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ABSTRACT
Introduction: The concept of re-reflections of blood pressure waves at the heart has been neglected in most models and is 
only poorly understood so far. Therefore, the aim of this work was to develop a simple mathematical model which is capable to 
represent the effects of wave travel, wave reflection as well as re-reflection at the aortic valve.
Methods: A mathematical model based on difference equations has been developed. The equation for the backward travelling 
pressure waves includes several terms, where the forward pressure is multiplied by a specific reflection coefficient and is delayed 
by a specific period of time corresponding to the location of the reflection site and the stiffness of the travel path. The equation 
for the forward travelling waves includes an input pressure coming from the heart as well as the backward pressure multiplied 
by a time-dependent re-reflection coefficient.
Results: After identifying suitable distal reflection parameters to get a realistic pressure wave, sensitivity analyses on the time-
dependent re-reflection coefficient were performed. Exemplarily, the re-reflection coefficient was held at the level of 1 during 
diastole (aortic valve closed), while it was varied from 0.6 to 0.9 during systole, see Figure 1.
Conclusion: With a simple difference equation model, aortic pressure waves can be simulated adequately. The choice of the 
re-reflection coefficient at the aortic valve strongly influences the results, both regarding pressure level and wave shape. This 
indicates that re-reflections should be incorporated into models of wave transmission as well as in methods of arterial pulse 
wave analysis.
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