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FIB-SEM EXAMINATION OF AORTA MICROSTRUCTURES 


 
Aorta aneurisms leads to 800 surgeries every year in Denmark alone. The cause 


of aneurisms is a change in the composition of the medial lamellar unit (MLU) 


in the aortic wall. In worst case this results in mortality.  


While the basic composition and organization of the MLU is known, there is 


a lack of knowledge in the 3-dimensionel nanoscale microstructure in this spe-


cific unit.  


Focused Ion Beam (FIB) is a method which uses a beam of ions to “mill” a 


specimen surface with nanometer precision. Combining this with Scanning 


Electron Microscope (SEM) you get a FIB-SEM system where an electron and 


ion beam intersect at a certain angle near the specimen surface. This results in 


high resolution SEM images of the FIB-milled specimen on nanoscale.  


In a one and a half year cooperation with PhD-student Mariam Abdi Noor 


and Professor Jens Vinge Nygaard at Aarhus University, the microstructural 


composition of MLU is to be examined using the FIB-SEM method. The de-


sired outcome is a 3-dimensionel nanoscale structure of human aortic tissue. 


This will gain to the understanding of mechanical properties after changes in 


aortic tissue. As matters stand, development of an aneurism-preventive implant 


is achievable. 
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“FREQUENCY DEPENDENT VISCOELASTIC PROPERTIES OF 
DIFFERENT REGIONS OF AORTA” 


Cardiovascular diseases are one of the most important causes of death in the 
majority of developed countries. Among cardiovascular pathologies aortic an-
eurysms probably represents the most lethal and indolent disease. Usually they 
silently and asymptomatically grow until an acute and often catastrophic com-
plication occurs.  


The overall aim of this study is to investigate the mechanical and microstructur-
al properties of the aortic tissue to understand its dynamic and physiological 
function.  


14 porcine aortas will be tested in 3 different regions, ascending, arcus and 
descending. Each region will be a ring-segment. Tensile testing will provide 
data on the elastic modulus of the aortic wall using uniaxial tensile testing in 
two different areas of the stress–strain relationship: physiological and maximum 
range of stresses. Experiments will be carried out using a tensile testing ma-
chine (Bose ElectroForce 3200). Load and stretch will continuously be recorded 
by the data acquisition software provided by Bose®. 


Furthermore, the tissue microstructure will be quantitatively histological as-
sessed using histochemical staining of collagen by sirius red method and 
Verhoeff-van Gieson Staining of elastic fibers. 
Statistical comparisons of data will be obtained and made between aortic re-
gions. Complex moduli, phase angle, storage and loss moduli and stiffness will 
all be compared at all frequencies. A two-way analysis of variance (ANOVA) 
will be undertaken to assess the study. 
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Development of Computational Fluid Dynamics Models for Investigating 


Pressure Gradients in Atherosclerotic Carotid Arteries.  


Cardiovascular disease is one of the primary causes of serious disability and 


death in the western world, with stroke, due to internal carotid artery stenosis, 


remaining the most dominant of the cardiovascular illnesses. The mechanisms 


of development of artherosclerostic plaques are still not completely understood, 


but a strong correlation between artherosclerotic plaque formation and the 


specific hemodynamic environment is believed to play an important role. 


Today, two parameters are used to determine the degree of stenosis in patients. 


It is done by measuring the relative volume change in the artery, either by 


assessment of image data, from different kind of image modalities or by 


measuring of the relative pressure changes across the stenosis, using a catheter. 


Unfortunately these existing methods are imprecise or requires the use of 


invasive surgery. However recent studies has shown promising signs that 


ultrasound technology can be exploited to detecting pressure drops across 


carotid stenosis. An experimental setup for detecting these relative pressure 


changes, in phantoms mimicking carotid arteries, has been developed at the 


Department of Electrical Engineering at DTU. To validate this new ultrasound 


technique, this project has established the foundation of a computational fluid 


dynamic (CFD) model, based on data from three artherosclerotic patients. A 


geometric model of the stenotic carotid artery were created by segmentation of 


the data using MIMICS and thereafter imported into the simulation software 


Comsol Multi physics. Further simulation still needs to be conducted in order to 


determine the model’s significance. 
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Fig. 1: MIMICS generated 


segmentation of a stenotic left carotid 


artery.  


The stenosis is marked in a yellow 


color, with the light blue part being the  


external and downstream (of the  


stenosis) part of artery.  


 


Fig. 2: The final Comsol model, 


with a single domain geometry of 


a stenotic left carotid artery.  
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BACHELOR PROJECT: REMOVAL OF ULTRA-FAST MR-GRADIENT AND 


BALLISTOCARDIOGRAM ARTIFACTS IN HIGH-DENSITY EEG TO DETECT 


SLEEP 
 
Sleep is believed to be a physiological process critical to the existence of human 


life. However, we know little of what causes, or what is caused by, (lack of) 


sleep. A research team at Neurobiology Research Unit (NRU), Rigshospitalet, 


is set to investigate several aspects of sleep using simultaneous high density 


Electroencephalography (EEG) and Functional Magnetic Resonance Imaging 


(fMRI).  


The major drawback in using this multimodality setup is the presence of arti-


facts in the EEG-signal. The Gradient Artifact (GA) is a high amplitude spike of 


more than 100 times normal EEG voltages. It is caused by the switching of 


magnetic gradients of the MR-scanner, i.e. when an image is taken. The Ballis-


tocardiogram (BCG) originates from the heart beat and is an artifact heavily 


amplified by the presence of the strong magnetic field of the MR-scanner. It is 


the intent of this bachelor project to test and compare current methods of re-


moving the two different artifacts.  


This bachelor project tested 2 methods described in the literature for removal of 


the GA: Average Artifact Subtraction (Allen et al., 2000), which utilizes a mov-


ing average procedure, and Optimal Basis Sets (Niazy et al., 2005). The two 


methods are not found to be significantly different for the removal of GA. 


For BCG-correction 3 methods were tested: AAS, OBS and Independent Com-


ponent Analysis (ICA) (Makeig et al., 1996). We propose an extension to ICA 


that automatically chooses and removes independent components with BCG 


contributions. It is found that the three methods are significantly different.  


 
Fig. 1: A sample Electroencephalography (EEG)-signal recording during 


functional Magnetic Resonance Imaging (fMRI). (Left): The signal corrupted 


by Gradient Artifacts (GA) and Ballistocardiograms (BCGs). (Middle): After 


rmeoving GAs. (Right): After removing BCGs. 
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DEVELOPING AN EXPERIMENTAL PARADIGM FOR MEASURING 
SOMATOSENSORY EVOKED POTENTIALS IN ALS PATIENTS 


 
 
Different degrees of sensory affection have been reported in amyotrophic lateral 
sclerosis (ALS) patients. The aim of this study was to identify an optimal exper-
imental protocol for examining the state of the sensory nervous system in ALS 
patients. Here, somatosensory evoked potentials (SEPs) are a commonly used. 
Two different types of stimuli were used for measuring SEPs. Firstly, a SEM 
GloveTM produced a passive hand movement, which was used as stimuli.   
Secondly, electrical stimulation was used by placing an electrode over the me-
dian nerve at the subjects’ wrist and stimulating the nerve at a level approx. two 
times the sensory threshold. Both responses were recorded in one healthy sub-
ject with EEG electrodes placed contralateral to the stimulated hand.  
The results from passive movement stimuli were inconclusive. The data analy-
sis is still in progress, and both data collection and data analysis will be repeat-
ed with some small changes in the setup.  
The electrical stimuli produced clear SEPs consisting of a negative peak at ~17 
ms and a positive peak at ~20 ms (see Fig. 1). It is assumed that these peaks 
correspond to the expected N20 and P25 peaks. The peak-to-peak amplitude 
was on average 3.2 µV.  
In conclusion, electric stimulation produced clear SEPs with expected peaks, 
whereas the results from passive movement stimulation were less conclusive. 
Further studies are necessary to confirm whether a passive hand movement by a 
SEM Glove™ can produce SEPs. 
 


 
 


Fig. 1: The resulting SEP measured at CP3 when using electric stimuli. A 
stimuli artefact was present immediately after the trigger, but as it does not 


overlap with the response it does not interfere with the results.   
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GENERIC EEG-EARPIECE 


Diagnosing using EEG often requires long-term monitoring of brain activities, 


which limits the patient’s common daily activities. Consequently, wearable 


EEG is of great interest [1].  Current research reveals that wearable ear-EEG 


enables recordings of brain activity in the temporal regions, which are similar to 


conventional EEG, although the recordings have a lower amplitude. To accom-


modate for the individuality in ear shapes, the recordings in this research was 


obtained using customized earpieces for each participant, which ensures the 


highest level of comfort [2]. However, the customized-earpieces are expensive 


and time-consuming to produce, which makes it unsuitable for use in general 


clinics. A generic EEG-earpiece is expected to solve these issues and expands 


the use of wearable EEG.  


This project examines the possibility of creating a generic EEG-earpiece for 


monitoring sleep disorders. 


To design, a generic earpiece that provides high comfort, good electrode con-


tact, and replacement repeatability, a double diamond design process was car-


ried out to create useful designs. Furthermore, a literature review concerning 


European ear dimension and morphology in the age 30-50 years was carried out 


to collect information used in designing the earpieces. All developed designs 


were verified using a silicone model of real human ears. The silicone gives the 


ear models a flexibility that is comparable to human ear tissue. The design pro-


cess resulted in three potential designs (see Figure 1), which were cast in solu-


ble 3D-printed moulds.  


These designs will be tested in a sleep comfort study consisting of a question-


naire that validates the comfort of the earpieces.  
 


       
Figure 1 Designs of generic EEG-earpiece 


1. Casson, A.J., et al., Wearable Electroencephalography. IEEE Engineering in 


Medicine and Biology Magazine, 2010. 29(3): p. 44-56. 


2. Kidmose, P., et al., A Study of Evoked Potentials From Ear-EEG. IEEE 


Transactions on Biomedical Engineering, 2013. 60(10): p. 2824-2830. 
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ASSESSMENT OF POST-TAVR HEMODYNAMIC ALTERATIONS IN SINUSES OF 
VALSALVA 


 
Transcatheter aortic valve replacement (TAVR) can lead to adverse events such 
as valve thrombosis. The mechanism underlying this complication is unknown. 
We hypothesize that it may be due to a reduced flow and hence increased blood 
stagnation in the sinuses of Valsalva caused by the stent frame of the 
transcatheter valve. Valve thrombosis will affect both valve dynamics, durabil-
ity and carries a risk of peripheral thromboembolism.  
This interdisciplinary study aims to assess the altered hemodynamics after im-
plantation of a TAVR valve using in-vivo cardiovascular magnetic resonance 
(CMR) 4D flow measurements. For this purpose, a 3D-printed CMR-
compatible stent frame was developed. 
The computer-aided design of the stent frame was constructed with inspiration 
from the Edward Sapien 3 stent valve, containing suture holes for attachment at 
the aortic annulus and for leaflet attachment. The stent frame was 3D-printed 
with stereolithography (SLA) technology, followed by an anatomical laboratory 
examination to validate size and fitting of the stent frame in porcine aortic roots. 
Figure 1 shows a prototype of the CMR-compatible stent valve model. 
The fully developed stent valve model will be tested in-vitro in a pulsatile flow 
loop to assess the hemodynamic and biomechanical valve performance. The 
following in-vivo study will be based on a porcine model, with the stent valve 
model inserted at the aortic annulus. A 4D CMR flow measurement will be 
performed with particular focus on flow pattern alterations in the sinuses of 
Valsalva. To supplement the MRI results, a valve dynamics in-vitro study will 
be carried out on the dissected porcine aortic root with the inserted stent valve. 
 


 
 


Fig. 1: Prototype of 3D-printed MR compatible TAV model with rubber leaflets. The 
final TAV model will contain bovine percardium leaflets.  


 


Abstrakt sendes til: porasmus@post9.tele.dk  







