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ABSTRACT 
 

Aims: The main aim of this paper is to propose a new boundary element method (BEM) algorithm 
for cancer modeling of cardiac anisotropy on the electrocardiogram (ECG) Simulation.  
Study design:  Original research paper. 
Place and Duration of Study: Jamoum laboratory, June 2018, Makkah, Saudi Arabia. 
Methodology: a new boundary element algorithm was proposed and implemented for solving the 
governing equations of new cancer mathematical modeling in conjunction with the governing 
equations of ECG simulation. 
Results: The effect of cardiac anisotropy on the ECG. Also, the effect of anisotropy on the relation 
between healthy and infected tissues. 
Conclusion: For a known set of conductivities, numerical results show that the boundary element 
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algorithm, for cancer modeling of cardiac anisotropy on the ECG simulation is very accurate, due to 
the excellent agreement of our results with the corresponding finite difference results, effects of 
anisotropic tissues that relate between people and (plants, insects and animals) are also studied as 
a new advantage for the proposed model. 

 
 
Keywords: Boundary element algorithm; cardiac anisotropy; cancer mathematical modeling; 

electrocardiogram (ECG). 
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1. INTRODUCTION 
 
In the present paper, our cancer mathematical 
modeling investigates the interaction between 
tumour and immune cells. Also, it establishes the 
importance of combining immuno-oncology (IO) 
with ionizing radiation (IR) [1-4]. An 
understanding of behaviour of electro-
cardiographic resulted in computer models of 
ECG which is an important role that has been 
filled the knowledge gaps [5, 6]. 
 
Recently, the BEM [7-55] and BEM software [56] 
have been used as very important tools for ECG 
simulation to describe the torso, muscle layer, 
lungs and ventricular blood masses with 
thousand triangles as in the anatomic model 
shown in Fig. 1. 
 
One of the important anti-cancer treatments is 
that which enable the immune system to attack 
the tumour and kill tumour cells [57], where CD4 
T-cells, have been used for discover the tumour 
and CD8 cytotoxic T-cells have been used to 
seek out and destroy the cancer. Our cancer 
mathematical modeling investigates the relation 
between a growing cancer cells and the immune 
T-cells, we assumed that cancer cells are a 
homogeneous population, where the radiation 
therapy is the same on each cell, the T-cell 
population is unlimited, but its ability to kill 
tumour cells is limited. Also, Immunotherapy 
supports the ability of the immune system to 
recognise and kill the tumour. Roberts and   
Scher [58] presented analytic solution for 
studying the anisotropy effects on the intact 
heart. Stenroos and Haueisen [59] studied 
boundary element computations in the forward 
and inverse problems of electrocardiography         
and they focus on comparison of collocation               
and Galerking weightings Thivierge [60]                
studied intracellular anisotropy and             
neglecting extracellular anisotropy effects, which 
we are taken it into consideration in the present 
paper. 

 
 

Fig. 1. Boundary element anatomic model 
 

2. BEM FORMULATION AND 
IMPLEMENTATION 

 
For real simulations, the torso surface has been 
replaced by the skeletal muscle layer's inner and 
outer surfaces, where electrodes are placed on 
the outer layer, we consider the anisotropic 
bidomain model of cardiac tissue [1] 

 
∇ ∙ (��∇Ψ�) = −∇ ∙ (��∇Ψ�)                                       (1) 

 
where Ψ�  and Ψ�  are potential fields related to 
�� = ��∇Ψ� and  �� = ��∇Ψ�, respectively. 

 
Making use of the following membrane potential 
V� = Ψ� − Ψ�, we can write Eq. (1) as 

  
∇ ∙ ([�� + ��]∇Ψ�) = −∇ ∙ (��∇V�)                         (2) 
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In the current ECG study, the boundary element 
model of membrane and finite difference (FD) 
model of human torso are simulated. 
 
Where current density and conductivity tensor 
are given by 
 
�� = −��∇V�, �� = ���(�����, ���)                  (3) 
 
The governing equation of reaction-diffusion 
model can be expressed as 
 

��

���

��
= ���∇ ∙ (�(���, ���)∇��) − ����            (4) 

 
where σ�� and σ��  are equivalent conductivities 
[4], β , C�  and I���  are membrane surface, 
capacitance and ionic currents summation, 
respectively.  
 
The boundary integral equation corresponding to 
(4) can be written as 
 

Ψ�ℓ(�) =
1

2���ℓ
� − �ℓ

��
∙ �� �� �� ′� ∙

� − � ′�

|� − � ′|�
�� ′

+ � � (��
� − ��

�)Ψ�
��

�� ′′����� ′′

�

�                       (5) 

 
where ��, �, �ℓ

�, �ℓ
� ��� ��  are set of surfaces � , 

continuous isotropic conductivity, conductivity 
inside surface ℓ, conductivity outside surface and 
source current density field, respectively. 
According to Potse and Dube [4] and using 
equation (2), the current model can be simulated 
as in the BEM model. 
 
The mathematical cancer modeling of the 
considered problem (see Fig. 2) can be 
expressed as follows 
 
��

��
= ��(�) − ��(�, �, �) + ��(�, �)                         (6) 

 
��

��
= ��(�, �, �, �) − ��(�, �, �)                                (7) 

 
��

��
= −��(�, �)                                                                (8) 

 
��

��
= −��(�, �)                                                              (9) 

 
Where �  is the tumour volume, � − cells is the 
tumour density which are only considered active 
against the cancer in our considered modeling, � 
is the concentration of immune-agent, �  is the 
radioactivity administred, �� , �� , �� , �� , �� , �� 

and �� are tumour logistic growth, tumour death, 
T-cell activation, T-cell death, immunotherapy 
decrease, radiotherapy decrease and new 
function that contains anisotropic effects that 
relate between people and (plants, insects and 
animals), respectively and can be written as 
follows 
 

��(�) = �� −
���

����

                                                     (10) 

 

��(�, �, �) =
����

��� + �
+ ���� +

���

1 + ���
             (11) 

 

��(�, �, �, �) =
Ψ(�� + ���)� + �����

1 + ����
                (12) 

 

��(�, �, �) = ��

����

��� + �
+ ���� + ���                (13) 

 

��(�, �) = ��

����

1 + ����
                                             (14) 

 

��(�, �) = ������                                                      (15) 
 

��(�, �) =
Ψ(�� + ���)� + ������ 

1 + ����
                    (16)  

 

where Ψ  is the control function of healthy 
anisotropic tissue of people when eating plants 
or insects or animals with tumour. 
 

Also, we used the following constants to obtain 
the numerical results [5] 
 

� = 0.2 d��, ���� = 3000 mm�, �� = 15 d��, �� =
0.07d������, �� = 0 d��, �� = 0.05d��G y��, �� =
0.05d��, �� = 0.1 × 10�cells/(L d mm�),  �� =
0.3 × 10�cells/(L d mm���) , �� = 12.13 mm�� , 
�� = 30 × 10�cells/(L mm�) , �� = 0.0001 ��/
(10�cells/L) , �� = 0.0001 Gy/mm� , �� =
0 �/10�cells, �� = 0.001 mm��G y�� , ��� = 100 ×
10� cells/L. 
 

We developed the matlab code of Chappell et al. 
[5] for the solution and simulation of our BEM 
model 
 

3. NUMERICAL ALGORITHM, RESULTS 
AND DISCUSSION 

 
The numerical modeling considered in the 
current paper based on the following algorithm 
 

1) Solving the governing equation of 
monodomain reaction-diffusion which is 
replaced by the boundary integral equation 
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(5) following the boundary element 
technique of Fahmy [12-15] 

2) Solving the mathematical cancer modeling 
system (6) - (9) using the technique of 
Fahmy [8-11] and Houbolt's algorithm 

3) Find the solution that satisfy steps (1) and 
(2) simultaneously 

4) Find the effect of anisotropy 
 

where tumour cells, T-cells and therapies are in 
black, blue and red colours, respectively. T-cells 

in blue colour and therapies in red. Straight lines 
show direct interactions while dotted lines refer to 
indirect interactions 
 
It can be noticed from Fig. 3 that the IR and IO 
when used as a single agents can't reduce the 
tumour mass, but when they are used in a 
combination, the number of activated T-cells is 
higher than the single agents using of them as 
shown in Fig. 4. Stability of the considered model 
was established by Chappell et al. [5]. 

 

 
 

Fig. 2. Model scheme representation 
 

 
 

Fig. 3. Variation of the tumour volume with time 
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Fig 4. Variation of the activated T-cells with time 
 

 
 

Also, from Fig. 5, it can be seen that                
our model results excellent agreement                      
with results of [5] for anisotropic but at RD = 0.12, 
because at RD = 0.13  there are             
significant differences due to the solution of ECG 
equations and Cancer modeling equations             
simultaneously. 
 
A review of two promising classes of antibodies, 
antiCTLA-4 and antiprogrammed Death-Ligand 1 
(antiPD-L1), used as monotherapy and in 
combination with cancer therapies can be found 
in [61]. 

It can be seen from considered study that our 
model results are in excellent agreement with 
Deng et al. [6] results shown in Fig. 6, where the 
PD-L1 and IR through T-cell dependent 
mechanism are reducing the tumour growth 
 
Initial conditions used through our model are 
introduced in Table 1. as suggested by Chappell 
et al. [5] as a future work, we have seen from 
numerical results that the difference can be 
neglected between the two initial conditions 
cases. Also, we recommend to change �(0) to 
be 1.6 as a future work from our study. 

 
Table 1. Initial conditions used in the proposed model 

 

 



 
 
 
 

Fahmy; AJRCOS, 2(3): 1-10, 2018; Article no.AJRCOS.45949 
 
 

 
6 
 

 
 

Fig. 6. Effects of IR and PD-L1 on tumour growth of Deng et al. [6] 
 
4. CONCLUSION 
 
The boundary element algorithm for cancer 
modeling of cardiac anisotropy on the 
electrocardiogram (ECG) simulation. For a 
known set of conductivities, our results are in a 
very good agreement with the corresponding 
finite difference results. A lot of clinical 
applications neglect the effects of heart 
anisotropy, as an important result of our study, 
we analyse the new function ��(�, �)  that 
contains anisotropic effects that relate between 
people and (plants, insects and animals), we 
concluded that the cardiac anisotropy has a 
strong effect on ECG simulation in comparison 
with considered isotropy effect. Also, if we 
considered the anisotropy effects, we can detect 
the heart cancer in people infected with it. The 
peoples eating plants, insects and animals. 
When they are eating plants such as vegetables 
and fruit with cancer can easily transmit it to 
humans when he takes it. When we make a 
sauce from rotten tomatoes, this sauce also can 

infect humans with heart cancer. Early detection 
of heart cancer can be difficult when we do not 
take into consideration cardiac anisotropy effect. 
It moves from infected tissues of organisms to 
healthy tissues of humans. For these reasons the 
anisotropy effect should be taken into 
consideration in clinical applications. 
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Henriquez CS. Simulating the electrical 

behavior of cardiac tissue using the 
bidomain model. CRC Crit Rev Biomed 
Eng. 1993;21:1–77.  

2. Huiskamp G. Simulation of depolarization 
in a membrane equations - based model of 
the anisotropic ventricle. IEEE Trans 
Biomed Eng. 1998;45:847–855. 



 
 
 
 

Fahmy; AJRCOS, 2(3): 1-10, 2018; Article no.AJRCOS.45949 
 
 

 
7 
 

3. Kauppinen P, Hyttinen J, Laarne P, 
Malmivuo J. A software implementation for 
detailed volume conductor modelling in 
electrophysiology using finite difference 
method. Comput Meth Prog Biomed, 1999; 
58:191–203. 

4. Potse M, Dube', A. Vinet, cardiac 
anisotropy in boundary-element models for 
the electrocardiogram, Medical & Bio-
logical Engineering & Computing. 2009;47: 
719-729. 

5. Chappell M, Chelliah V, Cherkaoui M, 
Derks G, Dumortier T, Evans N, Ferrarini 
M, Fornari C, Ghazal P, Guerriero ML, 
Kirkby N, Lourdusamy A, Munafo A, Ward 
J, Winstone R, Yates J. Mathematical 
modelling for combinations of immuno-
oncology and anti-cancer therapies, report 
of the QSP UK meeting. Maccles Field; 
2015. 

6. Deng L, Liang H, Burnette B, Beckett M, 
Darga T, Weichselbaum RR, Fu Y. 
Irradiation and anti pd-l1 treatment 
synergistically promote antitumor immunity 
in mice. The Journal of Clinical Investiga-
tion. 2014;124:687-695. 

7. Fahmy MA. A time-stepping DRBEM for 
magneto-thermo-viscoelastic interactions 
in a rotating nonhomogeneous anisotropic 
solid. International Journal of Applied 
Mechanics. 2011;3:1-24. 

8. Fahmy MA. A time-stepping DRBEM for 
the transient magneto-thermo-visco-elastic 
stresses in a rotating non-homogeneous 
anisotropic solid, Engineering Analysis with 
Boundary Elements. 2012;36:335-345. 

9. Fahmy MA. Transient magneto-thermovi-
scoelastic plane waves in a non-
homogeneous anisotropic thick strip 
subjected to a moving heat source, Applied 
Mathematical Modelling. 2012;36:4565-
4578. 

10. Fahmy MA. The effect of rotation and 
inhomogeneity on the transient magneto-
thermoviscoelastic stresses in an aniso-
tropic solid. ASME Journal of Applied 
Mechanics. 2012;79:1015. 

11. Fahmy MA. Transient magneto-thermo-
elastic stresses in an anisotropic 
viscoelastic solid with and without a 
moving heat source, Numerical Heat 
Transfer, Part A: Applications. 2012;61: 
633-650. 

12. Fahmy MA. Implicit-explicit time integration 
DRBEM for generalized magneto-

thermoelasticity problems of rotating 
anisotropic viscoelastic functionally graded 
solids. Engineering Analysis with Boundary 
Elements. 2013;37:107-115. 

13. Fahmy MA. Generalized magneto-thermo-
viscoelastic problems of rotating 
functionally graded anisotropic plates by 
the dual reciprocity boundary element 
method. Journal of Thermal Stresses. 
2013;36:1-20. 

14. Fahmy MA. A three-dimensional 
generalized magneto-thermo-viscoelastic 
problem of a rotating functionally graded 
anisotropic solids with and without energy 
dissipation. Numerical Heat Transfer, Part 
A: Applications. 2013;63:713-733. 

15. Fahmy MA. A computerized DRBEM 
model for generalized magneto-thermo-
visco-elastic stress waves in functionally 
graded anisotropic thin film/substrate 
structures. Latin American Journal of 
Solids and Structures. 2014;11:386-409. 

16. Fahmy MA. A predictor-corrector time-
stepping DRBEM for shape design 
sensitivity and optimization of multilayer 
FGA structures. Transylvanian Review. 
2017;XXV:5369-5382. 

17. Fahmy MA. Computerized boundary 
element solutions for thermoelastic 
problems: Applications to functionally 
graded anisotropic structures, LAP 
Lambert Academic Publishing, 
Saarbrücken, Germany; 2017. 

18. Fahmy MA. Boundary element computa-
tion of shape sensitivity and optimization: 
Applications to functionally graded 
anisotropic structures. LAP Lambert 
Academic Publishing, Saarbrücken, 
Germany; 2017. 

19. Fahmy MA. Shape design sensitivity           
and optimization for two-temperature 
generalized magneto-thermoelastic 
problems using time-domain DRBEM. 
Journal of Thermal Stresses. 2018;41:119-
138. 

20. Fahmy MA. Shape design sensitivity and 
optimization of anisotropic functionally 
graded smart structures using bicubic B-
splines DRBEM, Engineering Analysis with 
Boundary Elements. 2018;87:27-35.  

21. Fahmy MA. Modeling and optimization of 
anisotropic viscoelastic porous structures 
using CQBEM and moving asymptotes 
algorithm. Arabian Journal for Science and 
Engineering; 2018. 



 
 
 
 

Fahmy; AJRCOS, 2(3): 1-10, 2018; Article no.AJRCOS.45949 
 
 

 
8 
 

22. Fahmy MA. Boundary element algorithm 
for modeling and simulation of dual phase 
lag bioheat transfer and biomechanics of 
anisotropic soft tissues. International 
Journal of Applied Mechanics. 2018; 
10(10).  

23. Nardini D, Brebbia CA. A new approach to 
free vibration analysis using boundary 
elements. Boundary elements in 
engineering, ed. C. A. Brebbia, Springer, 
Berlin; 1982. 

24. Partridge PW, Brebbia CA, Wrobel LC. 
The dual reciprocity boundary element 
method, Computational Mechanics 
Publications, Southampton; 1992. 

25. Fahmy MA. Thermal stresses in a 
spherical shell under three thermoelastic 
models using FDM. International Journal of 
Numerical Methods and Applications. 
2009;2:123–128. 

26. El-Naggar AM, Abd-Alla AM, Fahmy MA, 
Ahmed SM. Thermal stresses in a rotating 
non-homogeneous orthotropic hollow 
cylinder. Heat and Mass Transfer. 2002; 
39:41-46. 

27. Abd-Alla AM, El-Naggar AM, Fahmy MA. 
Magneto-thermoelastic problem in non-
homogeneous isotropic cylinder. Heat and 
Mass Transfer. 2003;39:625 -629. 

28. El-Naggar AM, Abd-Alla AM, Fahmy MA. 
The propagation of thermal stresses in            
an infinite elastic slab. Applied 
Mathematics and Computation. 2003;12: 
220-226. 

29.  Fahmy MA. Finite difference algorithm for 
transient magneto-thermo-elastic stresses 
in a non-homogeneous solid cylinder. 
International Journal of Materials 
Engineering and Technology. 2010;3:87-
93. 

30. Abd-Alla AM, El-Shahat TM, Fahmy MA. 
Thermal stresses in a rotating non-
homogeneous anisotropic elastic multi-
layered solids, Far East Journal of Applied 
Mathematics. 2007;27:223-243. 

31. Abd-Alla AM, El-Shahat TM, Fahmy MA. 
Effect of inhomogeneity on the thermoe-
lastic stresses in micro-engineering 
anisotropic solid. Far East Journal of 
Applied Mathematics. 2007;27:245-264. 

32. Abd-Alla AM, El-Shahat TM, Fahmy MA. 
Thermoelastic stresses in inhomogeneous 
anisotropic solid in the presence of body 
force. International Journal of Heat & 
Technology. 2007;25:111-118. 

33. Abd-Alla AM, Fahmy MA, El-Shahat TM. 
Magneto-thermo-elastic stresses in 
inhomogeneous anisotropic solid in the 
presence of body force. Far East Journal 
of Applied Mathematics. 2007;27:499-516. 

34. Abd-Alla AM, Fahmy MA, El-Shahat TM. 
Transient piezothermoelastic stresses in a 
rotating non-homogeneous composite 
structure. Far East Journal of Applied 
Mathematics. 2007;27:489-497. 

35. Fahmy MA. Effect of initial stress and 
inhomogeneity on magneto-thermo-elastic 
stresses in a rotating anisotropic solid, JP 
Journal of Heat and Mass Transfer. 2007; 
1:93-112. 

36. Abd-Alla AM, Fahmy MA, El-Shahat TM. 
Magneto-thermo-elastic problem of a 
rotating non-homogeneous anisotropic 
solid cylinder. Archive of Applied 
Mechanics. 2008;78:135-148. 

37. Fahmy MA. Thermoelastic stresses in a 
rotating non-homogeneous anisotropic 
body. Numerical Heat Transfer, Part A: 
Applications. 2008;53:1001-1011. 

38. Fahmy MA, El-Shahat TM. The effect of 
initial stress and inhomogeneity on the 
thermoelastic stresses in a rotating aniso-
tropic solid. Archive of Applied Mechanics. 
2008;78:431-442. 

39. Fahmy MA, Salama SA. Boundary element 
solution of steady-state temperature 
distribution in non-homogeneous media. 
Far East Journal of Applied Mathematics. 
2010;43:31-40. 

40. Fahmy MA. Application of DRBEM to non 
steady-state heat conduction in non-
homogeneous anisotropic media under 
various boundary elements. Far East 
Journal of Mathematical Sciences. 2010; 
43:83-93. 

41. Fahmy MA. Influence of inhomogeneity 
and initial stress on the transient magneto-
thermo-visco-elastic stress waves in an 
anisotropic solid. World Journal of 
Mechanics. 2011;1:256-265. 

42. Fahmy MA. A time-stepping DRBEM for 
magneto-thermo-viscoelastic interactions 
in a rotating nonhomogeneous anisotropic 
solid. International Journal of Applied 
Mechanics. 2011;3:1-24. 

43. Fahmy MA. Saleh Manea Al-Harbi, Badr 
Hamedy Al-Harbi. Implicit time-stepping 
DRBEM for design sensitivity analysis of 
magneto-thermo- elastic FGA structure 
under initial stress. American Journal                



 
 
 
 

Fahmy; AJRCOS, 2(3): 1-10, 2018; Article no.AJRCOS.45949 
 
 

 
9 
 

of Mathematical and Computational 
Sciences. 2017;2:55-62. 

44. Fahmy MA. The effect of anisotropy on the 
structure optimization using golden-section 
search algorithm based on BEM. Journal 
of Advances in Mathematics and Computer 
Science. 2017;25:1-18.  

45. Fahmy MA. DRBEM sensitivity              
analysis and shape optimization of  
rotating magneto-thermo-viscoelastic FGA 
structures using golden-section search 
algorithm based on uniform bicubic B-
splines. Journal of Advances in 
Mathematics and Computer Science. 
2017;25:1-20.  

46. Fahmy MA. The DRBEM solution of the 
generalized magneto-thermo-viscoelastic 
problems in 3D anisotropic functionally 
graded solids. Idelsohn I, Papadrakakis M, 
Schrefler B. (eds.), 5

th
 International 

conference on coupled problems in 
science and engineering (Coupled 
Problems 2013), Ibiza, Spain. 2013;862-
872. 

47. Fahmy MA. Boundary element solution of 
2D coupled problem in anisotropic 
piezoelectric FGM plates. Proceedings of 
the, Schrefler B, Oñate E, Papadrakakis M. 
(eds.), 6

th
 International Conference on 

Computational Methods for Coupled 
Problems in Science and Engineering 
(Coupled Problems 2015), Venice. Italy. 
2015;382-391. 

48. Fahmy MA. 3D DRBEM modeling for 
rotating initially stressed anisotropic 
functionally graded piezoelectric plates. 7th 
European congress on computational 
methods in applied sciences and 
engineering (ECCOMAS 2016) 
Papadrakakis M, Papadopoulos V, 
Stefanou G, Plevris V (eds.). Crete Island, 
Greece. 2016;7640-7658. 

49. Fahmy MA. A time-stepping DRBEM for 
3D anisotropic functionally graded piezoe-
lectric structures under the influence of 
gravitational waves. Rodrigues H, Elnashai 
A, Calvi GM (eds.). Facing the challenges 
in structural engineering, sustainable civil 
infrastructures. Proceedings of the 1

st
 Geo 

MEast International Congress and 
Exhibition (Geo MEast 2017), Sharm El 
Sheikh, Egypt. 2017;350-365. 

50. Fahmy MA, Salem AM, Metwally MS, 
Rashid MM. Computer implementation of 
the DRBEM for studying the generalized 
thermoelastic responses of functionally 

graded anisotropic rotating plates with one 
relaxation time. International Journal of 
Applied Science and Technology. 2013; 
3(7):130-140. 

51. Fahmy MA, Salem AM, Metwally MS, 
Rashid MM. Computer implementation of 
the DRBEM for studying the classical 
uncoupled theory of thermoelasticity of 
functionally graded anisotropic rotating 
plates. International Journal of Engineering 
Research and Applications. 2013;3(6): 
1146-1154. 

52. Fahmy MA, Salem AM, Metwally MS, 
Rashid MM. Computer implementation of 
the DRBEM for studying the classical 
coupled thermoelastic responses of 
functionally graded anisotropic plates. 
Physical Science International Journal. 
2014;4(5):674-685.  

53. Fahmy MA, Salem AM, Metwally MS, 
Rashid MM. Computer implementation of 
the DRBEM  for studying the generalized 
thermo elastic responses of functionally 
graded anisotropic rotating plates with two 
relaxation times. British Journal of 
Mathematics & Computer Science. 2014; 
4(7):1010-1026  

54. Fahmy MA. A 2D time domain DRBEM 
computer model for magneto-thermoelastic 
coupled wave propagation problems. 
International Journal of Engineering and 
Technology Innovation. 2014;4(3):138-
151. 

55. Fahmy MA. Numerical modeling of 
coupled thermoelasticity with relaxation 
times in rotating FGAPs subjected to a 
moving heat source. Physical Science 
International Journal. 2016;9(4):1-13. 

56. Lorange M, Gulrajani RM. A computer 
heart model incorporating anisotropic 
propagation: I. Model construction and 
simulation of normal activation. J 
Electrocardiol. 1993;26:245–261. 

57. Chen DS, Mellman I. Oncology meets 
immunology: The cancer-immunity cycle. 
Immunity. 2013;39:1-10. 

58. Roberts DE, Scher AM. Effect of tissue 
anisotropy on extracellular potential fields 
in canine myocardium in situ. Circ Res. 
1982;50:342–351. 

59. Stenroos M, Haueisen J. Boundary 
element computations in the forward and 
inverse problems of electrocardiography: 
Comparison of collocation and Galerking 
weightings. IEEE Trans Biomed Eng. 
2008;55:2124–2133. 



 
 
 
 

Fahmy; AJRCOS, 2(3): 1-10, 2018; Article no.AJRCOS.45949 
 
 

 
10 

 

60. Thivierge M, Gulrajani RM, Savard P. 
Effects of rotational myocardial anisotropy 
in forward potential computations with 
equivalent heart dipoles. Ann Biomed Eng. 
1997;25:477–498. 

61. Lee L, Gupta M, Sahasranaman S. 
Immune checkpoint inhibitors: An 
introduction to the next-generation cancer 
immunotherapy. The Journal of Clinical 
Pharmacology. 2016;56:157-69. 

_________________________________________________________________________________ 
© 2018 Fahmy; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/45949 


