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Abstract 

Heart failure is a clinical syndrome with a growing prevalence, owing to the aging of our 
population. A wide variety of drugs, devices and surgical approaches are used to treat heart 
failure patients and to establish partial recovery of the failing heart. In this thesis the main topic 
is focussed on assist devices. The general goal of an assist device is to unload the heart and/or 
to improve the organ perfusion and in particularly the coronary perfusion. An Extra Corporeal 
Life Support (ECLS) system is an assist device, which is used as a bridge to recovery or as a 
bridge to transplantation in patients with acute or chronic inadequate tissue perfusion due 
cardiac dysfunction. The most common implementation of an ECLS assist device is collecting 
low oxygenated blood of the venous vessels and pumping fully saturated blood back into the 
arterial vessels. Standard ECLS generates a continuous flow and partially bypasses the heart 
and lungs. A newly developed Extra Corporeal Life Support device, Twin-Pulse Life Support 
(T-PLS) is examined in the present study. This T-PLS system is an Extra Corporeal Life 
Support device generating a pulsatile flow of about 2.2 L/min. Many arguments claim pulsatile 
organ perfusion is preferred above continuous perfusion. Kidneys, lymph vessels and coronary 
vessels are in favour of a pulsatile flow. Coronary perfusion is dependent on the pressure 
gradient between the left ventricular pressure and the arterial pressure, which is the highest in 
the diastolic phase. Extra perfusion can be created by a periodic diastolic increase in arterial 
pressure, without systolic a systolic arterial rise, because that would hinder the pump function 
of the left ventricle. Kidney and lymph vessels receive a higher hemodynamic power per 
volume blood (EEP) during pulsatile perfusion compared to continuous perfusion. 
The veno-arterial femoro- femoral connected T-PLS system collects venous blood out of the 
vena cava inferior and pumps oxygenated blood pulsatile into tre descending aorta. 
Because this device pulsatile partially bypasses the heart, both the left ventricle and the T-PLS 
device are responsible for the resulting blood flow through the circulation. The left ventricle 
and the T-PLS generate pressure pulses moving in the aorta in opposite direction at each side 
of the aorta; the left ventricle generates pressure pulses into the aorta ascendens and the 
pressure pulses generated by the T-PLS are pumped into the aorta descendens. The expectation 
is that the pressU"e pulses generated by the T-PLS can impede the left ventricular contraction 
when arrival at the aortic valve occurs during the systolic phase. 
Synchronisation of the two pressure pulses is necessary to test this hypothesis; only then arrival 
of the T-PLS pressure pulse at the aortic valve during as well the diastolic as the systolic phase 
of the heart can be examined individually. 
Nine calves were implemented with the T-PLS device and in five of them synchronisation of 
the two pressure pulses generated by the left ventricle and the T-PLS was succeeded. Different 
delay times between heart and T-PLS pressure waves are installed in the synchronised 
situation, from zero till 750ms with steps of 50ms. Every possible arrival time of the T-PLS 
pressure pulse at the aortic valve in the cardiac cycle is examined individually. Three delay 
times settings are selected in each animal on grounds of afterload (left ventricular peak 
pressure (PLVpeak)); delay time with the maximum PLVpeak (setting I), the delay time with 
the mean PLVpeak (setting II) and the delay time with the minimum PLVpeak (setting III). 
Delay setting I represents the arrival of the T-PLS pressure pulse at the aortic valve in the 
systolic phase of the cardiac cycle and delay setting III represents generally (except one 
animal) the arrival in the diastolic phase. The arrival of the pressure pulse in the systolic phase 
of the heart causes a higher left ventricular work (L VW) as compared to the diastolic phase 
arrival. The PL Vpeak, stroke work (SW), pressure-volume area (PV A) and the efficiency ratio 
of the heart are all other hemodynamic parameters indicating as well that the workload of the 
left ventricle is the highest in setting I. When comparing setting III to setting I the workload of 
the heart is decreased, which correlates with a reduction of oxygen demand. Although the 
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coronary perfusion remained almost the same in all three settings, the oxygen demand/supply 
ratio (L VW/Qcor) is 63% lower in setting III than in setting I. 
The differences in hemodynamic parameters observed among the three settings indicate that 
diastolic arrival of the T-PLS pressure pulse at the aortic valve (setting 111) is the most 
favourable setting, regarding unloading of the heart and improving the oxygen demand/supply 
ratio. 
In the existing unsynchronised T-PLS system all arrival possibilities of the pressure pulses of 
the T-PLS at the aortic valve can occur in any phase of the cardiac cycle, including the systolic 
phase arrival as in setting I. The rise in workload of the left ventricle is an undesirable aspect 
for an assist device. 
Resulting can be concluded that synchronisation of the pressure pulses generated by the heart 
and T-PLS with a well-chosen delay time is required to accomplish optimal support for the 
patient. 
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