established that tissue conductivity is dependent on electric field strength, therefore, 

smoothed Heaviside function was employed in numerical modelling. In this function initial conductivity (0.003–0.5 S/m), 

reversible (150–400 V) and irreversible (800–1200 V) electroporation voltage values were defined for each layer 

[6][7][8]. The boundary conditions were characterized using Dirichlet`s and Neumann boundary conditions, hence, two 

plate electrodes represent ground (0 V) and terminal (1,3 kV/cm amplitude value for µsPEF and 3,5 kV/cm – for nsPEF) 

with insulated outer boundaries. The results were obtained using stationary analysis. 

          It was observed that electric field strength in top and the bottom parts of the tumor was lowest, while the stratum 

corneum which was in contact with the electrodes received the highest dose of PEF and, therefore, increased possibility 

of skin ablation. It was observed that the amplitude of the pulsed electric field within the tumor can be increased more 

than 30%. Although, this may trigger even larger are of the tissue ablation. Volume fraction versus electric field shows 

that for micro second treatment whole tumor is affected by 1000 V/cm electric field strength, then the volume with higher 

value of electric field decreases. There are very little areas of tumor covered by electric field up to 1500 kV/cm. For 

nanosecond PEF 100% of tumor is covered by 1600 V/cm, then the curve decreases exponentially while reaches 3750 

kV/cm. Moreover, the numerical modeling simulation results showed negligible deviation between computed and 

measured data.    

It was shown that dynamic numerical modelling including the changes in conductivity while applying electric pulses 

can serve more precise spatial distribution of electric field in tumor tissue. However, our proposed model can be improved 

including the thermal calculations, which also have an effect on conductivity dynamics. 
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