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Fig. 1 A schematic diagram of a human ventricular conduction system

This figure shows the calculation process of pseudo-electrocardiogram (ECG). For the human ventricular conduction, each slice is compromised by

Purkinje myocytes, endo-cardiac myocytes(ENDO), middle-cardiac myocytes(MCELL) and epi-cardiac myocytes(EPI). For computing ECG(SEPI), a

S1 stimulus with amplitude of -50pA/pF and a duration of 3 ms was applied to the end of Purkinje fiber. The ECG was obtained by computing voltage

gradient from the virtual electrode which was placed 2 cm away from the epi-cardiac layer.
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Fig. 2 Changes of ionic currents for control
and EADs action potentials

The different data on the horizontal axis represent the different
associations between changes of ionic currents related to shape of action
potentials. Under the EADs conditions, the decrease of Iy, can reduced
repolarization reserve for APD prolongation, the increase of Ic,
contributed to Ca* overload and spontaneous sarcoplasmic reticulum
(SR) Ca? release during repolarization, causing the released Ca* to exit
the cell through the Na*-Ca* exchanger which results in genesis of
EADs. - : Control; — : EADs.
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Fig. 3 Susceptibility to EADs for ENDO, MCELL
and EPI under the same condition
------- : Control; — : EADs.
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Fig. 4 S1-S2 protocol for inducing spiral waves
For the S1-S2 protocol, S1 stimulus was used at the end of Purkinje fiber
(1=0 ms), and then S2 stimulus was applied to a region of the epi-cardiac
layer after the effective refractory period (ERP) (=490 ms), finally a
spiral wave was induced(:=800 ms).
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Fig. 5 Sequences of re-entrant excitation waves for Control and EADs (=1 500 ms, 2 300 ms and 4 000 ms)
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Fig. 6 ECGs for Control with ventricular tachycardia (VT) and EADs with ventricular fibrillation (VF)
For ECGs, VT shows a fast but regular rhythm (a), VF is disorderly and irregular electrical activity in the heart's ventricles (b).
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Simulation Research on Early Afterdepolarizations-mediated Ventricular
Fibrillation Based on a Heart Model"

BAI Jie-Yun, XIE Song-Jun, WANG Kuan-Quan™, YUAN Yong-Feng
(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract Based on the Purkinje system and the anatomically detailed ventricular geometry of a human heart, an
integrated 3D human ventricular conduction model is proposed to simulate the reentry wave propagation for
studying the generation mechanism of ventricular fibrillation caused by early afterdepolarizations. This model was
simulated the cardiac cell electrical activity of early afterdepolarizations and the susceptibility to early
afterdepolarizations of three kinds of cells. Then, the influence of cells which is susceptibility to early
afterdepolarizations on the reentrant spiral wave dynamics was analyzed. Finally the ECG waveform under
ventricular fibrillation caused by early afterdepolarizations was quantified. The experimental results showed that
the middle cells are most likely to generate early afterdepolarizations. With generating early afterdepolarizations in
middle cells, the reentrant wave would be broken up and the ECG waveform would be disordered and irregular,
which was in agreement with the results obtained on animal models. Therefore, it may be an important target for
inducing ventricular fibrillation.
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