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Abstract 
Background: Nephrotoxicity is the main side effect of cisplatin (CP)-therapy which is induced by 
oxidative stress. Nephrotoxicity is gender related and limits the cisplatin treatment. Therefore, it is 
essential to prevent or to ameliorate cisplatin-induced nephrotoxicity via administration of 
supplementations. This study was designed to investigate the effect of L-arginine (L-Arg) prophylaxis 
and treatment on preventing cisplatin-induced nephrotoxicity in male and female rats.  

Methods: Sixteen male and twenty female Wistar rats were divided into eight groups. Groups 1 
(male) and 5(female), as positive control groups, received cisplatin (2.5 mg/kg/day; Intraperitoneally) 
for a week. Groups 2 (male) and 6 (female) received L-arginine (150 mg/kg/day; Intraperitoneally) as 
prophylaxis for 3 days, and cisplatin was administered from the day 3 for a week. Groups 3 (male) and 
7 (female) received L-arginine, as prophylaxis for 3 days; and cisplatin was administered from the day 
3, for a week, without withdrawal of daily L-arginine administration. Groups 4 (male) and 8 (female) 
received cisplatin and L-arginine simultaneously for a week. On the day 10, blood samples were taken 
and kidneys were prepared for histopathological investigation. 

Findings: L-arginine administration did not changed the measured parameters from positive control 
group in females. Simultaneous administration of cisplatin and L-arginine decreased serum levels of 
blood urea nitrogen and creatinine as well as intensity of renal tissue damage in comparison with 
positive control group in males (P < 0.05). In addition, it ameliorated kidney weight in comparison 
with positive control group in male, insignificantly (P = 0.20). No significant difference was observed 
in tissue nitrite level among male groups and L-arginine treated male groups had body weight loss 
more than positive control group (P < 0.05). 

Conclusion: Simultaneous administration of L-arginine, as nitric oxide precursor, and cisplatin could 
ameliorate cisplatin-induced nephrotoxicity in male gender through improving endothelium function. 

Keywords: Cisplatin, Nephrotoxicity, L-arginine, Gender 
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NTCP: Normal tissue complicationprobability 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 951 

������ �	�
� �
�� ��� ����� 	� �����
���	 ���� � ��  �������
� ����	
 (���)%* + 

 ����4�4)5$�, 6/�' . Spearman &��� 1���( ���)*�  %�,�	�$+ ���� � �7 �8��"�/��� ��  

NTCP ;<�7� 1:�42  

NTCP ;<�7� 1:�42  
��#�"��  

 �����	&

'(��  

 �����	&

*)  

$�%  +	( �

'(�� ,-��.�  

$�%  +	( �

 ,-��.�*)  
'(�� /.0   /.0*)  

�)<8�)2  00/1              

(��� �)28���  52/0 -  00/1            

 �)28���?>  50/0 -  87/0  00/1          


�= (��� AB6�+� @�� 3  33/0 -  32/0  34/0  00/1        


�=  AB6�+� @�� 3?>  30/0 -  26/0  29/0  795/0  00/1      

(��� �+C  43/0 -  07/0  16/0  09/0 -  08/0 -  00/1    

 �+C?>  46/0 -  22/0  22/0  10/0 -  09/0 -  87/0  00/1  

NTCP: Normal tissue control probability 

  

� 6��� ���� ��7@�o� �h��T 9�$3"� 
 &K�� ��
 

/��7� ' &\' S�2 ��*O�� 4��'  
����  &�K��  ���
 

/��7� � .���� ���V ��� 3�� ���U   ���� ��3K� 
  ��7@�o� 
 

McGinn  ����,$� 	#/��  ��A	 ����#7� y�/'�  ���

��� �'�?
  ��'� 	 �o!  4���'  &�K��  ���
 /�� �7� 

����.	� �� �	���U�
 (����
 66 -33 ����
�  &�����o�

 &2��)15( .�� �7@�o� �
� Kukolowicz � ��= � ���� 

�h��T 9�$3"� �� ��� 
  &�K��  ���
 /�� �7�  &�\' 

�� .	� ������3K�� �3� �#��$� .����E �\'�l   ���h�"

�7@�o� 6��� �� 
 	
 ��= "����   ��� Y��#� �����

	�
 ���h��T 9���$3"� 
 &��K�� ����
 /����7� O*��'�� 

0����
 &2�� )16(.  

 4��� &CA �� 
���0� S�7@�o� ��h�" 9�" ��

 9�$3"��h��T  
 &�K��   ��7�/� 
���    Z��U�� 9��" ��

��     a����K 	 F��h�� &��$�� �]���� ���� ��� �� �2��

J�#,' ���	X <	� 	 ��      4���� &�CA ����A 
���

 9�$3"��h��T 
 &K��   ��7�/� 
���    .� w�? �����$��

;�	� �����M� �� ����� 
 ) �2��18-17.(  

 J��#,' &K� �?    ��#��� ����'�'�? 
��� D-CRT3 

)D-conformal radiotherapy3 ( 	IMRT 

)Intensity-modulated radiation therapy (�U#� �� 

l��o' �3 �� .	� �� ����' 	 ef"  &�K��  
���  ��7�/� 

;����� &�� )19 .(  

�,� .� C�a �/#A ���'  �?��'����� 
��  ���   ��� ���'	�?

     &��� ��3K�]� ����V �����.�� ����� �X �#�@�� S��O� .�#�� 

 ���#���? .� ;��f3�� �,�W�@��� .��3���� �]$�  ����vK .	�

�� ����. 	   ��� .��2��    �,�W��@�������� S��7@�o� 6����� 

���#���? &!��#,� ����. .	��    ������ �� �7���� Y-s�

 d�� ���#� �� TCP  	�#�$� NTCP �� ) �2��20.(  

 �������'�? �� .� ;��f3��π4 ��    e�f" Y/�� ����'

�
�vT    ����� �����' 9�3#� [�\g' 	 ����\�)18 .(

HT )Helical tomotherapy(  a��U" ���� �� .	� =����

�� =��$3� d��     �����\� 
��vT� e�f" Y/� 	 �#�

�� ��2 )17(.  

����?��'�� ����� �� &CA��� �3C� ���� �3��E 

� �������#�.� CU'�S�=  	��/�����
  ����� Y��#�

��   ��� S��T8�� .� ;��f3��� �� .�2������ W��@��,�� 

�� X �� ���'�;�# �
 �=���J   9��� ���  ���
   Y���#�

�������?��'�� &����� �&���K� )21C� .(�����# .�����
 

@�����3 ��
 ����?��'��� ��  ����'�.��# 
 �����   ���

+,'	�? ��
 ����?��'�� _35� �� ����$ ��  a����K 

�.�� )22.(  



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 952 

������ �	�
� �
�� ��� ����� 	� �����
���	 ���� � ��  ������
� ����	
� (���)%* + 

  

12����= � ">8�  

 .�
�	�#K 	 S����\' &�	�7�   �,�2=? Z�-T ;�] ���

�#�=� ���*' &CA ���	��    ���#P$� 	 p��� 
��A� 


  �����$' 	 &������� .� 	 ��,��2=? ����#���� =�����

������ � �	Q?     ;W	��? ���� Z��U�� �� �� ���	�� ����

�� 
��=]��c� �����$� 
��,$� ����. 

  

References 

1. Howren MB, Christensen AJ, Karnell LH, Funk 
GF. Psychological factors associated with head 
and neck cancer treatment and survivorship: 
evidence and opportunities for behavioral 
medicine. J Consult Clin Psychol 2013; 81(2): 
299-317. 

2. Mork J, Lie AK, Glattre E, Hallmans G, Jellum 
E, Koskela P, et al. Human papillomavirus 
infection as a risk factor for squamous-cell 
carcinoma of the head and neck. N Engl J Med 
2001; 344(15): 1125-31. 

3. Marks LB, Yorke ED, Jackson A, Ten Haken 
RK, Constine LS, Eisbruch A, et al. Use of 
normal tissue complication probability models 
in the clinic. Int J Radiat Oncol Biol Phys 2010; 
76(3 Suppl): S10-S19. 

4. Keinj R, Bastogne T, Vallois P. Multinomial 
model-based formulations of TCP and NTCP 
for radiotherapy treatment planning. J Theor 
Biol 2011; 279(1): 55-62. 

5. Holloway L, Hoban P, Metcalfe P. 
Radiobiological indices that consider volume: a 
review. Australas Phys Eng Sci Med 2002; 
25(2): 47-57. 

6. Rawlings KM. Key performance indicators for 
goal attainment in dairy farming: essential 
elements for monitoring farm business 
performance [MSc Thesis]. Palmerston North, 
New Zealand: Massey University; 1999. 

7. Hussein M, Aldridge S, Guerrero UT, Nisbet A. 
The effect of 6 and 15 MV on intensity-
modulated radiation therapy prostate cancer 
treatment: plan evaluation, tumour control 
probability and normal tissue complication 
probability analysis, and the theoretical risk of 
secondary induced malignancies. Br J Radiol 
2012; 85(1012): 423-32. 

8. Cheng L, Hobbs RF, Segars PW, Sgouros G, 
Frey EC. Improved dose-volume histogram 
estimates for radiopharmaceutical therapy by 
optimizing quantitative SPECT reconstruction 
parameters. Phys Med Biol 2013; 58(11):  
3631-47. 

9. Jones L, Hoban P, Metcalfe P. The use of the 
linear quadratic model in radiotherapy: a 
review. Australas Phys Eng Sci Med 2001; 
24(3): 132-46. 

10. Harvey EB, Brinton LA. Second cancer 
following cancer of the breast in Connecticut, 
1935-82. Natl Cancer Inst Monogr 1985; 68: 
99-112. 

11. Trott KR, Doerr W, Facoetti A, Hopewell J, 
Langendijk J, van Luijk P, et al. Biological 
mechanisms of normal tissue damage: 
importance for the design of NTCP models. 
Radiother Oncol 2012; 105(1): 79-85. 

12. Neglia JP, Friedman DL, Yasui Y, Mertens AC, 
Hammond S, Stovall M, et al. Second malignant 
neoplasms in five-year survivors of childhood 
cancer: childhood cancer survivor study. J Natl 
Cancer Inst 2001; 93(8): 618-29. 

13. Sherman AC, Simonton S, Adams DC, Vural E, 
Owens B, Hanna E. Assessing quality of life in 
patients with head and neck cancer: cross-
validation of the European Organization for 
Research and Treatment of Cancer (EORTC) 
Quality of Life Head and Neck module (QLQ-
H&N35). Arch Otolaryngol Head Neck Surg 
2000; 126(4): 459-67. 

14. Borggreven PA, Verdonck-de Leeuw IM, 
Muller MJ, Heiligers ML, de Bree R, Aaronson 
NK, et al. Quality of life and functional status in 
patients with cancer of the oral cavity and 
oropharynx: pretreatment values of a 
prospective study. Eur Arch Otorhinolaryngol 
2007; 264(6): 651-7. 

15. McGinn CJ, Ten Haken RK, Ensminger WD, 
Walker S, Wang S, Lawrence TS. Treatment of 
intrahepatic cancers with radiation doses based 
on a normal tissue complication probability 
model. J Clin Oncol 1998; 16(6): 2246-52. 

16. Kukolowicz P. Clinical aspects of normal tissue 
complication probability. Rep Pract Oncol 
Radiother 2004; 9(6): 261-7. 

17. Vernat SS, Ali D, Messina C, Pommier P, 
Dussart S, Puyraveau M, et al. Intensity 
modulated arc therapy in bilaterally irradiated 
head and neck cancer: a comparative and 
prospective multicenter planning study. Cancer 
Invest 2014; 32(5): 159-67. 

18. Sheng K, Dong P, Gautam A, Cheng CW, Ruan 
D, Low D, et al. Evolution of ipsilateral head 
and neck radiotherapy. Current Cancer Therapy 
Reviews 2014; 10(4): 343-52. 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 953 

������ �	�
� �
�� ��� ����� 	� �����
���	 ���� � ��  �������
� ����	
 (���)%* + 

19. van de Water TA, Bijl HP, Schilstra C, Pijls-
Johannesma M, Langendijk JA. The potential 
benefit of radiotherapy with protons in head and 
neck cancer with respect to normal tissue 
sparing: a systematic review of literature. 
Oncologist 2011; 16(3): 366-77. 

20. Zeng C, Giantsoudi D, Grassberger C, Goldberg S, 
Niemierko A, Paganetti H, et al. Maximizing the 
biological effect of proton dose delivered with 
scanned beams via inhomogeneous daily dose 

distributions. Med Phys 2013; 40(5): 051708. 
21. El N, I, Pater P, Seuntjens J. Monte Carlo role 

in radiobiological modelling of radiotherapy 
outcomes. Phys Med Biol 2012; 57(11):  
R75-R97. 

22. Wang W, Lang J. Strategies to optimize 
radiotherapy based on biological responses of 
tumor and normal tissue. Exp Ther Med 2012; 
4(2): 175-80. 



 

 

1- Associate Professor, Department of Medical Physics and Imaging, Solid Tumor Research Center, Urmia University of 
Medical Sciences, Urmia, Iran 
2- MSc Student, Department of Medical Physics and Imaging, School of Medicine, Urmia University of Medical Sciences, Urmia, Iran 
3- Radiation Oncologist, Radiotherapy Research Center, Omid Hospital, Urmia, Iran 
4- Radiotherapy Research Center, Omid Hospital, Urmia, Iran 
5- Associate Professor, Department of Biostatistics and Epidemiology, School of Medicine, Urmia University of Medical 
Sciences, Urmia, Iran 
Corresponding Author: Nasrollah Jabbari PhD, Email: Jabbari.n@umsu.ac.ir 
 

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 954 

Journal of Isfahan Medical School Received: 18.04.2015 
 

Vol. 33, No. 339, 3rd Week, August2015 Accepted: 01.07.2015 
 

 
Effects of Treatment Strategies and Demographic Characteristics on 

Normal Tissue Complication Probability in Head and Neck Radiotherapy 

Using the Lyman Model 
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Hamid Reza Khalkhali PhD5 

 
Abstract 
Background: This study aimed to evaluate the effects of treatment strategies and patients' 
demographics characteristics on normal tissue complication probability in head and neck radiotherapy 
using the Lyman model. 

Methods: 78 patients with head and neck cancers who had finished their period of treatment in the last 
three years were investigated. The available information in the CorePlan treatment Planning system 
for each patient was gathered. Finally, the normal tissue complication probability (NTCP) was 
determined from the dose received to the target volume and the irradiated volume using statistical 
model used in the CorePlan treatment planning system (Lyman model). In this work, descriptive 
statistics such as mean and proportion was applied to describe the data and Mann-Whitney, Kruskal-
Wallis, and Spearman correlation-coefficient test also were employed. 

Findings: The normal tissue complication probability was found to be strongly influenced by the 
position of normal tissues to radiation. In addition, a significant relationship was observed between the 
tumor and its adjacent normal tissues (P < 0.050). Complication risk of thyroid and dose increasement 
was significantly correlated (P = 0.004). There was no significant relationship between the age group, 
sex, stage of tumor, treatment type and normal tissue complication probability (P > 0.050). 

Conclusion: According to our findings, there was a significant relationship between the tumor 
location and the normal tissue complication probability. Thus, optimization of treatment planning 
system and use of appropriate equipment are useful in improving the symptoms of head and neck 
cancer after radiotherapy. Using high-dose radiation for head and neck cancers should be evaluated to 
protect thyroid, especially when the tumor is in the neck. 

Keywords: Radiotherapy, Head and neck cancer, Normal tissue complication Probability, Dose 
volume histogram  
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  .�/	�E ��)
� �*���E ( �-*�,-4� M��@ �
 �]�<5�
      T/*+�� �,/S*�
 ��4N/S� �/-*�,-4� ��/S' �= ���

   �,/S*�
 ��*�/��E ��S' �= ���
 ( �-*�,-4� 3����

  � �/	�
 �� �*�/��E T*+��     �/= ���/
 .��/� �L/��5
  �/////4��P� +� �/////-*�,-4� ��/////S'  �Laplace 

�����. �σ. ����φ	 
 0 .�� ���J,�� 

     �*[//B�
 �//.E+�
 3�//� �//*��B(�,-4� ��//�P�  
V/cm 900  =Eirrev �
�,///�Z)   3��///�� M�///� �

 �-*�,-4�   �/.E+�
 Q/.*��B(�,-4� ��)*� ���
 �4��6�
    �*[//B �/.E+�
 3�//� �/*��B(�,-4� ��//�P� ( (�*[/B�
  

V/cm 400  =Erev �
�,�Z)   �/-*�,-4� 3���� M�� �
      (�*[/B �/.E+�
 Q/.*��B(�,-4� ��/)*� ���/
 �4��6�

��L� ���
 1��P� ��# �
 ��*��<� Q*� .��� �+��  ��!
  ���J,/�� ���� Q.*��B(�,-4� M�<�<5� �� �,	�E ��)
�
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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� �(�	�
  .���  
I�B ����� �
 �%�� �
    �/� ��/	 ��/,JE    �/� ��/�

    -4� ( ��/� X*�/)� l�/,4( ����� ��(�/,-4� h;�  �(�/,
    �/
 �/	�
 �/� �+�� ���
 �Q*��
��
 .��� Q��+ ��p*�

 ���� �!�(�,-4� +� �-*φ = V0  
 ��V0       ���/
 �Q�/�k�! .�/�� ��/� 1�/�6� l�,4(

    ��/�� �/p*� �(�/,-4� �
 r��� �� �� �,	�
φ = 0 .
�� �,	�E �b
 �� �-*�,-4� ]*�6 �o�;� �*�� .�
��  

 
��

��
= 0  

,S*�
 ��+�� ~*��� Q*� �
 �(O6  �+�/� ~*��� �
�P4�;� ���
 ��p*�     ( �/!�(�,-4� Q�/
 �/��E 1�<,
� �

�	�
 �� �1�= Q*� �
 .�	�E �b
 �� �!    �� �/!+�� 3��/�
   �/�� I*�X/	� �����= 3��,
 �� �	�E �b
 �� 7���
�*�Z

:��� ���' ����
 ���� ��  
  

��

��
= 0  

  

    �//P4�;� �//&% ���J,//�� ���//� ��//!�,����B � 
*�,����B7  ��/!�(�,-4�  �
+�/�  1(�/% �� �1   ��/�Z
.��� ��5
 �  `���� Q*� �
 �P4�;� ��)
���
  �&% ��

    �� ��//� �//	�P� ��//!�,����B +� ���//� �//! �//���
  
 1(�%1�*�B ���<� ��%�� ��!�,����B �*�� � �  �� ���

���� q�d,
�� ��E �
 �b
 ���� �,����B   ��/� �	�P� ��!
��L� ( �� ���� ���s� �+��    ( �/-*�,-4� ��/!  �*�/��E

  ��//)
� }�//
��  1(�//% �� .�//	�E2 M��//@�m� �
�	�
 7*�,-4���
 z2,d� ��!    M�/P4�;� +� ���J,/�� �
)

(Q�.�B .��� ���Z  
  

 ���71. �%+�8� &�7 �)�93!� )��� ��#�3����: � ��3����:; ����! ��#)��3�+� 

���
�	�  ��
�  ��	�  �	�  ��	� �
��� 

����) �*��	+� *� ,-. /  Mm 5-1 1  1  
�-�) 2)�. �� �*��	+� �*�* ��i(  Mm  0/25-5/0 5  5/0  

) �*��	+� 2��56t(  Mm  0/2-5/0 5/0  5/0  

) ���*��	+� �. 
�
 ���7� 8��+*v(  V  4000-500 500  500  

  
 ���72&'�
 ;��3�+���
 <��=��> . ) �%+�8� �) �)�93!� )��� ��#)��3�+� � �#13-12 /10(  

��	� ���  

�������
 ��	�	��  

)S/m( 
!"��	  

)3kg/m( (kg/m3)  

��	��� �$��%  

)C°J/kg/ ((J/kg/°C)  

��	��� ��	�	��  

)C°W/m/(  

 &�	�� �'��

��	���  

 �$��( �'��

)�
��  

)W/kg(  

�!�  0000/0  1  1003 03/0 0  00/0 

��!5���  0643/0  1908 1313 32/0 10 15/0 
2�!�  4910/0 1109 3391 37/0 106 65/1  

 �� 2)�.  4900/0 1027 2372 39/0 37  58/0 
�!�!9  4900/0  1027  2370  39/0  37  58/0  

�*��	+�  107  ×7440/3  2700  ----  00/910  250  ------  
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q��% �)����L,6� ��b�� �
    �/= +� �/@�= ��!
 ��/
 �� MG��P� ���6  ��X/	� FEMLAB�   ~*��/� ��

���� � ���J,�� �2�25� �= +� .�     �/� `/���� Q/*� �/

�//4��P�  �Laplace 5� M��//@ �//
�//2�2  7//* ���//


���� �(�,-4�  Q/p�! ��
 �	�
 �� ��� �,��� �   �/=

 ���6 �= �
 3Z �*�,
 ( �� ���
 +� ���Z ���  ��X	�

 �S*�<�.�*��E  3��+Z   ��/)
� `/���� Q*� �
 �*��p�!
�� q��% ��       Q*�/,�� �/
 ���/6 �/= +� �/��
 ��!

  �L/��5� 3��4� ���P�   R|/� .�/�  �*��/� �/
�   ���/P�
3��4�  I*�X	� �!*( �	�  3�/�4� ���P� I*�X	� �
  �/!�   �/


q��% �*��� �� ��p�! ���6 �= ��!{  �/
�E �
  ��
3��4� ���P� �,.�
 I*�X	� �
 ��  �/!�  q��/%    �/= ��/!

 �
���Y ���s� ���6.��
��
    
���&
 ��b�� �
 ����! �+��    ���/� ��/!�(�,-4� �

 +� ��*[///B�
 �///.E+�
 Q///.*��B(�,-4� �� ���J,///��
�� 7�,
l $,*��p4�    �/
 7/�,
l $,*��/p4� �� .�� ���J,

 ��/
 +� ���J,��   ��X/	�0/10/7 MATLAB )a2010R (
   �7//�,
l $,*��//p4� F(�//� ���//,
� �� .�//� �,//��


���&
 ��!��s,�     ��/!��s,� Q/*� .�
�/� ���[E�� �+��
    ���/� �
+�/� �(�/,-4� ���
r    �(�(�/,-4� F�P/�)d 

�2@�	) �  �(�!�(�,-4� Q�
i  �!�(�,-4� �(�( 3�X��) ��
 ( (�����v    �/� (�/!�(�,-4� �/
 �4��6� l�,4()  ��/��
 .

I�B ��!��s,� +� ��4(� ��P�% �,JE  )r �d �h  (v   �/*
D �d �l  (v.�� ��4�� �	��m� M��@ �
 (  

 ��+�� ~*��� 1��6� ( �!��s,� Q*� q�d,
� +� RB
 T
�� ���<� ��*��,
� ��P�% Q*� ���	� +� ���� �! ���


  ��/
 7/�� �
 "�!  �X/	� �FEMLAB    .�/� �L/��5�
  �/� $4�� �	�
 $)= +� M��L6 �b
 ���� "�! T
���

 \�X/
 �-*�,-4� 3���� �5�   +� �/�V/cm 900   ���/'
) ��� �,	�EE-N    �/5� �/� 1���/��� �	�
 $)= �(

\�X
 �-*�,-4� 3����   +� �/�V/cm 900    �/,	�E ���/'
) ���E-T     �/	�
 �/
 ��/� �/��5� �*���E `��Z �(
) $4��-NΩQ��k�! ( (  ��/� ���5� �*���E `��Z �

) 1������ �	�
 �
-TΩ     ��/p*� M��/L6 �/
 .��,/S! (
���&
    �/� �� �/,	�E ��/)
� �+��    �,/�� (� �/
 3��/� � 

�//��&
   �//��&
 ( �//-*�,-4� �+�//�   �*�//��E �+�//�
$�S<� .���
 ���
  
  

����	 	
  

 �� ��� 3�.
 ���� �	�P� 1�� ���
 �)����L,6� �*�,

� �
 �2�25� M�L��5� �*�,
    A�/L;
� ����/6 M�L/��5
�
�E �
 {���� �4�L' �
�' ���.�
 �� ��   ]/2;� ��' �

�//���! ���//
 �L//S
 ��//;�  �//
 �//
��
 1�//
�E�Xp! �  
2/4        �/� �/! �� �/� �/�� �/�W �/
 �+G .��
 �@��

���.�
 Q*� ��4�= �L4 �� "O,�� �  ��%( �
 1�� ��!
��=�
) �(�,-4� (� Q�
 ��U	 �� .��Z     ��/# �/
 �/� ��

1��P� �� ���' �����  ��/�E(�  Q�p
�/��  Q/*�  "O,/�� 
�,�� +� 5/2 �@�� ��
.  

�
 ��b�� ���
� +��*T �,-4�*-� �� �	�
 $4�� ( 
1���//���� $//)= L//S
� =�
//�� �� �//� �//5� �//�3�� 

�,-4�*-� \�X
  �/� +� V/cm 900  ���/'  �/,	�E  �/�� 
 $)=)=�
�� � �� �b
 S<��$ �
 $)= �� �	�
 $4�� 

*� 1������ (�L��5� ( $�� ��E*� .�����
 }�
��  �/
 
$)= LS
� =�
�� � �5� I��B �
 ��3�� �,-4�* /-� 
\�X
 �� +� V/cm 900  ��/
�  �/!  /*7 +� 
� 3���/� �� 

Y//�I� 1�//
�E�Xp! 3 × 3 �� �!��,��//�� 1���//��� 
���� �P4�;� �� �6��)� �����
 1 Z��� ���.  

  �� �/-*�,-4� 3���� T*+�� ����
 +� �@�= �*�,

 $4�� �	�
       �/� ��/
 `/2;� Q/*� �p
�/�
 �1���/��� (

    l�/,4( I*�X/	� �/
 ���� T*+�� �-*�,-4� 3���� M��  
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z4�)– A(                                                    z4�)– B(  

  

    
z4�)– C(                                                     z4�)– D(  

  

    
q)– A(                                                      q)– B(  

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

�#)��3�+� , :&��2J )��3�+� - :�K=�' � 
�L �#)��3�+� ) :M	I )��� )��3�+� �) �
/&' ��
� &'�
 �#� ������� 
�1���	 )A(/ &'�
 �#� (�� 

4+�! 
�1���	 )B (� &'�
 �#� ���23!�� )C(.  
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q)– C(                                                    q)– D(  

  

    
�)– A(                                                    �)– B(  

  

    
�)– C(                                                      �)– D(  

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

�#)��3�+� , :&��2J )��3�+� - :�K=�' � 
�L �#)��3�+� ) :M	I )��� )��3�+� �) /&'�
 ��
� &'�
 �#� ������� 
�1���	 )A(/ &'�
 �#� (�� 

4+�! 
�1���	 )B (� &'�
 �#� ���23!�� )C( (���)�).  
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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 �
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$+� :H�3+� ��	I� ��� �
 �#)��3�+�/ , :&��2J )��3�+�/ - :�K=�' � 
�L �#)��3�+�  �) :M	I )��� )��3�+� �) &'�
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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-  
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 !� ���-. 
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Ω-T  73/1  41/2  34/11  514  0034/0  0  67/11-  72/11-  
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 F-�<9 �;���B G-�HD: t 2��56  �*�E�	+� D:d  ��E��) /   �E��*��	+� ,-E. D  
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www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 966 

�������� 
��� �
���� ����
�
� ����� ���������� ���� ���� ���	 �
�� �

�� ,&-�.�/ � 

��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,��



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 967 

������� 
��� �
���� ����
�
� ����� ���������� ����� ���� ���	  �
�� �

��,&-�.�/ � 

��
   +� 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. 

  

References 

1. Prendergast B, Fiveash JB, Gibbs P, 
Scarborough MT, Indelicato DJ. Radiotherapy 
for soft tissue sarcoma of the proximal lower 
extremity. Sarcoma 2010; 2010: 1-10. 

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun 
MJ. Cancer statistics, 2009. CA Cancer J Clin 
2009; 59(4): 225-49. 

3. Ferguson WS, Harris MB, Goorin AM, 
Gebhardt MC, Link MP, Shochat SJ, et al. 

Presurgical window of carboplatin and surgery 
and multidrug chemotherapy for the treatment 
of newly diagnosed metastatic or unresectable 
osteosarcoma: Pediatric Oncology Group Trial. 
J Pediatr Hematol Oncol 2001; 23(6): 340-8. 

4. Songur N, Dinc M, Ozdilekcan C, Eke S, Ok U, 
Oz M. Analysis of lung metastases in patients 
with primary extremity sarcoma. Sarcoma 2003; 
7(2): 63-7. 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 968 

�������� 
��� �
���� ����
�
� ����� ���������� ���� ���� ���	 �
�� �

�� ,&-�.�/ � 

5. Neal RE, Garcia PA, Robertson JL, Davalos 
RV. Experimental characterization of intrapulse 
tissue conductivity changes for electroporation. 
Conf Proc IEEE Eng Med Biol Soc 2011; 2011: 
5581-4. 

6. Sel D, Mazeres S, Teissie J, Miklavcic D. 
Finite-element modeling of needle electrodes in 
tissue from the perspective of frequent model 
computation. IEEE Trans Biomed Eng 2003; 
50(11): 1221-32. 

7. Neal RE, Garcia PA, Robertson JL, Davalos 
RV. Experimental characterization and 
numerical modeling of tissue electrical 
conductivity during pulsed electric fields for 
irreversible electroporation treatment planning. 
IEEE Trans Biomed Eng 2012; 59(4): 1076-85. 

8. Miklavcic D, Beravs K, Semrov D, Cemazar M, 
Demsar F, Sersa G. The importance of electric 
field distribution for effective in vivo 
electroporation of tissues. Biophys J 1998; 
74(5): 2152-8. 

9. Sekino M, Ueno S. Magnetic resonance imaging 
of electric properties of living 
bodies.Biocybernetics and Biomedical 
Engeneering 2007; 27 (1/2): 177-84. 

10. Corovic S, Zupanic A, Kranjc S, Al SB, Leroy-
Willig A, Mir LM, et al. The influence of 
skeletal muscle anisotropy on electroporation: in 
vivo study and numerical modeling. Med Biol 
Eng Comput 2010; 48(7): 637-48. 

11. Miller L, Leor J, Rubinsky B. Cancer cells 
ablation with irreversible electroporation. 
Technol Cancer Res Treat 2005; 4(6): 699-705. 

12. Nickfarjam A, Firoozabadi SMP, Kalaghchi B. 
A multi objective genetic algorithm (MOGA) 
for optimizing thermal and electrical 
distribution in tumor ablation by irreversible 
electroporation. J Biomed Phys Eng 2013; 3(1): 
13-24. 

13. Corovic S, Zupanic A, Miklavcic D. Numerical 
modeling and optimization of electricfield 
distribution in subcutaneous tumor treatedwith 
electrochemotherapy using needle electrodes. 
IEEE Transactions on Plasma Science 2008; 
36(4): 1665-72. 

14. Edd JF, Horowitz L, Davalos RV, Mir LM, 
Rubinsky B. In vivo results of a new focal tissue 
ablation technique: irreversible electroporation. 
IEEE Trans Biomed Eng 2006; 53(7): 1409-15. 

15. Trontelj K, Rebersek M, Kanduser M, Serbec 
VC, Sprohar M, Miklavcic D. Optimization of 
bulk cell electrofusion in vitro for production of 
human-mouse heterohybridoma cells. 
Bioelectrochemistry 2008; 74(1): 124-9. 

16. Frankenhaeuser B, Widen L. Anode break 
excitation in desheathed frog nerve. J Physiol 
1956; 131(1): 243-7. 

17. Stampfli R, Willi M. Membrane potential of a 
Ranvier node measured after electrical 
destruction of its membrane. Experientia 1957; 
13(7): 297-8. 

18. Davalos RV, Mir IL, Rubinsky B. Tissue 
ablation with irreversible electroporation. Ann 
Biomed Eng 2005; 33(2): 223-31. 

19. Maor E, Ivorra A, Leor J, Rubinsky B. The 
effect of irreversible electroporation on blood 
vessels. Technol Cancer Res Treat 2007; 6(4): 
307-12. 

20. Rubinsky B. Irreversible electroporation in 
medicine. Technol Cancer Res Treat 2007; 6(4): 
255-60. 

21. Rubinsky B, Onik G, Mikus P. Irreversible 
electroporation: a new ablation modality--
clinical implications. Technol Cancer Res Treat 
2007; 6(1): 37-48. 

22. Al-Sakere B, Bernat C, Andre F, Connault E, 
Opolon P, Davalos RV, et al. A study of the 
immunological response to tumor ablation with 
irreversible electroporation. Technol Cancer Res 
Treat 2007; 6(4): 301-6. 

23. Adeyanju OO, Al-Angari HM, Sahakian AV. 
The optimization of needle electrode number 
and placement for irreversible electroporation of 
hepatocellular carcinoma. Radiol Oncol 2012; 
46(2): 126-35. 

24. Pavliha D, Kos B, Zupanic A, Marcan M, Sersa 
G, Miklavcic D. Patient-specific treatment 
planning of electrochemotherapy: procedure 
design and possible pitfalls. Bioelectrochemistry 
2012; 87: 265-73. 



 

 

1- PhD Student, Department of Medical Physics, School of Medicine, Tarbiat Modares University, Tehran, Iran 
2- Professor, Department of Medical Physics, School of Medicine, Tarbiat Modares University, Tehran, Iran 
3- Assistant Professor, Department of Radiology, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran 
4- Assistant Professor, Department of Surgery, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran 
Corresponding Author: Seyed Mohammad Firoozabadi PhD, Email: pourmir@modares.ac.ir 
 

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /339 ���� /�����  !� 1394 969 

Journal of Isfahan Medical School Received: 04.04.2015 
 

Vol. 33, No. 339, 3rd Week, August 2015 Accepted: 04.07.2015 
 

 
Optimizaing the Parameters of Soft Tissue Sarcoma Tumors in Irreversible 

Electroporation Treatment Method 
 

Karim Ghazikhanlou-Sani MSc1, Seyed Mohammad Firoozabadi PhD2,  
Leila Aghaghazvini PhD3, Habibollah Mahmoudzadeh MD4 

 
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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PRP: Platelet-rich plasma; FUT: Follicular unit transplant; RCT: Randomized controlled trial; AGA: Androgenetic alopecia; D/P MPs: Dalteparin/protamine microparticles 
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Abstract 
Literature review shows limited number of articles on platelet rich plasma (PRP) in various indications 
like androgenic alopecia, healing in chronic ulcers and skin rejuvenation. Platelet rich plasma seems to 
be rational therapy with science of growth factors in tissue regeneration. Level of evidence of various 
studies in androgenic alopecia is from low to medium. Though, platelet rich plasma is a newer 
technique in a dermatosurgeons’ armamentarium that can be combined with other therapies. Well-
defined double blind trials will definitely increase the confidence of clinicians in this procedure. 
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