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Analysis of cardiac mechanical phenomena during
defibrillation using a 3D virtual heart model

Ki Tae Kim’, Jong Ho Lee, Eun Bo Shim’

Abstract

Defibrillation is a method for treating cardiac arrhythmia and eliminates the ventricular

fibrillation or tachycardia which is an irregular electrical conductivity of the heart. The purpose of this

paper is first to observe that the ventricular arrhythmia(tachycardia, fibrillation) can be eliminated when

biphasic wave gives defibrillation shock to 3D virtual heart model, and second to observe membrane

potential - calcium, ABP(aortic blood pressure), EF(ejection fraction) and etc. according to virtual cardiac

arrthythmia and defibrillation. For this reason, we simulated contraction - relaxation mechanism of the electric

excitation of the heart(E-C coupling), based of this, we implemented an electro-mechanical 3-D virtual

heart model. Also, we used bi-domain method considering the inside and outside of cells to analyze

ventricular electrical conductivity, and a finite element method to analyze excitation-contraction mechanism

of heart.
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*$.S : Stimulus strength

Fig. 1 Defibrillation waveform(biphasic truncated exponential)
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Fig. 2 Excitation-contraction of virtual ventricular model
AAZ cycles AW AETAELS AFEY olF
%ﬁ 13 722 Yeld(fig 3-a), calcium %3 w2
# "ol thfig 3-b). LEuh, AAE o]F A4

Adde]l Ao Ae dke oF 807110mmHge]
1, ejection fractione HoltH(Table 1).
a3y A AEdd et} Al
volumee ™19 wre zto wolx AlFo] uMEFA|
= el o]EtHfig 3-cd). o3 AdAlE
o] 20ms F-ollA AAE Aol 7}°HX] Aol o
Al A 7S HE e S 9T

o
o
5% e
RS

ok 1=

©

—— Aortic pressure

(€Y Membrane potential mV)
0

—— LV pressure
120
B
100
o
0
0
©
“
“
"
20
"
2 4 6 8 18 20 22 24 2 4 6 8 8 20 2 24
: - e -
Normal| " Fibtilation’ B2 DT Normal | Fibrilation. 2BC DT
rillation mal rillation mal
[} Catcium (mM) [C)] Volume (i)
[
120
o002
o000 100
o008 o
-
& H
00004 e
00002 40 .
T 4 6 s 18 20 2 2 T 4 6 8 18 20 22 24

Time (ms) Time (ms)

Fig. 3 Physiology information in total precess

Table 1 Physiology information in normal condition

Normal condition
SBP 110.38 (mmHg)| ESV 43.08 (ml)
DBP 7999 (mmHg)| EDV 97.57 (ml)
PP 30.39 (mmHg)| E-F 55.85 (%)
« PP = Pulse pressure, EF = Ejection fraction
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