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Fig. 1. Schematic plot of a normal ECG illustrating
the P wave, the QRS complex, and the T wave.
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Fig. 2. The two-dimensional simplified longisection of
heart including the atrial and ventricular cavity. The
cells at points A, B,C, D, E are the cells of atria, ven-
tricular septum, endocardial wall, subepicardial wall,
and epicardial wall, respectively, and F' is the field
point.
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Fig. 3. Discrete-transmembrane potential diagram of (a) atria cell, (b) endocardial cell, (c) subepicardial

cell, and (d) epicardial cel under healthy condition. The lines are the experimental data, and the dots

represent the discrete states in CA model.
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Fig. 4. The conduction process of electrical signal in the heart: (a) t = 1 step, sinoatrial node depolarization;
(b) t = 5 steps, starting of the left atria depolarization; (c) ¢ = 13 steps, finishing of the atria depolarization;
(d) t = 20 steps, starting of the ventricular septum depolarization; (e) t = 22 steps, finishing of the endocardium
depolarization; (f) t = 24 steps, finishing of the ventricle depolarization. The oxford blue and white represent the

excited and the rest state, respectively, and the other colors represent the different states during the repolarization.
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Fig. 5. Relationship between cardiac electric activi-
ties and ECG under normal condition: (a) The ECG;
(b) the transmembrane potentials of cardiac cells at
point A, B,C, D, and E defined in Fig. 2.
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Fig. 6. The relationship between cardiac electric activ-
ities and ECG under endocardium ischemia: (a) The
ECG; (b) the transmembrane potentials of cardiac
cells at point C, D, and E defined in Fig. 2.
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Fig. 7. The relationship between cardiac electric ac-
tivities and ECG under epicardium ischemia: (a) The
ECG; (b) the transmembrane potentials of cardiac
cells at point C, D, and E defined in Fig. 2.

3.2.3 HE B i T 6 ECG 5 A BRI A
WL AT

75 BE I PR 4 SR O, R EEAS 0 Z L2 A

A o 1 = | R = R ]

B A AL HR 4 4, H B AR H A IR OG & AT R

APDyz > APDyyps > APD . ARG E

WL BE SR A5, A 0= VLGN FILUZ . 2

WL O AR JILZ 48 MR A E 23 3l eh 26, 27, 23 98

/N0, 21, 17, FEESE BB B EFIBE T

) —90 mV $2 &N —80 mV. BUE L FT 15 137 55
HLAERA LA 8 (a).

! ! . 1 . ! !
0 10 20 30 40 50 60

t/steps

K8 @EEEGMN ECG 5 0LUAIMHEEIINXRR (a) B
AR L, (b) B2 C, D, E AU R R
RrAR A h 2%

Fig. 8. The relationship between cardiac electric ac-
tivities and ECG under transmural ischemia: (a) The
ECG; (b) the transmembrane potentials of cardiac
cells at point C, D, and F defined in Fig. 2.
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Abstract

The electrocardiogram (ECG) has broad applications in clinical diagnosis and prognosis of cardiovascular diseases.
The accurate description for the question how the ECG come from the cardiac electrical activity is helpful for under-
standing the corresponding relation between the ECG waveform and cardiovascular disease. Experience is the primary
method of studying the ECG, but the computer simulation method makes it more convenient to explore the effect of
given factor for ECG waveform. Cellular automaton is a simple and effective computer simulation method. However,
the cellular automaton model considering the main structure of the heart is not yet established. Therefore, we propose a
cellular automaton model for the ECG considering the atria, the ventricle, and the ventricular septum. With this model,
the conduction of the myocardial electrical activation is simulated by following the field potentials under healthy and
diseased conditions, and the underlying mechanisms are analyzed. Through the computer simulations and analyses the
results are obtained as follows. First, the conduction process of the electrical signal in this model is the same as that
in the real heart. Second, under the healthy conditions, the behavior of the field potential appears as normal ECG, in
which the P wave and the QRS wave group come from the depolarization of the atria and ventricle, respectively, on the
other hand, the T wave and J wave come from the repolarization of the ventricle. The computer results support the
conclusion that the J wave appears just because the existence of the notch in the epicardial transmembrane potential
curve. Third, the endocardium ischemia conditions result in the T wave inversion. The mechanism is that the action
potential duration of the ischemic endocardial cells is shorter than that under normal conditions, which makes larger
the transmembrane potential gradient between the endocardium and the subepicardium, and then contributes a more
negative value to the field potential. Fourth, the epicardium ischemia leads to the higher T wave, and this is because
the shorter action potential duration of the ischemic epicardial cells brings in a larger transmembrane potential gradient
between the epicardium and subepicardium, which makes the field voltage larger. Fifth, the T wave appears earlier
under the through-wall ischemia. The action potential durations of cells of the endocardium, the epicardium, and the
subepicardium all become shorter under the through-wall ischemia, then the repolarization processes of all of these three
walls are ended earlier, which leads to the earlier T wave. The cellular automaton model proposed in this paper provides

a reference for the further study of ECG.

Keywords: cellular automaton, transmembrane potential, electrocardiogram, ischemia
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