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Cryoimpedance is a potential new marker for monitoring catheter-wall contact, ice dimensions and temperature 
distributions within the frozen volume during cardiac cryoablation (CCA). Temperature and frequency dependent 
electrical impedances are measured in the domain surrounding the catheter by applying alternating currents through 
electrodes positioned on or close to the cryoapplicator. Computer models have previously been used to obtain insight 
into temperature distributions during CCA scenarios. The aim of this work is to assess characteristic effects of 
applicator positioning on simulated cryoimpedances using a finite element computer model. We considered a simplified 
model of a cryoapplicator positioned on a myocardial and pulmonary tissue layer and surrounded by an intracardiac 
blood domain. Previously measured temperature dependent admittivities of myocardial tissue and admittivities obtained 
from literature for blood and lung tissue were applied. The temporal progress of impedance between an active electrode 
at the catheter surface and a reference electrode in the blood domain during freezing and rewarming was simulated 
considering varying catheter-wall distances and insertion depths into the myocardial tissue layer. Considerably higher 
absolute impedances and phase shifts were obtained for catheter positions with catheter-wall contact. Additionally, 
impedance decreased significantly slower during rewarming in simulations, in which the catheter was inserted deeper 
into the myocardial tissue. This effect is caused by the lower admittivity of myocardial tissue compared to the 
surrounding blood as well as by the slower rewarming of the larger frozen myocardial volume when inserting the 
catheter deeper into the tissue. The results indicate that cryoimpedance measurement during CCA can be used as an 
effective tool to evaluate the positioning of the catheter as well as the performance of the procedure. Future studies are 
planned to validate the model, consider more realistic simulation domains and analyze the influence of altering 
electrode dimensions, positions, and current frequencies on the resulting impedance. 
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The localization of neuronal activity with magnetoencephalography and electroencephalography is error-prone and am-

biguous due to the ill-posed inverse problem. Direct imaging of impressed currents (CDI) inside the head can provide 

valuable conductivity information which, when provided to the inverse problem, will improve its solution. Magnetic 

resonance imaging (MRI) in the ultra-low field (ULF) regime at μT Larmor fields can be utilized for current density 

imaging. Here, a measurable impact of the magnetic field BJ, generated by the current density J, on the amplitude and 

phase of the MR signal is probed using specialized sequences.  

 

We recently demonstrated 3D full tensor current density imaging in phantom experiments using zero-field encoding in 

ULF MRI. We utilized a single-channel SQUID gradiometer with a sensor noise level of approximately 380 aT Hz-1/2 

and a 17 mT polarizing field for sample magnetization. The reconstruction quality depends on the SNR determined by 

the sensitivity profile of the sensor, the system noise, and the strength of BJ. To evaluate the performance necessary for 

an in-vivo application of the method, we carried out FEM simulations utilizing a 3-compartment head model based on 

CT scans of a human head. Tissue properties such as conductivities and MR relaxation rates were chosen to mimic real-

istic parameters. A custom-designed time domain Bloch equation solver was used to simulate the spin evolution during 

the CDI experiment. Gradient echo signals were calculated utilizing realistic sensor geometries and noise. The results 

reveal, that an improvement in SNR of factor 2 – 3 is required in order to reconstruct intracranial magnetic fields with a 

standard deviation < 1 nT, which is approximately 10 times lower than the estimated BJ. Additionally, we describe a 

generally applicable approach to calculate the performance of a specific ULF MRI system in zero-field encoded CDI, 

based on the voxel noise level. 

 

Finally, we present an upgraded ULF MRI setup comprising a 35 – 45 mT polarizing field, generated by a self-shielded 

coil. This system is specially designed for the shape of a human head and potentially overcomes the estimated gap in 

SNR, that is required for successful implementation of in vivo CDI. 
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Magnetic Drug Targeting describes the local delivery of drugs to a tumor by using external magnetic fields. For this, 

mangetic nanoparticles (MNP) are used as drug carriers (e. g. drugs are thermosensitively bound to the MNP). After 

MNP accumulation at the tumor site, the drugs are released by local overheating of the tumor under MNP excitation in 

an alternating magnetic field. The optimization of Magnetic Drug Targeting requires both experimental and numerical 

investigation of the parameters determining the MNP accumulation efficiency. However, realistic models of tumor ves-

sel networks and, especially, of their complex capillary configurations are not available so far.  

In this work, we develop a virtual 3D model of a vessel network based on histological human pancreatic tumor data. For 

this, 2.5 μm tumor slices are immunohistochemically stained to visualize the tumor capillaries. These slices are scanned 

using a whole slide scanner (NanoZoomer-XR, Hamamatsu Photonics K.K., Hamamatsu, Japan) with a resolution of 

(18560 x 20480) px². Image registration is done using least squares, affine and elastic alignment. Image segmentation is 

done using a machine learning approach. The registered and segmentated image layers are stacked to build a 3D vessel 

network model. Postprocessing of the 3D tumor model includes interpolation between layers and elimination of false-

positive pixels via Matlab (The MathWorks Inc., Natick, USA) . The 3D model is saved in the .stl-file format to work 

with the simulation software (Comsol Multiphysics, Comsol Inc., Burlington, USA) .  

First results of the implementation of the 3D tumor vessel network model into FEM-based Magnetic Drug Targeting 

simulations are shown allowing a quantification of MNP accumulation in silico for varying combinations of MNP, 

magnetic field configurations, and fluid properties. In addition, a simplified version of the 3D model is printed using 

stereolithoghrapy and used to validate the simulation results. 
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Maintaining a prescribed peripheral oxygen saturation (SpO2) target range during routine care of neonates is challenging, 
having a nominal success of 50% and wide differences within and between centers. Failure to maintain the desired SpO2 
range increases the risk of tissue and organ damage due to hypoxemia, but also the risk of oxidative damage due to 
hyperoxemia. These issues are a result of variation in cardiorespiratory stability of patients, as well as differing FiO2 
titration practices among caregivers and centers. Therefore, algorithms for automatic feedback control of SpO2 are being 
developed and tested, that would adapt to the changing neonatal organism and better maintain the required SpO2 target 
range. There is a paucity of clinical data describing the relative effectiveness of different FiO2 titrations strategies. While 
clinical data is necessary to validate differences in the titration strategies, a continuous physiological model of 
oxygenation in neonates would facilitate baseline testing of different approaches; manual or automated. The objective of 
our study was to enhance a mathematical model of oxygenation of the neonate so it includes greater flexibility when 
simulating an SpO2 response to changes in FiO2 while maintaining physiological plausibility of the simulation. We have 
implemented the diffusion resistance and variable ventilation/perfusion ratio into the model as well as a range of 
oxyhemoglobin dissociation relationships and SpO2–SaO2 bias. Oxygen consumption in the tissue compartment was also 
adjusted. Values of model parameters were scaled to fit preterm infant scenarios. The model shows good agreement with 
clinical data reported in the literature. It appears that the model may be an effective tool to test FiO2 titration strategies. 
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The formation of a thrombus is associated with dramatic consequences for the patient, such as increased risks of neurologic 
events and myocardial infarction or even death. A pathologically altered blood flow is associated with this complication. Con-
sequently, a consistent fluid-mechanical analysis of implants, such as coronary stents, must be carried out. Computational flu-
id dynamics (CFD) is an important in silico tool for the analysis of different stent designs. Using three different generic stent 
designs (closed-cell, open-cell and helical), CFD could be performed with the OpenFOAM software package. The stents were 
implemented in a vascular model having a fully developed Hagen-Poiseuille velocity profile (umean = 0.6 m/s) as inlet condi-
tion. In combination with the kinematic viscosity of the newtonian test fluid of 6.04*10-5 m2/s, Reynolds numbers up to 460 
were achieved. Spatially high-resolved velocity fields from measurements in the magnetic resonance tomograph (MRT) were 
available for validation. The velocity field was compared in selected cross sections and longitudinal sections. The difference 
of the main flow proximal and distal to the stent models were below 6 %. In addition, a similar flow topology could be quanti-
fied using the Q-criteria. Due to the very good agreement of the numerical results with the MRT-measurements, the numerical 
method has been applied to further analysis of stent designs regarding to time average wall shear stress distribution on the lu-
minal vessel surface (surface area with TAWSS < 0.4 Pa was related to overall vessel surface) under pulsatile conditions. Alt-
hough all stent designs have the same square cross-section, a large influence of the stent design on WSS distribution could be 
observed (closed-cell vs. helical = -50.2 %; open-cell vs. helical = -38.5 %). By using validated CFD it was possible to quanti-
fy the hemodynamic benefit of helical stent design in terms of thrombosis potential.  
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