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Fig. 1. APD restitution curve (a) and the change of its slope A with diastolic interval (DI) (b) for =40 and different values of 8 and ~.
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(b)

K2 38 a=40,y=10, B =14 FARINZHBEBAIEE  (a)t=0; (b)t =20000; (c) ¢ = 60000 ; (d)t = 100000
Fig. 2. Patterns of the membrane potential at different time moments for o« =40, v =10 and 8 =14: (a)t = 0; (b)¢ = 20000 ;
(c)t = 60000 ; (d) ¢t = 100000
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Fig. 3. Patterns of the membrane potential at different time moments for a =40, v =10 and 8 = 15. The white and black rep-
resent the rest-state and excited state, respectively, the green (red) represents the refractory states in which the APD of the cell is
in the range of [26,30] ([31, 40]): (a)t=0; (b)t=400; (c)t=490; (d)t=510; (e)t =560; (f)t=1800; (g)t = 2000;

(h)t = 3070.
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B4 S8 a=40, y=10, 8=18TF NN 2% B CL3E &, FEEIDF U5 B 3 —3 (a)t =05 (b)t =40; (c)t = 220;

(d)t =250; (e)t = 255; ()t = 310; (g)t = 2850; (h)t = 34300

Fig. 4. Patterns of the membrane potential at different time moments for o« =40, v =10 and S = 18, the drawing method is
consistent with Fig. 3: (a)t =0; (b)t =40; (c)t = 220; (d)¢t = 250; (e) t = 255; (f)t = 310; (g) ¢t = 2850; (h)t = 34300 .
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100; (e)t = 130; (f)t = 150; (g) t = 200; (h) ¢ = 500

Fig. 5. Patterns of the membrane potential at different time moments for a =40, v =10 and B = 33, the drawing method is
consistent with Fig. 3: (a)t =0; (b)t =50; (¢)t =60; (d)t = 100; (e)t = 130; (f)¢ = 150; (g)t = 200; (h) ¢ = 500.
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Fig. 6. Phase diagram on [-y parameter plane.
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Fig. 8. Evolution of the average slope of the restitution curve for different parameters (spiral wave states): (a)3 =3, v=1
(stable); (b)B =4, v =1(stable); (¢)B8=7, v =17(stable); (d)8 =4, ~ = 2(meandering); (¢)3 =15, v = 1(meandering);
(f) B =10, v = 9(meandering); (g) 8 = 13, v = 5(first type of breakup); (h) 8 = 18, v = 11(second type of breakup); (i) 8 = 38,
~ = 15 (third type of breakup); (j) 8 =19, v = 19 (breakup with total average slope less than 1); (k) 8 = 31, v = 5(disappear);
(1) 8 = 32, v = 8(disappear).
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Fig. 9. Patterns of the membrane potential at different time moments for a« =40, v =19 and [ = 19. The drawing method is
consistent with Fig. 3: (a)t =0; (b)t =27; (¢)t =37; (d)t =40; ()t =57; (f)t =80; (g)t = 90; (h)t = 113; (i)t = 1900.
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Effects of dynamic change of action potential on evolution
behavior of spiral wave
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Abstract

It is observed in cardiac patients that the steepnesses of action potential duration (APD) restitution curve
of cardiomyocytes in different regions of the ventricle are significantly different from region to region. However,
the steep APD restitution curve can either lead the spiral wave to break up and set up the ventricular
fibrillation in certain conditions or result in no breakup of spiral wave in other conditions. The relationship
between the dynamic behavior of spiral wave and steep APD restitution curve is still not completely clear.
Therefore, further research is needed. In this paper, a two-dimensional excitable medium cellular automata
model is used to study the influences of the APD restitution curves with different steepnesses on the dynamic
behavior of spiral wave. Numerical simulation results show that the steep APD restitution curve can stabilize
the meandering spiral wave, causing the stable spiral wave to roam or break, and even to disappear. When the
total average slope of APD restitution curve is greater than 1, it is observed that spiral wave may be still stable
or meandering. When the total average slope of APD restitution curve is much smaller than 1, the breakup of
spiral waves may occur. Three types of spiral wave breakups are observed. They are the Doppler instability,
Eckhaus instability, and APD alternation. The Doppler instability and Eckhaus instability are related to the
total average slope of APD restitution curve greater than 1, and the spiral wave breakup caused by APD
alternans may occur when the total average slope of APD restitution curve is much smaller than 1. When the
total average slope of APD restitution curve is greater than 1, the phenomena that spiral waves disappear by
meandering out of the system boundary and conduction barriers are observed. In addition, we also find that
increasing cellular APD is beneficial to preventing spiral wave from breaking up. The physical mechanisms

behind those phenomena are heuristically analyzed.

Keywords: action potential duration restitution curve, spiral wave, cellular automaton
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