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Introduction

Dear conference participant and speaker,

We cordially welcome you to Bergen to this joint MedViz and Norwegian 
Research School PhD conference in medical imaging and visualisation. 
This is the 2nd Norwegian Research School PhD conference and the 5th 
MedViz conference taking place. 

Medical imaging has gained vital importance in the diagnosis and treatment 
of a wide range of medical diseases. The doctor more and more base cru-
cial clinical decisions on information displayed in various images. Increas-
ingly, interventions, and image-directed therapy are performed in close 
connection with image acquisition. 

The aim of this conference is to present current state-of-the-art knowledge 
on medical imaging and visualisation and to provide a forum for users and 
developers to report on progress, compare experiences, explore common 
challenges, exchange ideas, and do networking. We fi nd it of high impor-
tance to create a meeting place where basic scientists can meet with clini-
cians and engineers to enable translational creativity to unfold. We want 
every attendee to feel that they have met signifi cant people and learned 
about matters that add impetus to their own work.

We are particularly grateful to the international faculty for coming to Bergen 
to share their expertise with us. Furthermore, without the help and efforts 
from our local organising committee and national speakers, this meeting 
had not taken place. 

Thank you all for coming to Bergen and we wish you a pleasant stay.

Sincerely yours,

Odd Helge Gilja Olav Haraldseth

Leader of MedViz Leader of Norwegian Research 
School in Medical Imaging
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Conference programme

Monday 17 January 2011
                                                                        
0830 Registration
 Hotel Grand Terminus 
0900 Welcome address
 Odd Helge Gilja and Olav Haraldseth                              

Session 1: Advances in Neuroimaging
0915 Ultra-High Field Neuroimaging
 Tony Stocker
0945 Longitudinal Manganese-Enhanced magnetic resonance imaging of  
 hypoxic-ischemic brain injury in the neonatal rat
 Marius Widerøe
1000 Resting state FMRI in healthy APOE carriers: increased 
 synchronization in the default mode network correlates negatively   
 with memory performance
 Erling Tjelta Westlye
1015 Advanced Neuroimaging applications     
 Karsten Specht
 
1045 Coffee

Session 2: Deformation Imaging
1100 Deformation imaging of the heart by ultrasound: a review of    
current technologies
 Jan D´hooge
1130 Biomechanical modeling for improved ultrasound imaging: Multi-
 dimensional fl ow quantifi cation of cardiac fl ow patterns
 Solveig Søvik Alnes
1145 Left ventricular strain and rotation as markers of acute myocardial   
 ischemia
 Christian Arvei Moen
1200 Mechanisms of characteristic features in measured deformation 
 traces - replicated and explained in a fi nite element simulation   
 model of the heart
 Espen Remme
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1230 Lunch

Session 3: Perfusion Imaging                                            
1330 The expanding role of contrast-enhanced endoscopic ultrasound   
 (CE-EUS)
 Adrian Săftoiu
1400 Retrospective PW-Doppler based on spatiotemporal adaptive    
 signal processing
 Ingvild Kinn Ekroll
1415 Mechanism of action of anti-angiogenic therapy in malignant    
 gliomas assessed by multi-modal imaging
 Olivier Keunen
1430 New developments in MR based analysis of perfusion metrics   
 using DSC and DCE
 Atle Bjørnerud

1500 Coffee and poster presentation

Session 4: Molecular Imaging
1530 BF2-Tetraarylazadipyrromethene Based in vivo Fluorescence Imag  
 ing Platforms
 Donal O´Shea
1600 Development of a novel near-infrared reporter system for in vitro   
 and in vivo imaging of cancer
 Elisabeth Silden
1615 Release of liposomal doxorubicin due to ultrasound in hydrogels
 Yngve Hansen
1630 CEUS and sonoporation
 Michiel Postema

1730 – 1930 Dinner
   Hotel Grand Terminus
2000 – 2300 Social event for Ph.D. Candidates                                            
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Tuesday 18 January 2011

Session 5: Modelling and Visualisation
0900 Navigating in Volumetric Data Spaces             
 Stefan Bruckner
0930 Per-pixel adaptive opacity transfer function for cardiac ultrasound 
 visualisation
 Jon Petter Åsen
0945 High Quality Illumination for 3D ultrasound
 Veronika Solteszova
1000 Rendering and interacting with large scale volumetric data in    
 medical applications
 Anders Ynnerman
1030 Discussion

1045 Coffee

Session 6: Image Guided Clinical Intervention
1100 NorMIT – Norwegian Centre for Minimally Invasive Image Guided   
 Therapy and Medical Technologies - a national infrastructure    
 for research
 Toril Hernes
1130 Feasibility of navigated bronchoscopy - an experimental animal   
 model
 Håkon Olav Leira
1145 Reconstructing the sense of touch - Haptic rendering of 
 sonoelastography images
 Roald Flesland Havre
1200 MR Kidney acquisition and post-processing
 Antonella Zanna Munthe-Kaas
1230 Discussion
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1245 Lunch
 

1345 Poster presentation
 

Session 7: Multimodal Imaging and Image registration
1430 Towards quantitative optoacoustic tomography
 Amir Rosenthal
1500 Contrast enhanced cone-beam CT during fractionated radiotherapy
 Jan Rødal
1515 Towards combined in vivo confocal laser scanning microscopy and   
 magnetic resonance imaging to study an αvβ3-integrin targeted 
 nanoemulsion
 Sjoerd Hak
1530 Illustrative Couinaud segmentation for Ultrasound liver examination
 Ola Kristoffer Øye
1600 Discussion

1615 Final discussion
 Naming of Best Speaker and Best Poster awards for Ph.D.s
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Local Organizing Comittee

Emmet McCormack Kim Nylund
Erik Ingebrigtsen Renate Gruner
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Elin Myhrvold Riple Frits Thorsen
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Session 1: Advances in Neuroimaging



Notes
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Ultra-High Field Neuroimaging
Tony Stöcker

Institute of Neuroscience and Medicine - 4, Forschungszentrum Jülich, Jülich, Germany

In the past fi ve years the number of ultra-high fi eld (UHF) MRI systems (7 Tesla and higher) has 
grown rapidly. Neuroscientists have particular interest, since UHF is an important tool to investi-
gate structure and function of the living brain with increased spatiotemporal resolution. Additional-
ly, new contrast mechanisms arise at UHF, providing additional structural information not available 
with conventional MRI at clinical fi eld strength. Especially functional MRI benefi ts, as not only the 
BOLD contrast increases, but also new imaging techniques with enhanced spatial specifi city of the 
functional contrast are feasible. Further, the increased MR signal at UHF offers the possibility to 
investigate other NMR active nuclei than hydrogen. In particular sodium is of interest according to 
its important role in brain metabolism. Several examples of UHF-MRI applications in neuroscience 
are given. Although standard MRI is a mature technology, UHF systems offer space and needs for 
new technical inventions as the physical conditions dramatically change. One fi eld of research in 
MRI sequence development is to avoid susceptibility-induced artifacts in fast imaging acquisitions, 
since subject-induced distortions of the main fi eld are much more pronounced at UHF. However, 
most challenging is to master a homogeneous high-frequency excitation across the region of inter-
est: at UHF the wavelength of the MR signal gets shorter than the size of the human head, leading 
to unwanted wave effects in the acquired image. The current methods to circumvent UHF-specifi c 
artifacts and inhomogeneities are discussed from a physical perspective.



Notes
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Longitudinal Manganese-Enhanced Magnetic Resonance Imaging of 
Hypoxic-Ischemic Brain Injury in the Neonatal Rat
Marius Widerøe1, Christian Brekken2, Annemieke Kavelaars3, Pål-Erik Goa2,4, Cobi 
Heijnen, PhD3, Ann-Mari Brubakk, MD, PhD1,5

1 Department of Laboratory Medicine, Children’s and Women’s Health, NTNU, Norway
2 Department of Circulation and Medical Imaging, NTNU, Norway
3 Department of Psychoneuroimmunology, University Medical Center Utrecht, The Netherlands 
4 Department of Radiology, St Olavs Hospital, Norway
5 Department of Pediatrics, St Olavs Hospital, Norway

Hypoxia-ischemia in the neonatal brain results delayed neuronal death accompanied by infl am-
mation for days and weeks after the initial insult. The aim of this study was to depict delayed neu-
ronal death after HI using Manganese-enhanced MRI (MEMRI), and to evaluate the specifi city of 
MEMRI in detection of cells related to injury by comparison with immuno-histochemistry.

7-day-old rat pups were subjected to HI (severing the right carotid artery and 8% O2 for 75min). 
Pups were injected with either MnCl2 (HI+Mn) or saline (HI+Vehicle) after 6 hours and again on 
day 41 after HI. Longitudinal MRI at 7T was performed 1, 3, 7 and 42 days after HI, with 3D T1-
weighted images (FLASH) and 2D T2-maps (MSME). Animals were sacrifi ced after MRI on day 
1, 3, 7 or 42, and brains were prepared for immuno-histochemistry.

No manganese-enhancement (ME) was detectable on day 1 or 3 after injury, when immunohis-
tochemistry showed massive ongoing neuronal death. 7 days after HI, ME was seen on T1-weight-
ed images in parts of the injured cortex, hippocampus and thalamus among HI+Mn pups, but not 
among HI+Vehicle. There was severe loss of cerebral tissue from day 7 to day 42 after HI, and 
most manganese-enhanced areas at day 7 were liquefi ed day 42. Immunohistochemistry on day 7 
showed delayed neuronal death and infl ammation in the areas with ME, but ME corresponded best 
with areas with high concentrations of activated microglia. Immunohistochemistry on day 42 also 
showed correspondence between ME and areas of activated microglia and reactive astrocytes.

Conclusion
Hhypoxic-ischemic brain injury leading to delayed cell death and prolonged infl ammation can be 
depicted longitudinally in vivo using MEMRI. Manganese-enhancement seems to be related to 
accumulation of manganese in infl ammatory cells in areas of neuronal death rather than depicting 
neuronal death per se.



Notes



17

2011 Joint National PhD conference in Medical Imaging & MedViz Conference

Resting state FMRI in healthy APOE carriers: increased synchroniza-
tion in the default mode network correlates negatively with memory 
performance.
Erling Tjelta Westlye1*#, Lars Tjelta Westlye2#, Helge Rootwelt3, Astri J. Lunder-
vold4,5, Arvid Lundervold1,6

1 Neuroinformatics and Image Analysis Laboratory, Department of Biomedicine, 
University of Bergen, Jonas Lies vei 91, 5009 Bergen, Norway. 
2 Center for the Study of Human Cognition, Department of Psychology, University of Oslo,
PoBox 1094 Blindern, 0317 Oslo, Norway
3 Department of medical biochemistry, Oslo University Hospital, Rikshospitalet, Norway
4 Department of Biological and Medical Psychology, University of Bergen, Norway
5 Kavli Research Centre for Aging and Dementia, Haraldsplass Deaconess Hospital,
Bergen, Norway
6 Department of Radiology, Haukeland University Hospital, Bergen, Norway
# These authors have contributed equally to this work.
*E-mail: Erling.Westlye@student.uib.no

The apolipoprotein (APOE) ε4-allele is a strong genetic risk factor for Alzheimer’s disease (AD). 
Intrinsic fl uctuations of brain activity measured by functional magnetic resonance imaging (fMRI) 
during rest may be sensitive to AD-related neuropathology. In particular, functional connectivity 
of the default-mode network (DMN) has gained recent attention as a possible biomarker of disease 
processes and associated memory decline in AD. Here, we tested the hypothesis of APOE-related 
alterations in DMN functional connectivity in 97 healthy individuals aged 50-80 years, including 
34 carriers of the ε4-allele. Based on previous studies, we hypothesized increased hippocampal 
DMN synchronization in APOE ε4-carriers. This was confi rmed using independent component 
analysis in combination with a recently developed dual regression approach for analysis of rest-
ing state data. Whole-brain analysis suggested effects also in other AD-related areas including the 
posterior cingulate cortex, parietal cortex and parahippocampal regions. DMN synchronization 
showed a moderate negative correlation with performance on a standardized memory test, sug-
gesting a functional signifi cance of the brain activity pattern during rest. Our fi ndings indicate that 
increased genetic vulnerability for AD is refl ected in increased hippocampal DMN synchronization 
during rest several years before clinical manifestation. We propose that the results refl ect ε4-related 
failure in hippocampal decoupling during rest which might elevate the total hippocampal metabolic 
burden and increase the risk of cognitive decline and AD symptomatology. The results provide an 
important confi rmation of specifi c genotype effects on intrinsic fl uctuations and support the use of 
functional connectivity indices as imaging derived endophenotypes in the emerging fi eld of imag-
ing genetics.



Notes
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Advanced Neuroimaging applications
Karsten Specht

Department of Biological and Medical Psychology, Bergen fMRI-Group, University of Bergen, 
Bergen, Norway
Department for Clinical Engineering, Haukeland University Hospital, Bergen, Norway

In the recent years, functional neuroimaging became the main application in neuroscience. However, 
instead of replacing the established methods, the latest trends are developing towards multimodal 
imaging and, consequently, multivariate analysis strategies and modelling approaches. In particular 
combined EEG-fMRI, dynamic causal modelling (DCM), independent component analysis as well 
as machine-learning approaches such as support vector machine (SVM), are becoming important 
tools and applications in neuroscience. These techniques are supplemented with improved stimulus 
and experimental techniques, such as dynamic paradigms.

In this presentation, I will briefl y introduce some if the most recent developments and key tech-
niques and will demonstrate applications in both basic as well as clinical research. I will thereby 
especially focus on aspects of auditory, speech and language processing, investigated in healthy 
subjects, as well as patients suffering from stroke as well as children, which are at risk of develop-
ing dyslexia.
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Session 2: Deformation Imaging



Notes
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Deformation imaging of the heart by ultrasound: a review of 
current technologies
Jan D’hooge

Lab on cardiovascular imaging & dynamics, Deparptment of cardiovascular diseases, Catholic 
University of Leuven, Leuven, Belgium
MI lab, Dept. of circulation and medical imaging, Norwegian University of Science & Technology, 
Trondheim, Norway

The non-invasive quantifi cation of regional cardiac function remains an important goal in clinical 
cardiology as it allows assessing the (regional) performance of the heart more objectively and re-
producibly. Over the last decade, several approaches to measure cardiac deformation by ultrasound 
have been proposed going from 1D Doppler-based methods to 4D elastic registration approaches. 
In this lecture, an overview of these different technologies will be given. In addition, a review will 
be provided on how these methods can be validated experimentally. Finally, the most important 
clinical applications where these new methodologies have already proven to be useful will be 
given.



Notes
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Biomechanical modeling for improved ultrasound imaging:  
Multi-dimensional fl ow quantifi cation of cardiac fl ow patterns
Solveig Søvik Alnes1, Lasse Løvstakken2

1 MI lab, Department of circulation and medical imaging, Faculty of medicine, NTNU, Norway
2 Department of circulation and medical imaging, Faculty of medicine, NTNU, Norway

The main objective of this project is to utilize biomechanical knowledge and methods to improve 
ultrasound imaging of abnormal blood fl ows related to cardiovascular diseases. 

The project can be divided in two main directions, 1) modeling and simulation of cardiac fl ow 
patterns, and 2) multi-dimensional fl ow imaging using ultrasound. The two lines of research are 
connected and will be followed in parallel during the course of the thesis work.

1. Modeling and simulation of cardiac fl ow patterns
The aim of this project is to develop computer models of fl ow phenomenon occurring in the heart 
due to cardiovascular disease, such as jet-fl ow due to valve defi ciencies, shunt fl ow due to septum 
defects, and vortex fl ow formation due to abnormal working conditions. 

Computer models planned include simplifi ed analytic models as well as realistic models incor-
porating anatomical and physiological boundary conditions which today can be produced using 
modern biomechanical simulation tools.

2. Multi-dimensional fl ow imaging using ultrasound
Speckle tracking (ST) and vector Doppler (VD) are the two potential methods used to obtain both 
the axial and lateral velocity component in ultrasound blood fl ow imaging. However, neither ST 
nor VD has yet been established for clinical use. One of the most important reasons has been the 
lack of robustness due to limitations in data acquisition capabilities and lack of suitable regulariza-
tion algorithms. Recent developments in ultrasound imaging technology provide a substantially 
higher acquisition rate, and gives new possibilities to quantify multidimensional blood velocities 
in a larger range. By further utilizing biomechanical knowledge of how fl ow behaves, improved 
regularization algorithms can help produce physically sound results.

In this work we will focus on further developing the speckle tracking approach to multi-dimen-
sional blood velocity estimation. The main aim is to improve the depiction of complex cardiac fl ow 
patterns such as vortex and shunt fl ow.
 



Notes
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Left ventricular strain and rotation as markers of acute myocardial 
ischemia
Christian Arvei Moen1, Pirjo-Riitta Salminen2,3, Ketil Grong3, Knut Matre1

1 Institute of Medicine, University of Bergen, Norway
2 Section of Cardiothoracic Surgery, Department of Heart Disease, Haukeland University 
Hospital, Norway
3 Departement of Surgical Sciences, University of Bergen, Bergen, Norway

This study investigates how Tissue Doppler Imaging (TDI) and Speckle Tracking Echocardiogra-
phy (STE) describe regional myocardial deformation during controlled reductions of left anterior 
descending (LAD) coronary artery perfusion pressure. In eight anesthetized pigs, a shunt with 
constrictor was installed from the brachiocephalic artery to the LAD. Data were obtained with 
open shunt, followed by four degrees of stenosis (S1-S4) of increasing severity: S1~15%, S2~35%, 
S3~50% and S4~60% reductions of LAD perfusion pressure. For each situation, microspheres 
were injected and left ventricular (LV) short- and long-axis cineloops were recorded. In the anterior 
wall, radial, circumferential and longitudinal STE strain and radial TDI strain in 3 regions of inter-
est across the wall were measured. LV peak mean rotation was measured at six equidistant levels 
from apex to base (in seven pigs). With open shunt, TDI analysis showed a transmural radial strain 
gradient with no perfusion gradient. Both perfusion and strain in the mid- and subendocardium 
were reduced at S2 (P<0.05) with only minor changes in global hemodynamic variables. STE strain 
was not affected until S3 (P<0.05) and peak mean rotation, increasing towards the apex, decreased 
at the three apical levels at S4 (P<0.05). 

In conclusion, multilayer TDI strain detected dysfunction already with minor changes in global 
hemodynamic variables and regional ischemia. STE strain was fi rst reduced with moderate changes 
in global hemodynamics. LV peak mean rotation was not reduced until a severe reduction of LAD 
perfusion pressure with hemodynamic signs of left ventricular failure, but remained increasingly 
counter-clockwise towards the apex.



Notes



29

2011 Joint National PhD conference in Medical Imaging & MedViz Conference

Mechanisms of characteristic features in measured deformation traces 
- replicated and explained in a fi nite element simulation model of the 
heart
Espen W. Remme

Department of Cardiology, Oslo University Hospital, Rikshospitalet, Oslo, Norway

The deformation of the ventricular myocardium through the cardiac cycle is complex. New de-
formation imaging techniques such as tissue velocity imaging and speckle tracking have made 
measurements of this deformation more accessible. The measurements provide an overwhelming 
amount of information and interpretation of the information from the measured traces may pro-
vide new insights about the physiology and pathophysiology of the heart. In order to interpret and 
understand the mechanisms of the components of a measured trace over a cardiac cycle, we have 
applied a mathematical fi nite element model of the ventricular myocardium. The 3 dimensional 
geometric model included a mathematical description of the material properties of the heart such 
as the passive elastic properties, myofi ber orientation in the wall, and active fi ber stress generation. 
By applying physiological ventricular pressure-volume boundary conditions realistic simulations 
of the cardiac cycle were performed. From the simulations different deformation traces were ex-
tracted: tissue velocity trace of the left ventricular long-axis, regional longitudinal strain traces, and 
apical rotation. The measured velocity, strain, and rotation traces have characteristic components. 
The mechanical cause of each component in a trace is not all understood. We therefore tested 
proposed mechanisms in the simulation model to see if the model would replicate the associated 
feature in the deformation trace. This method was successfully applied to explain characteristic 
features in the normal velocity trace, and the changes seen in strain and apical rotation traces in the 
ischemic case.
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Session 3: Perfusion Imaging



Notes
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The expanding role of contrast-enhanced endoscopic ultrasound (CE-
EUS) 
Adrian Săftoiu, Dan Ionuţ Gheonea 

Research Center of Gastroenterology and Hepatology Craiova, University of Medicine and Phar-
macy Craiova, Romania

Intravenous contrast agents are increasingly used in transabdominal ultrasonography and recently 
in endoscopic ultrasonography (EUS), to improve characterization of vasculature inside the organ 
of interest, to differentiate benign from malignant pathology, as well as to aid in staging and guid-
ance of therapeutic procedures. Newer contrast agents have fl exible outer shells, which allow the 
use of a mechanical index below 0.1, with continuous transmission and visualization of both vas-
cular and parenchymal blood fl ow (real-time perfusion imaging). 

Contrast enhanced - endoscopic ultrasound (CE-EUS) has been used in pancreatic cancer to vi-
sualize vessels, to detect a thrombus or tumor invasion, and to examine microvascular blood fl ow 
of different lesions. Color Doppler CE-EUS demonstrates a low fl ow and relatively hypovascular 
pattern in malignant ductal adenocarcinoma, with a sensitivity and specifi city comparable with 
cytopathology results. Thus, hypovascularity is a reliable sign of malignancy in CE-EUS with a 
reported accuracy of more than 90%. Several studies using power Doppler CE-EUS demonstrated 
an improvement in discrimination of chronic pancreatitis from pancreatic cancer. 

Contrast enhanced harmonic imaging techniques are also available for EUS, based on the improve-
ment in software and transducer technology. Based on the EFSUMB guidelines and recommenda-
tions, two phases were defi ned for contrast-enhanced US and EUS of the pancreas: an early/arterial 
phase (starting from 10 to 30 seconds) and a venous/late phase (from 30 to 120 seconds). Until 
now, different feasibility studies demonstrated both real-time images of fi nely branching vessels of 
the pancreas and homogenous parenchymal perfusion images, with several other ongoing studies 
headed by different research groups. 

In conclusion, harmonic imaging CE-EUS is a promising method that allows characterization and 
differentiation of focal pancreatic masses, as well as follow-up during anti-angiogenic treatment. 
Large studies with adequate power will have to establish the clinical impact of this procedure.



Notes
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Improved spectral Doppler in medical ultrasound based on spatiotem-
poral adaptive signal processing
I. K. Ekroll1, H. Torp2, and L. Lovstakken2

1 MI-Lab, Dept. of Circulation and Medical Imaging, NTNU
2 Dept of Circulation and Medical Imaging, NTNU

Motivation
In PW-Doppler the trade-off between temporal and spectral resolution may limit the depiction of 
rapid fl ow events. When combined with other modalities, also the image quality may be compro-
mised. It was previously reported that the temporal observation window (OW) can be reduced 
using adaptive signal processing [1]. Building on these results, this work investigates how the 
OW may be reduced further by utilizing 2-D spatial information obtained using parallel receive 
beamforming (PRB). 

Methods
Two adaptive techniques were investigated; the power spectral Capon (PSC) and amplitude and 
phase estimation (APES). Both rely on sample estimates of the slow-time correlation matrix. 2-D 
spatial regions of PW-data were acquired using a 4-16 PRB setup for both narrow- and wide-band 
pulses. In vivo data were recorded from cardiac and vascular scenarios and processed off-line. The 
infl uence of spatial averaging and estimator performance was investigated.

Results
Spatial averaging could replace temporal averaging on the expense of spatial localization. Both 
adaptive methods outperformed the conventional Welch approach at short ensemble lengths (OW = 
20 -30), requiring about on third the amount of temporal samples for similar quality. The improve-
ment in resolution is best at low velocities, where the transit time is higher or comparable to the 
observation time.

Discussion/Conclusion
Adaptive signal processing utilizing spatial information obtained with PRB may improve PW-
Doppler spectra for short ensemble lengths without compromising frame rate or available pulse 
repetition frequencies. Promising results were obtained for both wide-band and narrow-band puls-
es. The PSC approach was preferred due to a superior spectral resolution and lower computational 
demands. 

References  
1.  Gran, F., A. Jakobsson, and J. Jensen, Adaptive spectral doppler estimation. IEEE transac-
tions on ultrasonics, ferroelectrics, and frequency control, 2009. 56(4): pp. 700-714
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Mechanism of action of anti-angiogenic therapy in malignant gliomas 
assessed by multi-modal imaging
Olivier Keunen1, Torfi nn Taxt2, Michal Bartos3, Radovan Jirik3, Frits Thorsen2, 
Cecilie Brekke Rygh2, Mikael Johansson1,4, Anaïs Oudin1, Morgane Sanzey1, Siti A. 
Abdulrahim1, Fred Fack1, Hrvoje Miletic2, Jian Wang2, Linda Stuhr2, Ingrid Moen2, 
Rolf Bjerkvig1,2, Simone P. Niclou1

1 NorLux Neuro Oncology, Laboratory, CRP-Santé, Luxembourg
2 Department of Biomedicine, University of Bergen, Norway
3 Brno University of Technology, Czech Republic
4 Department of Radiation Sciences, Oncology, Umeä University, Sweden

Glioblastoma multiforme (GBM) is the most common primary brain tumour in adults, with median 
survival after diagnosis limited to about 14 months. GBMs are highly vascularised and interfering 
with blood vessels formation has emerged as a promising therapeutic strategy. Recent clinical tri-
als have shown good radiological response rates with bevacizumab, an antibody against vascular 
endothelial growth factor (VEGF) [1]. Yet, it is currently not known through which biological 
mechanisms bevacizumab exerts its effect, and whether it has a true anti-tumor effect [2].

In this study, we assessed the biological & physiological response to bevacizumab of highly an-
giogenic GBM xenografts using a wide range of MRI protocols (T1, T2, T1c, DWI, DCE-MRI 
& MRS), completed by histology and molecular analysis. We found that bevacizumab reduces 
contrast enhancement in GBM xenografts but only causes a minor reduction in tumor progression. 
Interestingly, the perfusion study revealed a signifi cant reduction of the vascular supply, evidenced 
by a decrease in intratumoral blood fl ow and blood volume. Immunohistochemistry and molecular 
analysis accordingly revealed a normalization of the vascular bed, but also an increase of hypoxia 
possibly leading to increased glycolytic activity. Importantly, this was accompanied by a dramatic 
increase in infi ltrating tumor cells, a phenotype that has been reported in the clinic as well [4]. 
These fi ndings are of major clinical relevance for the treatment of GBMs since tumor hypoxia is 
known to have a negative impact on the effi ciency of radiotherapy and chemotherapy treatments. 
Gaining insight into the mechanisms of action of anti-VEGF therapies and the tumour adaptation 
to the VEGF blockade should also prove useful in the design of new combined therapies. 

References
1. Vredenburgh, JCO, 2007
2. Wick, JCO, 2010
3. Bartos, Biosignal 2010
4. Gerstner, JCO, 2010
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New developments in MR based analysis of perfusion metrics using 
DSC and DCE
Atle Bjørnerud

The Intervention Centre, Oslo University Hospital, Norway
Departement of Physics, University of Oslo, Norway

Dynamic susceptibility contrast (DSC) - and dynamic contrast enhanced (DCE) –MRI have become 
established methods for probing important properties of tissue microvasculature. DSC is used to 
assess hemodynamic properties like blood fl ow, blood volume and mean transit time whereas DCE 
is most commonly used to measure capillary endothelial permeability and related parameters.  The 
clinical utility of these methods is, however, limited by lack of standardization, both with respect 
to MR acquisition protocol as well as variations in post processing techniques. To this end, a sum-
mary of the relevant methodology will be given with focus on the challenge of obtaining quanti-
tative estimates of the various parameters. Further the challenge of obtaining robust longitudinal 
assessment of change in the various perfusion related metrics e.g. in response to treatment will be 
discussed. Finally, some new developments in the fi eld will be presented.
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Session 4: Molecular Imaging
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BF2-Tetraarylazadipyrromethene Based in vivo Fluorescence 
Imaging Platforms
Donal O’Shea

School of Chemistry and Chemical Biology, University College Dublin, Ireland

We have recently developed the BF2-chelated tetraaryl-azadipyrromethenes 1 as a new class of vis-
ible red and near-IR fl uorophore with medicinal and imaging applications. Several complimentary 
approaches have now been developed which allow for their covalent conjugation to biomolecules 
and nanoparticles. Illustrative examples will be presented which highlight their excellent promise 
for use as noninvasive real time fl uorescent imaging probes.
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Development of a novel near-infrared reporter system for in vitro and 
in vivo imaging of cancer
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Ray Ishmail5, David Micklem3,  James Lorens3, Bjørn Tore Gjertsen1,2, Emmet Mc-
Cormack1,2

1 Institute of Medicine, Hematology Section, University of Bergen, Norway 
2 Department of Medicine, Haukeland University Hospital, Norway 
3 Department of Biomedicine, University of Bergen, Norway
4 Center for Pharmacy, University of Bergen, Norway
5 GE HEalthcare, Amersham place, Little Chalfont, Buckinghamshire, HP27 9NA, UK

The study of cancer development and preclinical evaluation of novel, drugs, in relevant xenograft 
murine models of human disease is crucial to the development of clinically active therapeutics. 
More recently, however the non-invasive methodologies employed to observe these changes in 
vivo have become a critical facet of the drug discovery program. Optical imaging detects cells 
labelled with an optical reporter system through the excitation and subsequent detection of fl uo-
rescence/chemiluminescence. The method allows for fast acquisition of mouse whole body images 
permitting non-invasive evaluation of disease development over time. 

The properties of the optical reporter system is of importance for early and accurate detection of 
cancerous lesions at depths, for instance in blood rich tissues such as the bone marrow. In fl uores-
cent reporter systems that operates at far red to near infrared wavelengths (600-900 nm), absor-
bance decreases dramatically and allows light to penetrate 1-2 cm of tissue. This is very benefi cial 
for in vivo studies compared to conventional visible range reporter systems (400-650 nm) such as 
green fl uorescent protein (GFP), which has a limited in vivo use. 

Here, we describe the novel use of a combination of a non-mammalian enzymatic reporter gene 
called nitroreductase (NTR) and an inducible near-infrared fl uorescent dye (RW11) as a reporter 
system in human acute myeloid leukaemia (AML), human non-small lung cancer and breast cancer 
cell lines. The system permits in vitro through to in vivo applications with one reporter. Labelled 
cells are engrafted in NOD/SCID mice and visualized by non-invasive fl uorescence lifetime optical 
imaging. The system enables early detection of  infi ltrates, accurate disease staging and detection 
of deep tissue infi ltrates that are not possible with GFP. Preliminary data both in vitro and in vivo 
also show that NTR+ AML cells are responsive to antibiotics acivated by NTR. 
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Release of liposomal doxorubicin due to ultrasound in hydrogels
Yngve Hofstad Hansen1, Catharina de Lange Davies1, Bjørn A.J. Angelsen2, Svein-
Erik Måsøy2, Tonni F. Johansen2

1 Department of Physics, Norwegian University of Science and Technology, Norway
2 Department of Circulation and Medical Imaging, Norwegian University of Science and 
Technology, Norway

A major obstacle in chemotherapy is the lack of specifi city towards tumour cells. Normal tissue is 
also damaged, limiting the application of drugs. Cytotoxic drugs encapsulated in liposomes may 
enhance the antitumor effect and reduce the toxicity by improving the pharmacokinetics compared 
with free drug. Liposomes may extravasate through leaky tumor vessels (Wu et al, 1993; Yuan et 
al, 1994), contributing to selective localisation of liposomal drug in tumour tissue (Gabizon and 
Martin, 1997; Symon et al, 1999). Drug must then be released from the liposomes and traverse the 
extracellular matrix (ECM) to reach the cells.

Ultrasound is reported to increase the release of liposomal drugs, depending on the frequency, 
intensity, and duration of the ultrasound, as well as the composition of the liposomes (Rapoport et 
al 2003). Inertial cavitation is considered to be the main mechanism behind this release (Chiu et al 
2001, Husseini et al 2006, Schroeder et al 2009). Theory (Brennen 1995, Brujan 2009, Zimberlin et 
al, 2007) as well as studies (Collin 2009, Gyongy 2010) predict that it should be harder to achieve 
inertial cavitation in the ECM than in solution.

The aim of this work was to investigate how the ECM affects the release of liposomal doxorubi-
cin. Collagen and gelatin gels were used as models for ECM. Confocal laser scanning microscopy 
(CLSM) was used to measure the release of doxorubicin. Second harmonic imaging microscopy 
(SHIM) was used to image the collagen gel matrix in order to control the uniformity. Results show 
a signifi cant release of doxorubicin using ultrasound signals below the intensities required to cause 
inertial cavitation in the gels. This study indicates that there are other effects causing the release of 
doxorubicin from the liposomal shell, i.e stable cavitation or streaming caused by radiation pres-
sure.
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CEUS and sonoporation 
Michiel Postema 

University of Bergen, Norway 

Ultrasonic imaging is becoming the most popular medical imaging modality, owing to the low 
price per examination and its safety. A B-mode ultrasound scan shows contrasted regions from 
transitions in acoustic impedance, i.e., transitions in tissue type, in the form of brighter pixels. 
However, blood is a poor scatterer of ultrasound waves at clinical diagnostic transmit frequen-
cies, which lie between 1 and 40 MHz. For perfusion imaging, markers have been designed to 
enhance the contrast in B-mode imaging. These so-called ultrasound contrast agents consist of 
microscopically small gas bubbles encapsulated by biodegradable shells. Contrast-enhanced ultra-
sound (CEUS) represents a signifi cant advancement in the evaluation of angiogenesis in digestive 
cancers. Particularly, for the study of focal liver lesions, CEUS has been widely used for detection 
and characterisation of malignancy. The unique feature of CEUS of non-invasive assessment in 
real-time liver perfusion throughout the vascular phases has led to a great improvement in diag-
nostic accuracy of ultrasound, but also in guidance and evaluation of responses to therapy. It has 
been proven by numerous groups, that the cellular uptake of drugs and genes is increased, when 
the region of interest is under sonication, and even more so when a contrast agent is present. This 
increased uptake has been attributed to the formation of transient porosities in the cell membrane, 
which are big enough for the transport of drugs into the cell. The transient permeabilisation and 
resealing of a cell membrane is called sonoporation. In this presentation, the physical principles 
of ultrasound contrast agent microbubble behaviour and their adjustments for imaging and drug 
delivery including sonoporation are described.
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Navigating in Volumetric Data Spaces
Stefan Bruckner

Institute of Computer Graphics and Algorithms, Vienna University of Technology, Austria

The visualization of volumetric data has been an active research topic for over 20 years. Signifi cant 
progress has been achieved and data sets can now be investigated in realtime on commodity hard-
ware. However, with ever-increasing data acquisition efforts in many disciplines a new challenge 
arises: No longer is it suffi cient to provide tools for analyzing a single volumetric data set. Instead, 
complex high-dimensional data spaces where each data point consists of a three-dimensional grid 
are gaining increasing importance in application areas as diverse as neurobiology, material testing, 
and visual effects design. Such volumetric data spaces not only require new approaches to data 
management and transfer, but also necessitate new interaction paradigms. In particular, it is cru-
cial to provide intuitive and effi cient facilities to visually query and retrieve data items, as well as 
methods to categorize and abstract the space. This talk presents recent developments in this fi eld of 
research, discusses different application areas and illustrates some of the open questions.
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Per-Pixel Adaptive Opacity Transfer Function for Cardiac Ultrasound 
Visualization
Jon Petter Åsen1, Erik Steen2, Gabriel Kiss1, Stein Inge Rabben2

1 MI-Lab, Norwegian University of Science and Technology, Norway
2 GE Vingmed Ultrasound

Volume rendering (VR) is used for real time exploration of 4D ultrasound data. The method gives 
the possibility of directly viewing a large part of the dataset without having to segment relevant 
anatomical surfaces. However, volume rendering of cardiac ultrasound data is especially challeng-
ing due to the high spatial variation in gray levels of the cardiac tissue. Because of this, global opac-
ity transfer functions (global OTF) are both hard to adjust manually and sometimes incapable of 
presenting a consistent view of all cardiac tissue, since occluding (non-tissue) voxels at one spatial 
location can have a larger value than un-occluded tissue at a different location.

In our work we have built on literature in the fi eld of importance-driven VR [1], adaptive genera-
tion of OTF [2], anatomical cropping [3] and per pixel opacity manipulation [4] to make a per-pixel 
adaptive opacity transfer function (per-pixel AOTF), specially designed to handle the demanding 
conditions found in cardiac ultrasound data. Calculation of the per-pixel AOTF has also been re-
stricted to light rays intersecting, and data located inside a polygon mesh for increased robustness. 
The polygon mesh results from a deformable model tracking of the left ventricle [5].

Visual results show that with this method we are able to visualize more tissue than with a global 
OTF.  However, challenges still exist regarding temporal coherence. Before the conference we plan 
to quantify the actual improvement by comparing the amount of tissue contribution inside an epi- 
and endo-cardium polygon mesh for a global OTF and the per-pixel AOTF, respectively.
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High Quality Illumination for 3D Ultrasound
V. Šoltészová, I. Viola

Department of Informatics, University of Bergen, 55 Thormøhlensgate, N-5020 Bergen, Norway 
Contact Email: veronika.solteszova@uib.no

Ultrasonography is an important imaging modality for clinical decision making. In comparison with 
other modalities (CT, MRI, SPECT, PET), it stands out because of its low cost, patient-friendliness, 
availability and the highest spatial and temporal resolution. The main disadvantage of this modality 
is noisiness, speckle, low dynamic range and variable thickness of tissue boundaries [1]. All these 
factors make the ultrasound images diffi cult to interpret. Therefore, good visualization has a poten-
tial to increase the quality and the impact of ultrasonography.
In our work, we focus on improving representation of (3D) ultrasound 
volumes. Noise and speckle is a challenge for volume visualization 
techniques because it distorts the local surface shape as illustrated in 
Figure 1. As a further consequence, the macroscopic (overall) shape 
of the organ is diffi cult to extract. We describe an illumination model, 
which very well conveys the global shape in noisy data such as ultra-
sound.
In computer graphics, both local (LI) and global illumination (GI) 
techniques exist and have been adapted for volume visualization. LI 
is fast to evaluate compared to GI. However, scenes rendered using 
GI are more realistic and naturally looking. One of the important 
factor which contribute to the realistic appearance are soft shadows 
which further improve overall shape perception and depth ordering 
of the objects in the scene (see also Figure 2). Recent work [2, 3] 
show that GI models are suitable for rendering of ultrasound vol-
umes. 
We described a model [3] that extends a recent fast illumination 
model based on iterative convolution of the shadow map [4]. The 
previous model supports only light direction parallel to the view-
ing direction. This direction is not optimal for shape perception [5]. 
Therefore, as a rule, medical illustrators place the light in the top left 
corner. Our model is capable of generating high-quality soft shadow-
ing effects, allows for interactive modifi cation of the light direction 
and without any precomputation. 
In medical illustrations, artists use shades of the blue color to depict 
shadows. Their argument is that the images have a fresher look. This 
leads to a hypothesis that the color of the shadow is related to the 
perception which we plan to study. We also aim at further improve-
ment of the image quality and work on introducing colored shadows into our model as a new 
illustrative technique. 
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Fig. 1 Visualization of 
3D cardiac ultrasound 
using local illumination.

Fig. 2 Visualization of 
3D cardiac ultrasound 
using multidirectional 
occlusion shading with 
shadows of blue tones.
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Rendering and interacting with large scale volumetric data in medical 
applications
Anders Ynnerman

Linköping University, Sweden

This talk will present recent advances in medical volume rendering from the Center for Medical 
Image Science (CMIV) and the Norrköping Visualization Center - C, both at Linköping University 
in Sweden. The fi rst part of the talk will address the issue of data reduction and multi resolution 
representations for Level-of-Detail selection using the knowledge encoded in transfer functions. 
Knowledge encoding can also be used to obtain fuzzy classifi cation of unsegmented data and it will 
be demonstrated how classifi cation can be used to improve transfer function design and enhance 
features of interest.  Other aspects of medical volume rendering such as the use of illumination 
models to enhance depth cues and to convey additional information from other co-registered sourc-
es will also be covered. The second part of the talk will present methods for haptic (force feedback) 
interaction with volumetric data. New methods for the design and implementation of haptic modes 
for medical data will be presented and haptic feedback for time resolved volumes will be demon-
strated. Throughout the presentation medical examples of volume rendering will be shown such as 
full body virtual autopsies using the presented methods.
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NorMIT – Norwegian Centre for Minimally Invasive Image Guided Ther-
apy and Medical Technologies - a national infrastructure for research
Toril Nagelhus Hernes

SINTEF/NTNU, Norway

Background 
Image guided therapy involves the use of images generated by medical imaging techniques such 
as ultrasound, magnetic resonance (MR) and computer tomography (CT) to plan treatment, guide 
surgical instruments, carry out treatment and evaluate the results. Modern laparoscopic surgery, 
catheter-based endovascular surgery and ultrasound-guided brain surgery are all examples of surgi-
cal techniques employing modern medical technologies. The use of such techniques helps to reduce 
surgical trauma, bleeding and complications. 

Research infrastructure 
The Interventional Centre at Oslo University Hospital and the Operating Room of the Future at St. 
Olavs Hospital are seeking to become a unifi ed research and innovation centre – the Norwegian 
Centre for Minimally Invasive Image Guided Therapy and Medical Technologies (NorMIT) – with 
a node in Oslo and a node in Trondheim. The NorMIT project includes a comprehensive package 
for updating and modernising scientifi c equipment. The infrastructure will strengthen research in 
several areas of strategic importance to Norway as a whole: medical technology, ICT, nanotech-
nology, translational research and health innovation. NorMIT has many potential users and will 
facilitate widespread cooperation between academia, industry and clinical medical environments, 
nationally and internationally. The infrastructure will be open for PhD student from the National 
research school in medical imaging. The NorMIT research infrastructure is now on the national 
roadmap of research infrastructure in Norway and the presentation will give an overview of the 
facilities at NorMIT.
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Feasibility of navigated bronchoscopy - an experimental animal model
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Background
Videobronchoscopy has a number of limitations in diagnosis of pulmonary lesions. When inspect-
ing the airways, the bronchoscopist has to rely on x-ray or CT imaging, fl uoroscopy guided man-
ouvers, and often blind biopsies.

Purpose
We are developing a navigation system where the main goal is to improve targeting of lesions and 
thereby move from blind biopsies, repeated examinations and time consuming procedures, to one 
navigated bronchoscopic procedure, providing earlier and more accurate diagnostic biopsies.

Method
The navigation system is a research platform based on electromagnetic tracking and navigation and 
visualization software. The electromagnetic tracking data is combined with CT images, in which 
the position of the bronchoscope, biopsy equipment and lung lesions are presented in real-time to 
the bronchoscopist. The movement of the bronchoscope is followed in volume rendering view or 
orthogonal slices selected from the images by the position and orientation of the bronchoscope tip. 
Our set-up was designed to evaluate feasibility and accuracy of navigated bronchoscopy. The cho-
sen pig model closely resembles the human lung anatomy. Four different foreign objects, a plastic 
tube, a glass ball, a wood ball and a metal ring, were placed in different lung locations.

Results
Two of the objects (metal ring and glass ball) were easily located in CT images. Using the navi-
gation platform, the images and positions of the foreign objects could be demonstrated and the 
bronchoscopist were able to steer a tracked probe to the foreign objects and subsequently remove 
them.

Conclusions
Based on our initial experience in a live animal model set-up, we believe that navigated videobron-
choscopy can yield high diagnostic accuracy, and combined with advanced visualization methods 
it seem to serve as a valuable tool for accurate diagnostic investigation and research purposes.
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Reconstructing the sense of touch – Haptic rendering of sonoelastog-
raphy images
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Nesje1,5, Ivan Viola4, Odd Helge Gilja1,5 and Svein Ødegaard1,5 
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2 C-Research, Linköping University, Sweden
3 Christian Michelsen Research, Bergen, Norway
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Background
Palpation remains an important part of a medical examination even if diagnosis based on palpation 
alone has low specifi city in many organs. In soft tissue such as rectal, prostate and breast tissue 
focal hard lesions have been considered a sign of malignancy. Sonoelastography is an ultrasound 
based autocorrelation method for strain imaging in soft tissue. The concept of presenting strain im-
ages as force-feedback data to allow for a wider perception of strain data using a designated haptic 
apparatus was the aim of this project.

Method 
A Desktop Phantom (Sensable technologies) was connected to PC. A computer program for con-
verting the colour strain-map representing the strain values, into force-feedback data using the 
penalty-method was designed and tested by our group. The program was adapted to allow conver-
sion of colour-scale strain images in hue-saturation-values (0-255) into haptic fi les. The conver-
sion including height compensation, force defl ection and slant modulation with the choice of an 
ultrasound B-mode image or an ultrasound strain image to accompany the force feedback data [1]. 
Furthermore, a drawing plug-in was added to allow demarcation of the edges of focal lesions such 
as tumours. An automated function provided a numerical evaluation of any marked area in com-
parison to a reference standard.

Results 
We were able to import clinical ultrasound strain images and convert them to haptic data in order 
to feel the resistance in tumour tissue and compare it to surrounding tissue. We also were able to 
demarcate the tumour edges and save it as a reference standard and to compare numerically the 
subsequent drawings of tumour edges, with or without visual support of strain, to the reference 
standard.

Conclusion 
Haptic representation of ultrasound strain images of real tissue is feasible in a force-feedback 
model. Further work is needed to evaluate the impact of such rendering in tissue characterisation, 
evaluation of touch-sense reproducibility and improvement of strain data input. 
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Towards quantitative optoacoustic tomography
Amir Rosenthal

Helmholtz Zentrum München, Institute for Biological & Medical Imaging, Ingolstaedter Landstr. 1, 
Neuherberg, 85764, Germany

Optoacoustic tomography is a hybrid imaging modality that combines optical contrast with ultra-
sound resolution and penetration depth. The imaging is performed by illuminating a specimen with 
high power laser pulses, which create an instantaneous and local temperature elevation in the opti-
cally absorbing regions of the specimen leading to their expansion. The instantaneous thermal ex-
pansion creates broadband ultrasound fi elds which are subsequently detected close to the boundary 
of the specimen. Reconstruction algorithms can then be used to create an image from the measured 
acoustic fi elds. Despite the success of optoacoustics in various imaging scenarios, in most animal 
studies the obtained images are qualitative rather than quantitative.  This results in part from the 
illumination-detection geometries used and in part from the reconstruction algorithms employed. 
Both aspects will be presented highlighting the newly developed interpolated model matrix inver-
sion (IMMI) algorithm and its extension to various imaging scenarios. The importance of accurate 
image quantifi cation will be discussed in the context of molecular imaging performed using multi-
spectral optoacsoustic tomography (MSOT).
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Contrast enhanced cone-beam CT during fractionated radiotherapy
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Oslo, Norway
4 Interventional Centre, Oslo University Hospital, Norway

Objective
Cone-beam CT (CBCT) has for the last few years been available on radiation treatment machines 
for accommodating improved setup accuracy of the patients. CBCT is inferior of the classical CT 
regarding image quality and there may be clinical gains in increasing the image quality. The pur-
pose of the current study was to examine the feasibility of using contrast enhanced CBCT imaging 
for target localization and for treatment planning and monitoring [1].

Material/methods
Two dogs with spontaneous maxillary tumours were treated with fractionated radiotherapy over 10 
fractions. CBCT imaging was performed prior to each treatment fraction. At fi ve of these fractions 
a iodinated contrast agent was administered after the fi rst CBCT scan and a second scan was per-
formed one minute post injection. The contrast enhanced images were compared with conventional 
contrast enhanced CT images and with 18FDG-PET images of the same canine patients. The mean 
CBCT contrast enhancement in the tumour was also calculated at each imaging session. The con-
trast enhanced images were further used to delineate gross tumour volumes. IMRT dose plans were 
subsequently generated and different adaptive strategies were explored [2]. Among these strate-
gies, patient repositioning based on contrast enhancement coregistration was performed.

Results
The tumours were clearly visible in contrast enhanced CBCT images at all treatment fractions. The 
mean contrast enhancement in the tumours increased during the course of therapy. A close resem-
blance between contrast enhanced CBCT images, contrast enhanced CT images and 18FDG-PET 
images were demonstrated. The adaptive planning strategy was easily implemented and the poten-
tial benefi t of this procedure was demonstrated.

Conclusions
Tumours may be visualized on contrast enhanced CBCT images. This may impact target localiza-
tion, boost strategies and treatment planning and monitoring.
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Towards combined in vivo confocal laser scanning microscopy and 
magnetic resonance imaging to study an αvβ3-integrin targeted nano-
emulsion
Sjoerd Hak1, Marte Thuen1, Helga Hektoen2, Willem J.M. Mulder3, Olav Harald-
seth1, Catharina de Lange Davies2
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Nanoparticles are widely used as drug delivery and molecular imaging platforms. As drug delivery 
agents they have entered the clinic, as molecular imaging probes however, their application is pri-
marily preclinical. The signal enhancement after intravenous injection of such agents is very vari-
able throughout groups of subjects with the same pathological condition, hence the enhancement is 
diffi cult to interpret and there is a pressing need to study the underlying mechanisms and concepts. 
This study aims to increase the understanding of those enhancement patterns post-injection (PI) of 
an αvβ3-integrin targeted emulsion in tumors grown in an MRI compatible dorsal window chamber 
in mice. With this setup, in vivo nanoparticle distribution patterns can be studied with CLSM at 
high resolution and clinically relevant macroscopic enhancement patterns can be visualized with 
MRI. 

The nanoemulsions consist of soybean oil droplets stabilized by a monolayer of ordinary and PE-
Gylated phospholipids and they can be prepared in sizes ranging from 25 to 100 nm. To allow 
CLSM, fl uorescent lipids can be incorporated in the lipid corona and for MRI 5 nm iron oxide 
crystals are incorporated in the soybean oil core of the particles.

CLSM was performed on mice with a tumor growing in the dorsal window chamber after intrave-
nous injection of  targeted or control nanoemulsion of 100 nm. The targeted particles mostly accu-
mulated in the vessel walls, whereas the non-targeted nanoemulsions predominantly extravasated 
into the tumor interstitium. 

To allow MRI of these small tumors we have developed a receive only Helmholz coil which ac-
curately fi ts the window chamber. Testing of this coil with phantoms showed promising results so 
far.

Hence, this experimental set up represents a promising tool to increase our understanding of the 
dynamics and subcellular distribution of the targeted agents and their effects on the clinically rel-
evant MRI signal attenuation.



Notes



79

2011 Joint National PhD conference in Medical Imaging & MedViz Conference

Illustrative Couinaud segmentation for Ultrasound liver examinations
Ola Kristoffer Øye

Christian Michelsen Research AS, Norway

Couinaud segmentation is a widely used liver partitioning scheme for describing the spatial rela-
tion between diagnostically relevant anatomical and pathological features in the liver. We present a 
technique for presenting the two-dimensional ultrasound slice in the context of a three-dimensional 
Couinaud partitioning model of the liver. The partitioning is described by planes in 3D refl ecting 
the vascular tree anatomy. The planes are specifi ed in the patient by the examiner using her natural 
interaction tool, i.e. the ultrasound transducer with positional tracking. A generic liver model is 
then fi tted to this geometry, approximating the patient’s liver parenchyma and carrying the speci-
fi ed partitioning. The Couinaud partitioning and parenchyma model approximation is then used to 
enhance the examination by providing visual aids to convey the relationships between the ultra-
sound plane and the partitioned liver.
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Interactive Visual Analysis of Contrast-Enhanced Ultrasound
Paolo Angelelli1, Helwig Hauser1, Kim Nylund2, Odd Helge Gilja2

1 Department of Informatics, University of Bergen, Norway
2 Department of Medicine, University of Bergen, Haukeland University Hospital, Norway

Contrast-Enhanced UltraSound (CEUS) is used to investigate the blood perfusion kinetics in tissue, 
which relates to tissue vascularization. The presence of abnormal vascularization can be an indica-
tor of a disease. A typical workfl ow consists of a) separating regions of interest (ROI) by inspecting 
their echogenicity in the B-mode images, and their perfusion enhancement in the cine-loop of the 
CE data.b) segmenting (manually) these ROIs. c) characterizing the perfusion in these regions us-
ing analysis software. Here we present an integrated interactive solution for analyzing CEUS data, 
that allows quick and precise semi-automatic segmentation of the ROIs and automatic extraction 
and visualization of their perfusion parameters for fast and effective comparison. We make use of 
latest GPU computing technologies such as OpenCL to achieve the needed performance.
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Mechanism of Intracellular Delivery of Nanoparticles using Ultrasound
Mercy Afadzi1, Yngve Hofstad Hansen1, Tonni Franke Johansen2, Svein-Erik 
Måsøy2, Bjørn Angelsen2, Catharina de L. Davies1

1 Department of Physics, The Norwegian University of Science and Technology, Trondheim, 
Norway
2 Department of Circulation and Medical Imaging, The Norwegian University of Science and 
Technology, Trondheim, Norway

The effect of cytotoxic drugs within the cell is constrained by their inability to permeate the cell 
membrane. Thus, the passage of chemotherapeutic drugs is restricted by the cell membrane.  How-
ever, ultrasound exposure offers the potential to enhance the uptake of drug by sonoporation, 
thereby improving cancer therapy. The mechanism of ultrasonic enhancement of the uptake of  
FITC-dextran (150 kDa and 500kDa)  and liposomal doxorubicin (Dox) (88 nm) by Hela cells was 
studied using two focused ultrasound transducers (300 kHz and 1 MHz) with  varying  exposure 
parameters. The liposomes were labelled with the dye DiD in order to separate the cellular uptake 
of liposomes and released Dox. Hela cells in suspension with FITC-dextrans or labelled liposomes 
were exposed to varying acoustic negative pressures (0.26 to 3MPa), PRF (500 to 3000Hz), pulse 
length (50μs to 200μs) and insonication time (30 to 180s) in the presence and absence of 86μl of 
micro-bubbles (Defi nity). After ultrasound exposure, the cellular uptake of nanoparticles and cell 
viability (determined by cellular uptake of propidium iodide or picogreen) were measured using 
fl ow cytometry. Preliminary results show enhanced uptake of FITC-dextran and Dox by the cells, 
which increases with increase in acoustic peak negative pressure, PRF, pulse length and insonica-
tion time. The effect was much larger in the presence of micro-bubbles than in their absence. This 
might be due to transient pore formation, but in the absence of micro-bubbles the mechanism is 
unclear. The presence of FITC-dextran and liposomes or free Dox in the cell was also confi rmed 
with confocal microscopy. The preliminary results show that ultrasound may enhance the cellular 
uptake of therapeutic molecules and improve cancer therapy.
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Adaptive Filtering of Dynamic Contrast Enhanced Magnetic Reso-
nance Images
Michal Bartos1, Radovan Jirik1, Olivier Keunen2, Torfi nn Taxt3

1 Department of Biomedical Engineering, Brno University of Technology, Brno, Czech Republic
2 NorLux Laboratory of Neuro-Oncology, CRP Santé, Luxembourg, Luxembourg
3 Department of Biomedicine, University of Bergen, Bergen, Norway

Dynamic contrast enhanced T1-weighted magnetic resonance imaging (DCE-MRI) is a powerful 
tool for cancer diagnosis, monitoring of treatment effects and evaluation of anticancer drugs. To 
get information about perfusion and microcirculation in a tissue, four-dimensional (3 space coor-
dinates and time) dataset must be processed, i.e. converted to represent concentration of contrast 
agent and fi tted with proper model. Both these steps are sensitive to noise presented in the data. 
Noise in the DCE-MRI is not negligible because high temporal and spatial samplings are required 
simultaneously. If signal to noise ratio (SNR) is too high, curve fi tting of dilution curves with more 
sophisticated models is imprecise or not possible, hence noise suppression is important.

Usual techniques for noise suppression as averaging in time or spatial domains remove high fre-
quencies, which causes serious changes in the shapes of the dilution curves or blurring respectively. 
Median fi ltering is not useful because noise is approximately Gaussian. To improve SNR and pre-
serve high frequencies, an adaptive fi ltering technique must be used.

There is a lot of redundancy in DCE-MRI data because dilution curves for nearby voxels lying in 
same tissue type (e.g. in muscle, fat, bone) are the same except noise. Using this fact we are pro-
posing to create a mean curve from neighboring curves with the same trend to suppress noise. To 
compute similarity of the curves, some measure over residuum (i.e. reference curve minus nearby 
curve) must be selected. Suitable ones are mean, variance, L2-norm of the residuum or any statisti-
cal test checking hypothesis that residuum is noise with Gaussian (or other) distribution.
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Ultrasound Painting of Vascular Tree
Åsmund Birkeland and Ivan Viola

University of Bergen, Norway

In treatment planning and surgical interventions, physicians and surgeons need information about 
the spatial extent of specifi c features and the surrounding structures. Previous techniques for ex-
tracting features, based on magnetic resonance imaging and computed tomography scans, can be 
slow and cumbersome and are rarely used by doctors. In this paper we will present a novel approach 
to extract features from tracked 2D ultrasound, in particular hypo-echoic regions such as blood ves-
sels. Features are extracted during live examinations, removing the need for slow and cumbersome 
post-scan processes and interaction is based on the natural interaction techniques used by doctors 
during the examination. The ultrasound probe is utilized as a 3D brush, painting features in a 3D 
environment. The painting occurs during a regular examination, producing little extra interaction 
from the doctor. We will introduce a novel approach to extract hypo-echoic regions from an ultra-
sound image and track the regions from frame to frame. 3D models are then generated by storing 
the outline of the region as a 3D point cloud. Automatically detecting branching, this technique can 
handle complex structures, such as liver vessel trees, and track multiple regions simultaneously. 
During the examination, the point cloud is triangulated in real-time, enabling the doctor to examine 
the results live and discard areas which are unsatisfactory. To enable modifi cations of the extracted 
3D models, we present how the ultrasound probe can be used as a interaction tool for fast point 
cloud editing.
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A Monte Carlo Based Simulation of an High Speed ADC-Based TOF-
PET Read-Out System
Njål Brekke1,2 and Renate Gruner1,2

1 Department of Radiology, Haukeland University Hospital, Bergen, Norway
2 Department of Physics and Technology, University of Bergen, Norway

Software for a Monte Carlo based simulation of a future Time-of-Flight (TOF) Positron Emis-
sion Tomography (PET) system’s scintillator geometry, multi-pixel silicon photomultiplier and 
high-speed Analog to Digital Converter (ADC) readout system has been developed. Results from 
running simulations with different ADC sampling-rates and analog fi lter time constants are being 
presented. A trigger-system suitable for running real time in FPGAs, a digital constant fraction zero 
crossing discriminator, are used to determine the full system time resolution.
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Mechanical waves in the heart
Birger Brekke1, Svein A. Aase2, Tore Bjåstad1,  Asbjørn Støylen1, and Hans Torp1

1 Department of Circulation and medical imaging, NTNU, Trondheim, Norway 
2 GE Vingmed Ultrasound, Trondheim, Norway

Purpose
Standard tissue Doppler imaging (TDI) enables estimation of tissue velocities at all spatial positions 
with an ultrasound fi eld of view. This modality is recorded as a swept scan continuously covering 
a sector of some size. However, when imaging the left ventricle (LV) apically, the objects of inter-
est are the walls positioned at the edges of the sector. Recent work[1] done by the MI Lab group 
enables Doppler acquisition of the LV walls with only two transmit beams, resulting in a frame rate 
close to 1000 FPS. One use of such high frame rates is to image how mechanical events propagate 
around the LV. We have used it to visualize the propagation of the mechanical wave produced by 
the aortic valve closure (AVC). 

Method 
In TDI curves, the time-point of peak positive acceleration after protodiastole has previously been 
shown to be a good marker of AVC visible in curves from all LV walls. To visualize the occurrence 
of this event in the LV walls, we do the following. For each discrete position x and each discrete 
time t we pick the velocity curve segment of position x around the time-point t. Thereafter, we 
compute the standard complex inner-product of these velocity curve segments with a coarse model 
of the expected velocity curve segment at the time-point of peak positive acceleration. In our case, 
this model is a single frequent signal with predefi ned frequency which is fi xed for all positions x 
and time-points t. The complex arguments, i.e. the phase values, of the inner-products are then 
collected. These complex arguments may then be visualized as an animation by varying t or as a 
M-mode like image by fi xing an angle. 

Results and Conclusions 
We have not yet studied results from this method. However, our method creates qualitative images 
that seems to visualize the propagation of the mechanical wave created by the AVC. This might be 
used to quantify local and global propagation speeds and track the propagation of our mechanical 
wave. Mapping of the propagation speed may further be used to give information about elasticity 
properties of the tissue. 

References 
1. Støylen Asbjørn, Aase Svein A., and Bjåstad Tore. Novel high frame rate sparse tissue dop-
pler imaging. European Journal of Echocardiography Supplements, 11(2):86, 2010. 
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Systolic strain in multiple myocardial layers in patients with aortic 
stenosis
Dana Cramariuc1, Alexandru Cramariuc2, Johannes Hjertaas3, Eva Gerdts1,3, and 
Knut Matre3

1 Department of Heart Disease, Haukeland University Hospital, Bergen, Norway
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3 Institute of Medicine, University of Bergen, Bergen, Norway

Background 
In young healthy individuals, left ventricular (LV) myocardial strain is gradually increasing from 
the subepicardial to the subendocardial layer. In patients with aortic stenosis (AS), LV global sys-
tolic function by either ejection fraction or midwall shortening decreases in response to chronic 
pressure overload. However, less is known about regional changes in myocardial layer function in 
AS.

Methods
Systolic strain was assessed in three layers in the inferior LV wall by tissue Doppler imaging in 
32 patients with aortic stenosis (71±11yrs, 17 women) included in the Simvastatin Ezetimibe in 
Aortic Stenosis (SEAS) trial. Three small regions of interest (size 2x6 mm, strain length 2 mm) was 
tracked for peak systolic strain measurements. 26 patients had mild/moderate and 6 severe AS by 
aortic valve area corrected for pressure recovery.

Results 
Strain was signifi cantly lower in the subepicardial layer (46.7±33.3%), but similar in the midmyo-
cardial and subendocardial layers: 63.5±41.6 vs. 71.8±35.4%. Women had higher strain in the 
subepicardial and midmyocardial layers than men (p <0.05). In all three layers, systolic strain was 
lower in patients with severe AS compared to those with mild/moderate AS (p <0.05). In particular, 
symptomatic patients had signifi cantly lower midmyocardial strain than asymptomatic patients: 
67.1±42 vs. 28.5±2.65% but similar strain in the other layers.

Conclusion
Chronic pressure overload in AS is associated with lower systolic strain and changed strain gradi-
ent across the LV myocardial wall. Systolic strain decreased with increasing AS severity.
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Frame rate versus image quality in 3D cardiac ultrasound
Bastien Denarie, Tore Grüner Bjåstad, Hans Torp

Department of circulation and medical imaging, NTNU, Trondheim, Norway

The cardiac imaging case is perhaps the most challenging application of all in ultrasound imaging. 
This due to the combination of rapid motion (heart beating), limited acoustical window (between 
ribs) and large imaging range (approximately 2 to 15 cm). Classical acquisition techniques that 
generated a 2D frame in 0.05 seconds require 5 seconds in 3D, making real-time imaging impos-
sible. Some solutions have been proposed, but typically there will be a penalty in fi eld of view, 
spatial resolution, penetration (SNR) or in introducing image artifacts.

Advances in electronics and increases in processing power (due to e.g. GPUs) allows for more 
advanced beamforming and signal processing which has limited feasibility on current scanners: 
Retrospective Transmit Beamforming (RTB), adaptive beamforming and synthetic aperture imag-
ing. Such methods can potentially allow for a higher frame rate with a reduced loss in image quality 
compared to that of today.

The thesis work started in late autumn 2010 and has a main focus on optimizing the image quality 
versus frame rate in cardiac 3D ultrasound using advanced beamforming and signal processing 
algorithms. Of special interest are algorithms coherently combining data from several transmits. 
Such algorithms will have to compensate for movement between the transmit events combined and 
also handle aberrations. Some work has already been conducted on this topic.
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A hyperspectral imaging system for real-time analysis of skin-capabili-
ties and prospects
Martin Denstedt1, Trym Vegard Haavardsholm2, Torbjørn Skauli2, Lise Lyngsnes 
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Hyperspectral imaging is an emerging optical imaging technology that provides a powerful tool 
for skin characterization. The technology combines imaging and spectroscopy in one modality by 
providing full spectral resolution in each pixel of the acquired image. However, fast and effi cient 
data analysis is required for the technique to be relevant for clinical in vivo diagnosis. This is chal-
lenging due to the large amounts of data collected in each scan (typically 0.5 -2 GB). The overall 
aim of the project is to develop an imaging system that is capable of performing real time analysis 
in parallel with scanning the subject. This presentation intends on giving preliminary results from 
the fi rst prototype system.

A pushbroom-scanning hyperspectral camera (VNIR 1600, Norsk Elektro Optikk AS) was used to 
collect in vivo data (400-1000 nm) from human skin. Skin regions of approximately 10 by 10 cm in 
size can be scanned in 10 - 20 seconds with a resolution of 1600 pixels in each line, and integration 
times of 10 - 50 ms, The collected data cubes are fed directly into a real-time processing software 
which enables immediate processing and visualization of results. Algorithms for calibration and 
preconditioning of data as well as calculation of chromophore distributions have been developed 
and are run in parallel, meeting the actual speed requirements. Preliminary results indicate that the 
system is capable of serving as a means for real-time assessment of skin conditions and diagnosis 
of wounds, e.g. of patients with diabetes.
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Ultrasound-mediated diagnosis and delivery of encapsulated drugs in 
prostate cancer
Siv Eggen, Catharina de Lange Davies
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Over the last years there has been a strong research activity in the fi eld of imaging the micro-vas-
culature in prostate tumors. This is believed to improve imaging of prostate tumors, pserhaps also 
guiding clinicians in discerning malign and benign tumors. Injection of ultrasound contrast agents 
facilitates perfusion imaging of the prostate with methods often referred to as contrast-enhanced 
ultrasound (CEUS).

Ultrasound also opens for more cancer specifi c therapy through initiating release of encapsulated 
cytotoxic drugs which may be more selectively delivered to tumors as compared to conventional 
systemic drugs. The tumor selective uptake of encapsulated drugs with a diameter of some hundred 
nanometers is due to the leaky tumor blood vessels thereby permitting capsules to cross tumor cap-
illaries, but not crossing capillaries in normal tissue. The tumor specifi city may be further enhanced 
by targeting the capsules to surface receptors on tumor cells. However, even though encapsulated 
drugs pass the tumor capillaries; the uptake and distribution of drugs are low and heterogenous in 
tumor tissue.

Ultrasound may overcome many of the barriers in delivery of encapsulated drugs. Ultrasound is 
found to trigger the release of drug and DNA vectors from various delivery systems. The release 
depends on the frequency, intensity and duration of the ultrasound as well as the composition 
of the carrier. The mechanism of increased release is poorly understood, but cavitation is prob-
ably a major factor. Furthermore ultrasound may improve the delivery of the cytotoxic drugs by 
increasing the permeability of capillaries, by inducing local pressure gradients, by increasing the 
temperature, and by rendering the plasma membrane more permeable. Combining ultrasound and 
gas microbubbles with drug-containing nanoparticles, early diagnosis, drug delivery and therapy 
monitoring can be achieved.



96

Magnetic Resonance Imaging for the Guidance of Catheterization Pro-
cedures
Abubakr El-Dirdiri1, Ole Jakob Elle1,2
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Magnetic resonance imaging (MRI) has become a very attractive imaging modality in interven-
tional procedures especially for the guidance of catheter-based interventions. This is due to several 
attributes that distinguishes MRI from other modalities including; the rich tissue contrast that it 
provide, the absence of the ionizing radiations experienced with X-ray fl uoroscopy, and the capa-
bility of MRI to provide functional and fl ow information. In addition, due to the advancement in 
MRI scanners and imaging technique it is possible nowadays to obtain MR Images in real time with 
satisfactory spatial resolution. But despite all these advantages, X-Ray fl uoroscopy still dominates 
the fi eld of image guided intervention. This is mainly due to the compatibility of the conventional 
interventional devices with x-ray imaging and not with MRI.

This PhD study, carried out at the Intervention Centre, is a part of the EU funded project “Integrated 
Interventional Imaging Operating System” (IIIOS) that aims to facilitate the use of MRI and Ultra-
Sound Imaging in interventional procedures. As a member in the IIIOS consortium, the Interven-
tion Centre at Oslo University Hospital is concerned with the investigation and evaluation of the 
possible catheter tracking approaches in MRI. The output of the tracking process will be used to 
guide MR scanner in acquiring optimum images intra-operatively. In addition, fast MR Imaging 
techniques and K space sampling methods will be investigated to ensure the acquisition and deliv-
ery of MR images in real time to be used in navigation during the interventional procedure.
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Heart failure (HF) is a crippling and progressive disease, and the main cause of hospitalization 
among patients over 65 in Europe. Although symptomatic treatment has improved patient life qual-
ity in recent years, no cure exists, and half of all patients die within 4 years of diagnosis. The preva-
lence of HF is rising due to aging of the population. A better understanding of disease progression 
and the underlying driving mechanisms could make HF a more manageable disease.

Our project centers on the use of magnetic resonance imaging (MRI) in detailed assessment of 
myocardial function and dysfunction. We will study the spreading of localized perturbations in the 
heart muscle (such as a myocardial infarction) to global depression of cardiac function, and the de-
velopment of HF. The pattern of this progression has not, to our knowledge, been investigated ear-
lier. We propose that spread of perturbation is an important driver in HF development, and a study 
of these mechanisms will potentially contribute to the understanding of HF decompensation.

The main goals of this project are 1) to establish a high-resolution, powerful and fl exible MRI 
technique for detailed myocardial contractility assessment, and 2) to apply this in studies of the 
function of healthy and diseased myocardium. The data will have high temporal resolution within 
the cardiac cycle to allow for detailed study of the contractility (such as subtle dyssynchrony), as 
well as high spatial resolution to be able to discriminate between regions of interest. Finally, the 
longitudinal behavior of the failing heart will be studied with respect to spreading of myocardial 
dysfunction and the progression of heart failure.
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The medial temporal lobe and encoding of borders and landmarks
Hallvard Røe Evensmoen1 and Asta Håberg1

1 Department of Neuroscience, NTNU, Trondheim, Norway

We know that the medial temporal lobe (MTL) is important for spatial learning. However, how 
landmarks and borders are represented by subregions in the medial temporal lobe is still an open 
question.

The participants (32 males) had to learn 36 small virtual environments, during functional magnetic 
resonance imaging (fMRI) at 3T (Voxel size = 1.9x1.9x1.9mm, 32 channel head coil).The environ-
ments were divided into three categories. Environments from the fi rst category consisted of only 
a distinctive outer environmental border (Global Border). Environments from the second category 
had three unique landmarks, positioned at particular places within each environment, in addition 
to a global border (Global Border & Landmarks). In the last category, the environments were com-
posed of both a global border and a distinct set of local borders, forming a wall inside the environ-
ment (Global Border & Local Border). The participants were given 40 seconds with free explora-
tion to learn each environment. The participants had to complete four runs. Each run involved nine 
environments, three environments of each type. After each run, the participants’ knowledge of the 
environments was tested. Both the order of the runs and the order of the blocks were randomized.

Condition Global Border > Global Border & Local Border yielded increased activation in the hip-
pocampus and entorhinal cortex. For Global Border & Landmarks > Global border, increased ac-
tivation was observed in the hippocampus, parahippocampal cortex, and perirhinal cortex. Condi-
tion Global Border & Local Border > Global Border showed increased activation in the fusiform-/
parahippocampal cortex.

These preliminary results indicate that environmental borders and landmarks are represented by 
different networks of subregions in the MTL.
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The major psychotic illnesses, schizophrenia (SCZ) and bipolar disorder (BD), are among the 
most heritable common disorders with a prevalence of approximately 1% in the general population 
worldwide. Autism spectrum disorders (ASD) are childhood psychiatric disorders that affect the 
brain development, characterized by impairments of cognitive function.

It is well documented that schizophrenic bipolar and autistic patients exhibit a wide range of cogni-
tive dysfunctions and that these defi cits are also observed in clinically unaffected family members.  
Genetic studies have shown that SCZ, BD and ASD are highly heritable and that there is a genetic 
and clinical overlap between them.

Over the years genetic studies have been carried for these disorders and, although there have been 
signifi cant advances in the search for susceptibility genes, we are still far from comprehending the 
relevance of its genetic risk factors, the number of genes involved and the neurobiological path-
ways disrupted.  

One promising strategy in order to understand and identify the functional importance of genetically 
transmitted and brain-based defi cits in psychiatric disorders is the use of endophenotypes (which 
are biological or phenotypic markers relevant to a disease). For instance, cognitive impairments 
that are associated with genetic predisposition to ASD, SCZ and BP are an example of endopheno-
typic traits that could help the understanding of these conditions. 

In this project we intend to fi nd genes involved in cognition and further on correlate them with 
mental disorders, in particular in ASD, SCZ and BP. Therefore the main goals with this project are 
the mining of existing GWAS for SCZ, BP and ASD for sets of candidate genes involved in cogni-
tion and developing tools for comparison of GWAS; correlations of fi ndings with brain morphol-
ogy, using imaging techniques and build an overall picture of overlaps of different neurological and 
psychiatry disorders.
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Multiple Sclerosis (MS) is a chronic infl ammatory disease of the central nervous system in humans, 
affecting myelin. Using conventional magnetic resonance imaging (MRI), it is not possible to 
quantify changes in myelin content. Magnetization transfer ratio (MTR) is a MRI method that can 
provide a semi-quantitative measure of myelin in the CNS. By analysing the differences between 
two longitudinal MTR images of the same subject, it is possible to give a quantitative measure 
of change of myelin concentration. The signal noise in the MTR images is typically in the same 
order of magnitude as the difference in signal, making it diffi cult to detect areas with signifi cant 
change.

Voxel wise MTR (vwMTR) is a method that uses threshold-free clustering enhancement (TFCE) 
to automatically detect area of signifi cant change. It is sensitive to both low signal over extended 
areas and high signal in focal areas.

This method will be further developed and validated in two murine models for de- and remyelina-
tion, one with primarily extended areas of myelin loss (the cuprizone model) and one with more 
focal changes (experimental autoimmune encephalomyelitis). In order to run vwMTR in the animal 
models, methods for coregistration and deskulling must be developed for mouse brains. The valida-
tion will be done by coregistering the MRI data to histological images to verify that detected loss 
of myelin concentration corresponds to change seen histopathologically.
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The use of the graphics processing unit (GPU) for general purpose (GPGPU) is becoming more 
and more popular in computationally demanding sciences. GPUs offers higher computing power at 
a lower cost and energy consumption than regular CPUs. However, to utilize the computing power 
of GPUs, the algorithms used must be highly parallelisable and software must be implemented in 
specialized programming environments like CUDA or OpenCL. Speedups of 10x, 100x and even 
1000x have been reported going from CPU to GPU. The speedup is highly dependent on the prob-
lem at hand, and a feasible speedup is probably in the range 2x to 10x.

MedViz has acquired a new Tesla high performance computing workstation (www.nvidia.com/ob-
ject/personal_supercomputing.html), consisting of 4 NVIDIA Tesla C2050 general purpose GPUs, 
each with 448 cores providing 515 GFLOPS, giving a total of over 2 TFLOPS. In raw computation 
power, this system is approximately 20 times more powerful than a six-core Intel Core i7 system 
(~100GFLOPS), while having one twentieth of the power of the University of Bergen supercom-
puter Cray XT4 (~40TFLOPS) and having 0.7% the energy consumption (less than 2000W). 

Immediate practical benefi ts of this computer will be a drastic speedup in brain segmentation us-
ing FreeSurfer, where the segmentation time per brain will decrease from 24 hours to 4-5 hours or 
maybe even less. Also, computationally expensive image registration will profi t from this system. 
The latest version of MATHEMATICA supports GPGPU, and MATLAB has a GPGPU toolbox, 
which will make it easy to tap into this resource when developing medical imaging software.
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Recent advances in minimally invasive surgery treating cardiovascular diseases are increasingly 
leading to the use of interventional radiology to replace conventional open surgery. The insertion 
of a catheter through the femoral artery allows the interventionalist to, for example: position an en-
dovascular stent graft (in order to shunt an aortic abdominal aneurysm); position an aortic valve re-
placement, to position an endoclamp balloon (as part of another procedure); percutaneously ablate 
cardiac tissues using a special radiofrequency catheter probe (in order to treat atrial fi brillation). In 
any case, the precise positioning of the device to be delivered is crucial [1].

Electro-Magnetic Tracking Systems (EMTS) are used to track the positions and orientations of a 
set of small coils in a magnetic fi eld, with sub-millimetric accuracy [2]. These systems do not re-
quire line-of-sight and could therefore be used to track catheters within the human body, by mount-
ing a coil on the tip of a catheter.

In this work we describe a rapid assessment protocol for EMTS, and measure the accuracy of a spe-
cifi c commercial system, the Aurora® (NDI, Waterloo, Ontario, Canada). We concede that EMTS 
can be used to drive surgical navigation system, but that care must be given in setting it up, and its 
use in proximity of electromagnetic disturbances such as metals present in surgical tools, angio-
graphic C-arm and other devices. To this end, we list a DO’s and DON’Ts in EMTS in surgery.

This work is part of “Smart Catheterization” (SCATh), a FP7-EU project, whose aim is to create a 
platform for the improvement of the safety, repeatability and precision of catheter-based interven-
tional treatments.

References
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Mitral regurgitation is a common disorder of the heart. Developing an adequate method for quan-
tifi cation of the severity of mitral regurgitation has been an unsolved problem for many years. The 
importance of proper quantifi cation of regurgitation cannot be underestimated because a delayed 
decision to replace or repair a defective valve may lead to worsening ventricular function and 
increased perioperative and long-term mortality. With this project we will take advantage of the 
latest developments of ultrasound matrix probes and modern acquisition to develop new Doppler 
methods for quantifi cation of valvular regurgitation, as well as improving existing 3D cardiac Dop-
pler methods.

To test the methods we will use a fl ow phantom that realistically imitates a leakage in the mitral 
valve. We have already developed one in vitro model of a leakage in the mitral valve. We want to 
both further test and improve this model and investigate other fl ow phantoms. Our fl ow phantom 
was built especially for testing of methods studying mitral regurgitation. The phantom consists of 
a tank fi lled with a blood mimicking fl uid that is pumped through some tubes using a pulsating 
pump. The blood mimicking fl uid has functioned well so far. While previous fl ow phantoms have 
had some problems with low solubility and fungus growth, our blood-mimicking fl uid has success-
fully stayed applicable for several months. The phantom structure need some adjustments as the 
pulsation form of the pump and the use of tubes at the outfl ow to the jet are giving clinically unre-
alistic spectra. Motions and whirls in the tank when generating high velocity jets are also causing 
problems. Investigation of the capability of the model to produce high velocities without too much 
disturbance in the fl uid will therefore be done. Making a simple computer model of the tank could 
help in this work. 
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The brown Norwegian rat myeloid leukemia (BNML) animal model of leukemic disease has been 
of paramount importance in the development of improved therapeutic regimens for acute myeo-
lid leukemia (AML). The only current effective measure of therapeutic effi cacy in such trials are 
survival rates, but death can be so sudden a humane endpoint is diffi cult to defi ne. An earlier, less 
invasive measure of therapeutic effi cacy is needed.

The primary objective of the experiment is to monitor the volume  of the spleen of BNML animals 
compared to healthy animals, and establish this as a  technique to monitor BNML progression using 
magnetic resonance imaging (MRI). The secondary objective is to evaluate therapeutic effi cacy of 
antileukemic treatment.

30 BN rats were inoculated with 5 x106 BNML cells and developed acute leukemia. The animals 
were divided into 6 groups that followed different treatment regimens, as well as 1 group of 5 
healthy animals. Axial images were obtained with a high throughput RARE sequence (TR 3500 
ms, TE 41 ms, thickness 1mm, interslice distance 1 - 2 mm, 2 - 4 averages, and 24 – 36 slices) in a 
7T Bruker Pharmascan imager at defi ned time points.  Images were analyzed with manual segmen-
tation and 3D reconstruction in dicom-viewer Osirix.

Untreated animals had a 4 - 5 fold increase in spleen volume over the 3 fi rst weeks of disease 
development as compared to healthy animals. From 1 ½ – 2 weeks post inoculation statistically 
signifi cant difference in spleen volume (p** < 0.05 at day 12) between different treatments groups 
was detected . 

 MRI can be used to monitor disease development and discriminate the effect of different treatment 
regimes at an earlier time point. This will aid in more accurate disease staging and earlier determi-
nation of therapeutic effi cacy, and defi ne a more humane end point in preclinical trials.
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Introduction
Mild cognitive impairment (MCI) subjects may have impairment in multiple neuropsychological 
domains. While brain pathology patterns in the amnestic MCI subtype have been widely described 
and related to Alzheimer’s disease, the attention/executive subtype has been less studied.

Aims
The study aimed to analyze how attention/executive impairment is related to white matter (WM) 
tract and cortical changes. Our hypothesis is that executive impairment is related to WM frontal 
lobe changes.

Methods
We included 23 non-amnestic a/eMCI (a/eMCI) patients (age 61.3: 45-73) and 23 normal controls 
(age 63.2: 48-78), who underwent neuropsychological and magnetic resonance imaging examina-
tions. To be classifi ed as a/eMCI, a score 1.3 SD below the control mean on at least two attention 
and/or executive parameters and normal score on at least two memory parameters were required. 
Cortical thickness analysis was performed in FreeSurfer and Tract-Based Spatial Statistics was 
used for analysis of diffusion tensor imaging derived WM radial diffusion (DR). Ten frontal and 
temporal regions of interest were used in the analyses.

Results
WM DR, underlying the medial orbitofrontal, cingulate and entorhinal cortexes, were higher (p< 
0.05) in a/eMCI compared to controls, whereas no signifi cant differences where found for the mor-
phometric measurements. WM DR, underlying medial/lateral orbitofrontal, superior frontal, rostral 
middle frontal and cingulate cortexes, correlated negatively (p< 0.05) with inhibition/switching 
performance in a/eMCI, but no signifi cant relations were found in controls.

Conclusion
Executive dysfunction is related to specifi c WM tract degeneration in frontal and cingulate re-
gions.
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One of the major issues concerning dynamic contrast-enhanced MRI of the breast is the applica-
tion of either high spatial resolution for the assessment of tumor morphology or high temporal 
resolution for an adequate evaluation of contrast enhancement kinetics. These features can only 
be obtained separately using conventional MRI-techniques, with two injections of contrast agent 
(CA) causing higher cost for health care and inconvenience for the patients. There is, however, a 
universal agreement that an optimal combination of both feature sets may improve the diagnostic 
accuracy in the assessment of breast tumors. In this project we present a novel method in which a 
high spatial- and a high temporal resolution sequence are applied in an alternating fashion follow-
ing a single CA injection, thus allowing a comprehensive assessment of both tumor morphology 
and contrast kinetics. Our hypothesis suggests that an optimal combination of these feature-sets 
will ultimately improve the diagnostic performance in the assessment of breast cancer. 

Forty-one patients with verifi ed lesions (22 malignant and 19 benign) has so far undergone breast 
MRI using the novel method. The high temporal resolution image-series has been analyzed on a 
voxel-by-voxel basis using a two-compartment pharmacokinetic model, and a descriptive model-
free evaluation designed to decompose the enhancement pattern. Altogether, the dynamic analysis 
yields 10 different parameters, refl ecting the underlying pathophysiological properties estimated 
from the contrast kinetics, and may consequently form the basis of the characterization of different 
breast lesions. 

This presentation will also include the outlines of novel analysis strategies and the preliminary 
results obtained using the novel technique.
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Structural integrity of wm is essential in providing connections between functionally related brain 
areas. Wm integrity is characterized by fractional anisotropy (FA); a diffusion tensor imaging (DTI) 
derived measure, describing axonal packing density. The combination of T1-weighted anatomical 
imaging and DTI offers a novel, automated way to study wm alterations in-vivo. 

We reconstructed major cortico-cortical pathways. First, we segmented cortical grey and wm re-
gions and used them as regions of interest in selecting tracts of interest from whole brain seed 
tractography. The primary aim was to investigate age and gender effects in wm ageing in a sample 
of 114 healthy elderly. Secondly, we tested the “frontal” hypothesis of cognitive ageing by tract 
parameterisation. 

Age-related wm integrity decline was found in anterior callosal fi bers (ACF), bilateral superior 
cingulum (CS) and right inferior longitudinal fasciculus (rh-ILF). Results of tract parameterisation 
indicated that anterior segments of ACF, middle and posterior parts of CS, and occipital segments 
of rh-ILF were more prone to ageing. Furthermore, tract parameterisation revealed age-related 
integrity decline in splenium.

We showed that integrity declines in ACF, bilateral CS and right-ILF with age regardless of gender. 
The frontal hypothesis of aging was supported only in ACF, indicating that wm ageing does not 
follow a frontal pattern in cingulum and temporal lobe. Additional information on age and gender 
effects was revealed by parameterisation, emphasizing its superiority over “bulky” tract analysis. 
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Encapsulating cytostatic drugs into lipid vesicles, i.e. liposomes, improves both circulation time 
and tumour accumulation. The liposomal doxorubicine (DXR) formulation Caelyx® is today in 
routine clinical use for treatment of various solid tumours. Biodistribution studies, performed dur-
ing development and testing of new liposomal formulations, are commonly performed by quantify-
ing the cytostatic drug in organs by tissue analysis demanding large groups of animals. It would be 
convenient to study the liposomal distribution by a fast and non-invasive technique. Small animal 
fl uorescence imaging can acquire images of animals administered fl uorescence labeled liposomes 
and therefore the fate of the liposomes in the body can be investigated.

The carbocyanine tracer “DiD” will in contact with lipid bilayers spontaneously incorporate into 
the membrane making DiD suitable for labeling liposomes. We tested the method by administer-
ing two DiD-labeled liposomal DXR formulations, the commercially available Caelyx® and a 1,2 
dielaidoyl-sn-glycero-3-phosphocholine (DEPC)-based liposomal formulation, to nude mice bear-
ing human prostate xenografts. Repeated image acquisitions were performed to study the distribu-
tion of the labeled liposomes. Tissue samples from animals were also examined ex vivo for DXR 
and DiD content and these values were correlated with measured fl uorescence obtained during in 
vivo imaging. There was an association between in vivo fl uorescence and actual cytostatic content 
in the tumour suggesting that the method can be used for biodistribution studies of liposomal for-
mulations.   
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The neural anatomy of the brain is structured as networks. These networks work on multiple tem-
poral and spatial scales. Several recent studies of the brain tries to capture the properties of these 
networks by mapping the medical imaging data to a network or a graph. Classical global and local 
measures of graphs may thereby be used to describe properties of the brain data.

An adjacency matrix representation of a graph and its Laplacian form basis for spectral graph anal-
ysis and the study of graph eigenvalues and eigenvectors. An eigenvalue-decomposition of a graph 
may be used to describe connectivity, separability, modularity and other graph properties. Within 
the fi eld of numerical linear algebra, we fi nd a variety of eigenvalue-revealing methods suited for 
different groups of matrices. Combined with graph and network theory, these methods form a basis 
for numerical network measures. In some applications a numerical linear algebra approach to graph 
analysis opens for fast and effi cient analysis of large systems. The PageRank algorithm used by 
Google is a well known example of this.

In this work spectral graph measures are tested on a single fMRI dataset. The used graph represents 
functional connectivity between every voxel in the brain volume. A voxel based graph leads to 
fairly large network size, hence the numerical methods are essential for the effi ciency of the data 
measures. The main discussion is on the spectral properties of the adjacency- and Laplacian ma-
trices. The adjacency matrix has a potential as a basis for centrality measures while the Laplacian 
matrix may be used as a measure of separability.
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Background
Cardiac surgery often involves pericardiotomy. This intervention may possibly alter the regional 
myocardial contraction pattern and therefore the entire deformation of the heart.

Objective
This study investigates whether pericardiotomy affects myocardial systolic deformation.

Methods
15 pigs were anesthetized, tracheotomized and sternotomized. Heart rate and blood pressure were 
monitored. Tissue Doppler images of the anterior myocardial wall of the left ventricle in both 
parasternal short- and long-axis views were recorded before and immediately after pericardiotomy. 
These recordings were later used to calculate peak systolic, end systolic and post systolic radial 
strain in the subepicardial, midmyocardial and subendocardial layers of the anterior wall.

Results
Heart rate decreased after pericardiotomy (104 ± 4 versus 99 ± 4 beats/min, p<0.008 for parasternal 
long axis), while no change was observed in blood preassure. Tissue Doppler imaging measure-
ments were unchanged after pericardiotomy in parasternal short-axis view. In parasternal long-axis 
view, no change during systole was observed. An increase in postsystolic strain in the midmyocar-
dial layer was, however, observed.

Conclusion
Pericardiotomy had no effect on systolic function measured with multilayer Tissue Doppler Imag-
ing.
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Image registration is the task of spatially aligning two images, the input and target image. It is a 
crucial operation in medical image analysis in order to align images within time series, or between 
different image modalities, such as ultrasound (US), PET, CT, DTI-MRI, T1-MRI and fMRI. Mo-
tion artefacts mainly arise from patient movements, breathing and physiological pulsations, but 
also from elastic deformations in the image recording process. If motion correction is not per-
formed, the results from localized physiological assessment can be invalid.

In our work, we have further developed a method for elastic, multimodal image registration based 
on normalized gradients. The alignment is performed by requiring parallel or anti-parallel gradient 
vectors between the input and target image. Using this formulation, we facilitate an alignment both 
between images of the same modality and images from different modalities. Unlike most existing 
methods, the formulation allows dark-to-bright and also bright-to-dark mappings within the same 
pair of images, which is an advantage in many applications.

In particular, DT-MRI images suffer from non-linear distortions that are diffi cult to account for 
using only affi ne (rigid) registration. In a large study of cognitive we have shown that our method 
improves the registration between fractional anisotropy (FA) and T1 anatomy images, even after an 
affi ne registration using FSL’s FLIRT [2]. This enables more reliable measurements and increased 
sensitivity in detecting biological differences of FA values, radial and axial diffusion.
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Most known diseases involve dysregulation of protein activity, making proteomics an important 
fi eld in biomedicine. The p53 protein is central in the response to chemotherapy in Acute My-
eloid Leukemia (AML), and is known to have at least twelve different isoforms and a great many 
modifi cation states. The modifi cations result from multiple cellular signals converging on the p53 
molecule, which then orchestrates multiple outcomes of the cancer treatment according to the com-
binations of incoming signals.

2D gel electrophoresis is a laboratory technique separating proteins both by charge and size, fol-
lowed by fl uorescent imaging of the result. We have previously proposed a pixel-by-pixel cor-
relation technique for 2D gel electrophoresis images, using univariate Spearman statistics. AML 
patient samples analyzed for p53 expression have been shown to correlate with FAB type, a clas-
sifi cation category for patients suffering from AML. In order to further explore the potential of p53 
as a diagnostic biomarker, development of multivariate analysis techniques and accompanying 
visualisations are required. We have developed a solution for allowing the current user-friendly 
image stacking and analysis tool, written in C++, to communicate with the open source biostatisti-
cal programming language R. This will facilitate testing of existing R implementations of other 
correlation methods such as mutual information, partial least squares regression, logistic regression 
and partial Spearman correlations. We here present the technical solution for communicating with 
R and discuss the statistical methods and results visualisation.
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The segmentation of different body parts and organs from medical images constitutes one of the 
main obstacles in developing medical image software. Physiological models often need accurate 
estimations of organ area or volume, and a good segmentation is essential for this. But due to body 
movement, low signal to noise ratio and the large variety in organ shapes experienced in medical 
images, no general solution for the segmentation problem have been found. 

We present an automatic method for 3D kidney segmentation from dynamic contrast enhanced 
MRI datasets. The method consists of two steps. First, we use independent component analysis 
(ICA) to extract the spatial components that show contrast fl ow. This will, in our case, give an 
initial segmentation of the kidneys. This initial segmentation can then be improved on by using a 
special active contour method that is defi ned on localized regions around the contour. 

Applied on pre registered datasets, our method gives promising results and is comparable to semi-
automatic methods.  
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Magnetic Resonance Imaging (MRI) technology holds tremendous promise in the evaluation and 
treatment of cardiac disease. MRI does not involve exposing the patient to ionizing (potentially 
harmful) radiation, as do most non-invasive cardiac imaging techniques. The vessel images gener-
ated by MRI are detailed and precise far more than other cardiac imaging acquisitions.  It is clearly 
technically feasible for MRI to replace and improve on many of the sophisticated imaging tech-
niques that are now routinely performed in cardiology.

This PhD study is carried out at The Intervention Centre which is a part of EU funded project “In-
tegrated Interventional Operating System” (IIIOS) that aims to facilitate the use of MRI and Ultra-
sound Imaging in Interventional Procedures. As a member in the IIOS consortium, the Intervention 
Centre at Oslo University Hospital is responsible for research in Image Guided Cardiovascular 
Procedures using Intra-operative MRI. 

Vessel segmentation plays an important role in image guided cardiovascular procedures. Segmen-
tation of the cardiovascular tree will enable quantitative measurements of vascular morphology 
and will help in catheter tracking approaches. The traditional Hessian-related vesselness fi lters by 
Frangi et al (1998) is still considered to be one of the best method for vessel segmentation. Our ap-
proach is to implement a fast rigid registration method on vesselness images for better positioning 
of the catheters during the surgical procedures.
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Chitosan polysaccharides are interesting non-viral gene delivery vectors due to their low cytox-
icity, versatility, good biocompatibility and transfection rates obtained in vitro. However, their 
ability to carry genes to the cells in vivo might be impaired by extracellular obstacles such as the 
extracellular matrix ECM. Despite the fact that the ECM acts both as an electrostatic bandpass 
regulating the traffi c of molecules to the cells and as a sieve fi ltering diffusing molecules based on 
their molecular weight, to our knowledge, the transport of chitosan-DNA polyplexes in the ECM 
has not been studied. Grafting of hydrophylic and non-charged poly(ethylene glycol) PEG groups 
to primary amines of poly(ethylene imine) PEI, a cationic vector close to chitosan, might help to 
overcome extracellular barriers.

Hence in order to predict more accurately the effi ciency of gene delivery systems based on chito-
san, as well as to understand the infl uence of PEGylation of such systems, we studied the transport 
and stability of PEGylated and non-PEGylated chitosan-plasmid DNA polyplexes into an artifi cial 
matrix based on the two main ECM components: collagen and hyaluronic acid HA. Colocalization 
of chitosan and pDNA on the surface of the gels as well as the ability of polyplexes to diffuse inside 
the gels was estimated by confocal imaging and fl uorescence correlation spectroscopy FCS.

Results show that non-PEGylated chitosan-pDNA polyplexes were trapped into collagen and col-
lagen-HA gels, while PEGylated polyplexes were able to diffuse through both of the matrices. 
Colocalization analysis indicates an increased dissociation of PEGylated polyplexes compared to 
non-PEGylated polyplexes in collagen. This study confi rms the necessity to screen the charge of 
gene delivery systems, and suggest that ECM components such as HA might also act as a shield 
between the polyplexes and the collagen fi bers, implying that using single ECM components in 
solution to predict dissociation might lead to an overestimation of vector unpacking.
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Ultrasound Contrast Agent (UCA) bolus injection causes a 15–36 % increase in measured arterial 
peak systolic velocity (PSV). The effect of UCA continuous infusion on measured PSV has not 
been investigated. Gain reduction during UCA administration may theoretically infl uence mea-
sured PSV, but it has not been investigated in a clinical setting. This study aimed to investigate 
fi rstly, the effect of UCA continuous infusion on arterial PSV measurements assessed by TCD; 
secondly, the infl uence of gain reduction on these measurements. All study subjects had a good 
temporal bone window. The right middle cerebral artery was insonated using a 2-MHz probe se-
cured to patient’s head through a head band. UCA was administered using an infusion pump via 
antecubital fossa venous access. PSV was recorded 1) at baseline; 2) during UCA infusion; and 3) 
during UCA infusion combined with gain reduction. Gain reduction was based on the visualization 
of colour Doppler signal intensity. Gain was reduced until contrast enhanced Doppler signal inten-
sity matched the baseline Doppler signal intensity. Four patients were examined (all male; mean 
age, 45 ± 9 years; age range, 35-55 years). Mean PSV during UCA infusion and no gain reduction 
were signifi cantly higher than baseline PSV (90 ± 23 vs. 81 ± 21 cm/s, p= 0.005). Mean values of 
PSV during UCA infusion and gain reduction were not signifi cantly higher than baseline PSV (81 
± 24 vs. 80 ± 24 cm/s, p= 0.7). UCA infusion do not interfere with measured PSV when combined 
with gain reduction. UCA may increase measured PSV by increasing the back scattered signal from 
the fastest blood fl ow lamina. 
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Combined electrophysiological recording and morphological reconstruction of single neurons can 
be highly valuable for the empirical study and simulation of signal transmission in cells and net-
works (e.g. Oltedal et al. 2009). The traditional manual method of reconstructing the morphology 
of single neurons from 3D stacks of images, e.g. using a Neurolucida system, is both time-consum-
ing (days to weeks) and subject to inter-operator variation. A fast and reliable automated segmenta-
tion method, ideally performed in parallel with the electrophysiological recordings, is therefore of 
considerable interest.

Inspired by previous work (e.g. Cuntz et al. 2010) we are developing an automated algorithm for 
removing the imaged pipette and reconstructing correct geometries of tree-structured neurons us-
ing mathematical morphology, skeletonization and graph theory. Neurons can be categorized as 
branching tubular structures, and the image processing techniques that can be applied have simi-
larities to previous work we have done on bowel segmentation (Losnegård et al. 2010). Software 
tools (e.g. Neuron - www.neuron.yale.edu/neuron) can be used to model and simulate signal trans-
mission in neurons using realistic cell geometries. Simulation results for experimentally recorded 
data can therefore be critically dependent on segmentation accuracy. In this project we will use 
electrophysiological simulations to assess the effect of local and global cell segmentation proper-
ties such as branching points, dendritic diameters, etc. and compare output from our segmentation 
algorithm with that obtained with other tools and methods that are regarded as state-of-the-art in 
the fi eld (Trees, CellProfi ler, Tree2tree).
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Background
Signifi cant gender differences in angiographic severity of coronary artery disease in patients with 
non-ST-elevation myocardial infarction (NSTEMI) has been demonstrated. However, less is known 
about gender differences in the extent of myocardial hypoperfusion by contrast echocardiography.  

Methods
We assessed segmental myocardial wall motion and perfusion by contrast echocardiography in 110 
patients (34 women and 76 men) with NSTEMI prior to scheduled coronary angiography. Number 
of hypoperfused segments using a 17 segment left ventricular model was compared to angiographic 
coronary artery disease by quantitative coronary angiography (QCA).

Results
Age (70±12 vs. 66±12 years), troponin T level (0.53±0.66 vs. 0.75±1.32 μg/l), Thrombolysis In 
Myocardial Infarction (TIMI) risk score (3.2±1.4 vs. 3.5±1.4), left ventricular ejection fraction 
(58±12 vs. 55±11 %), diabetes (21 vs. 18%) and hypertension (44 vs 45 %, all ns) did not differ 
between women and men in the study. However, proportionally more women were ≥65 years of 
age (74% vs. 51%, p<0.05). More women had angiographically normal coronary arteries and fewer 
women had multivessel disease (both p<0.05) (Table). However, neither the number of segments 
with wall motion abnormality nor the number of segments with hypoperfusion by contrast echocar-
diography differed between genders (Table).

Conclusion
Compared to men, women with NSTEMI had angiographically less severe coronary artery disease, 
but similar extent of myocardial hypoperfusion by contrast echocardiography. These fi ndings sug-
gest that microvascular disease may be more common in women than in men with NSTEMI. 

Table
Women
(n = 34)

Men
(n = 76)

No signifi cant stenosis by QCA (%) 27* 9

Multivessel disease by QCA (%) 35* 57

Wall motion abnormality (LV segments) 4.1 ± 0.7 3.5 ± 0.4

Hypoperfusion (LV segments) 7.0 ± 3.7 7.3 ± 3.4
* p<0.05 compared to men 
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Registration of MRI brain images still belongs to one of the major research topics in neuroimag-
ing. There are many registration approaches with different robustness and accuracy [1]. Current 
methodologies are often based on a affi ne pre-registration followed by a non-parametric registra-
tion method usually based on Demon or Elastic regularizations [2]. However the choice of pre-
registration method is very important step in the whole registration process.

In this paper we present a pre-registration method based on combination of fast rigid registration 
and local matching fi ltering, which determines a rough deformable displacement fi eld. This ap-
proach provides a better initial step for the following nonparametric registration. Our approach is 
based on searching for the best translation in each point of the defi ned grid in a specifi ed search 
extent, evaluated by a cosine similarity function [3]. The spatial disparities, i.e. translation of cor-
responding voxels, may be imprecise due to falsely found correspondences. To reduce this defect 
the determined displacement fi eld is fi ltered by a Peak and Valley fi lter [4] followed by a Gaussian 
fi lter, where the disparities between nodal points of the grid are interpolated linearly. This type of 
fi ltering ensures the continuity of the fi nal displacement fi eld and improve registration result as 
assessed in T1-weighted 3D MRI data recorded 3 years apart from 10 subject participation in a 
Cognitive Aging project.
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Perfusion imaging is important for diagnosis and treatment monitoring of ischemic and oncology 
diseases. Image sequences following an intravenous contrast agent administration are acquired 
and processed to estimate perfusion parameters such as the mean transit time or blood volume in 
desired regions. In this work a Matlab-based software package for perfusion imaging is presented. 
It is run with a graphical user interface (GUI) and includes fi ve main steps of perfusion analysis. 
In the fi rst step, data are imported from various DICOM image formats and converted to our cus-
tom Matlab format. Registration, the second step, is used to compensate for motion of the patient 
and/or probe within the tommographic plane. Manual or automatic (based on mutual information) 
registration can be chosen. In the automatic registration module parallel computing is used for op-
timization of the computing time. The third step contains tools for user-defi ned selections of tissue 
regions for analysis. The output of this step are signals for several regions of interest or for one 
larger area which is subdivided to many small areas. The next step is the perfusion analysis based 
on parametric multichannel deconvolution. The fi nal step is used for automatic image fusion to 
display the perfusionparameter maps in the desired regions.

This software has been used for analysis of abdominal ultrasound sequences. It is modular and 
each module can be easily modifi ed for various methods as well as different image modalities for 
example magnetic resonance imaging.
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The aim of this study is to develop an imaging strategy for acute myeloid leukemia (AML) in a 
xenograft animal model employing near infrared (NIR) labeled monoclonal antibodies.

AML is a heterogeneous group of diseases, characterized by over 200 recurrent chromosomal 
mutations, resulting in a block in differentiation and a clonal proliferation of myeloid progenitors. 
This leads to differences in clinical features, response to therapy, and prognosis. The average age 
of incidence is 60-65 years, and survival rates are poor, <30 %. Development of novel targeted 
therapeutics requires more relevant preclinical models and disease defi nition. Optical imaging 
serves the purpose of spatio-temporal monitoring of disease progression in mice, permitting better 
characterization of disease load and thus therapeutic effect of potential drug candidates. However, 
evaluation of several AML models via optical imaging requires contrast reagents that can iden-
tify leukemic populations in different xenograft models. Generation of cell lines transduced with 
fl uorescent proteins like GFP/luciferase+ is time consuming, and exhibits limitations due to tissue 
autofl ourescence and low light emission in AML cell lines. Thus, the use of contrast reagent(s) that 
could identify several cell lines or subsets of cells would be optimal. Here we propose the use of 
monoclonal antibodies labeled with NIR dyes as contrast reagents for AML.  

Leukemic myeloid cells are defi ned by well-characterized epitopes such as CD45, CD13, HLA 
ABC and CD33. The NIR dye Alexa 680 was conjugated to these monoclonal antibodies and using 
a time-domain optical imaging system we could detect and quantify cell numbers in different xeno-
graft models of AML, including cells from AML patients. By multiplexing specifi c combinations 
and quantities of monoclonal antibodies limits of detection were increased.

The use of labeled monoclonal antibodies provides a powerful method of; multiple AML disease 
detection and, in combination with lifetime gating, disease quantifi cation in preclinical xenograft 
models. 
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Subtle impairments in attention after traumatic brain injury (TBI) can cause problems for return-
ing successfully to everyday activities, including work and/or education. The TBI survivor may 
face diffi culties even if performance on standard tests of attention is within normal range. In the 
present study we evaluated the use of fMRI to assess sustained attention and confl ict processing 
using a modifi ed continuous performance test (CPT) in chronic TBI survivors and healthy controls. 
The aim of the study was to evaluate the potential of fMRI for detection of differences in brain 
activation in TBI survivors compared to controls when performance was similar. The present study 
included 30 chronic moderate-severe TBI survivors ( > 1 year since injury, 35.1 ± 15.7 years old, 
admission Glasgow Coma Scale score 3-13, median 8) and 27 healthy controls (37.7 ± 11.8 years 
old) investigated with fMRI, as part of a larger prospective follow-up study. BOLD fMRI was per-
formed on a Siemens Trio 3T scanner. The CPT task was a mixed block- and event-related fMRI 
design, and consisted of 480 trials with 10% non-targets. Participants were instructed to press a 
response button as fast as possible when a target letter (A-Z) appeared on the screen and to with-
hold response if a non-target (X) appeared. Imaging data were analyzed using the FMRIB Software 
Library. There were no statistically signifi cant differences between the two groups with regard to 
omission- and commission errors, reaction time or reaction time variability. Event-related fMRI 
analysis (cluster thresholded Z > 2.3, corrected, p = 0.05) revealed that TBI survivors had increased 
activation during confl ict processing (X > A-Z) compared to healthy controls. Local maxima were 
in the anterior cingulate cortex, paracingulate gyrus and superior frontal gyrus. Cluster thresholded 
block analysis (A-Z + X > fi xation) revealed no statistically signifi cant differences between the two 
groups. However, uncorrected results (p = 0.05) demonstrated decreased brain activity in parietal 
midline structures and in ventral visual stream in TBI survivors compared to controls. In summary, 
TBI patients recruited extra neural resources related to confl ict processing, while there was a trend 
towards decreased activity during sustained attention. Thus, fMRI can detect differences in activa-
tion between patients and controls even at similar performance level, and may hence be a possible 
tool for guidance of rehabilitation strategies to be applied. Future work will focus on how results 
from this fMRI paradigm may vary between different subgroups of TBI survivors and how they are 
related to other advanced imaging modalities, EEG and clinical parameters.
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The involvements of speech production networks have repeatedly been reported in imaging stud-
ies to be activated also during speech perception. However, the complexity of the stimulus, tasks 
and instructions given to participants vary to a great extent between these studies. This fMRI study 
investigated the effect of instruction on the involved networks by presenting the same stimuli in 
three consecutive sessions with different instructions. The stimuli consisted of ambiguous sounds 
that were spectral mixes of phonetic (vowels) and non-phonetic sounds (music instrument sounds). 
In the fi rst session the participants were given a task unrelated to the stimulus categories. Prior to 
the second session participants were told that a trumpet sounds was mixed into some of the sounds. 
Prior to the third session the participants were informed that a vowel was mixed into some of the 
sounds. However, in all three sessions, the participants always heard the exact same sounds. The 
results revealed activations in superior temporal sulcus and planum temporale in all sessions. In 
sessions two and three, additional activations were seen in Broca’s area, primary motor cortex, 
premotor cortex, supplementary motor cortex, and inferior parietal lobule. Instructions modulated 
the activation in superior temporal sulcus and planum temporale more when non- phonetic stimuli 
were presented, compared to stimuli with phonetic content, where a more extended activation pat-
tern was observed throughout all sessions. These results highlight the importance of contextual 
aspects such as information given to the participant when drawing conclusions about speech pro-
duction networks in studies on speech perception.
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Functional magnetic resonance imaging (fMRI) is based on convolving the blood oxygen level 
dependent signal changes with standardized models of the hemodynamic response (HDR). HDR 
is known to be infl uenced by neurological disorders. The effect of traumatic brain injury (TBI) on 
HDR is unknown.

Ten severe TBI survivors (TBIS; 27 ± 1.7 yr; 4.4 ± 0.5 yr post-TBI) and 9 matched controls under-
went fMRI whilst presented with visual stimuli lasting 700 ms. Subjects were instructed to press a 
button each time stimuli were presented. Diffusion tensor images were acquired.

FSL was used for region of interest (ROI) analyses in V1 and V2. BOLD signal changes for each 
subject was estimated from temporally fi ltered, spatially smoothed, normalized fMRI time series 
from the ROI. The data were interpolated at TR/20 s and the following parameters extracted: height, 
time-to-peak, rise rate, width and area under the curve. A mixed-model random effects analysis of 
between group differences of BOLD response was performed. Optical tracts were identifi ed from 
the DTI scans using diffusion tensor tractography. Fractional anisotropy (FA) and apparent diffu-
sion coeffi cient (ADC) were calculated.

TBIS were signifi cantly slower to respond to visual stimuli (427 ± 6 ms) than controls (394 ± 4 ms) 
with lower accuracy (76% cf. 92%). HDR curves for TBIS and controls were transposable with no 
differences in any of the parameters. TBIS had signifi cantly reduced FA. In controls there was a 
signifi cant correlation between the strength of ROI neuronal activation and FA (R2=0.52, p=0.04) 
but not in TBIS (R2=0.29, p=0.16). There was no correlation between FA and size of activation. 
Between group contrast showed TBIS had greater activation in V2 during visual stimulation than 
controls.

Severe TBI with signifi cant changes in FA indicating axonal injury does not affect HDR. TBIS 
have additional activity in V2, perhaps refl ecting local processing changes.
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Background
Cardiovascular diseases are the single most common cause of death in  the EU. Its highly incidence 
causes a signifi cant economical impact on the European health care system. To treat this class of 
diseases, minimally invasive procedures and catheter procedures take special importance extend-
ing the range of patients able to receive the treatment and improving the patient safety. 

Purpose
SCATh is aimed to create a platform  for the improvement of the safety, repeatability and preci-
sion of catheter-based interventional treatments in A) positioning of endovascular grafts, B) tran-
scatheter aortic valve replacement, C) positioning and deployment of  endoclamp balloon, and D) 
percutaneous radio-frequency catheter ablation for atrial fi brillation treatment. 

Methods
SCATh will integrate different advances beyond the state-of-art of 1) real-time sensing by reduc-
ing and eventually omitting classical undesirable imaging technologies like X-Ray angiography, 
combining different sensor modalities for creating precise morphologic maps and restricting the 
shearing and puncturing of the vessels by the catheter (thus improving the patient safety), 2) geo-
metrical modelling of aorta and atrium by providing more robust and accurate segmentation meth-
ods, parameterizing the physical space of the lumen and  detecting weakness of aortic and  lumen 
walls, 3) mechanical modelling of cardiovascular system by performing soft tissue experiment to 
correlate patient factors with material behaviors, 4) physiological sensing by integrating physi-
ological parameters in the control of the platform, 5) real time modelling by using intravascular 
scanning, thus allowing to safely navigate through the patient’s anatomy without prolonged ex-
posure to X-Ray radiation, and 6) automation/semiautomation for catheterization by providing 
haptic feedback as well as supervisory control to guarantee safe navigation and manipulation of the 
interaction forces.
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Background
Diagnostic ultrasound is considered safe in pregnancy and a valuable tool in modern obstetrics [1]. 
Several studies in humans have shown no consistent adverse effects [2]. These studies were done 
between 1977 and 1992, and in 1997 the permitted maximal output energy was increased. A recent 
animal study has shown effects on fetal neural development indicating that diagnostic ultrasound 
exposure may have adverse biological effect in pregnancy [3]. Here we test the hypothesis that it is 
possible to achieve measurements with reduced ultrasound energy exposure compared to currently 
used settings without compromising the results.

Methods
We recruited 40 low-risk pregnancies for an ultrasound examination including 2D, colour Doppler 
and pulsed Doppler at 12 weeks gestation. Half of the participants were examined transvaginally, 
the other half transabdominally. We measured commonly used clinical parameters at three different 
energy levels: Thermal Index 1.0 (currently recommended upper limit), 0.5 and 0.1.

Results
The 2D fetometric measurements showed no statistically signifi cant trend with decreasing output 
energy. There was a signifi cant trend towards higher pulsatility index with decreasing energy in 
four of the fi ve vessels studied. In two vessels there was a signifi cant trend towards higher peak 
systolic velocities with higher output energy. The differences were small, ranging from 2.0 to 4.2 
%, and clinically negligible. There was no consistent trend towards more parameter variance with 
decreasing output energy.

Conclusion
It is possible to achieve measurements with reduced ultrasound energy exposure compared to cur-
rently used settings without compromising the clinical results.
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Marching Cubes(MC)[1] is an algorithm for extracting a 3D surface from a set of sampled scalars. 
The algorithm is used extensively for visualizing and analyzing medical and seismic data from mo-
dalities like CT and MR, often after a 3D segmentation of the interesting structures is performed. 
Traditional serial implementations of MC using CPUs are slow, using several seconds (even min-
utes) to return the surface representation and send it to the Graphics Processing Unit (GPU) for 
rendering. MC is a completely data-parallel algorithm. Each cube in the grid can be calculated 
independently of the other cubes, hence well suited for running on GPUs [2]. Analysis of medical 
image data usually means changing different parameters. Running a serial MC several times results 
in a lot of waiting. A real-time implementation enables one to see the effects immediately.

Our implementation of MC uses OpenCL to execute the algorithm and render the results on GPUs 
found in commodity graphics cards. The calculations and rendering are all done on the GPU, 
which enables real-time extraction and visualization of the iso-surfaces returned by MC. This is 
achieved by using Histogram Pyramids[3], a data structure for stream compaction and expansion, 
and OpenCL’s interoperability capabilities with OpenGL, an industry-standard graphics API. Our 
OpenCL implementation is well-structured and hence should allow others to easily incorporate it 
into existing implementations. It allows for surface extraction and rendering of a 256^3 aneurysm 
dataset to be performed in 10ms using a standard graphics card.
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Computer-generated visualizations have been widely used in biology to represent and communi-
cate ideas on biological processes. However, with the advance of imaging and simulation tech-
nologies in biology, researchers are faced with multi-scale, dynamic datasets that contain high 
multi-modalities. These conventional, non-interactive visualizations of such datasets fail to provide 
deeper insights into biological processes. Interactive visual analysis techniques, which combines 
the perceptual capabilities of humans with the computational power of computers, are valuable 
mechanisms to analyze and understand these complex datasets. 

In this study, we propose a framework which provides an interactive visual cluster analysis of 
molecular dynamics (MD) simulations of lipid bilayers. We introduce interactive views which en-
hance cluster analysis on such simulation results. This analysis provides an elaborate interpretation 
of group structures in lipid bilayers.

MD simulations are utilized as powerful tools to describe the atomic structure and dynamics of 
lipid bilayers, since detailed structural data of the most biologically relevant phases is diffi cult to 
obtain experimentally. In particular mixtures containing more than one lipid type have been studied 
in order to understand how different lipid types cluster together and can lead to inhomogeneity in 
biological membranes. Unfortunately, data generated by MD simulations can be rather tedious to 
analyze. In our project, we show how our framework proves to be highly benefi cial for lipid clus-
tering analysis of MD data. As a result, the proposed techniques lead to a better understanding of 
the underlying relations which govern certain biological processes.
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Background and aims
Encephalopathic syndromes caused by mutations of the mitochondrial DNA-polymerase gamma 
(POLG) range in severity and clinical presentation from fatal infantile hepato-encephalopathy to 
juvenile/adult-onset mitochondrial spinocerebellar ataxia and epilepsy (MSCAE). These condi-
tions are often associated with acute episodes of rapid neurological deterioration and the devel-
opment of acute cerebral lesions. The aim of this study was to investigate the pathogenesis, ana-
tomical distribution and natural evolution of central nervous system lesions in POLG-associated 
encephalopathy. 

Methods
We studied 112 magnetic resonance tomographies (MRI) and 11 computed tomographies (CT) 
from 32 patients with POLG-encephalopathy, including multiple serial examinations performed 
both during chronic and acute phases of the disease. Magnetic resonance spectroscopy and serial 
diffusion weighted studies were performed in several cases and imaging data were correlated with 
electroencephalography and post-mortem studies where available.

Results and conclusions 
We show that MRI has high sensitivity in POLG-encephalopathies and can identify patterns that are 
specifi c for individual syndromes. MSCAE is characterised by progressive cerebral and cerebellar 
atrophy together with focal lesions of the thalamus, deep cerebellar structures and medulla oblon-
gata. During acute episodes, both infantile and later onset encephalopathies, show similar pictures 
with progressive cortical stroke-like lesions. These lesions can occur with or without concurrent 
epileptic activity, and have diffusion, spectroscopic and histological profi les strongly suggestive 
of neuronal energy failure. We suggest that both infantile and later onset POLG-encephalopathies 
are part of a pathophysiological continuum, where cellular energy failure caused by mitochondrial 
dysfunction plays a key role.
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New methods for localizing brain activity with magnetic resonance 
imaging
Emilie Vallee1, Asta Håberg1

1Department of circulation and medical imaging, NTNU, Norway

Blood-oxygen-level-dependent functional magnetic resonance imaging (BOLD fMRI) is the most 
frequently used non-invasive method for localizing brain activity in vivo with good spatial and 
fair temporal resolution. This technique measures changes in blood oxygenation levels secondary 
to neuronal activity. It is shown in a number of studies that fMRI has clinical potential. However, 
for major clinical benefi t further improvements of the method and technology are necessary. Also 
some new potential applications are not possible with the current technology level.

A new method, called diffusion-weighted fMRI has been suggested by Professor LeBihan and col-
leagues to depict actual neuronal activity. The changes in diffusion properties in the grey matter 
is proposed to depict neuronal swelling caused by the obligatory water infl ux concomitant to Na+ 
infl ux during neuronal activation. Their results show that the diffusion changes occur earlier than 
the BOLD changes, which is taken as evidence for the signal changes originating in the neuronal 
rather than the vascular compartment. Diffusion weighted fMRI signal changes may thus represent 
a direct measurement of neuronal activity, with a large innovation potential.

The main goal of this project started in autumn 2010 is to perform research on new fMRI methods 
and technology that will reduce physiological noise in images, improve spatial resolution, mini-
mize image artifacts and implement diffusion weighted fMRI. One issue that needs to be resolved 
is to increase the signal to noise ratio in fMRI, which is mainly degraded by physiological noise 
from the subjects being scanned. Then we need to develop high resolution fMRI protocols, with 
spatial resolution of ~1 mm. The initial goal of this project was to reproduce and extend diffusion 
fMRI. The preliminary results are in line with LeBihans and colleagues results, showing steeper 
signal increase in diffusion compared to BOLD fMRI. The aim is to investigate the properties of 
diffusion fMRI as a possible tool for more accurate brain activity delineation which is of impor-
tance for detailed studies of brain activity.
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White matter integrity changes in healthy aging - A longitudinal study 
using multimodal MRI
Alexandra Vik1,2, Haász J.2,5, Hodneland E.2,3, Anderlik C.6, Ystad M.2, Westlye 
ET.2, Adolfsdottir S.1, Lundervold AJ.1, Lundervold A.2,4  

1 Department of Biological and Medical Psychology,University of Bergen (UiB), Bergen, Norway
2 Department of Biomedicine, University of Bergen (UiB), Bergen, Norway
3 Department of Mathematics, University of Bergen (UiB), Norway
4 Department of Radiology, Haukeland University Hospital, Bergen, Norway
5 Department of Neurology, Haukeland University Hospital, Bergen, Norway
6 Parallab, Bergen Center for Computational Science, Uni Research Bergen, Norway

Normal aging has been associated with changes in brain morphometry and loss of white matter 
(WM) integrity. Previous cross-sectional studies demonstrate that such changes may follow an “an-
terior posterior gradient” distribution of FA decline with age. In this longitudinal study, consisting 
of 81 healthy elderly subjects (49 – 80 yrs), multimodal magnetic resonance (MR) imaging data 
(3D T1-weighted, Diffusion tensor imaging (DTI)) were collected, at two examinations, three years 
apart. DTI was acquired to examine age-related changes in WM fi ber tracts. The 3D T1-weighted 
images were cortically reconstructed and volumetric segmentation was preformed using Freesurfer. 
Diffusion Toolkit and TrackVis was used to calculate region- and tract-based fractional anisotropy 
(FA), apparent diffusion coeffi cient (ADC), axial diffusivity (AD)  and radial diffusivity (RD) – all 
markers of WM integrity. Preliminary results support the assumption that WM integrity decline is 
more pronounced in some of the long association fi bers (left inferior longitudinal fasciculus (ILF), 
left uncinate fasciculus (UF)), the anterior thalamic radiation (ATR) and callosal fi bers compared 
to projection fi bers (corticospinal tract (CST)). These results indicate that age-related change in 
WM structure can be detected in a relative short follow-up period of three years. Further work will 
explore FA values along the fi ber tracts in order to investigate the “superior-inferior” gradient and 
to better clarify which fi bers the “anterior-posterior” gradient hypotheses will be valid for. The 
contribution from this longitudinal, multimodal study, is important for revealing biomarkers that 
may improve understanding of the aging processes and how to distinguish healthy individuals from 
those with impending disease. 
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