
Abstract—In this work we consider ex vivo porcine models 
and we estimate the physical parameters underlying the arterial 
fluid dynamics, both with and without stent, in terms of 
hydraulic resistance, inertance and compliance. Preliminary 
results show an increased resistance and a decreased compliance 
in the presence of the stent for non-fresh aortas, while only an 
increased resistance for fresh aortas. 

Keywords—Aortic stent graft, lumped parameters, ex vivo 
porcine model. 

I. INTRODUCTION 
HORACIC Endovascular Aortic Repair (TEVAR) has 
proved to be a safe treatment option for patients with 

thoracic aortic disease. However, at the same time, TEVAR 
seems to locally stiffen the aorta, with systemic 
cardiovascular effects, as found in in vivo animal models [1]–
[3] and in our recent ex vivo studies on porcine models with 
different types of endografts [4], [5]. In these studies, the 
aortic stiffening was indirectly assessed through the pulse 
wave velocity. Here, we use our ex vivo data on porcine 
models to estimate the physical parameters underlying the 
arterial fluid dynamics. More specifically, we consider a 
lumped parameter approach, in which the physical 
parameters are given in terms of hydraulic resistance, 
inertance and compliance. These parameters are estimated 
before and after the endografting, based on pressure-flow 
measurements obtained by connecting the porcine model to a 
pulsatile mock loop. 

II. MATERIALS AND METHODS

Both fresh (i.e., tested the same day of pig sacrifice) and 
non-fresh (i.e., stored at 4°C for one day and then tested) 
porcine aortas are considered. Each aorta has been tested 
under three conditions: i) without endograft; ii) after the 
deployment of a 15cm-long stent graft; iii) after the extension 
of the stent graft length up to 25cm. The aortas are inserted in 
the pulsatile mock loop of [6], in series between the 
volumetric pump representing the ventricle and the afterload 
(Figure 1a). The circuit is filled with water at room 
temperature, and a physiological flow waveform is generated 
by the pump [7] with mean flow of 5 L/min and a heart rate 
of 60 bpm. 

Aortas are modelled by means of a three-element circuit 
(including resistance R1, inertance L1, and compliance C1), 
while the afterload by means of a four-element circuit 

(including resistances Rc2 and Rp2, inertance L2, and 
compliance C2); see Figure 1b for the overall layout. The goal 
is to estimate the aortic parameters in the presence and in the 
absence of the stent, to quantify the impact of the 
endovascular implant on the overall fluid dynamics. 
Operatively, we first characterize the impedance simulator, 
whose parameters are constant over all the experiments; then, 
we estimate parameters R1, L1 and C1 while fixing the others. 

a) 

b) 

Fig. 1. Mock loop circuit (a), and lumped parameter models of the aorta and 
the afterload (b). 

Pressure and flow waveform measurements are acquired 
and digitalized with a frequency of 1 kHz; data refer to six 
consecutive cardiac cycles once the steady state is reached. 
Estimations are based on the differential equations that 
describe the pressure in the system as function of the flow. 
As for the impedance simulator, the differential equation that 
describes the pressure P1 at the entry of the impedance 
simulator as a function of the flow Q2 through Rc2 and L2 is 

(1) 

where t is the time. The estimation procedure is as follows. 
First, pressure P1 and flow Q2 signals are filtered with a low-
pass filter (cut frequency of 10 Hz). Then, the filtered signal 
Q2 has been derived to get dQ2/dt and d2Q2/dt2. Finally, the 
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optimal set of parameters Rc2, Rp2, L2 and C2 that fit the 
computed trend with the filtered signal of P1 have been 
computed through a mean squared error minimization. 

The optimization has been performed constraining all 
parameters to be non-negative. The entire estimation 
procedure has been performed in R, with packages seewave, 
pspline, desolve, and FME. As for the aortic parameters, the 
differential equation that describes the pressure P0 at the 
entry of the aorta as a function of the flow Q1 through R1 and 
L1 is: 

(2) 

where P1 is the same as in Eq. (1). For the estimation, the 
signals of P0, P1 and Q1 are the actually acquired, while Q2 is 
not directly measured for the sake of experimental simplicity. 
It is thus derived as follows: given the filtered P1, unobserved 
values of Q2 are simulated by using a discretized version of 
Eq. (1) and the already estimated afterload parameters, 
assigning the initial values of Q2 by imposing the mean 
values of Q2 and Q1 to be equal. The estimations have been 
obtained in the same way of the impedance simulator. 

Fig. 2. Resistances and compliances for fresh and non-fresh aortas: without 
stent (black columns), with the 15cm-long stent (dark-gray columns) and 
with the 25cm-long stent (light-gray columns). 

III. RESULTS

Parameters values for the afterload circuit are Rc2 = 1.0865, 
L2 = 0.13814, Rp2 = 19.262, and C2 = 0.49912 (measurement 
units for pressure in mmHg and flow in L/min). They are 
mostly in line with those of a physiological afterload [8]. 
Resistances values are similar to the physiological ones [6]; 
compliance C2 is higher even though of the same order of 
magnitude; inertance L2 is quite higher (see [9]), in 
agreement with the oscillations observed in P1. Preliminary 
results are reported for three fresh and three non-fresh aortas. 
Parameters R1 and C1 are reported in Figure 2, while null or 
quite null inertances have been always found. Outcomes 
clearly show an increased resistance in the presence of the 
stent, which is even higher for the 25cm-long stent. As for 
the compliances, there is a clear decreasing trend opposite to 
the increasing one of the resistance for non-fresh aortas. On 
the contrary, no compliance variations are found for fresh 
aortas. 

IV. DISCUSSIONS AND CONCLUSIONS

In this work, we considered a lumped parameter model of 
the aorta to investigate the variation of the physical 
parameters underlying the aortic fluid dynamics in the 
presence or in the absence of TEVAR. 

The goal is to provide a better and more robust estimation 
approach than that provided by the pulse wave velocity. 
Preliminary results show some trends, which can be 
interesting from a clinical point of view. Future work will 
involve additional experiments to give statistical significance 
to the results, and an analysis to link the altered parameters 
with the mechanical properties of the vessel. 
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