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Abstract.  Parameters derived from aortic pressure and 
flow waves are considered to be important indicators of 
cardiovascular risk. To reduce the measurement effort, 
validated methods already exist to transfer non-
invasively assessed peripheral blood pressure curves to 
central ones. In this work, an optimal control model is 
introduced, which could potentially be used to simulate 
the corresponding ejection from the heart. It is based on 
the well-established three-element Windkessel model of 
the arterial system, coupled with an optimality criterion. 
The resulting optimal control problem was solved in part 
symbolically, in part numerically and simulation experi-
ments were performed to investigate the capability of 
the model to generate pathophysiological flow and pres-
sure patterns with meaningful parameter values. Moreo-
ver, the sensitivity of the model to variations in the pa-
rameters, that were considered relevant for the use as a 
blood flow model, was analysed. The results show that it 
is indeed possible to simulate realistic flow and pressure 
waves for parameters within the pathophysiological 
range of humans. Moreover, the sensitivity analysis indi-
cates that parameter identification based on a pressure 
measurement might be possible. Overall, the model 
shows a big potential for the simulation of blood flow 
based on pressure alone. 

Introduction
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1 Methods 

1.1 Modelling 
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1.2 Implementation 

1.3 Simulation experiments 
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Figure 1. Comparison of qualitatively and quantitatively different, simulated 
flow and pressure patterns corresponding to the parameterisation of 
case 1 (dashed line) and case 2 (solid line) given in table 1. 

2 Results 

Parameter Case 1 Case 2 Unit 

0.204 0.410 mmHg*s/ml 
1.50 0.67 ml/mmHg 
0.04 0.09 mmHg*s/ml 
25000 500 - 
83.4 83.4 mmHg 
91.4 93.5 mmHg 
108.8 113.6 mmHg 
300 276 ms 

714 625 ms
73.5 37.8 ml
1.0571 1.879 mmHg*s/ml

Table 1. Parameterisation simulating a healthy (case 1) 
and a pathological (case 2) case.  

3 Discussion 

Figure 2. Sensitivity of the model to variations in  and  for fixed  (A), in  (B) and in  (C).  
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4 Conclusion 
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