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Hemodynamic Comparison of Different Cannulation Methods in
Extracorporeal Membrane Oxygenation System
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and Mechanics, School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China;
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Abstract: Objective To analyze the effects and differences of two veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) cannulation methods and subsequent left ventricular unloading on cardiac function and
hemodynamics. Methods The lumped parameter model (LPM) of VA-ECMO integrated with the cardiovascular
system in the MATLAB/Simulink environment was extended to simulate and analyze the changes in ventricular
function and blood flow in the heart failure patient model under central VA-ECMO or peripheral VA-ECMO
support. The effects of using arterial vasodilators or a left atrial drainage cannula on left ventricular function under
central VA-ECMO support at a pump flow rate of 3 L/min were compared. Results Under central VA-ECMO or
peripheral VA-ECMO support, left ventricular pressure and volume increased, and stroke volume and ventricular
work decreased. Both arterial vasodilators and the left atrial drainage cannula could reduce left ventricular
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pressure and volume. Arterial vasodilators additionally increased stroke volume and improved left ventricular

ejection fraction from 11.6% to 19.5%. Conclusions

Both VA-ECMO cannulation methods provide effective

circulatory support in the heart failure patient model, with similar effects on ventricular function. Under central VA-

ECMO support, arterial vasodilators can improve left ventricular function more effectively than the left atrial

drainage cannula.

Key words: veno-arterial extracorporeal membrane oxygenation; lumped parameter model; cardiovascular

circulatory system; left ventricular unloading; hemodynamics
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Fig.1 LPM of cardiovascular circulatory system model
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Tab.2 Parameters of systemic and pulmonary circulation model
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Fig.2 Left ventricular PVLOOP in healthy and heart failure models and comparison of left

ventricular energy parameters in different states

(a) Left ventricular PVLOOP of the

healthy adult model and the heart failure patient model, (b) Comparison of ventricular

pressure-volume area, potential energy and stroke work
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support with different unloading methods

Left ventricular PVLOOPs in heart failure patient under central VA-ECMO

(a) Use of arterial vasodilators,

(b) Placement of the left atrial drainage cannula
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