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Abstract

Extra-corporeal Life Support System (ECLS) is the device used in emergency cases to substitute a
extracorporeal circulation in open heart surgery, cardiac arrest or in acute cardiopulmonary failure. To obtain
the effect of counter-pulsation on hemodynamic response in the ECLS quantitatively, we developed
cardiovascular model which consists of 12 compartment model of heldt et al. and 3 compartment model of
Schreiner et al. based on windkessel approximation. We compared coronary perfusion, arterial pulse pressure,
cardiac output, and left ventricular pressure-volume diagram according to flow configuration such as
counter-pulsation, copulsation, and continous flow. When counter-pulsation was applied, 5% higher coronary
perfusion, 26% lower pulse pressure, and 2% higher cardiac output than copulsation condition were calculated.
We conclude that counter-pulsation configuration in the ECLS is hemodynamically more stable than
copulsation and influences the positive effect to recover ventricles.
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Fig. 1 Circuit diagram used for the hemodynamics
of the cardiovascular system: the left ventricle (lv),
aorta (a), right ventricle (rv), pulmonary artery (pa),
pulmonary vein (pv), the superior vena cava inside
the thoracic cavity (svc), the inferior vena cava
inside the thoracic cavity (ivc), the vena cava
outside the thoracic cavity or the abdominal vena
cava (avc), the upper body (up), kidney (kid),
splanchnic organs (sp), lower limb (Il), left
circumflex artery (Icx), left anterior descending
artery (lad), coronary venous bed (cven).
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Fig. 2 Diagrammatic representation of the baroreflex
model. CV: central vein, CP: cardio pulmonary, SA
node: sinoatrial node.
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Fig. 3 Flow waveforms of left ventricle and blood
pumps. Copulsation (a), counter-pulsation (b),
continuous flow (c). straight line: left ventricular
flow rate, dashed line: flow rate of blood pumps.

3.1 Coronary Artery Flow rate
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Fig. 4 Time variation (a) and average value (b) of
coronary blood flow rates according to flow
configurations;  straight  line,  counter-pulsation;
dashed line, copulsation; dotted line, continuous
flow; Counter, counter-pulsation; Co, copulsation;
Cont, continuous flow.

3.2 Systemic Artery Pressure
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Fig. 5 Time variation (a), mean value (b), and
pulse pressure (c) of SAP according flow
configuration; straight line: counter-pulsation, dashed
line: copulsation, dotted line: continuous flow;
Counter: counter-pulsation, Co: copulsation, Cont:
continuous flow.
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Fig. 6 Left ventricular pressure and volume diagram
according to flow configuration; straight line,
counter-pulsation, dashed line, copulsation; dotted
line, continuous flow.
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