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A
fter more than one and a half 

years of online and hybrid con-

ferences (often with very limited 

in-person attendance) I just returned 

from my first presence-only confer-

ence just like they used to be in good 

old pre-COVID times. Many senior per-

sons and close colleagues attended and 

were actually around in the lecture hall 

most of the time – as if they had missed 

the possibility to mingle. During the joint 

lunch I learned informally about the lat-

est research topics they are currently in-

vestigating. We exchanged experience 

about online teaching during the coffee 

breaks. We went out in the evening for a 

glass of wine over which we shared the 

latest rumors about who had accept-

ed a faculty position at which universi-

ty. They told me during the social event 

– in a beautiful collegiate church with an 

organ whose low notes could literally be 

felt in the belly – how their families are 

doing. The welcome reception was held 

in a smart factory, so we could see and 

touch the latest equipment they have in-

stalled there. During the demo session 

there were many good hands-on demon-

strators where one could touch and play 

with the prototypes. All this never hap-

pened during the online conferences and 

only to a very limited degree during hy-

brid conferences, because the “interest-

ing” colleagues joined only online. This 

reminded me that all these informal side 

activities during an in-presence confer-

ence are at least as important as the pa-

per presentations. Fortunately, there are 

things in life that cannot be digitalized.

In this edition of TU Graz research, Alice 

Reinbacher-Köstinger, assistant professor 

at the Institute of Fundamentals and Theory 

in Electrical Engineering, gives us some in-

sights into her research. Enjoy reading!  

Kay Uwe Römer,  
Information, Communication & Computing 
Source: Lunghammer – TU Graz 

Identification and Monitoring of Aortic Diseases 
by Electrical Impedance Measurements

Alice Reinbacher-Köstinger 

Aortic diseases such as aortic aneurysm or dissection can be life-threatening 
and are not always detected in time. Therefore, an easy-to-use, non-invasive 
method to detect such a disease would be of great benefit. A suitable 
method that is already in clinical use but for a different purpose, is impedance 
cardiography. With numerical simulations of an adapted measurement system, 
including patient-specific geometries, the feasibility of such a method to be 
able to identify and monitor pathologies of the aorta is being investigated.

diac pulse wave. Since blood has a high-

er electrical conductivity compared to the 

surrounding tissue types, the impedance 

changes are mainly due to the pulsatile 

blood flow in the aorta. The blood pul-

sation causes volumetric changes of the 

aorta and also flow-induced conductivity 

changes.  > 

Electrical bio-impedance measurements 

are performed by placing adhesive elec-

trodes on the body surface and injecting 

a low-amplitude alternating current. As 

shown in Fig. 1, additional sensor elec-

trodes measure the voltage drop in the re-

gion of interest, which is proportional to 

the impedance and varies during a car-

Figure 1: Principle of thoracic 
bio-impedance measurements.
Source: J. Heuser, Wikimedia, with modifications
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Source: Privat

Both are altered in case of an aortic pa-

thology and these changes should provide 

the opportunity to identify the disease.

A numerical model of the thorax is used 

to simulate the electrical behavior of the 

measurement setup mentioned above. By 

simulating and assessing many different 

models the most influential factors can be 

identified. While the geometry of the dif-

ferent tissue types and also the tempo-

ral volumetric changes of the blood-filled 

aorta can be extracted from imaging da-

ta, the material parameters have to be 

taken from the literature and are subject 

to a very high uncertainty. Special atten-

tion must be paid to the flow-induced and 

therefore time-dependent behavior of the 

conductivity of blood.

Blood is a physically highly complex flu-

id that consists of cells (red and white 

blood cells and platelets) suspended in 

blood plasma. From experiments over 

the last 100 years, it turned out that the 

electrical conductivity and the viscosi-

ty are mainly determined by the proper-

ties of the red blood cells (RBCs) and the 

surrounding plasma. Furthermore, it has 

been observed that the alignment and 

deformation of the electrically isolating 

RBCs suspended in the well-conducting 

blood plasma causes the blood conduc-

tivity to become anisotropic in the case 

of flowing blood, i.e. it is higher in the di-

rection of flow and lower in orthogonal di-

rection. Furthermore, it is spatially distrib-

uted since the shear stresses are higher 

close to the vessel wall, as can be seen in 

Fig. 2. This anisotropic, flow-dependent 

conductivity is calculated based on CFD 

simulation results performed by our part-

ners within the TU Graz lead project  

 “Mechanics, modeling and simulation of 

aortic dissection”, the groups of Thomas 

Hochrainer, head of the Institute of 

Strength of Materials and Günter Brenn, 

head of the Institute of Fluid Mechan-

ics and Heat Transfer. In order to mod-

el the non-Newtonian behavior of blood 

used in the CFD simulations, rheological 

data is needed. Ursula Windberger, head 

of the rheology lab of the Center for Bio-

medical Research (Medical University of 

Vienna), conducts research in the field of 

material characterization of suspensions 

and, in particular, of human and animal 

blood and measured the viscosity of vari-

ous blood samples at different shear rates. 

With the resulting flow field quantities, the 

spatial, anisotropic electrical conductivity 

is calculated using a sophisticated con-

ductivity model for suspensions of ellip-

soidal particles. 

While the numerically obtained conductiv-

ity changes in laminar flow in a rigid ves-

sel have already been validated by meas-

urements, there are no data available for 

the case of flow disturbances in the vessel, 

Figure 2:  
Sketch of the alignment and deformation of 
red blood cells in a vessel.
Source: Alice Reinbacher-Köstinger

Figure 3:  
Sketch of flow disturbances for 

different aortic pathologies.
Source: Alice Reinbacher-Köstinger
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Figure 5:  
Patient-specific  
3D FEM model.
Source: Vahid Badeli

as is the case with aortic diseases. There-

fore, experimental investigations for differ-

ent types of disturbances (see Fig. 3). are 

performed in our laboratory. Before using 

human blood for the experiments, a sus-

pension made of fibers in the m range, 

which have been provided by the Institute 

of Chemistry and Technology of Biobased 

Systems, is used. Due to the shape of the 

fibers (non-spherical isolators in a well con-

ducting liquid) a similar behavior of the 

alignment at higher flow rates is observable.  

For the case of an aortic dissection, where 

the innermost layer of the aorta ruptures 

and blood starts to flow between the in-

tima and the media layer, the blood con-

ductivity has been computed using open-

Foam and the result is shown in Fig. 4. As 

a result of the dissection, a new, so called 

false lumen develops besides the original 

aorta. The local hemodynamic conditions 

such as flow disturbances and recircula-

tions may cause thrombus formation and 

growth there and the status of this throm-

bosis is of great importance in the med-

ical management of respective patients. 

By 3D FEM electric field simulations us-

ing openCFS, as shown in Fig. 5, signif-

icant impedance changes due to physio-

logical changes during a thrombosis are 

determined, confirming that the modified 

impedance cardiography can be a valua-

ble method in the medical management 

of aortic dissections. 


