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Einheit zur Simulation eines Herzens
Introduction: The goal of this project has been to develop a prototype of a pneumatic drive system for two VAD-ventricles. The pneu-
matic entity serves as the drive of the biventricular system of an artificial cardiac patient. The drive’s novelty is that it is freely programma-
ble. As conventional drivers for pulsatile diaphragm ventricles, as used in the human medicine, are life-sustaining systems they can only 
simulate the normal cardiac function. The system has been realized with pressure reducers and circulatory valves. The artificial patient is 
a mobile unity which is used in various labours. As not all labours dispose of an in-house vacuum connection the pneumatic entity has an 
internal vacuum pump which can be activated or deactivated as necessary. The activation of the pneumatic unity has been realized with 
LabVIEW.

Functioning: The pneumatic entity drives the diaphragm through negative and positive air pressure. The pressure reducer regulates the 
form which rests on the volume flow valve. Valve one and three control the positive air pressure and valve two and four control the nega-
tive air pressure. When valve one and three open up the air compresses the diaphragm. In this way liquidity is driven out on the other side 
of the diaphragm. Now valve one and three close whereupon valve two and four open up. Now the vacuum sucks in the diaphragm of the 
ventricle whereby new liquidity is sucked in on the other side of the ventricle.

Conclusion: The pneumatic entity works and it runs reliably on the continuous use. Through appropriate activation of the valves it is now 
possible to proceed the heartbeat in different velocities and to simulate various cardiac arrhythmia. Through the knowledge which has 
been gained through the calculations especially through the derivation specific to the problem, all important parameters of the pneumatic 
entity such as the desired length and the diameter of the hose as well as the size of the ventricle and its anticipated throw-off time can be 
inserted. In this way the desired pressure, which should arise at the ventricle can be calculated. Therefore the software program of Lab-
VIEW which drives the pneumatic entity can be optimally adjusted. 
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Myokardprotektion – das Frankfurter Konzept
Introduction: In the department for cardiac surgery at the University Hospital in Frankfurt/Germany we use three different methods 
and solutions for myocardial protection. Indications, experiences and results with these different kinds of myocardial protection during 
cardiopulmonary bypass are shown.

Methods: Depending on the indication for surgery, we use two different blood cardioplegia methods and one crystalloid cardioplegia for 
optimal protection of the heart. A modified Buckburg cardioplegic solution at 20 °C is used in combined (valve and CABG) or valve pro-
cedures and if we  expect long aortic cross clamping times. This cardioplegia is also used in pediatric heart surgery. The Calafiore solution, 
which is composed of potassium and magnesium is used in CABG at 34 °C blood temperature. We also use this cardioplegia in minimized 
extracorporeal circuits as  so called autoperfusion cardioplegia. St. Thomas solution is used (at 4 °C) for robotically assisted procedures. 
Indications are ASD - closure  or CABG. 

Our ECC-tubing setup need no conversion when we use the different cardioplegic methods. A heat exchanger with an additional y -tube 
for the two different blood cardioplegia solutions can be integrated in the normal tubing set in a few seconds. The crystalloid solution is 
produced in our own pharmacy for a low price. Hemodilution of the extracorporeal circuit is reduced while using the Calafiore and Buck-
berg method (ratio is1 part of solution, 4 parts of blood).

Conclusion: Good results of open heart surgery depend on successful surgical intervention. The adoption of an optimal cardioplegic pro-
cedure depending on the indication for surgery is an important aspect for perioperative  and postoperative outcome as well as perfusionists 
should be well educated in the different kinds of myocardial protection and its delivery to give the surgeon the best method for an optimal 
result.


