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Fig. 1. Phase diagram in the r-k parameter plane for different values of m and p. Black square, spiral wave is not affected

by early afterdepolarization (EAD); black up-triangle, spiral wave is affected by EAD slightly; black star, spiral wave breaks

up into irregular wave or multiple spiral waves; hollow square, spiral wave first stops its rotation and then disappears after

phase transition from spiral wave to anti-target wave; hollow circle, spiral arm first breaks and then disappears after phase

transition from spiral wave to anti-target wave; hollow up-triangle, spiral wave disappears because of conduction block;

black left triangle, global conduction block causes spiral waves to break up into an un-rotated spiral wave.
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Fig. 2. Patterns of cellular states at different time moments for p = 1/4, m =4, r =3 and k = 7: (a) t = 0;

(b) ¢ = 1000; (c) t = 2100; (d) t = 3100.
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Fig. 3. Patterns of cellular states at different time moments for p = 1/2, m = 4, r = 3 and k = 5: (a) t = 0;
(b) t =17; (c) t = 96; (d) t = 240.
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Fig. 4. Patterns of cellular states at different time moments for p = 1/4, m = 4, r = 3 and k = 5: (a) t = 0;

(b) t =26; (c) t =58; (d) t = 86; (e) t = 262; (f) t = 1000.
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Fig. 5. Patterns of cellular states at different time moments for p = 1/4, m = 9, r = 4 and k = 11: (a) t = 0;

(b) t =33; (c) t = 146; (d) t = 704.
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Fig. 6. Patterns of cellular states at different time moments for p = 1/2, m =4, r = 3 and k = 6: (a), (d) t = 0;

(b), (e) t = 15; (c), (f) ¢ = 200.
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Fig. 7. Patterns of cellular states at different time moments for p = 1/2, m =4, r = 5 and k = 14: (a) t = 0;

(b) t =65 (c) t =14; (d) t = 35; (e) t = 52; (f) t = 344.
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Fig. 8. Patterns of cellular states at different time moments for p = 1/2, m =9, r =3 and k = 7: (a) t = 0;

(b) t =26; (c) t =302; (d) t =917.
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Fig. 9. Patterns of cellular states at different time moments for p = 3/4, m = 9, r = 5 and k = 18: (a) t = 0;

(b) t =15; (c) t =114; (d) t = 348.
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Fig. 10. Patterns of cellular states at different time moments for p = 1/4, m = 4,6, r = 3 and k = 7: (a) t = 0;
(b) t = 21; (c) t = 75; (d) ¢ = 360.
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Fig. 11. Patterns of cellular states at different time moments for p = 3/4, m = 9, r = 4 and k = 6: (a) t = 0;

(b) t = 74; (c) t = 80; (d) t = 86.
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Fig. 12. Patterns of cellular states at different time moments for p = 1/2, m = 4,6, r = 3 and k = 7: (a) t = 0;
(b) t =13; (c) t =21; (d) t = 30.
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Abstract

Early afterdepolarization (EAD) is an important cause of lethal ventricular arrhythmias in heart failure because
afterdepolarizations can promote the transition from ventricular tachycardia to fibrillation, which is related to the
transition from spiral wave to spatiotemporal chaos. However, it remains unclear about how the EAD results in the
breakup of spiral wave. In this paper, we explore the manner of spiral wave breakup induced by EADs under evenly
distributed cells. The two-dimensional tissue is simulated with the Greenberg-Hasting cellular automaton model. The
normal cells and aging cells are introduced into the model, in which the EAD only occurs in aging cells and can excite
the resting cells. The numerical results show that the EAD can produce backward waves as well as forward waves. The
EAD has no influence on the behavior of spiral wave in a few cases. The ratio of the number of unaffected spiral waves
to the number of all tests is about 26.4%. The EAD can have various effects on spiral wave in other cases. The small
influences on spiral wave are that the EAD leads to the meander, drift, and the deformation of spiral wave. The serious
influences on spiral wave are that the EAD results in the disappearance and breakup of spiral wave. We find that spiral
wave can disappear through the conduction block and transition from spiral wave to target wave. We observe the eight
kinds of spiral wave breakups in connection with the excitation of EADs, such as symmetry breaking-induced breakup,
nonsymmetry breaking-induced breakup, asymmetric excitation-induced breakup, conduction block-induced breakup,
double wave-induced breakup, etc. Spiral wave generally breaks up into multiple spiral waves and spatiotemporal chaos.
The ratio of the number of spiral wave breakup to the number of all tests is about 13.8%. However, the ratio of spiral
wave breakup can reach about 32.4% under appropriately chosen parameters. The results are basically consistent with
the survey results of arrhythmia-induced death rate. Furthermore, we also find that the excitation of EAD can prevent
the spiral wave from disappearing and promote the breakup of spiral wave. The physical mechanisms underlying those

phenomena are also briefly analyzed.

Keywords: early afterdepolarization, spiral wave, cellular automaton model

PACS: 05.45.—a, 82.40.Ck, 89.75.Kd DOI: 10.7498 /aps.67.20172505

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11565005, 11365003, 11747307).

Corresponding author. E-mail: dengminyi@mailbox.gxnu.edu.cn
1% g Y g

090501-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172505

	1引    言
	2模    型
	3数值模拟结果
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11
	Fig 12


	4结    论
	References
	Abstract

