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The standard bidomain model Modelling assumptions Numerical results
= Widely accepted model Periodic diffusive inclusions of size e. « The limit problem in whole 2: . FreeFem++ and gnuplot
« Very good for the hea;lthy tissues d_sotroplco conducctlwt}./ in the m.clusmns. Otho + g(vy, hg) =0, | - Mitchell Schaeffer ionic model.
L = T AL L L LI = No cells in the inclusions. Passive conductors. Y5|(0rvo + Lion(vo, ho)) =V - (6, Vu), . 9D simulations on € rectangle, SBDF2 numerical
’mw,{ Ilg;""’"z"""{”l””"”.::j:ﬁ’ « Standard transmission conditions. YB|(Owo + Lion(vo, hy)) = — V - (6. Vuy). scheme.
’”:"":‘::{:’ﬁml:::;:ul,,,,','.f'ﬁ?{fl_'_;f = New conductivities = Simple shapes of inclusions (circles and ellipses).
”"”“"hlu Jipaines AR VAT o ~ ' ' '
iy ey L das =0 "o, w'), L .
i T, ”””';':f“"uu”}-;‘,‘,‘. Mlc_roscale model if UG‘YB‘ i Ad(g v ) Table: The values of the new conductivities depending on the
b, e o =0 |Yp| + 0"|Yp| + A(oe, 04, w) diffusion inclusions [107'S/m]. The first row: values for the
Figure: The patch of the cardiac tissue [4]. i, I I I 1 Whe.re AZ. and A are matrices obtained by standard bidomain model, without inclusions.
N0 0 00 solving the cell problems on Y for unknown . T R B oa
g 00 Yp functions w* and w STy VORI i Yip Tey ey
» Derived from the microscopic problem L R R N 4 | - - - 11.740.19/3.9 1.97
= Assumptions used 0 0000 >Z€ Remarks: circle 0.18 3 1.290.18 3.28 2.45
- periodicity DA llipse (1:4) 0.18 3 0.310.19 0.75 2.61
. uniformly distributed ECM e \\gj©r©1©r©/ » The conductivities depend on the volume e. lﬁise (1:4) 0.2 5 1.26 O.:_7 3°29 2° =3
= anisotropic conductivities UiUfUFU fraction and on the geometry of the diffusive Cﬁc ° 1:1.5) 0'2 3 1' 3 O‘:— . 2' 25 2' =
0 % art. ellipse (1:1.5) 0. . 18 2. .
. ! e 1 ellipse (1:2) 0.2 3 0.86 0.13 2.09 2.64
Drawbacks - Examples + Bidomain model .0 = og then on the volume fraction only. circle 04 3 1070.153.42 3.53
. O + g(v-, he) =0, in 05, + 1H1¥p] = Uit 1s the standard bidomain model. ellipse (1:1.5) 0.4 3 0.81 0.16 2.53 3.70
» There are non-small regions where myocytes Oyv. + Lyn(vo, o) =V - (UiVué ) 0O f, « It |Yp| = 0 it is only the diffusion model. circle 07 3 0.69.000 508789

are not present

Owve + Lign(ve, he) = — V- (05Vul),  in QgB.

= The laminar structure o
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= intra- and extra-cellular conductivities o’ and o 0.04

- unknown potentials u’ and u¢
= transmembrane potential v, 1= ul — u:
« Iion(v, h) and g(v, h) define specific ionic model
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= Diflusive inclusions
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Figure: The laminar structure of myocardium. [2] 0.04 0.03 203 0.04 0.03 | _ I
0.03 0.02 0.02 0.03 0.02 L 0.02
.. 0.02 0.02
= CODdUCthlty O'g (a) Domain purple' | g,ol 2-’3‘1 1 E'Dl g,m
: d ’ ' 0 0
- The infarct border zone. + unknown potential v standard model, o o o o o o
. « [nterface blue: modified. (b) Circular inclusions. (c) Elliptical inclusions. Axes length ratio 1:4.
AV ny — 0 Figure: Simulation of the standard bidomain with the "scar patch". ¢% = 3, volume fraction 0.18, comparing inclusions geometries.
€ )
e e _ d d
ocVus-ny = oiVus - ny, on ... .
u’ = ul, Conclusions References

Figure: Fibroblast organlzatlon in sheep: normal
ventricular myocardium (A), infarct border zone (B) and
centre (C), 1 week after infarction. 3]

= Inclusions change the speed of propagation and 1] Allaire, Gregoire. "Homogenization and two-scale

depending on geometry, the anisotropy ratio convergence.' STAM Journal on Mathematical Analysis
’ ' 23.6 (1992): 1482-1518.

Method: Homogenisation

» Rigorous and practical way to link the structural

g ‘ , Tuctivit 2] Gilbert, Stephen H., et al. "Visualization and quantification
15€as€ L0 111aCrosCopliC CONAuUCLIVITICS.

= Assume:

; ; ; T of whole rat heart laminar structure using high-spatial
us(ta m) — Uo(ta m) T ul(ta L g) T resolution contrast-enhanced MRI." American Journal of
X Physiology-Heart and Circulatory Physiology 302.1 (2012):
u(t, ) = ug(t, ©) + ui(t, g) NI Future work o o0
_ .. i = Let € — 0. Derive the homogenised problem and » Use the late enhancement MRI for the volume 3] Camelliti, Patrizia, Thomas K. Borg, and Peter Kohl,
Figure: Normal tlssue and Myocard|a| mfarctlon in the cell problems. fraction of the extracellular space. "Structural and fgnctlonal characterisation of cardiac
human. Tissue histology. A Jino t [1] i estimat o | . fibroblasts." Cardiovascular research 65.1 (2005): 40-51.
= ACCOIrdln O a priori estlimates ernsurce € o ' 111 H
5 i Cells in the additional ECM. Boundary 4] Hall, John E. Guyton and Hall Textbook of Medical
two—scale convergence conditions.

Physiology: Enhanced E-book. Elsevier Health Sciences,
2010.



