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Hyperspectral imaging (HSI) has been used in measuring the physiological parameters of human tissue in many 

areas in clinical and emergency medicine, such as tissue perfusion measurements, wound analysis and flap 

monitoring, for diabetic foot syndrome and skin ulcers.  Even though HSI measurements are often considered as 

an informative observable for the wounds' diagnostics, chronic wounds are still a major challenging problem in 

medicine.  

 

 The purpose of this study is to develop a method to discriminate spectral signatures in wound tissues. We have 

collected a training set of the intensity of the remitted light for different wound tissues from different patients using 

a TIVITA™ tissue camera (Diaspective Vision GmbH, Germany). We used a neural network technique (self-

organizing map) to group areas with the same spectral properties together. The self-organizing map was an 8 by 6 

hexagonal map with 48 neurons. The learned weights of each neuron represent a subset of similar spectral features 

in the training set. The results of this work indicate that neural network models are able to find clusters of closely 

related hyperspectral signatures in wound tissue, and thus can be used as a powerful tool to reach the anticipated 

classification. Moreover, we used a least square method to fit literature spectra (i.e. oxyhemoglobin (O2Hb), 

deoxyhemoglobin (HHb), water and fat) to the different learned spectral classes. This procedure enables us to label 

each spectral class with the corresponding absorbance properties for the different absorbance of interest (i.e. O2Hb, 

HHb, water and fat). The calculated parameters over a testing set were consistent with the expected behaviour and 

show a good agreement with the results of a second algorithm which was used with the TIVITA™ tissue camera. 

 

* This work is funded by the Europäischer Fonds für Regionale Entwicklung (EFRE) 
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Unintended administration of Infusion fluid into tissue forms extravasations. Those can be found in up to 6% of 
all intensive care patients and up to 78% of preterm infants. Detection of beginning extravasation is currently not 
available.  
In former research, a sensor was developed to detect the beginning of extravasation and to prevent patients from 
serious harms. The sensor applies a pressure pulse to the infusion line and measures pressure and flow trends at 
the peripheral vein catheter. Prospective, the mechanical properties of vein and tissue as well as the correct catheter 
placement are expected to be calculated by use of the step response. 
A tissue simulator was build and validated to investigate influences of the mechanical properties of vein and tissue 
to the step response. It consists of an artificial blood flow and a test area including an artificial vein surrounded by 
gelatine to simulate human tissue. 
The objective of research is the development of a mathematical model to describe the mechanical properties at the 
proximal end of a peripheral vein catheter as function of step response. 
Mechanical properties in the test area are blood viscosity, -density, vein diameter, -compliance, -wall thickness, 
tissue density, -compliance and -inertia. Measurements are taken with different expressions of mechanical 
properties in accordance to the design of experiments principles for venous and extravasational catheter placement.  
A mathematical model is obtained by correlation analysis to describe the mechanical properties at the end of the 
catheter as function of step responses to the pressure pulse.  
Mechanical properties at the end of the peripheral vein catheter vary from venous to extravasational placement. 
By applying the mathematical model, it’s supposed that these can be calculated using the step response during 
infusion therapy. If changes in mechanical properties are detected, therapy can be stopped before extravasation 
can occur. 
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Computational analysis of the biomechanics of the vascular system aims at a better understanding of its physiology and 

pathophysiology. To be of clinical use, however, these models have to be patient specific regarding geometry, boundary 

conditions and material. We present an in vivo approach to determining individual material properties of human aortae 

based on a new type of in vivo full field displacement data acquired by three-dimensional time resolved ultrasound (4D-

US) imaging. We have developed a nested iterative Finite Element Updating method to solve two coupled inverse 

problems: The prestrains that are present in the imaged diastolic configuration of the aortic wall are determined. The 

solution of this problem is integrated in an iterative method to identify the parameters of a non-linear and orthotropic 

constitutive equation. In a numerical verification experiment, we have shown the feasibility of identifying nonlinear and 

orthotropic constitutive behaviour based on the observation of just two load cases, even though the load free geometry 

is unknown, if heterogeneous strain fields are available. Only clinically available 4D-US measurements of wall motion 

and diastolic and systolic blood pressure are required as input for the inverse FE updating approach. Application of the 

developed inverse approach to 4D-US data sets of three aortic wall segments from volunteers of different age and 

pathology resulted in the reproducible identification of three distinct and (patho-) physiologically reasonable 

constitutive behaviours. The use of patient-individual material properties in biomechanical modelling of AAAs is a step 

towards more personalized rupture risk assessment. 
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Ventricular Assist Devices (VADs) are nowadays used as a bridge-to-transplant, a bridge-to-recovery or even as an end-
stage therapy for cronically ill heart disease patients. These devices have to meet a certain hydraulic performance whilst 
being biocompatible. 
Computational Hemodynamics is a valuable tool for the analysis of VADs, reducing the number of costly and time con-
suming experiments and giving insights in pump regions that are not accessible by the experiments. In order to give 
qualitative results, we believe that it is important to have a blood damage model that accounts for the physiological ef-
fects of the blood constituents. Our strain-based hemolysis model estimates the deformation of red blood cells (RBCs) 
in the blood flow with a so-called morphology model that predicts the relaxation, the elongation and the rotation of the 
RBCs. Eventually, pores will form on the surface of a deformed RBC and the size of these pores can be estimated with 
the minimization of an equation that accounts for the energy decrease through the reduction of stresses on the mem-
brane under pore formation and the energy increase due to a higher exposure of the hydrophobic lipid bilayer to the 
blood plasma. With the total area of pores that form on the RBC’s surface leading to hemoglobin leakage to the blood 
plasma, we compute the generation and distribution of the plasma-free hemoglobin. 
We will present the aforementioned models for hemolysis estimation and discuss the associated numerical tools. Fur-
thermore, we will show a comparison of the hemolysis results obtained from the simulation with experimental data for 
the benchmark blood pump of the U.S. Food and Drug Administration. 
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Naturally, the human body regulates the temperature and humidity of the air with the airway to the lung and the mois-
ture wall film in the lung. This film is important to protect the lung against bacteria, particulars and respirable dust. In 
case of use a mechanical respirator, it is necessary to use a respirator gas humidifier. The effect of the conditioned air in 
the human lung is investigated with computational fluid dynamics (CFD). Transient simulations of the lung with differ-
ent humidity and temperature of the respirator air were calculated.  
The results shown that the moisture in the inhalation air has influence on air velocity, wall film, and temperature in the 
lung. Less humidity ensures a more homogeneous temperature and velocity distribution in the bronchial tree. Due to the 
uneven velocity distribution at higher humidity’s in the respiratory air, a uniform temperature distribution is achieved 
only in higher generations of the lung. For the exhalation is this effect not important, because the air has the same tem-
perature as the lung.  
The wall film thickness is depending on the time step of the breath and the humidity of the respiratory air. During the 
exhalation, the thickness is decreasing and at the inhalation, the thickness is increasing. This thickness depends on the 
humidity of the inhalation air and temperature. The air moisture build the new wall film depending on the temperature 
gradient between air and lung. If the temperature of the respiratory air is higher than the lung temperature, the wall film 
can decreasing and if the temperature is lower with high moisture, the thickness of the wall film is increasing. 
The effect of humidity and temperature of the respiratory air is important for the setting of a mechanical respirator to 
reduce inflammations and water in the lung. 
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In tissue engineering and regenerative medicine mesenchymal stem cells (MSC) are widely used to replace and restore the 

function of dysfunctional or missing tissue. Recent studies have shown significant enhancements of the in vivo healing process 

following dentofacial bone augmentation procedures employing stem cell-loaded xenografts. 

 We conducted experimental and numerical investigations in perfusion flow bioreactor-xenograft-systems to identify flow 

conditions as well as bioreactor design features that allow for homogeneous MSC-distribution in Geistlich BioOss Block xen-

ografts. Pressure gradient - velocity characteristics and flow distributions were investigated experimentally and numerically 

for two bioreactor designs at steady-state flow conditions with Reynolds numbers (Re) ranging from 0.01 ≤ Re ≤ 0.32. Dis-

tilled water at 20°C with a dynamic viscosity of 1.002 mPa∙s and a density of 998 kg/m
3
 was used. The geometry of the xeno-

graft utilized in three-dimensional computational fluid dynamics (CFD) simulation was obtained by means of micro-computed 

tomography (μCT) at an isotropic spatial resolution of 9.5 µm. The permeability values calculated from the experimental data 

are in good accordance with the numerical results. The investigations showed that the increase of the inflow- and outflow-area 

diameter, as well as the decrease of the volumetric flow rate, result in a decreasing heterogeneity of the flow distribution with-

in the xenograft. The calculated wall shear stress rates in the three-dimensional (3D) scaffold range from 

1∙10
-12

 Pa ≤ τ ≤ 0.2 Pa. Experimentally validated CFD simulations introduced in this study provide an applicable tool to assess 

optimal flow conditions for homogeneous MSC distribution in bioreactor-xenograft-systems.  
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Mechanical ventilation is a life-supporting key therapy. However mechanical ventilation can cause ventilator-induced 

lung-injury and post-operative complications. The passive expiration during conventional modes like volume controlled 

ventilation (VCV) or pressure controlled ventilation (PCV) is associated with high expiratory flow rates and conse-

quently rapid initial pressure drops. This may potentially promote inhomogeneous pressure distribution and high shear 

stress within an inhomogeneous lung. Controlling the flow during expiration is a new approach of ventilation therapy. 

Thereby, high flow rates and rapid pressure drops are limited. We hypothesized that ventilation modes with decelerated 

expiratory flow, like flow-controlled expiration (FLEX) and flow-controlled ventilation (FCV), enhance the homoge-

neity of pressure distribution compared to conventional ventilation modes. 

For applying VCV and PCV we used a conventional ventilator (Evita 4, Dräger medical, Lübeck, Germany). FLEX was 

realized by VCV combined with a computer controlled resistance in the expiratory limb of the ventilation circuit . For 

the FCV mode we used the new type mechanical ventilator Evone (Ventinova Medical BV, Eindhoven, The Nether-

lands). 

Therefore, we investigated the homogeneity of pressure distribution during VCV, PCV, FLEX and FCV  in a four-

compartment physical lung model. Two compartments had a high compliance of 25 ml/mbar and two a low compliance 

of 10 ml/mbar. They were respectively combined with either a high or a low resistance (6.5 mbar·s/l or 2.8 mbar·s/l). 

Pressure and flow rate were continuously measured within each compartment. 

For each compartment we determined the time at which the expiratory pressure reached 50% of end-inspiratory pres-

sure (t50) and calculated the maximal values of t50 differences (Δt50) and the pressure difference (Δpmax) between all 

compartments during expiration. High values of Δt50 and Δpmax correlate with a high inhomogeneity. 

During VCV and PCV t50 was lower than during FLEX and FCV, respectively (both p<0.001). Overall, Δt50 was on av-

erage 3-fold higher and in specific situations even 6-fold higher during VCV and PCV (131 ± 20 ms) than during FLEX 

and FCV  (35 ± 6 ms; p<0.001). Further, the Δpmax during VCV and PCV reached up to 3.8 ± 0.2 mbar but at maxi-

mum 0.6 ± 0.1 mbar during FLEX and FCV.  

We conclude that the pressure distribution during expiration with FLEX and FCV  is more homogeneous than with 

VCV and PCV. This is expected to reduce intrapulmonal shear stress and may thus be lung protective. 

This project has received funding from the European Union’s Horizon 2020 research and innovation program under 

grant agreement No. 691519. 
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