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 ���3���	� . �!�"# �� �� +�! &'� /($+�) ������� &'� �� ���0 &!) � �1��23!� � (,) 4 (�� 5!�� (-) �#  ��*'�CADfix  �  

Merge ()) �6���� � ������ 1)�	�  
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 ��P
 � �� +� ���J,��  ��X	�CAD-fix 

�//���! �*�//L� � ��// +� �//@�=  ��X//	�Mimics  �//

����! �    ��/ �� ���J,/�� �/
�'    �(�/5� 3�/�4� ��X/	� 

)COMSOL Multiphysics( �# �
 {�� ��)��� �� 

 ���b�� 1���� )Import( ����   �/@�= ��P
 �� ��!

�� +�  ��X	�Mimics   ��/ �/
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Parasolid   ��//SB �//
x_t� ��// +�  ��X//	�CADfix 
�//� ���J,//��. ��// �� �//� �//�� �//�W �//
 �+G  ��X//	�

CADfix�   I//� 3�//-�� Q�//�k�! 
  ( o�;//� ��//�
$)= ���� ��%( �b ���� ��!. �� Q*� ��    X/� ��X/	�

   �/	�
 ���/��� ���/
 �b ���� $)= ��,
�    $4�/� ��/!

 ���d,�� �	�
 ( "��#� �  ��/� z*�P� �X)� ��#

 �=�( ��*�m� ��-.� ���
 �6��)� �� Q*� R|� (
�p*�-* �
 ��-�!�� )Merge(  �-�) ���3.(  


�� MG��P� �= ��b�� �
}� )�4��P� � Laplace 
�//4��P� ( � �*�//��E��
 ( �(�//5� 3�//�4� H(� �//
 �  

��////// +�  ��X//////	�FEMLAB �d//////S  �4/4   
)Comsol AS, Stockholm, Sweden ( ���J,�� �/�. 

Q��k�!� �� Q*� +�  �� "�! T
��� ��(Z�
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���&
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�P4�;� � �,����B �(� �
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� ��
S� �
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 �]�<5�
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 .��/� �L/��5
  �/////4��P� +� �/////-*�,-4� ��/////S'  �Laplace 
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V/cm 900  =Eirrev ��,///�Z)   3��///�� M�///� �
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�� ���'  ���E)38(.  
      �� �/����= T/*+�� �/���
 ��/b�� �/
 �Q��k�!

�4��P� +� ��	�
  �� ���J,�� ���E IdB �)38(.  
  

�. �k∇T� + q� = pcp
∂T

∂t
  

  

    ��/S�,B �/� �=�;/� �(� `2V� ��+�� ~*���
    �/* ( (�/!�(�,-4� h;/�) ��� cd.� 3Z �-*�,-4�
 ��+Z h;�) ��� ]*�6 �-*�,-4� ��54 +� �� �=�;�

�� z*�P� �(�	�
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I�B ����� �
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 �Q*��
��
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 ���� �!�(�,-4� +� �-*φ = V0  
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 �Q�/�k�! .�/�� ��/� 1�/�6� l�,4(
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 �� �1�= Q*� �
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�*�Z
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 ���� ��  
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)
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    �/= +� �/@�= ��!
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  �/!�   �/
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   M�/� Q*�,/.�
 ( �	�* I*�X	� �!�(�,-4� �
 �4��6�
 ��//S�,B "O,//�� �//-*�,-4� 3��//�� T//*+��V 4000 

 ��!�.�  ��,/�Z �� �*�% 3Z +� .��   Q/.*��B(�,-4� �
 ��*[B� �.E+�
V/cm 900 �� �� ����
    ��/&C� 3��/�

   +� �/,�� ��/S�,B "O,�� 1��6� �
 �� ���V 2000 
�	�
 �
 �� ��!  �� �L���� �-*�,-4� 3���� T*+�� 3���

��(�5� �� .��(Z ��� �
 ����� �  
 �//
�(�,-4� +� �2//@�	 I*�X//	 3��//�� M�//� ��//!�

�-*�,-4� �
  �6�/�  �/	�  �/�  {�/��    �/� ���/# �/
 
Q�p��� M�� 3���� �-*�,-4�  �/
  �/	�
  ��/!  �$4�/� 

���//S
 �//,�� +� �//�=� � 1���//��� �//�� �//� ~//��� 
�!�(�,-4� I��B ���� �� ���.  
�k�!�Q� �&% ���
� ��3�X �Z�` ���E �*)Ω �(

���//<� //�Z�` ��//
� �//	�
 ��// $4�//� ( 1���//��� ( 
	�
� �!� ��d,���� �L��5� ( �
 r��� $)=  L/S� 

�5� �N0�� �
 �Z�` ���E�*  ��/
�  �/!  �,����/B  $/�� 
��E*� .�,*�  ��/S'  �/��E�*  �/P4�;� � �,����B /*7� 
��//
� �//!�(�,-4�� +�//�� �//
 `//S= �//! 7//* +� 

��!��s,� ����  �/���
 ��  �/!  7/* +�  �/���!  ��/! 
1��E�Xp! 3 × 3 �� �6��)� ����� 2 �Z�� ���.    

  

  
                     (z4�)                                                           (q)  

  
         (�)                                                                          (�)  

��)�	� 2. �3��A &	BC ���D�� �%+�8� � �3����:�; ��� &'� �#� ������� �# �; �� �1���	 �) �!�"# � ����D�*6# 3  ×3 � FB�   

$+� :H�3+� ��	I� ��� � �#)��3�+�/ , :&��2J )��3�+�/ - :�K=�' � �L �#)��3�+�  �) :M	I )��� )��3�+� �) &'�.  
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�*�, �@�=      �/	�
 �� �/����= T/*+�� �/���
 +�
     ��/%( �/
 �/� ��/
 `2;� Q*� �p��
 �1������ ( $4��

�����=� �
 G�
 �-*�,-4� 3�  T*+�� Q�p��� �1������ �
�%�� ��Y �= �� ~<	 ����� �� �����= �,�� �  ���E

) 1��P� �4�= �
 �LSC° 37  �/Y�E .�	�* I*�X	� (
      I*�X/	� 3�X/�� ��/!�(�,-4� ��/&,� �/
 7*�X }�< ��

 �� M���=C° 600 �� I*�X	� X�    +� 3�X/�� Q/*� .�	�*
� �M���= I*�X	� �2/@�	 �    �/2�� $/!� �/�Y �   +� �/,�

      +� �2/@�	 I*�X/	� �/
 ( �/� ��!�/.� �!�(�,-4� h;�
.�	�* I!�� �6�� �
 ��(�,-4� h;�  

���&
 �*�,   1�/�E�Xp! �(�,-4� �+��3  ×3   ���/

 1(�% �� ����
 �!3 ���&
 .��� ���Z  r��� �
 �+��

      �/5� �/� $4�/� �/	�
 $/)= :�� ��)� �*+ ����6
�-*�,-4� 3���� \�X
   +� �/�V/cm 900    �/,	�E ���/'

) ���E-N    3��/�� �/5� �/� 1������ �	�
 $)= �(
\�X
 �-*�,-4�   +� �/�V/cm900     �/�� �/,	�E ���/'  

)E-T      $4�/� �/	�
 �/
 ��/� �/��5� �*���E `��Z �(  
)-NΩ     �/
 ��/� �/��5� �*�/��E `��Z �Q��k�! ( (

) 1������ �	�
-TΩ���&
 +� �@�= �*�, .(   �/
 �+��
�(�,-4�   1�/�E�Xp! �+��3 × 3    �� 3���/��
 ���/

 1(�%3 .��� ���Z  

  
*+�  

��//%�� T
�//�� ]//L# )14(�<
�//� �  Q//.*��B(�,-4� �
�� �� �*[B� �.E+�
   1�/� �
 3���1754   M�/P4�;� (

Novel l���� e�m� �� 3���-�! (  7/*  ��/���l 
�4�� ��
 7���,��(�,-4� �
 �(� ���B �LS ���.  

Trontelj  3���-�! ( �/� ��W    �/� �/��� M�/P4�;� 
�p*� �� e�m�  �/=��#  Q/.*��B(�,-4�  �/.E+�
 

��*[//B� ~//��� Fuller  3���//-�! ( ( ��//� ��//)� 
Rockwell�     �� Q/.*��B(�,-4� ~/��� �*�/<4� X�4��!

��� ����
��� � )15.(  
  

 ���73��)�N� . �"�� ��� ��#��O3� �"�� ���! � ���	# ��)�N� P�� Q�# R��� ��� �"�� ���! )��3�+� ����!  ����D�*6#3 × 3 

    t )mm(  d )mm(  i )mm(  v )V(  
,�
 -�	( ��	.� ����  

E-N E-T  log (Ω-N)  log (Ω-T)  

 �*� ���-. 

E-N  14/0  91/0  93/16  532  0021/0  0  52/12-  11/10-  

E-T  05/1  66/3  32/14  3336  6100/0  54/0  77/8-  24/6-  

Ω-N  72/1  99/0  03/10  525  0019/0  0  33/11-  64/12-  

Ω-T  39/1  91/0  88/1  609  0059/0  0  25/8-  30/9-  

 *� ���-. 

E-N  34/1  73/0  66/0  562  0  0  70/11-  72/11-  

E-T  97/0  43/1  89/12  2890  2600/0  69/0  50/11-  57/11-  

Ω-N  79/1  79/0  79/0  533  0  0  70/11-  72/11-  

Ω-T  83/1  99/0  62/0  584  0  0  69/11-  71/11-  

 !� ���-. 

E-N  28/1  74/2  38/19  543  0023/0  0  68/11-  72/11-  

E-T  78/0  88/4  34/22  3461  5400/0  83/0  11/9-  53/5-  

Ω-N  69/1  83/2  27/14  623  0022/0  0  68/11-  72/11-  

Ω-T  73/1  41/2  34/11  514  0034/0  0  67/11-  72/11-  

:E-N ��. �	;��	+� ���-� 2<9 �= >+�� 2)�. >�?@  A� �9V/cm 900 2�� ��)�B ���C D:E-T  @��E. �	;��	+� ���-� 2<9 �= ���!�!9 2)�. >�?   A� �E9V/cm900 

2�� ��)�B ���C D–NΩ: >+�� 2)�. �. �
 F-�<9 �;���B G-�H D–TΩ: ���!�!9 2)�. �. �
 F-�<9 �;���B G-�HD: t 2��56  �*�E�	+� D:d  ��E��) /   �E��*��	+� ,-E. D  

i: ��!�!9 �� ���*��	+� �*�* ���-D :v ���*��	+� �. �+��7� 8��+*  
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��4(� M�P4�;� �2�% +�   ��/# �
 �� 7����,S�� �
 X���,� �*[B� �.E+�
 Q.*��B(�,-4� �(� �
 e��

�� ���� ���
     M�/P4�;� �/
 3��/�Frankenhauser  (
Widen        M�/P4�;� r�/�� �/
 ��/� �/� ��/� �����

Biedermann �� ��)���� � )16 ( +� �@�= �*�, {
  ~/��� �P
 1�� 7* �M�P4�;� Q*�Stampfi  (Willi 

)17.�� ��*N� X� (  
    �/2�25� M�L/��5� ~/��� �� �4�K�Davalos  (

) 3���-�!18���� (    �/� ��/
 Q*� ��	�E ���' ����

»�� �*Z     �/.E+�
 Q/.*��B(�,-4� �/
 }�
�� ��0Z 3���

� 7�-J� �*���E ��0Z +� �� �*[B���� .« 1�K� q��%
  �/� �*[/B� �.E+�
 Q.*��B(�,-4� �� ��
 Q*�   �/���

  �/
 �L*�d� ��0Z �
 �)�� �%�� �
�' �*���E ��0Z 3(�

  M��/0� +� �*���E ��0Z X*��� 3�-�� ( ���E �	�
 �(�
   ~/��� �!�/P
 ��_�	 Q*� .���� ��%( Q.*��B(�,-4�

   1�2//� �(� �/
 ��//� ��/)� M�/P4�;�   M�//���= ��/!
= �7Y�� ���' ��*N� ���� `2' �	�
 ( \�X
 M����

      �G�//
 �//'� +� ���//= �*�//, ���//�� ( �//	�E
 ��(�/5� Q��P� �� Q.*��B(�,-4�     �/
 "�/! $/)= �

    �Q�/�k�! .�/�� �4�2/� z*�� ��Y �(�= �� �,'�
  �/�! �*[B� �.E+�
 Q.*��B(�,-4� ��0Z �� �� �
�0
 �
 ~<	 �*[B� �.E+�
 Q.*��B(�,-4� ( ��� w�! �*

�(�     �� �/	�
 ��,��/� ( �,/��[E ��0N� 1�2� ��.V
�� ���s� ��Y� ) �*��19.(  

�///P4�;�  �Rubinsky ) 3���///-�! (21-20 �� (
��       ��/*�X� e�/m� �� M�/P4�;� Q�/4(� �X/% 3���

 �� �� �S�� �*[B� �.E+�
 Q.*��B(�,-4� �-���2�
 ( ��� A(�6 +� �b	�5� 3�-�� ���� ������ �
 3Z

 ��(��J@ ���)�     +� R/B �/	�
 T*�/� $���/� 3�-��
  �/��*� $,S�� �(� �
 ��0N� ��6 ������ ��*��	 ��)�

     ��P/_( �/
 �/��*� $,/S�� T*�� �.E+�
 3�-�� (
       3�/��� �/�2
�' �$/�+ ( ��-/�� ��/)*� ��/6 ��P�L#
  r�/S= ��U6� ( ��� A(�6 �
 7*�X ��!�����

     �/�=� ]/�'� ( `/���� X*�/�� �/�2
�' �Q��k�! (  �
+� ����� ��=�     z/*�� �/�Y �/'� �
 ��. 3���� �

  .��� ��� ����� �1�2�  
Davalos ( 3���-�! )18 ( X/�  �/S�!  �/
  �*�/, 

�//P4�;� � �//_�= 3�//. �//��� �//� Q//.*��B(�,-4� 
�.E+�
 ��*[B� �� ����      �*�/��E ��/0Z ��/)*� 3(�/


  1�2/� \�/� `%�� ��%�� �
�'     M�/P4�;� .��/� �/!
   �//���+ Q//*� �� X//� �//p*� �
�//.� ~//���Miller  (

 3���//-�!)11(� Edd ( 3���//-�! )14 (( X//� Al-

sakere ( 3���-�! )22(� ��6 ��!�.� � ��0Z �*���E 
+��
 �� Q.*��B(�,-4� �.E+�
 �*[B� �� 3�.  �/��� 

( ��*�X�  ���J,/�� +�  Q/*�  7/��-� ��  ��/� ��  �#�/� 
3�. ����  .  

�� �/////P4�;� � Adeyanju ( 3���/////-�! )23(� 
�//���! � q�//2;� �//!�(�,-4� ���//� (� �(�//,-4� �� 
"��#� 7* ����� �(�� �
 �;' cm 5/2 ( �
  �2/@�	 � 

cm 2 +� �p*�//-* �//� �� ]//�6 cm 1 �//*+ �//�=� � 
�X��� ����� ���' �,	�E ��� ��(Z�
 �� .�3�Z Q��k�! 

3�. ���� �� T*+�� 3���� �-*�,-4� �
 M��  �,/S
�( 
�
 ����! � �!�(�,-4� ��� ( �!��� �  q�/2;�  ���/
 
�! ����� �� �� 3��� �
 1�� �+�� ���6 ( ��L�  �+�/� 

���
 �! ����� e�� �
 ��� ��(Z.  
�� �P4�;� � Pavliha ( 3���-�! )24 (  7/* +� X�

�� 3���� �� 3���� �=��# ��X	�    Q/.*��B(�,-4� ��/!
�� Q*� �� .�� ���J,��   1�/� +� ���X/	�    ���/6 �+�/�

4� T//*+�� �//���
 ���//
 1���//��� �//	�
 �� �//-*�,-
   �G�/
 �/�2
�' +� ���= ��P4�;� �*�, .�*��E ���J,��
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��   +� 7/* �! ���� �� �0K� 3���� �=��# ���
 ��X	�
�P4�;� �� .��� 3�����
 ���&
 �*�, X� �_�= �  �+��

����!   +� 7/* �! ���
 �� ��� 3Z �p��
 ��(�,-4� �
����! �3�����
    �/
 �/!�(�,-4� q�/2;� �    �/
 �/*��6
�+��� ( �-�      �/
 +�/� ( �/�� �/�s,� ���S
 ����� �
���&
 M�P4�;�    ��/# �/
 3�����
 +� 7* �! ���
 �+��

�� r�S=� ��E��%   .���  
��L� �Y�E �� �!����|��� ~��� �+��   ��/% ����

I*��+Z    ��p/.*��+Z �� �/
�)� ��/!     �/�� ���/�p
 �� �/!
�� I�B ��b�� �
 ����  �/)�, ���
  /* �   �/
 �I*�/�+Z 7

��*X! ( �'(   I*�/�+Z �/=��# ��,�� �    ( �,/.�
 ��/!
I*��+Z �*�, ��SJ� ���
 Q��k�!    ��/� �/
 �
�)� ��!

   �Q/.*��B(�,-4� ��/!��
��� +� ����S
 �� .��� �,	�E
  Q/.*��B(�,-4� ( �B��� 3l(�,-4� ��B������(�,-4� ���
   3�/��� ���/
 ���J,�� ���� ��!�,����B ��*[B� �.E+�


+�   .��,S! �������
 �*G�
 ���!�  
    �/��&
 �/*�
 �3�/��� F(�/� +� �L' �Q*��
��
   �+�/�

�//-�(�B      ��//��� ��//!��
��� ���//
 R4�//B ��//!
  �//� �//�� �-//.� .��//�p
 M��//@ Q//.*��B(�,-4�
   �� ��/� ���J,/�� ��!�(�,-4� z2,d� F��� �.d
�0�
 ����S
 MG�= �� ��Y {��� �S*�<� �� Q.*��B(�,-4�

+Z �=��# ��I*��  z2,d� ��!����� �
 �z2,d� ��!
  �/� .���� ��/%( M(�J,� ��!l�,4( �
 (    T/*+�� 3��/�

   F��//� +� 7//* �//! �//
 ��//��� �� �//-*�,-4� 3��//��
��L� ���6 ��# �
 �� �!�(�,-4�    T/*+�� �/� ��� �+��

 .�*Z ��� �
 "�! �� 3����  
�P4�;� �*�, ��*�& ��    �/�� 3Z �p�/�
 �_�= �

+� ���J,�� �
 �� 3����     �/.E+�
 Q/.*��B(�,-4� ��/!
 �//<*�# �//
 �//� �+�//� �(�//,-4� I//� �//
 �*[//B�  �

�� �,��� 1������ �	�
 �� 1��E�Xp! �� ����  3���
 �
 1������ �	�
 �
 �� �L���� �-*�,-4� 3�*�% M��
    �Q�/_ �� .��/� 1�/�6� ����� ���� �����
 ��b��

 �/��� �	�
 ( $4�� �	�
 �� M���= I*�X	� 3�X�� 1��
   �/
�' �/����= `��Z ���,
 �� ��� ����<� +� �,��

�b=O� �	�
 �� �� �� .�*�� ��)*� �!.  
  

��/��0 � ��1(  

   3�/*�B �/@�= �/P4�;� Q*� �*�,  ��(� �/��   ���/,�� �
�,��  ��
 r��� ��
�� ��p.�� �� �-�XB 7*X�	 �

   �/(�P� ��/� +� o�# Q*� ���%� M���L,6� ����� (
 ��p.�� �.!(vB     .�/� Q��N/� 3��/&� r��/� ��
��

    X/��� Q�4(K/S� ( ��/��B ���-�! +� �� Q*� Q�_
    �/
 3��/&� (��) �/���� ���� 3�,�����
 �����
�*�m�
  �]//�<5� �//*��%� �//=��� �//# �� ���//-�! �//&%

�� �����' �����@ ���E. 
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Abstract 
Background: Electroporation is an effective strategy for drug delivery to the target volume, for 
example in chemotherapy. The efficiency of this method depends on the selection of optimal 
parameters affecting it. This studay aimed to evaluate the optimum parameters for treatment of soft 
tissue sarcoma tumors on irreversible electroporation treatments.  

Methods: The geometry of the tumor was defined using the Mimics software regarding to the gatherd 
magnetic resonance images (MRI). Using CAD-fix software, the Mimics product geometry was 
converted to the geometry that could be used in the finite element. The FEMLAB4.4 software utilized 
to solve equations (Laplace and the biothermal equations). In order to optimize the geometry of the 
electrodes used in irreversible electroporation, a Genetic Algorithm program was used. The Genetic 
Algorithm code was written using the MATLAB7.10.0 software. 

Findings: The induced electric field intensity to the tumor increased with increasing voltage applied to 
the electrodes and the maximum electric field intensity was observed in the potential of 4000 volts. 
The average electric field intensity distribution in the tissue was altered by changing the electrode 
penetration depth, the distance between the electrodes and the thickness of the electrodes. Despite the 
high electric field utilized to the tumor area, there was only a slight increase in the average 
temperature of the tumor (37°C). Although the tissue temperature near the end of the electrode could 
be increased up to 600°C. 

Conclusion: The optimum effective parameters of irreversible electroporation treatments for tumor 
ablation could be calculated using the numerical modeling methods. 
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