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Abstract.  Striving for a better understanding of complex 
phenomena of hemodynamics and the need of reliable, 
clinically relevant information on the circulatory system 
are the driving forces to refine already existing cardio-
vascular models. A recent modelling theory is called the 
reservoir wave paradigm (RWP) and merges two existing 
models in order to address two important phenomena at 
the same time: arterial compliance and wave propaga-
tion. The aim of this article is to present its inherent 
concept and to illustrate its sensitivity to different model 
parameters. For this purpose the RWP is applied to an 
exemplary pressure waveform originating at the ascend-
ing aorta by using two different estimators of systolic 
time duration as well as two different choices of minimi-
zation intervals for the subsequent reservoir pressure 
fitting. The findings indicate a substantial impact of the 
chosen optimization interval. In contrast, the effect of the 
regarded estimators of systolic time duration on the 
waveform might be considered as negligible. 

Introduction
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1 Methods 

1.1 Reservoir Theory 

Separation of pressure

Reservoir pressure based on flow.
Reservoir pressure without flow.



  Ebner  et al.     Reservoir Wave Paradigm: An Implementation and Sensitivity Analysis 

   SNE 25(3-4) – 12/2015 153 

T N 

1.2 Data  

1.3 Duration of systole 

1.4 Minimization interval for reservoir curve 
fitting   

1.5 Implementation of the RWP 

lsqnonlin

lsqnonlin

trapz

2 Results  

2.1 Separation of pressure 
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Figure 1. Pressure separation according to the RWP. For 
illustration purposes the DBP = 84.56mmHg 
was subtracted from both the reservoir and 
measured pressure waveform. The dashed 
vertical line indicates the estimated systolic 
duration s. 

2.2 Sensitivity on minimization interval 

Figure 2. Reservoir pressures based on the estimation 
(vertical dash-dotted line) and its associat-

ed two-thirds of diastole (  and its 
entire diastolic duration ( . The verti-
cal dotted line indicates the beginning of the 
last two-thirds of diastole. 

 2/3D,d D,d abs. diff. rel. diff. [%] 

PP [mmHg] 34.42 27.06 7.37 27.22 

A [mmHg s] 15.10 12.42 2.68 21.58 

[mmHg] 84.56 83.46 1.09 1.31 

Table 1. Overview of the pulse pressures (PP), areas (A) 
and asymptotic pressures  of the waveforms 

 and , respectively. 
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Figure 3. Excess pressures based on the estimation 
(vertical dash-dotted line) and its associat-

ed two-thirds of diastole (  and its 
entire diastolic duration ( . The  
vertical dotted line indicates the beginning of 
the last two-thirds of diastole. 

2.3 Sensitivity on estimation of systolic 
duration   

Figure 4. Reservoir pressures based on the minimization 
along entire diastole based on different esti-
mations of systolic duration  

 . 

   abs. diff. rel. diff. [%] 

 [s] 0.40 0.38 0.02 4.08 

PP [mmHg] 25.78 27.06 -1.28 -4.72 

A [mmHg s] 11.98 12.42 -0.44 -3.57 

[mmHg] 83.22 83.46 -0.24 -0.29 

Table 2. Overview of the pulse pressures (PP), areas (A) 
and asymptotic pressures  of the waveforms 

 and  , respectively. 

3 Discussion 



 Ebner  et al.      Reservoir Wave Paradigm: An Implementation and Sensitivity Analysis 

 156 SNE 25(3-4) – 12/2015 

TN
fminsearch 

References 

Eur 
Heart J.

Eur Heart J.

Int J Cardiol.

Hypertension

J Hypertens

Am J Physiol 
Heart Circ

J Hypertens

J Hypertens

Artery Res

McDonald's 
blood flow in arteries.

Med Biol Eng Comput

Med Biol Eng 
Comput

Comput Chem Eng

Applied Mathematical Models in Human Physiology.

Proc Inst Mech Eng H

J Eng Math
Reservoir Theory and its Application on Pe-

ripheral Arteries


