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Foreword

MedViz is a formalized R&D co-operation between Helse Bergen, Christan Michelsen 
Research and University of Bergen to develop a research environment of the highest 
quality within medical image acquisition, analysis and visualization. A signed  
consortium agreement from 2009 defines the cooperation. The ultimate goal for MedViz 
is to improve diagnostics and treatment of patients. MedViz wish to create a strong chain 
from basic research and education programs within several fields where new technology 
will be implemented in clinical practice. The goal will be fulfilled through a tight  
con vergence between physicians, professors, scientists, engineers and students in the 
MedViz con sortium, from Helse Bergen, from Faculty of Medicine and Dentistry and  
Faculty of Mathematics and Natural Sciences, represented by several institutes at  
University of Bergen and from Christian Michelsen Research. MedViz has also  
established closer communication with companies in the medical sector, like  
Nordic Neuro Lab, Phoenix Solutions, GE Vingmed and GE Global Research.  
Through extended cross-sectional cooperation and co-ordination of resources  
MedViz has ambitions to bring R&D within medical image acquisition,  
analysis and visualization in Bergen towards peak international level. 

The annual report gives an overview over MedViz activities in 2014. In the present  
Results chapter, we have taken the opportunity to present some of our active members, 
namely Dr. Kim Nylund, Ms. Pina Kingman, Dr. Erlend Hodneland, Dr. Birgitte Berentsen, 
Dr. Roald Flesland Havre, Dr. Veronika Šoltészová and Dr. Spiros Kotopoulis.

We hope you enjoy it. 

Professor MD Jarle Rørvik Professor MD Odd Helge Gilja Professor Ragnar Nortvedt

Chairman of the Board Scientific Director Program Manager
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The organisation

MedViz is owned by University of Bergen, Helse Bergen and Christian Michelsen Research.  

MedViz projects no. 3, 6 and 11 are continued as lighthouse projects in the period 2014–2016.

Lighthouse projects

MedViz Lighthouse Project - Multimodal imaging and ultrasound microbubble drug  
delivery in targeted cancer therapy, managed by Professor and Chief physician  
Bjørn Tore Gjertsen, Clinical Research unit, Section for research and innovation,  
Haukeland University Hospital and Clinical Department K2, University of Bergen.

MedViz Lighthouse Project - Image-based quantitative assessment on abdominal organ 
function, managed by Professor and Chief physician Jarle T. Rørvik, Department of  
Radiology, Haukeland University Hospital and Clinical Department K1,  
University of Bergen.

MedViz Lighthouse Project - Model-supported data visualization to improve the  
diagnosis process, managed by Professor Helwig Hauser, The Visualization Group,  
Department of Informatics, University of Bergen.
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MedViz activities in 2014 

MedViz have shown an even flow of activities all year around, still facing a more  
intensive period before and under the common annual (the 8th) conference at Grand  
Terminus Hotel in June, this time in close co-operation with the research school MedIm. 
The social part of the arrangement was organized on board the sail ship Statsraad  
Lehmkuhl, a 3-mastered barque, build in 1914 (100 years anniversary).

 
The sailing ship Statsraad Lehmkuhl sailing with MedViz all sails set.

The Board has arranged two Board meetings (07.01 and 01.04) and the Management 
Team has arranged 11 Management meetings in 2014. MedViz moved to new facilities  
in Møllendalsbakken 7 (5th floor) rented from Section for E-Health in Helse Bergen.  
We have the use of two offices and free access to all meeting room facilities, kitchen and 
rest rooms. The facilities are named MedViz Incubator. MedViz have had a predictable 
economic operation in 2014.

MedViz Incubator in Møllendalsbakken 7.
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Results

The present chapter is devoted to describe a summary of results from the three light-
house projects. Some extra spice is added by presenting a few of our active members in 
the different projects.

MedViz Lighthouse Project - Multimodal imaging and ultrasound  
microbubble drug delivery in targeted cancer therapy

The project is managed by Professor and Chief physician Bjørn Tore Gjertsen, 
Clinical Research unit, Section for research and innovation, Haukeland University 
Hospital and Clinical Department K2, University of Bergen.

Background
Pancreatic cancer is the fourth leading cause of cancer-related death in Europe and exhib-
its an overall survival rate of less than 4% [1]. Pancreatic Ductal Adenocarcinoma (PDAC) 
represents more than 90% of all malignant pancreatic tumors, and the conventional ther-
apy today considered most effective is the use of chemotherapeutic Gemcitabine. How-
ever, although improving median survival with months at best, Gemcitabine contributes 
primarily in palliative care rather than overall survival. Investigation in alternative treat-
ment is therefore crucial and currently includes Gene-directed enzyme prodrug thera-
py (GDEPT) [2]the establishment of such novel treatment regimes to combat pancreatic 
cancer requires defined and robust animal model systems.\\n\\nMETHODS: Here, we 
comprehensively compared six human pancreatic cancer cell lines (PaCa-44, PANC-1, MIA 
PaCa-2, Hs-766T, Capan-2, and BxPc-3. GDEPT is a two-step process. Initially non-mam-
malian genes are delivered to malignant tissue, e.g., tumours. Subsequently, a non-toxic 
prodrug is systemically introduced. When up taken but the gene-modified cells, the prod-
rug is converted into a potent cytostatic agent [2]the establishment of such novel treat-
ment regimes to combat pancreatic cancer requires defined and robust animal model 
systems.\\n\\nMETHODS: Here, we comprehensively compared six human pancreatic 
cancer cell lines (PaCa-44, PANC-1, MIA PaCa-2, Hs-766T, Capan-2, and BxPc-3. 

Nevertheless, whilst showing promising results in clinical trials, GDEPT applications are 
often impeded by low gene transfer efficiency, and lack of imaging modalities to visu-
alize efficacy. In addition to these factors there are potential risks of insertional mu-
tagenesis when using viral vectors. Subsequently, exploring alternative modes of DNA 
transfer available for translational imaging may improve both efficiency and therapeutic 
outcome. 

Nitroreductase (NTR) is an enzyme naturally found in many bacteria. It reduces nitro-ar-
omatic compounds in the presence of NAD(P)H. The most frequently used enzyme in 
NTR GDEPT is encoded by the gene nfsB from E.coli [3]. By a 2 e- reduction of –NO2 to 
–NHOH (hydroxylamine) the metabolization of its substrates provide an efficient chemi-
cal “switch”, which has been seen in NTR/CB1954 application. Testing of this system has 
reached phase I/II clinical trial where safety and tolerability was studied in patients with 
localized prostate cancer [4]. Prostate-specific antigen (PSA) level was used as a mark-
er for disease burden and response to treatment. With some promising results implying 
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lessened tumor burden in some patients, the study concluded that further development 
of the system was warranted such as improved viral delivery and optimization of either 
the prodrug or catalytic core of NTR. Attempts to optimize nitroreductase have previously 
been performed to achieve higher turn-over rate of prodrug CB1954. The nfsB gene from 
E. coli has been used to synthesize a codon-optimized version, NTRo, where the codons 
were subjected to silent mutations in order to change the codon usage to mammalian 
preference [5]4-dinitrobenzamide (NTR/CB1954. This study showed that cells express-
ing NTRo showed 10 times more sensitivity to CB1954 than cells expressing the wild-
type nitroreductase.

Microbubbles have been used as contrast agents in order to increase signal-to-noise ratio 
of blood when ultrasound is applied. In an acoustic field the microbubbles will oscillate 
in a way that forms small pores in the surrounding cell membranes; otherwise known as 
sonoporation. This allows for increased intracellular uptake of drugs or genes [6] 

To combat the current limitations and drawbacks of gene and drug delivery we pro-
pose using sonoporation in conjunction with novel microbubbles to improve DNA de-
livery in nitroreductase-based GDEPT applications. 

In this project we aim to increase DNA delivery of nitroreductase in patient derived xeno-
graft models of pancreatic cancer achieving higher expression of NTR. A multimodal im-
aging strategy will be employed in in vivo xenografted models to evaluate the significance 
of this novel GDEPT approach in pancreatic cancer. 

Experimental approach
In vitro work will be based on the pancreatic adenocarcinoma cell line MIA PaCa-2 (ATCC® 
CRL-1420™). Cells will be grown in Petaka G3 closed culture chambers. To induce sonop-
oration, our custom in-house ultrasound treatment chamber will be used. Plasmid DNA 
encoding NTRo will together with microbubbles (SonoVue®, Sonazoid®, or Optison™) be 
administered to the cell medium prior to ultrasound. Recovered cells can be validated for 
NTRo expression based on incubation of CytoCy5S. Reduction of the nitro containing aryl 
groups of CytoCy5S allows for near infrared fluorescence when cell are excited and quan-
tified using flow cytometry. The DNA transfer efficiency will then be optimized by varying 
DNA load, microbubble type-and concentration, and acoustic conditions. 

The most promising conditions translated to in vivo experiments. Xenografted subcutane-
ous and orthotopic models based on the MIA PaCa-2 cell line will be used. Tumors will be 
co-injected with plasmid NTRo DNA and microbubbles, and susequently sonoporated for 
a period of 10 minutes. Following treatment, mice will be optically imaged with CytoCy5S 
and caged luciferin on a daily basis to evaluate the efficacy gene delivery. PET/CT imaging 
will be performed to validate the results. Similarly, sonoporated tumors and liver tissues 
will be harvested and samples analyzed for NTRo expression in vitro by immunohisto-
chemistry (anti-NTR monoclonal antibodies) and PCR.

These results will validate if the in vitro results translate to effective gene delivery in vivo. 

Following optimization of sonoporation conditions, tumors will be sonoporated with 
NTRo and GDEPT will ensue with treatment of CB1954, with efficacy determined by 
multi modal imaging (bioluminescence, fluorescence, ultrasound and PET/CT). 
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The final step will be to translate this work into patient derived xenograft models. Primary 
patient samples of pancreatic adenocarcinoma will be orthotopically transplanted into 
the pancreas of irradiated (2.5 Gy) NSG mice. Following successful engraftment, tumours 
will be recovered, samples kept for histopathological examination and repassaged in NSG 
mice to generate patient “avatars”. Subsequently, when avatar mice generate detectable 
tumors (ultrasound imaging, 3D Doppler) they will be anesthetized, and will be treated 
using the optimal conditions previously developed. 

Initiation and Duration
This project has already been initiated and is currently in the “in vitro” phase. Condition 
evaluation and optimization is expected to initiate in Q1 2015. In vivo phase is expected 
to initiate Q4 2015.

The estimated duration of this project is 3 Years. 
 
Outcomes
The results from this project will be disseminated in national and international confer-
ences. It is estimated a minimum of 3 peer-reviewed publications will be submitted in 
high impact papers.

Financing
The annual amount of 400 000 NOK has been allocated per year for 3 years. The majority 
of this funding will be used to finance a technician to perform the essential tasks. At this 
current state the technician is Mr. Endre Stigen (MSc). Technician is hired under payscale 
47 at K2 (UiB). The following table indicated the use of the allocated funds. Technician 
will apply for PhD in 2015, to be initiated 2016. In 2016, funds will be used for technical 
support.

Year 2014 2015 2016

Allocated sum 400 000 654 442 400 000

Used
Wage 145 558* 602 609 0
Consumables 0 51 833 400 000

Remainder 254 442 0 0
* Wage for 3 months (01/10/14 – 31/12/14)

1. Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statistics, 2000. CA: a cancer 
journal for clinicians. 2000[1] R. T. Greenlee, T. Murray, S. Bolden, and P. A.  
Wingo, “Cancer statistics, 2000,” CA Cancer J Clin, vol. 50, no. 1, pp. 7–33, 2000.

[2] J. Hlavaty, H. Petznek, H. Holzmüller, A. Url, G. Jandl, A. Berger, B. Salmons, W. H. 
Günzburg, and M. Renner, “Evaluation of a gene-directed enzyme-product therapy 
(GDEPT) in human pancreatic tumor cells and their use as in vivo models for  
pancreatic cancer,” PLoS One, vol. 7, 2012.
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[3] G. A. Prosser, J. N. Copp, S. P. Syddall, E. M. Williams, J. B. Smaill, W. R. Wilson, A. V. 
Patterson, and D. F. Ackerley, “Discovery and evaluation of Escherichia coli  
nitroreductases that activate the anti-cancer prodrug CB1954,” Biochem.  
Pharmacol., vol. 79, pp. 678–687, 2010.

[4] P. Patel, J. G. Young, V. Mautner, D. Ashdown, S. Bonney, R. G. Pineda, S. I. Collins, 
P. F. Searle, D. Hull, E. Peers, J. Chester, D. M. Wallace, A. Doherty, H. Leung, L. S. 
Young, and N. D. James, “A phase I/II clinical trial in localized prostate cancer of 
an adenovirus expressing nitroreductase with CB1954 [correction of CB1984].,” 
Mol. Ther., vol. 17, no. 7, pp. 1292–9, Jul. 2009.

[5] M. Grohmann, N. Paulmann, S. Fleischhauer, J. Vowinckel, J. Priller, and D. J. 
Walther, “A mammalianized synthetic nitroreductase gene for high-level expres-
sion.,” BMC Cancer, vol. 9, p. 301, 2009.

[6] S. Kotopoulis, A. Delalande, M. Popa, V. Mamaeva, G. Dimcevski, O. H. Gilja,  
M. Postema, B. T. Gjertsen, and E. McCormack, “Sonoporation-enhanced  
chemo therapy significantly reduces primary tumour burden in an orthotopic  
pancreatic cancer xenograft,” Mol. Imaging Biol., vol. 16, pp. 53–62, 2014. 
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Interview with Dr. Spiros Kotopoulis
Background
Spiros was born in Athens in Greece and grew up in the nearby village of Delphi.  
- My parents got divorced and I thus spent hours and hours on buses commuting  
between the two together with my one year older sister. She now lives in London with 
her three kids. I grew up with these boring bus trips but I also learned a lot about how 
I wanted my life to be. I followed an International Bachelorate study in Greece because 
I wanted to go study abroad. The educational system is more corrupt and substantially 
slower in Greece. Therefore many go abroad for studying. Since my mother is from UK,  
it was a logical step to go there. Originally I planned for studies in Southampton, but 
ended up at University of Hull at the North East coast of England, in the Yorkshire  
district. I completed my IMechE accredited Bachelor in three years. I was aiming for a 
PhD study and I visited all the Professors at the University to find out which direction  
I should go for. When visiting with a friend, Professor Michiel Postema engaged both of 
us as PhD students. My friend ended up with studies on waves whereas I continued  
with microbubbles under Postema’s supervision.

 
Spiros Kotopoulis at his work station with an ultrasound probe and a microscope.

PhD study
During my PhD studies, as the regional representative of the IMechE, I came in contact 
with many different industrial companies, such as Aston Martin, Renault Racing  
Division, etc. I did not work directly with them. However, I got part time engaged at 
the Engineering Innovation Institute to solve industrial design problems; hence I also 
earned some extra wages on the side and cultivated the skill of heuristics.

Professor Michiel Postema had a lectureship in engineering and physics in Hull at that 
time, including a very favorable grant with access to a state-of-the-art instrumental pool. 
Obtaining a PhD education under these conditions was very productive.

The initial phase of Spiro’s study was to make the setup for imaging and listen to bub-
bles. 
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Professor Sandy Cochran and Dr. Paul Prentice from The Institute for Medical Science 
and Technology in Dundee, Scotland became interested. Spiros went to their lab for 
three months and worked on several projects ranging from industry supported to  
independent research. – I worked on building transducers and a project to do ultra-
sound micro-surgery under MRI guidance. Paul invited me later back to complete some 
projects and eventually publish. I had access to brand new equipment all the time. I also 
had several master students available who were really motivated for collaboration, so 
we pushed the project forward due to this great teamwork. 

Spiros also visited Prof. Dr. Chantal Pichon from Centre de Biophysique Moléculaire, 
affiliated to the University of Orléans in France, and there he learned about cells and mi-
croscopy, and became introduced to sonoporation for the first time. The PhD thesis, en-
titled “Biomedical ultrasonics, cavitation, and sonoporation” was finished by the end of 
my 2nd study year but was not submitted and defended until April 2011 because I want-
ed to keep the salary in the meantime. Spiros’ PhD thesis concluded that sonoporation 
was a viable technique for enhanced therapy. Nevertheless, it is a research field that is 
in its infancy, with ample room to grow. -Then I got an invitation from Professor Michiel 
Postema to come to Bergen, and I arrived here in August 2011. I finished the mice work 
after Dr. Anthony Delalande left and I made plans for the postdoc. It was a lot of physical 
work to find out more about the holes that needed to be filled. One interesting task was 
to develop a tool to translate the complex field of ultrasonics and sonoporation, into a 
tool that anyone can use. This resulted in the “plate sonicator” allowing for complete 
control of ultrasound conditions to treat cells with a touch of a button.

Fortunately I got some bridging money from MedViz to survive for a year before I got a 
postdoc from Helse Vest in 2012. The support from MedViz was great.

- What were your main challenges during your PhD study?
- My main challenge during the studies was to organize myself, running too many tasks 
at a time. But have I learned? I think that I am facing the same challenge in my current 
position.

Current working position
- In my current position as postdoc at Section for Gastroenterology in the Medical De-
partment at Haukeland University Hospital, we are trying to truly understand why so-
noporation works, and as a result substantially improve its efficacy. One of the means to 
improve it is by using novel bubbles; we are currently working on developing our own 
drug loaded bubbles. This project is run under the title: Sonoplus+: Smart bubble cancer 
therapy using ultrasound. This project is managed by Professor Odd Helge Gilja (men-
tor) in close collaboration with Professors Michiel Postema, Emmet McCormack, Bjørn 
Tore Gjertsen, Georg Dimcevski and Sandy Cochran, and still supported by informal 
communication with Dr. Paul Prentice. We have definitely moved forward, being the first 
group in the world to work with live patients. This has resulted in the establishment of 
an international cooperation agreement with GE Global Research in New York and we 
have recently submitted a common NIH research funding application. GE is the main ap-
plicant, also including Glaxo Smith Kline (London), Thomas Jefferson University Hospital 
in Philadelphia and HUS. We have applied for 2.5 mill. US$ over five years and we want 
to hire more people.
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Picture of antibubble from: Kotopoulis, Spiros; Johansen, Kristoffer; Gilja, Odd Helge; Poortinga,  
Albert T.; Postema, Michiel. 2014. Acoustically active antibubbles. Acta Physica Polonica A (in press).

- My current work can be described as a loop, starting with basic physics of bubbles and 
anti-bubbles, further focusing on preclinical cell work with mice, and finally real world 
cancer therapy with patients. New questions arise all the time and we turn back to basic 
physics again. Right now, I am working on a transducer publication, creating an optical 
window while doing ultrasound, Spiros says. –Next year I will create bio-compatible an-
ti-bubbles that have a great potential for sonoporation purposes.

- So, what is your main challenge during the experimental phase?
- As with science, everything you do has never been done before, so more goes wrong 
than right. This constantly changes your schedule and pushes your timeline further and 
further back. For example, projects can clash when mice get sick, delaying other work 
for a week or more, and if this happens several times, all your projects are a month or 
more delayed. Fortunately, my experimental work with mice is working very well. I am 
working in a team together with three experienced colleagues from Professor Emmet 
McCormack’s group. Each person runs predefined tasks like shaving, treating, anaes-
thetizing and scanning the mice, and this protocol has become faster and faster. From 
treating one mouse an hour, we can now treat five mice. This imaging and treatment has 
to be repeated every week. We get a lot of good help from the veterinarian Mihaela Popa, 
so the challenge is minimized.

- What are your future plans?
- In the near future I would like to employ technicians and PhD students to do: 

• Simulations, for prediction and acoustic performance characterization 
• Acoustic validation using high-speed imaging and microscopy 
• Cell work, for treatment evaluation and optimization 
• Biochemistry, for microbubble fabrication 
• Mice trials, for treatment validation 
• Build an specialized and optimized ultrasound probe, eventually in Scotland
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- I will also have a closer collaboration within the kidney oriented project, together with 
Professor Hans-Peter Marti, and together with postdoc Kim Nylund to further develop a 
microbubble and perfusion method with contrast-enhanced ultrasound for Crohn’s dis-
ease characterization.

- We also need an ultra-high speed camera for quantification of bubble dynamics in real 
time.

- My long term dream is that10 international hospitals will use sonoporation for stand-
ardized patient treatment of different tumors. So far HUS is the only one because too 
many research groups gave up for different reasons: Claiming “no real evidence of signi-
ficance”, or the other groups are too small to have the competence and the equipment or 
they miss the translational approach. -HUS thus has a unique position within sonopora-
tion and treatment of cancer that will be even better in the future, Spiros predicts.
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Interview with Dr. MD Kim Nylund

Kim was born in Harstad and got his MD degree at the University of Bergen in 2000 and 
his PhD in 2013. Thereafter he worked with research and teaching at National Centre for 
Ultrasound in Gastroenterology (NCUG), until September 2013, when he returned to his 
clinical work as specialty registrar. From the 3rd of March Kim has started to alternate as 
postdoc and specialty registrar every 6 months until 2020, in opposite cycle to dr. Mette 
Vesterhus. Currently, Kim is involved in the research project “Ultrasound-directed diag-
nosis and targeted treatment of Crohn’s disease using smartbubbles”, financed by Helse-
Vest.

Kim Nylund with Ultrasound scanner.

- You have been working with Crohn’s disease during your PhD study. What is 
characteristic for Crohn’s disease?

Crohn’s disease (CD) is a chronic inflammatory disease of the gastrointestinal (GI) tract 
named after one of the first to recognize it as a clinical entity in 1932. CD affects the full 
depth of the GI wall and has a remitting course with inflammation and repair. The afflict-
ed are usually young when first diagnosed and need frequent diagnostic care to evaluate 
disease activity and treatment effect.

- Why is ultrasound a good imaging method for this type of disease?
First of all, CD is a chronic disease that demands repeated examinations. Ultrasound 
(US) is not a harmful method and usually you can investigate most of the GI tract in one 
session. Secondly, since the disease affects the whole GI wall, cross-sectional US imaging 
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will give extra information and show extraintestinal complications. Therefore, we may 
reduce the number of endoscopic procedures and MRI scans significantly. The docu-
mentation is good to show the disease and its complications. Less work has, however, 
been done on longitudinal studies. It is also worth noting that US is a less expensive 
modality, transportable between clinic and different areas in the hospital, without extra 
need for man power and advanced infrastructure. Our experience is also that we can get 
an instant feedback from the examination instead of waiting for months for a MR scan. 
Cost-benefit analyses suggest that ultrasound should be the first cross-sectional modal-
ity and MRI only be included when the conlusion from the ultrasound examination is 
uncertain. 

- But you probably also face some challenges with ultrasound?
Yes, US is an operator dependent examination and the examiner have to take instant de-
cisions, compared to CT and MR where you can take the decisions after evaluation of the 
pictures. It requires proper education, i.e. as provided by NCGU, but it is not more diffi-
cult than to learn gastroscopy or other endoscopic methods. The training period needed 
is, however, long (3-6 months) and the implementation in hospitals where they have no 
previous experience with clinicians performing ultrasound can be difficult . Obesity in 
patients is another challenge, but it is not so common in CD patients. In deeper regions, 
especially in the pelvic region, US performs poorer than MR or CT. It is important to 
know the limitations of your technique, so that you eventually can switch to another mo-
dality.

- What were the main conclusions from your PhD work?
- The healthy GI wall is overall thinner than 2 mm, which differs from previous 

practice where one has used 3 mm as cut-off between healthy and pathological 
patients, thus loosing sensitivity

- Specific histological features of CD can be found with high frequency US

- US features and thickness of GI wall layers together with perfusions measure-
ments with contrast enhanced ultrasound (CEUS) can be used to separate fibrot-
ic (demands surgical treatment) and inflammatory lesions (medical treatment), 
which again leads to different treatment strategies.

- What is the primary objective of your current work?
The main objective of this project is to explore novel, microbubble-based ultrasound 
methods for assessment of disease activity in Crohn’s disease. 

- What other kind of challenges do you meet in your research?
Interdisciplinary research is challenging because you need a team with different knowl-
edge. I have the clinical problem and the mathematician or informatics expert have the 
technical solution. The informatics people are quite concept based whereas we want to 
demonstrate the repeatability. We have different ways to communicate. MedViz has a 
role here to improve communication between different scientific disciplines. I have ideas 
in e.g. motion correction, which I hope can be solved by colleagues within the MedViz 
cluster.
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Another challenge is that when evaluating IBD we need to assess disease activity to 
adapt treatment. However, this concept is not clear. There are no validated objective 
measurements of disease activity, i.e. we have no “gold” standard. Perfusion may be the 
best simple parameter to evaluate the treatment effect. In this respect, measurement of 
perfusion per se is also a challenge because you need an internal reference to scale your 
data and you need a model that gives you the correct transit time of the blood. We be-
lieve we can solve this challenge in the ongoing project.

- What is unique about your study compared to other patient studies?
We are very well equipped both for preclinical and clinical studies, we have a strong US 
research group, and I will have a cooperation with a strong US research group in Bolo-
gna, Italy, with access to more patient data which means we more easily e can carry out 
longitudinal studies on patients. This gives us the opportunity to really confirm if our 
observations do have effect, e.g. changes in perfusion for some patients can demonstrate 
whether a drug has effect or not.

Another part of the project is to see if local drug delivery aided by microbubbles and 
ultrasound in an animal model for Crohn’s disease is feasible. This could increase ther-
apeutic effect while reducing side effects and would be a very interesting alternative in 
patients with localized disease. 

- What are your further plans for 2014?
A comparison between microbubble perfusion and fluorizing microspheres will be car-
ried out in the lab facilities. I am also working with a paper, as a pilot follow-up study 
on CD patients, and inclusion in a larger cohort study. We also look at how perfusion 
measured with CEUS compares to histopathological findings such as microvessel density 
(MVD) and degree of inflammation. In spring 2015 I will probably be a visiting research-
er in Bologna.

Reference:
Nylund K. Ultrasound in Crohn’s Disease – bowel wall characteristics and perfusion  
estimates using microbubbles. PhD dissertation. 2013, III papers + 62 p.
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Interview with Dr. MD Roald Flesland Havre

Roald Flesland Havre was born in Bergen, in the vicinity of Haukeland University  
Hospital. - In fact, today I can see my old primary school, Minde skole from the hospi-
tal. Later, I left Bergen temporarily. My second part of the medical studies took place in 
Trondheim in 1994–97. Then I worked at Levanger sykehus and then at Regionsyke-
huset in Trondheim, currently St.Olavs Hospital. Thereafter I finally had my internship 
in parallel with my wife at Nordfjord Sjukehus and in Eid kommune from 1999–2001, 
and we stayed at Nordfjordeid for three years. In 2002–2004 I worked at Haraldsplass 
Deakoness Hospital at the Medical Dept. and got interested in gastroenterology and 
research, inspired by dr. Solomon Tefera. In 2004 I heard a rumor that professor Svein 
Ødegaard and Lars Birger Nesje was looking for a candidate for training in endoscopic 
ultrasound which I found interesting and challenging. In September 2004 I started as a 
resident at Haukeland University Hospital at the section for gastroenterology where I 
learned this examination method. 

Elastography – a new imaging method for tissue stiffness
The new imaging opportunity in elastography originated as a clinical investigation on 
breast tumors from Hitachi Medical Systems, who had developed Real-Time elastogra-
phy, which is a variant of quasi-static-elastography, providing a strain image. This tech-
nique became available as an endoscopic application, and we soon formed a research 
project using this new method both for validation studies, using an elastography phan-
tom , scanning on surgical specimens and using it on various focal lesions as an add-on 
to endoscopic ultrasonography. The project was supported and supervised by Svein 
Ødegård, Odd Helge Gilja and Lars Birger Nesje. 

Dr. Roald Flesland Havre demonstrates the details from an endoscopic image.

- What kind of challenges did you meet during this early phase of your work?
- It was a challenge to quantify the differences in the strain image, visualized as a col-
our map at the monitor in real time, providing a dynamic picture of the tissue. A crucial 
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question was at which time should strain be recorded? In the beginning we did some 
peroperative scanning during liver surgery for metastases - and we could visualize 
clearly metastases that were barely visible on B-mode ultrasonography. This  
represented a motivating factor to continue the development. New software from  
Hitachi made it possible to compare strain in different areas as a ratio between  
reference tissue and tumour tissue. This could be used in pancreas or in any other organ. 
Lars Birger Nesje became my supervisor with Svein Ødegård and Odd Helge Gilja as 
co-supervisors. I got a UiB scholarship via MedViz in March 2008, for the period  
2008–2012, as the first MedViz financed PhD candidate, connected to Dept. of  
Medicine, MOF, UiB. One central hypothesis was that malignant tumors would be be 
harder than benign focal lesions of inflammatory or other origin and that strain  
imaging would be able to image this difference?

Our research team then started several activities:

• We studied the effect of changing scanner settings and made inter- and intra-observer 
validation studies on a elastography phantom.

• We scanned the phantom using strain ratio and looked at the effect of changing the size 
and the position of the reference tissue in a elastography phantom.

• We collected surgical specimens from Crohn’s disease and colonic tumors and meas-
ured the strain ratios between bowel wall and connective tissue and the lesions. The 
tissue was scanned immediately after surgery before the fixation in a custom made 
box on a bed of agar and paraffin wax. We scanned the tissue and marked the sections 
with marker needles. After fixation in the same box, pathologist Sabine Leh made  
histological sections of the marked primary lesions and several lymph nodes in each 
surgical specimen.

• We started to examine patients with focal lesions coming for endoscopic ultrasono-
graphy (EUS) with elastography. This included intramural tumours of the upper GI 
tract, lymph nodes in the mediastinum and retroperitoneum and pancreatic tumours. 
The patients approved our approach. Sometimes we took fine-needle biopsies to  
confirm a diagnosis, others were planned for surgery. Tumours in the pancreas  
became the main project in the further work.

• The method is now applied as a routine procedure in the clinic. We use it for deter-
mination of lymph nodes and focal lesions in the pancreas, in the left adrenal and for 
intramural lesions. It does not give a histological answer as which tissue it is, but it 
may add or diminish suspiciousness of malignant disease and even guide fine-needle 
aspiration. 

- In this way I have improved my skills in endoscopic ultrasound and I gradually became 
a better clinician, even though this took somewhat longer time. 

Jo Erling Waage started up as a PhD student at the Department of Gastro Surgery in 
2009. His focus was using elastography as an add-on to trans-rectal ultrasound in the 
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workup of rectal tumours. It was good to have a research colleague working with the 
same method. Dr. Waage defended his thesis on 2nd of October 2014.

- And what became your main challenges during your PhD work?
- Sometimes it felt like a heavy workload on one person. You had to initiate a lot of  
activities and you are the only one to push things forward. Logistics of patients was  
another challenge. Being present at the times when the patients are available is time 
consuming when collecting clinical material for clinical research. Planning is crucial  
and I think you always feel you could have planned better. Supervisors should look  
critically at the research projects in order to make data collection as manageable as  
possible. Sometimes even the technology moves faster than you can include a decent 
number of patients and we had to reject 60 data sets due to changes in procedures  
under way. However, in this way we had overcome our first learning curve when we  
restarted the inclusion. Under way other researchers published similar investigations  
in the meantime. Finally, we also managed to publish our results, and that sometimes 
feels like crossing a finish line.

MedViz is happy that you finished your Phd in 2012 (see fact box). 

- What are your plans for your future research?
- I have worked with a postdoc application on pancreas tumors and cysts, where we  
hypothesize that contrast enhanced ultrasonography + elastography will help us to  
separate benign from malignant lesions.

- The cyst-project has several aspects: From the cyst fluid we will search for biomarkers 
for malignant or benign lesions, which is important for the diagnostic precision for  
patients and beneficial for health-care economics. New methods will probably substi-
tute todays CEA (Carcino Embryonic Antigen, which currently has 79 % accuracy) and 
we will compare verified cystic lesions towards each other, looking at time series of cyst 
fluids. We will invite several other Norwegian hospitals in these studies. We have access 
to 20-30 cysts each year and need approximately 150 cyst samples in total. 

- I enjoy to work with patients, but I also like to continue my research. This however, 
depends on financing. There is no rush to find huge amounts of data, better to find  
valuable data that will have future impact.

- In a MedViz perspective, a closer look at the moucus membrane with laser based  
endomicroscopy could be interesting in the future, however yet very expensive.  
Possibly, you can get more accurate diagnosis sooner in this way. Other interesting 
methods which are applicable for wide use by many endoscopists are High Definition 
endoscopy using near focus and narrow band imaging or colouring methods. This  
becomes available at most endoscopic units as the standard endoscopes and monitors 
continue to develop and opens up new ways of looking at the tissue, says Roald. 
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FACTBOX 

Findings of Roald Fleslands Havres research on Real-time Elastography:

• Ultrasound based elastography creates a colour map which visualises harder an 
softer areas in a tissue section based on strain measurements. 

• Using categorical scales, we found pooled intraobserver reliability by Kappa=0.7 
and pooled interobserver reliability of Kappa=0.55 in a phantom for different 
scanner settings.

• By using strain ratio, the strain in two user defined areas can be compared quanti-
tatively. 

• The reference tissues’ distance from the stress source has an impact of the strain 
ratio (SR) measurements. 

• In surgical specimens, both malignant tumours and bowel sections of Crohn’s 
disease have increased hardness and thus lower strain. This could be measured 
quantitatively with SR. There was no significant difference between the entities ex 
vivo. 

• Some benign tumours in the colon (adenomas) were significantly softer than the 
mailgnant lesions (adenocarcinomas) using SR. 

• In EUS elastography, pancreatic malignant tumours and benign tumours could be 
differentiated by elastography at a cut-off =4.4 with a ROC-AUC of 0.81. 

• In this study we found that some benign lesions also give increased tissue hard-
ness, thus lowering the positive predictive value of the test. 
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Interview with Dr. Birgitte Berentsen

Birgitte took her Bachelor in Biomedicine at University of Brighton in 2007, with in-
depth study of medical research. She continued with a Master in Human medical cell 
biology in 2009 at UiB, under supervison of Professor Clive Bramham in Neuroscience 
Research Group, Department of Biomedicine. Then, Birgitte moved to Germany and 
worked at the Department of Experimental Neurology at Jena Krankenhaus, Thüringen 
for one year where she investigated extra -and intrasynaptic signaling mechanisms us-
ing patch clamping, an electrophysiological single cell recording technique. 

Dr. Birgitte Berentsen

Birgitte started her PhD in June 2011 and submitted her thesis entitled “The microRNA 
contribution to synaptic plasticity” in June 2014 at Dept. of Biomedicine, UiB. Prof. Clive 
Bramham was her supervisor and researcher Karin Wibrand was co-supervisor. Birgitte 
used a rat model to study the role microRNAs play in synaptic efficacy and long-term po-
tentiation in the dentate gyrus of the hippocampus in vivo. She carried out surgery and 
recorded evoked field potentials post local drug injections into the brain of more than 
350 rats during the PhD period. 
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- What were the main challenges during your PhD study?
- Well, this can be summarized in the following:
• Long, lonely evenings at the lab that gave inconsistent outcome
• Negative observations in >80 of the cases
• Reboot and start from scratch after negative observations
• Development of allergy towards animals, so I had to use a mask
• Very little time left for friends and family and holidays

- What were the most enjoyable parts with your PhD study?
- This can also be summarized in a few sentences, Birgitte says:
• Supervision of Master students
• Scientific discussions in the research group
• Writing papers
• Flexible working hours
• Working with smart and devoted colleagues
• Organizing and participating at national and international conferences
• I met my boyfriend at work

- And now you have started in a new job, while waiting for your PhD defense to 
take place?

- Yes, I am very happy for the opportunity to work in a position at the hospital, where  
I actually have been hired in two coordinator roles in:

1. National Center for Gastroenterological Ultrasonography (NSGU) managed by  
Odd Helge Gilja.

2. National Center for Functional Gastrointestinal Disorders (NKFM), managed by  
Jan Gunnar Hatlebakk.

NSGU was established in 2001, and the aim is to get more doctors to use ultrasound in 
the clinic. A good thing with ultrasound is that it is non-invasive and generates no radi-
ation, but it is a bit expensive technique for local doctors in the primary health service 
offices. Since its origin NSGU has been involved in the support of 16 doctorates, and  
currently there are 5 PhD students and 5 post docs connected to our center. 

NKFM was established by “Helse- og omsorgsdepartementet” this year (2014) and we 
just got started this fall. Our first accomplishment was to arrange a course for doctors in 
specialization and general practitioners in collaboration with UiB and “Legeforeningen”. 
NKFM aims to be involved in and convey the newest research, offer supervision, teach-
ing, and spread knowledge regarding functional gastrointestinal disorders nationwide. 

- I feel that the challenge in the start is to get to know the huge and complex hos-
pital system, but I am very inspired in my new job and I am looking forward to 
cooperate with many colleagues in the near future. Please, take direct contact 
with me at birgitte.berentsen1@helse-bergen.no or mobile 915 45 159.  
My office is in the Fjellsiden building, office 2012.
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MedViz Lighthouse Project - Image-based quantitative assessment on 
abdominal organ function 

The project is managed by Professor and Chief physician Jarle T. Rørvik, Depart-
ment of Radiology, Haukeland University Hospital and Clinical Department K1, 
University of Bergen.
One of the goals of modern medicine, diagnostic and therapeutic, is to have individu-
alised evaluation and targeted treatment. The new imaging modalities like magnetic 
resonance imaging (MRI), positron emission tomography (PET), ultrasound (US) and 
the combination (multi-parametric/fusion) of these, may, together with digital image 
analysis and visualisation of organ structure and functions, represent significant steps in 
the direction of personalized medicine. The application of these advanced imaging tech-
nologies to abdominal organs is particular challenging due to movement of the organ(s) 
during image examinations.

This project aim to develop knowledge and competences needed to establish robust 
techniques for non-invasive, image-based assessment of abdominal organ structure and 
function using the large, complex research infrastructure for imaging at the Faculty of 
Medicine and Dentistry at University of Bergen and Haukeland University Hospital. The 
design of proper image acquisition protocols, quantitative image analysis, and interac-
tive visualisation will be achieved by a multidisciplinary research group (mathemati-
cians, physicists, researchers in computer science and biomedicine, radiographers, ra-
diologists and clinicians) within the MedViz consortium collaborating with national and 
international co-workers, and building on several years of joint research.

Four sub-goals have been defined:
1. Development of robust processing and analysis methods for quantification of 

image-derived structural and functional measures (biomarkers) in abdominal 
organs.

2. Implementation, optimization and evaluation of robust acquisition protocols.   
2.1 Implementation and optimization of advanced image acquisition techniques 

on state of the art 1.5-T and 3-T MR-machines.
2.2 Evaluation of clinical feasibility.

3. Clinical studies in patients on image-derived biomarkers for individualized  
therapy
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Knowledge and competence will be developed in this project to improve and assess 
abdominal image quality and to extract diagnostic information embedded in time and 
space, using algorithms for image segmentation, image registration, pharmacokinetic 
modelling and machine learning. The developed competences will be beneficial to other 
medical imaging research projects at University of Bergen using the same infra structure, 
and improve clinical practice at the Department of Radiology and the PET-Center/ 
HUH - for the best to our patients.
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Interview with Dr. Erlend Hodneland

Erlend was born in Bergen and got his Master degree at the University of Bergen in 2003 
in applied mathematics, supervised by Professor Xue-Cheng Tai within the topic image 
segmentation of MR images. Then, Erlend continued and finalized his PhD in 2008 at 
Department of Biomedicine in biomedical imaging and segmentation of cells, supervised 
by Professor Hans Hermann Gerdes. Thereafter Erlend worked as researcher in MedViz 
for one year, with focus on ageing, collaborating with Professor Arvid Lundervold. Er-
lend developed algorithms for automated analyses of multimodal MR data, like fMRI, T1 
and diffusion weighted MR, and worked on applications for analysis of cohort data in the 
ageing study project. Then he worked together with Professor Antonella Munthe-Kaas 
for one year, financed by the Meltzer Foundation. The main focus in this work was de-
velopment of algorithms for image registration and improvement of pictures from blood 
perfusion time series. Then Erlend started in his current postdoc, where he worked 
with cell segmentation, image registration of DCE-MRI time series, cell segmentation in 
a large screening project and modelling of kidney function. “In the future there will be 
more focus on kidney and less on cell segmentation, but I hope to work more with his-
tology segmentations”, Erlend says. 

Dr. Erlend Hodneland.

- What were the main challenges during your PhD work?
To understand what the biologists were talking about and to understand the terminol-
ogy were my first challenges. Secondly, to be a single mathematician in a huge medical 
environment was another challenge. One is ideally dependent on daily feedback from 
mathematically oriented colleagues, alternatively you will loose the finger feeling with 
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mathematics and method development, and you eventually end up as an application 
manager. A good experience was the access to huge real world data and the human  
resources in biology. It is important to be physically and frequently active in the clinic  
or where the data is generated. I always wanted to develop methods that could be  
applied, but it is quite demanding to develop methods when you are alone, and at the 
same time be able perform biological analysis and to explain the cooperative  
mathematicians the motivation for the work. Some colleagues were a bit skeptical to 
include a new mathematician in the research group instead of a new biologist, but  
fortunately, Professor Gerdes saw the need for automated analyses of high dimensional 
data. Yet another challenge was also that it sometimes could be difficult to convince a 
biologist that a certain problem is very simple or very difficult to solve. 

- What were the main conclusions from your PhD work?
- Automated methods for 3D whole cell segmentation and TNT and organelle  

detection were developed and optimized, and they were used in real biological 
applications for the analysis of living cells.

- The findings indicated an energy-dependent and continuous exchange of  
endocytic organelles between cells via TNTs

- It was possible to obtain a 3D segmentation of living cells in tissue, taken from 
living animals. This would represent a great improvement compared to  
segmentation of cultured cells since it would enable high-throughput studies  
of cell processes in a realistic environment for cells.

- What are your plans for the new postdoc period?
I will start my new postdoc period from the 1st of October this year, financed by CMR. 
The idea is to work two days a week at CMR and three days a week in the MedViz In-
cubator, including a close collaboration with the clinics at the HUH campus and with 
Department of Mathematics at UiB. According to the announcement there are three 
high-priority areas for this position. My major contribution will probably be in priority 
area #2 “Image-based quantitative assessment on abdominal organ function“, where I 
have already been much involved in recent years with several published papers. How-
ever, I will also be able to contribute in the priority area #1 “Multimodal imaging and 
ultrasound microbubble drug delivery in targeted cancer therapy“. Regarding priority 
area #3 “Model-supported data visualization to improve the diagnosis process“, I can 
contribute with understanding and development of mathematical models describing 
tissue response. My priority will be centered around “Image-based quantitative assess-
ment on abdominal organ function“. Within this topic I have already much experience 
and I have many ideas on how to improve the processing chain. There are several ways 
for improvement: 

- Regularization of MR data in k-space. Pointwise MR data are approximated with 
zeros, which creates artifacts in the reconstructed images. A good regularization 
technique in k-space before reconstructing the data would enable better images 
with less noise. 

- Improved data terms for image registration. We are currently working on improve-
ment of data terms in the registration. This could possibly improve the registra-
tion such that the obtained deformation field is closer to the real situation. 
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- Improvement of regularization term in the registration. Lately, we have been  
working on the development of new regularization terms that better reflect the 
underlying tissue, and we are currently focusing on a manuscript on poro-elastic 
image regularization. This regularization is expected to perform better than  
elastic regularization. 

- Improvement of compartment modeling. The compartment modeling for the  
estimation of physiological parameters is prone to errors and new arterial  
input free PDE based methods are emerging. I would like to participate in this 
development for better tissue parameter estimates.  

Mainly, I have been devoted to kidney function and dynamic contrast enhanced MRI 
(DCE-MRI), but the described methods can easily be applied to other organs as well, 
like the brain. Thus, the processing chain of contrast agent estimation, segmentation, 
registration and compartment modeling can also be used for the classification of tumors 
and stroke in dynamic susceptibility contrast MRI (DSC-MRI). Regarding the two other 
priority areas I would like to connect the established tissue models in a framework for 
visualization. In multimodal imaging and analysis I already have experience and I would 
be able to contribute in the analysis of multimodal imaging data.

Furthermore, we should develop more projects where we actively participate in joint 
projects. A challenge might be to show what is possible to achieve and to communicate 
proactively with other researchers. It will be important to be integrated in each others 
projects and to define common goals, both by the medical doctor and the mathemati-
cian. The partners should be open and share each other’s data. In this respect it is also 
important to have MedViz as a meeting place. If people also see that cross-disciplinary 
work generates better papers and better treatment of patients, this may in turn have a 
positive secondary effect on people’s opinion and goodwill for supporting and partici-
pating in this kind of joint projects.

In this new upcoming position I will have to work more directly with the industry  
than before. This work will be based on reliability and to build the work on already  
established methods. I will also contribute to generate and apply for new projects.  
This working method might become a new template for how CMR and MedViz can  
work together in the future. The experimental part of my work will probably be more 
related to the classical research approach.

Finally, I hope that colleagues who want input from a mathematician will take actively 
contact with me at erlend.hodneland@gmail.com. I look forward to start in the new 
job in October to face new challenges and to contribute to generate knowledge in a new 
environment. 
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MedViz Lighthouse Project - Model-supported data visualization to 
improve the diagnosis process 

The project is managed by Professor Helwig Hauser, The Visualization Group,  
Department of Informatics, University of Bergen.

Vision and project goals
Ultrasonography (US) belongs to the most promising live examination modalities, not at 
the least because of its comparably low costs, its patient friendliness and its high speed 
of acquisition. Unfortunately, the interpretation of US images is challenging and the nav-
igation by the examiner is not fully straightforward. In 2009, visualization researchers at 
UiB’s Department of Informatics started the project IllustraSound, together with national 
as well as international partners, and the overall goal to improve the medical communi-
cation based on US images by means of advanced visualization technology. In the first few 
years, several high-quality results were achieved, and the project was awarded with the 
prestigious Dirk Bartz prize for visual computing in medicine on an international level 
[VBS*13]. After new praisal by a Nordic evaluation panel in 2013, IllustraSound became 
one of the three MedViz lighthouse projects, in order to further improve the doctor-to-doc-
tor as well as the doctor-to-patient communication, utilizing advanced visualization as 
the primary basis. The grand vision of IllustraSound can be sketched as the “IllustraSound 
Tricorder”, which is, hypothetically, a powerful tool that provides anatomical and physi-
ological information in real-time, amounting to a comprehensive next-stage diagnostic 
tool, and bringing high-quality modern health care closer to the patient. On the path to-
wards the possible future development of such a tool major research questions needs 
to be studied. As concrete steps towards achieving our overall goal, we pursue focused 
sub-projects. Currently, the following topics are in the central scope of IllustraSound: 

1. To further improve the communication between doctors, in particular in the  
context of telemedicine. We aim, for example, at improved learning of  
US-novices with the (tele-) support of US-experts. 

2. To achieve the useful fusion of different data types (spatial and non-spatial)  
and also to integrate different modalities into US-visualization and an  
US-based exploration pipeline.

3. To enable quantitative visualization of physiology, based on US imaging.

Methods
IllustraSound research is interdisciplinary, based on basic research in visualization re-
search (as part of technological research in computer science), reaching out to related 
fields such as image processing and analysis, and targeting at imaging-based medical 
applications, mostly in ultrasonographic diagnosis. Primarily, we research new concepts 
and algorithms, including volume rendering, illumination models, visual abstraction, in-
teraction and information fusion, always driven by the challenges of our partners from 
medicine, using ultrasound as a diagnostic tool on a daily basis. Still, our new techniques 
are versatile and thus not limited to one particular application domain, in our case the 
ultrasound imaging of a particular organ. Further, we study the effectiveness of our meth-
ods in the context of ultrasound when used for diagnostic imaging. The usefulness of our 
techniques is supported due to their collaborative design, together with the involved doc-
tors. Frequent discussions, at different stages of the research, and the demonstration of 
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prototypes and the testing by our partners are crucial parts of IllustraSound research, as 
well.

Selected highlight from current IllustraSound research
In September 2014, we published an arti-
cle about the visibility-driven processing 
of streamed volume data, which particu-
larly addresses streamed 3D ultrasound 
[SBV*14] and the work was also pre-
sented at the Eurographics Workshop on 
Visual Computing for Biology and Medi-
cine in Vienna, Austria. The publication 
was preceded by a submission of a pat-
ent application together with Bergen Te-
knologi Overføring AS (BTO). Our work 
was awarded with the NVIDIA best pa-
per award, and we are invited to submit 
an extended version to the high-qual-
ity journal Computer Graphics Forum. 
An example of the technique described 
in this paper in combination with high 
quality rendering is shown in Figure 1.

Central team members
Veronika Šoltészová, mostly through her adjunct position at the UiB Dept. of Informatics
Július Parulek, adjunct position at the UiB Dept. of Informatics 
Helwig Hauser, professor at the UiB Dept. of Informatics 
Ivan Viola, adjunct professor at the UiB Dept. of Informatics
Odd Helge Gilja, professor at the UiB Dept. of Clinical Medicine
Kim Nylund, PostDoc at the UiB Dept. of Clinical Medicine
Erlend Hodneland, PostDoc at CMR
Stefan Bruckner, professor at the UiB Dept. of Informatics 
Sergej Stoppel, PhD student at the UiB Dept. of Informatics since Oct. 2014 
Markus Töpfer, an exchange student from Vienna University of Technology

References
[SBV*14] V. Šoltészová, Å. Birkeland, I. Viola, St. Bruckner: Visibility-Driven Processing 

of Streaming Volume Data. In the Proceedings of the Eurographics Workshop 
on Visual Computing for Biology and Medicine, 2014, pp. 127-136. Best paper 
award. 

[VBS*13] I. Viola, Å. Birkeland, V. Šoltészová, L. Helljesen, H. Hauser, Sp. Kotopoulis, K. 
Nylund, D.-M. Ulvang, O.-Kr. Øye, Tr. Hausken, O.-H. Gilja: High-Quality 3D Vis-
ualization of In-Situ Ultrasonography. Eurographics 2013 Dirk Bartz Prize by 
The Eurographics Association.

Figure 1: Dataset Anna, ultrasound of a fetus  
filtered by visibility-driven filtering [SBV*14]
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Interview with Biomedical Animator Pina Kingman

Pina was born in Vancouver, Canada and studied in University of British Columbia, 
where she took her Bachelor in Science, Cell Biology & Genetics in 2007. The Bachelor 
degree included a Minor in Illustration & Fine Arts (painting, drawing and art history). 
Then Pina went on with a Master study in University of Toronto, and from this stage  
science and art came together with her Master in Biomedical Communication (2009). 
The study included anatomy, pathology, physiology, neuroanatomy, traditional illustra-
tion (carbon dust, ink and paper) and digitalized 3D animation. 

Pina Kingman (Photo by Jessika Hoff)

- So what was your motivation for this somewhat untraditional combination of 
science and art?

- Well, I was motivated by biology, fine art, drawing and painting, and therefore decided 
to do both when I got the opportunity. I saw a beautiful picture of a cell and understood 
instantly what I really wanted to do.

In the start of her working career Pina Kingman worked (1.5 year) in the company 
Visual Health Solutions in Fort Collins, Colorado, where the majority of her work was for 
TV, particularly the Dr. Oz Show. Dr. Oz is a heart surgeon and TV personality. His show 
has a huge audience, primarily women > 50, with science based focus on health promo-
tion, and with contents double checked by specialists. Then Pina turned to Lexington, 
Kentucky, where she worked one year in the company Med Movie, which included some 
work with GE, medical device animations, and patient education videos. The patient 
education videos are used by doctors to teach patients about e.g. heart attack vs. stroke, 
by animation. The information in the videos is medically accurate. These products are 
sold as packages like a journal prescription, bought by different health associations. The 
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professional experience was profitable for Pina, using 3D animation in a fast paced envi-
ronment and having the opportunity to work with two very talented teams.

Pina Kingman started her work at the Department of Informatics, UiB in Bergen in  
August 2013 as “Overingeniør”, working as a Biomedical Animator. She is hired to focus 
on the Physioillustration project, managed by Professor Helwig Hauser and supported 
by Professor Ivan Viola. The research project Physioillustration has as the main goal to 
advance visualization technology that communicates complex processes and machin-
eries in an understandable way, conveyed along the lines of traditional craft of illustra-
tion and 3D animation. The central research question is: “How can a complex system of 
processes be visually communicated to a human in a clear and intuitive way?” Based on 
data available nowadays in computational biology, as this scientific discipline generates 
data that matches very well with the central goal of the project. Therefore an objective 
is to advance visualization of biological data so that it is intuitively understood. Profes-
sor Mathias Ziegler, Molecular Bioenergetics and Signalling, Department of Molecular 
Biology, UiB and Anne-Kristin Støbakk Stavrum who just defended her PhD in bioinfor-
matics are both key in this project. Pina will work with this project for a year. Her central 
focus is to investigate novel visual communication techniques to advance knowledge 
translation methods, focusing on effectively communicating abstract functional aspects 
of biological systems. To this end, she is exploring different design solutions that incor-
porate 2D motion graphics, information visualization, 3D animation, and can be applied 
to any biological story. Working with cellular systems is particularly interesting for Pina, 
because there are so many open questions and the reserch is constantly being updated. 
This research will culminate in a short film describing how the enzyme PARP1 (pol-
yADP-ribose polymerase 1) is involved in Single Strand Break DNA Repair. The film is 
intended for the general public and researchers interested in these molecular systems. 
Hopefully the project is inspiring for both groups.

This image is an excerpt from the animation entitled “Negative charge and poly(ADP)-ribosylation: a scientific 
animation.” 3D volumetric render using the Embedded Python Molecular Viewer plug-in for Autodesk Maya 
(Johnson et al. 2001; Sanner et al. 1996). Two PARP-1 molecules bind to damaged DNA (Coquelle and Glover 

2012).
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PARP-1 binds Damaged DNA. Two PARP-1 molecules are shown bound to damaged DNA (Coquelle and Glover 
2012). The molecules where uploaded from the Protein Data Bank using the Embedded Python Molecular 
Viewer plug-in for Autodesk Maya (Johnson et al. 2001; Sanner et al. 1996). The scene was rendered using  
Maxon Cinema 4D and composited in Adobe Photoshop. Subsurface Scattering was chosen to give the molecules 
a translucent appearance. This work has been carried out within the PhysioIllustration project (funded by NFR, 

project #218023).

Pina is also doing some work to make an art exhibition. The goal is to use art and film to 
expose people to biology, thus making science more accessible and apporachable.

- We will also submit the product to science film festivals. That’s the outreach part of my job.
- I hope to continue along this vein, using illustration and animation, disseminating 

science research to the public. 
- I am also interested and open to discussions on using animation and illustration 

as a visual communication tool to explain biology and medicine. But there has 
not been much time for me to develop this service for other scientists. This might 
change in the future. Some universities have their own biomedical animators, but 
this is mostly done by freelancers. 

Pina Kingman’s tools are Autodesk Maya for 3D animaiton, and Adobe After Effects and 
Photoshop for post-producation and editing. An example of her current work is the im-
port of a molecule and representing the molecule as a cloud, to show that it is more like 
fluid than a cloud. First she models all the shapes, then starts animate and renders the 
functions. A combination of video and animation is possible.

Pina Kingman also runs her own freelance company in between jobs and during spare 
time, Pina Kingman Studios offers medical illustration and 3D animation, so you are wel-
come to contact Pina for eventual project illustration.
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Interview with Dr. Veronika Šoltészová

Background
Veronika Šoltészová was born and grew up in Bratislava in Slovakia (former Czechoslova-
kia) with approximately 5–600.000 inhabitants. After high school in natural sciences (8 
years in Slovakia) Veronika took German evening courses to improve her language skills 
before she started to commute to Vienna in Austria because the Bachelor education 
and opportunities were better in Vienna. Quite many young and talented people still go 
abroad from Slovakia and if they want to do science, they stay abroad. - It is a pity, she 
says. 

Dr. Veronika Šoltészová.

She also participated in the ERASMUS exchange study program and spent six months 
in Troyes, France before she took her Master in computer graphics and digital image 
processing. Veronika focused on computer graphics and visualization. Her curriculum 
included a course in medical visualization and she chose to do her obligatory internship 
(Praktikum) with the medical visualization group at the company VRVis, managed by 
Helwig Hauser at that time. Her internship project was on brain tumor segmentation 
with the level sets method using graphics hardware. Her master thesis was on visual 
queries in neuronal data exploration, supervised by Stefan Bruckner and Eduard Gröller. 
She worked with microscopy data of the neuronal system of the fruit fly, provided by the 
Institute of Molecular Pathology in Vienna. Together with the project collaborators, she 
filed a patent application in 2009, Veronika says. –And then, through Ivan Viola, who I 
knew from the Viennese visualization milieu, I became aware of the opportunity to take 
a PhD at the University of Bergen.
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PhD study
- Professor Ivan Viola and Professor Odd Helge Gilja became my supervisors in my PhD 
project in September 2009. My PhD thesis was performed within the IllustraSound pro-
ject, was entitled “Perception -Augmenting Illumination” and defended in October 2012. 
See factbox.

- So what did you experience as your main challenges during your study in  
Bergen? 

- The number one challenge was definitely the new language and different culture!  
The Norwegian course at UiB required attendance of at least 75% of the lectures, so it 
was sometimes very hard to combine the language course with PhD studies. Now I am 
very glad I forced myself through all levels of norsk.

- Then, secondly my PhD topic was not very well defined within ultrasound. I was tossed 
out in the open sea without any direction. I therefore had to ask myself “What kind of 
ideas makes sense?” -and I got relevant feedback from my supervisors in this initial 
phase. 

- Fortunately, very early in the study we published a level II paper, which described a 
lighting technique that was particularly suitable for noisy US data. I already had learned 
to write before starting my PhD, because I published two manuscripts during my Bache-
lor and Master studies. I remember that writing my very first manuscript was extremely 
hard. Publishing a manuscript before starting a PhD is a strategy that I highly recom-
mend for undergraduate students who want to become scientists. It is also a test, if you 
like scientific work before enrolling for a PhD. Moreover, I think that my publication 
record was the reason why I was chosen for the available PhD position out of many oth-
er candidates. Last but not least, this is also the reason why I was able to publish some-
thing so early in my PhD and had this good feeling of having something in my hands 
already. It was also a great idea to collaborate and learn from more senior researchers 
Daniel Patel and Svein Brekke.

- Initially, we arranged workshops and meetings with Odd Helge Gilja, and we were in-
vited to examinations, for example with contrast enhanced ultrasound (CEUS). We were 
also encouraged to cooperate with researchers from CMR: Ola Kristoffer Øye and Dag 
Magne Ulvang. I was a guinea pig (“prøvekanin”) in some of the ultrasound experiments.

- My third challenge was to learn to cope with the frustration when I got my papers re-
jected. It sometimes felt like a lottery to get the papers accepted, especially in the second 
year in my PhD. Finally, the last year was challenging for a different reason: my rejected 
manuscripts got accepted and I had to work on last revisions and I became involved in 
so many activities in parallel to finishing my PhD thesis. I even participated in the For-
sker Grand Prix only one month before my defense. That was my first lecture in Norwe-
gian. It felt very difficult to squeeze all my research into 3 minutes, however an interest-
ing experience, Veronika says.
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- Why are there so few females in the informatics science, you think? 
- Well, the courses might not be so appealing because the math-related subjects are of-
ten stigmatized among girls. We were only two girls in the high school that were really 
interested in math, whereas the other girls were more interested in medicine, law stud-
ies and economy. Personally, I find visualization and computer graphics appealing, but 
not some other branches of computer science like electro-technics. Those fields have 
even a worse gender balance than my field.

- I was already used to a bit skewed gender balance from my study-times in Vienna, so 
the change was not so big when I joined the Visualization Group at the Department of 
Informatics. For some time, I was the only girl in the group. However more girls joined 
the group for some periods of time, and even though they were not visualization re-
searchers, but an illustrator, a medical doctor and a bioinformatics researcher, it was 
good to have them there. High-quality research is more dependent on the qualifications, 
and therefore, this is more important than the gender balance when building a group. 
Since significantly fewer females are applying, I guess one has to accept the imbalance 
for now. We must however, work on de-stigmatizing the field, so that the gender balance 
of applicants is balanced! At VRVis, where I did my internship, there were actually quite 
many girls in the medical visualization group, perhaps because the key researcher also 
was female. Maybe one female in the field attracts others... At CMR, where I am working 
now, there is also a better gender balance, Veronika states. 

Current work
- My current work is shared between two positions, 80% at CMR and 20% at Depart-
ment of Informatics, UiB, where I work one day a week in the MedViz lighthouse project 
IllustraSound, so I have an office both places. The plan is mainly to acquire funding for 
new projects aligned with IllustraSound and work on basic research and publish at UiB. 
We will soon submit an extended version of the latest award-winning paper (from the 
VCBM Conference in Vienna, see MedViz web page). At CMR I am working more practical 
on projects (applied research). Currently, I have these main projects:

• Micro algae, financed by NFR (2014-2017). The idea came from the Idea Lab, Zero 
Emission Society and the project is based on lipid production from marine micro al-
gae, organized by the Chemistry Dept., UiB, and in collaboration with the Molecular 
Biology Group, NTNU and Nanotech Group at University of Tromsø, and also in coop-
eration with NIVA and SIFO in Oslo. Veronika’s work is to develop software tools that 
will enable faster interpretation of data from various experiments in the project.

• Decision support in installation of offshore wind turbines, financed by NFR 
(2013-2016). Together with colleagues at CMR, Veronika’s engagement is to give the 
user a better assessment of risk in marine operations, like transportation of the equip-
ment under the prevailing weather conditions and to simulate these operations. 

• Two medical ultrasound related projects, a filtering project (ISADAF) together with 
Kim Nylund and Odd Helge Gilja in the National Center for Gastroenterology, where 
one of the goals is to improve the communication between doctor and patient, and 
another project together with Annette Fromm in the stroke-group, financed by Helse 
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Vest for 2014. -In the latter project are we looking at plaques in the arteries, to visual-
ize the branching of the arteries. They have got a new US 3-D probe equipment in the 
lab and we want to better understand the vulnerability of the plaques based on the 
plaque morphology.

- I try to cluster my activity and prioritize one project for one week and then several 
days on other projects, depending on the milestones and deadlines. I have learned that it 
is useful to write some notes about where I left off, before I dip myself into another pro-
ject. When I have to revisit the project, it is easier to continue.

- So, performing these multitasking project activities, what is your experience 
with the collaboration within the MedViz cluster?

- The collaboration and the trust between different groups in Bergen are quite uncom-
mon and unique. If someone from the different field within the cluster asks for help, 
or provides some feedback on my work, he or she should be followed up. This kind of 
collaboration builds trust and helps to build future interdisciplinary teams, who work 
tightly together, Veronica points out. -I really enjoy this way of working.

FACTBOX

The conclusions from Veronika’s PhD thesis:

• Less shape features will be noticeable in shadows

• By choosing any tone for the shadow colour other than black, the effective  
luminance variation interval shrinks, but the depth cues are affected

• Blue tones are most suitable to express shadows, because then more shape  
features will be noticeable as opposed to mixing with the black color.

• The slant of surfaces, which normal vectors are pointing upwards are perceived 
more accurately than the slant of surfaces which normal vectors are pointing 
downwards

• Based on the previous conclusions, the goal of improving visualization of  
3D ultrasound of liver and heart has been reached
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Economy

MedViz was assigned a basic allowance of 3,0 mill. NOK from University of Bergen and 
Helse Bergen, supporting 50% each every year in the period 2014–2016. MedViz was 
assigned a simultaneous allowance from CMR to cover one postdoc-position over three 
years, plus 200.000 NOK per anno in own efforts from CMR. MedViz has also earned 
119.000 NOK in project income from the ISADAF project. The annual accounts for 2014 
(Table 1) show a balanced surplus of 204.000 NOK transferred to 2015. The budget for 
2015 includes a continued effort in the three lighthouse projects (Table 2).

Table 1. Annual accounts for 2014.

Item NOK 
(x1.000)

Income:

Basic allowance from UiB 1500
Basic allowance from HUH 1500
Surplus amount from 2013 26
Isadaf project 119

Sum income 3145
Expences:

Salary and social costs 1167
R & D projects 1350
R & D arrangements and dissemination 279
Running costs and travels 99

Sum expences 2895
Balance:

Income 3145
- Expences -2895
Surplus amount from 2014 250
- Underconsumption, loss -46
Adjusted surplus amount, transferred to 2015 204
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Table 2. Balanced budget for 2015.

Item NOK 
(x1.000)

Income:

Basic allowance from UiB 1500
Basic allowance from HUS 1500
Surplus amounts from 2014 204
Sponsorship from MedIm to MedViz Confer-
ence

15

Sum income 3219
Expences:

Salary and social costs 1278
R & D projects 1340
R & D arrangements and dissemination 357
Running costs and travels 244

Sum expences 3219

Board strategy follow-up

Based on the evaluation report from a Nordic evaluation committee in February 2013 
and a strategy meeting with our respective mother institutions in September 2013,  
The Board concluded that MedViz should 
• Be established as a physical unit instead of the present virtual research cluster
• Be ensured a common economic allowance from the mother institutions
• Orient its scientific activity towards one to three targeted fields with the  

highest potential
• Expand its co-operation both nationally and internationally

The Board and The Management Team have followed up the strategy by performing the 
following actions in 2014:
• Established MedViz Incubator in Møllendalsbakken 7 
• Ensured basic allowance for the period 2014–2016
• Employed basic allowance to finance three lighthouse projects and revitalized the  

scientific activities in some previously financed MedViz projects
• Participated in project applications within H2020, where we have both visited and 

got visitors from international partners. Invited international partners to give pres-
entations both in the MedViz seminars, in a workshop and in the MedViz Conference. 
Researchers associated to MedViz have published papers in close co-operation with 
national and international pertners. MedViz have further developed a tight  
co-operation with the research school MedIm in Trondheim. 
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Personnel

Daily Manager, Professor Ragnar Nortvedt has employed one office and postdoc Spiros 
Kotopoulis the other. Erlend Hodneland was employed as postdoc from the 1st of  
October, working two days a week at CMR and three days a week together with the  
MedViz lighthouse project partners. This postdoc position is financed by CMR.  
Elin Myhrvold Riple has continued as secretary in 20 % position in 2014.  
Some of our active members are presented in the results chapter.
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Seminars, workshop and annual conference

MedViz har arranged 10 scientific seminars in 2014 by the effort of 27 speakers, mainly 
in the MedViz Incubator:
24.01. Prof. Arvid Lundervold, Postdoc Erlend Hodneland & PhDstud. Erik Hanson 

My sabbatical year 2013: Image analysis in time and space -and related topics.

21.02: Opening of the MedViz Incubator together with invited guests. 
The physicians Trond Engjom, Erling Tjora & Gaute Vatle:  
Functional pancreatic imaging methods to evaluate exocrine pancreatic function

14.03: Physicist Ingvild Dalehaug at HUH:  
Optimization of a CT thorax-abdomen/pelvis protocol using objective methods  
 MD Annette Fromm, Bergen Stroke Research Group:  
Ultrasonographic assessment of atherosclerotic carotid artery disease

25.04: Physicist dr. Erling Andersen, Dept. of Radiology HUH:  
T1 quantification in phantom and healthy kidney 
 Professor in mathematics Alexander Malyshev:  
On the tracer-kinetic theory for perfusion estimation

23.05: Prof. Marc Streit from the Johannes Kepler University Linz:  
Visual Analysis of Heterogeneous Data for Molecular Biology 
 Dr. Paolo Angelelli from the VisGroup, Department of Informatics, UiB: 
Integrating Heterogeneous Data from Cohort Studies for Multivariate  
Visual Analysis

16.06: Dr. Pawel Poryzala from Lodz, Poland:  
Brain-Computer Interface Design: Methods, Applications and Examples.

12.09: Dr. Erlend Hodneland:  
Mathematical modelling in medical image analysis  
 Professor Odd Helge Gilja:  
Elastography, perfusion, image recording and tissue characteristics 
 Professor Knut Matre:  
Mathematical modelling and cardiac imaging

17.10: Professor Ingfrid Haldorsen, Dr. Njål Brekke & Dr. Camilla Krakstad:  
Preclinical imaging studies of orthotopic mouse models in endometrial cancer 

21.11: Imaging now and in the coming particle center: 
Mr. Kristian Ytre-Hauge: 
Radiation therapy with proton and carbon ions  
Dr. Helge Pettersen: 
Imaging the proton stopping power with proton computed tomography 
Dr. Sara Thörnqvist:  
Radiobiology and imaging for use in particle therapy 
Dr. Odd Harald Odland: 
Proton therapy at Haukeland University Hospital
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12.12: Christmas Seminar together with The Visualization Group, Dept. of Informatics: 
Professor Torfinn Taxt & Dr. Radovan Jirik:  
New perfusion analysis algorithms for MR and ultrasound 
Dr. Bernhard Kainz:  
Fast volumetric super-resolution reconstruction of organs from moving subjects 
Asc. Prof. Ivan Viola:  
Deriving Anatomical Context from 4D Ultrasound 
Prof. Robert Bjerknes, vice dean at MOF, UiB gave Christmas greetings.

A workshop was arranged before the annual Conference in June, with two invited speak-
ers, Dr. Bradley Erickson from The Mayo Clinic, Rochester, USA and Dr. Steven Sour-
bron from University of Leeds, UK on the 16th of June. The topic was MRI perfusion 
analysis using PMI- and we had 30 participants. The workshop became a scientific suc-
cess due to the professional speakers. 

Professor and chief physician  
Torfinn Taxt, Dept. of Biomedicine, 
UiB and Dept. of Radiology,  
HUH gave a presentation during  
the common Christmas Seminar  
together with the Visualization 
Group.

Professor PhD MD Bradley Erickson, Mayo Clinic, Rochester, USA presented “Using big data  
and machine learning to find relationships between MRI and genomics in brain tumors”  
under the MedIm & MedViz Conference in June.
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MedViz arranged the 8th annual MedViz Conference at Grand Terminus Hotel, this time 
as a co-operation with the MedIm research school. The MedViz Conference became a 
success, both technically and scientifically. The co-operation with MedIm worked very 
well and MedIm covered the dominating part of the costs, because PhD students and 
postdocs were the main target groups. The panel debate around the topic «Your experi-
ence with cross-disciplinary research» was successful and engaged the audience. Some 
key figures show that we had 147 participants who gave 30 oral presentations, 25 speed 
poster presentations and 57 posters. 125 participants enjoyed the trip with the sail ship 
«Statsraad Lehmkuhl» as a social a network building part of the program. 

Promotion activities

Medviz has performed the following promotion activities in 2014
• Continuously published news and “the article of the month” at our web page
• Started development of a new web page
• Published and distributed eight issues of MedViz Newsletter
• Participated on stand at «Forskningstorget» (Festplassen in Bergen) under «Forsk-

ningsdagene» («The Research Days» by The Norwegian Research Council) 19.-20.09, 
where the main theme was «Communication». MedViz’s theme was «Cell-to-cell com-
munication»

• Made a draft for a popularized article in the journal Insight Publisher, for publishing 
during the spring 2015

• Initiated the seminar series «Matematisk Poliklinikk» at Litteraturhuset in Bergen 
together with Bergen University College and University of Bergen. The seminar series 
starts in March 2015.

Research fellow Maria Omsland, 
Clinical Department K2, UiB 
demonstrated cell-to-cell  
communication in a pedagogical 
manner for future potential  
research recruits at  
“Forskningsdagene” in September
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Evaluation

MedViz was evaluated by a panel, initiated by Helse Vest, for the period 2009–2013.  
The evaluation report and MedViz was briefly presented by the Chairman of the com-
mittee Professor Ole-Jan Iversen (NTNU) at the annual research conference at Solstrand, 
organized by Helse Vest. The Chairman highlighted the positive cross-sectional work-
form MedViz is following, illustrated by the Figure below. The evaluation committee con-
cluded that the MedViz project has genrally been succesful and that MedViz should put 
stronger focus on PET imaging in the future.

MedViz has established a nice workform, here represented by TheManagement Team, from the left  
Arvid Lundervold (Dept. of Biomedicine, UiB), Antonella Zanna Munthe-Kaas (Dept. of Mathematics, UiB), 
Odd Helge Gilja (Clinical Dept.K1, UiB and Medical Dept. HUH), Ingfrid Haldorsen (Clinical Dept.K1,  
UiB and Dept. of Radiology, HUH), Ragnar Nortvedt (Dept. of Biology, UiB and MedViz, Medical Dept., HUH),  
Elin Myhrvold Riple (MOF UiB and MedViz, Medical Dept., HUH), Dag Magne Ulvang (CMR) and Helwig Hauser 
(Dept. of Informatics, UiB). Renate Grüner (Dept. for Physics & Technology and Dept. of Radiology, HUH)  
was not present when the picture was taken. 
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Publications

Three Ph.D dissertations have been defended, 36 peer review international articles and 
108 research publications, book chapters and abstracts at conferences have been  
published, including all abstracts at the MedViz Conference.

Ph.D dissertations

Hanson, Erik Andreas (2014) Image processing methods for 4D magnetic resonance acquisitions from  
brain and kidney. Ph.D thesis. Department of Mathematics, University of Bergen. 60 p. + 4 papers.  
ISBN: 978-82-308-2761-1.

Helland, Øystein (2014) Ovarian Cancer: A clinical challenge requiring basic answers. Development of an 
orthotopic ovarian xenograft model accessible to surgical intervention and exploring the role of Treg in 
evasion of immune destruction. Ph.D thesis. Department of Clinical Medicine K2, University of Bergen. 
ISBN: 978-82-308-2907-3.

Waage, Jo Erling Riise (2014) Strain elastography evaluation of rectal tumours. A critical assessment of a 
new imaging modality. Ph.D thesis. Department of Clinical Medicine K1, University of Bergen and  
Department of Surgery, Haukeland University Hospital. 54 p. + 5 papers. ISBN: 978-82-308-2825-0.

Publication list, international peer reviewed articles

Adólfsdóttir S, Haász J, Wehling E, Ystad M, Lundervold A & Lundervold AJ. Salient measures of  
inhibition and switching are associated with frontal lobe gray matter volume in healthy middle-aged  
and older adults. Neuropsychology. 2014, 28(6): 859–869. 

Angelelli P, Oeltze S, Turkay C, Haasz J, Hodneland E, Lundervold A, Lundervold AJ, Preim B & Hauser H.  
Interactive Visual Analysis of Heterogeneous Cohort Study Data. IEEE Computer Graphics and  
Applications. 2014, 99: 70–82. http://dx.doi.org/10.1109/MCG.2014.40

Biermann M. A simple versatile solution for collecting multidimensional clinical data based on the CakePHP 
web application framework. Comput Methods Programs Biomed. 2014,114: 70–9.

Brauckhoff M, Naterstad H, Brauckhoff K, Biermann M & Aas T. Latencies longer than 3.5 ms after vagus 
nerve stimulation does not exclude a nonrecurrent inferior laryngeal nerve. BMC Surg. 2014,14: 61.

Brunner IC, Skouen JS, Ersland L & Grüner R. Plasticity and response to action observation: a longitudinal 
FMRI study of potential mirror neurons in patients with subacute stroke. Neurorehabil Neural Repair. 
2014, 28(9): 874–84. 

Haaland I, Opsahl JA, Berven FS, Reikvam H, Fredly HK, Haugse R, Thiede B, McCormack E, Lain S, Bruserud 
O & Gjertsen BT. Molecular mechanisms of nutlin-3 involve acetylation of p53, histones and heat shock proteins 
in acute myeloid leukemia. Mol Cancer. 2014, 13: 116, 15p. 

Haldorsen IS, Stefansson I, Grüner ER, Husby JA, Magnussen IJ, Werner HMJ, Salvesen ØO, Bjørge L, Trovik 
J, Taxt, T, Akslen L & Salvesen HB. Increased microvascular proliferation is negatively correlated to tumour 
blood flow and is associated with unfavourable outcome in endometrial carcinomas. British Journal of 
Cancer. 2014, 110: 107–14.

Hampson P, Wang K, Ersvær E, McCormack E, Schüler J, Fiebig HH, Gjertsen BT, Bruserud Ø & Lord 
JM. Up-regulation of anti-apoptotic genes confers resistance to the novel anti-leukaemic compound PEP005 in 
primary AML cells. Oncoscience. 2014,1(8): 529–39. 

Hanson EA, Westlye E & Lundervold A. A PCA-based thresholding strategy for group studies of brain  
connectivity – with applications to resting state fMRI. Proceedings of the Southwest Symposium on  
Image Analysis and Interpretation (SSIAI) IEEE, San Diego 7-8 April 2014, p.61–64.
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Havre RF, Odegaard S, Gilja OH, Nesje LB. Characterization of solid focal pancreatic lesions using  
endoscopic ultrasonography with real-time elastography. Scand J Gastroenterol. 2014, 49(6): 742-51. 
PMID: 24713038.

Helland O, Popa M, Vintermyr OK, Molven A, Gjertsen BT, Bjørge L, McCormack E. First in-mouse development 
and application of a surgically relevant xenograft model of ovarian carcinoma. PLoS One. 2014, 9(3):  
e89527, 9p. 

Hodneland E, Hanson EA, Lundervold A, Modersitzki J, Eikefjord E, Munthe-Kaas A. Segmentation-driven im-
age registration - Application to 4D DCE-MRI recordings of the moving kidneys. IEEE Transactions on Image 
Processing. 2014, 23(5): 2392–2404.

Hodneland E, Lundervold A, Rørvik J, Munthe-Kaas AZ. Normalized gradient fields for nonlinear motion 
correction of DCE-MRI time series. Computerized Medical Imaging and Graphics. 2014, 38(3): 202–210. 

Jirik R, Soucek K, Mezl M, Bartos M, Drazanova E, Drafi F, Grossova L, Kratochvila J, Macicek O, Nylund K, 
Hampl A, Gilja OH, Taxt T & Starcuk Z. Engineering in Medicine and Biology Society (EMBC), 2014,  
Proceedings from the 36th Annual International Conference of the IEEE. p.4276–4279.

Johansen, K, Yddal T, Kotopoulis S & Postema M. Acoustic filtering of particles in a flow regime. IEEE  
International Ultrasonics Symposium Proceedings. 2014 p. 1436–1439

Johnston K, Tapia-Siles C, Gerold B, Postema M, Cochran S, Cuschieri A & Prentice P. Periodic shock-emission 
from acoustically driven cavitation clouds: a source of the subharmonic signal. Ultrasonics. 2014, 54(8): 
2151–2158.

Keunen O, Taxt T, Grüner R, Lund-Johansen M, Tonn JC, Pavlin T, Bjerkvig R, Niclou SP & Thorsen F. Multi-
modal imaging of gliomas in the context of evolving cellular and molecular therapies. Adv Drug Deliv Rev. 
2014, 76: 98–115. 

Kotopoulis S, Delalande A, Popa ML, Mamaeva V, Dimcevski G, Gilja OH, Postema M, Gjertsen BT &  
McCormack E. Sonoporation-enhanced chemotherapy significantly reduces primary tumour burden in  
an orthotopic pancreatic cancer xenograft. Molecular Imaging and Biology 2014.16(1): 53–62.

Kotopoulis S, Dimcevski G, Gjertsen BT, Gilja OH, McCormack E & Postema M. Sonoporation: From the lab to 
human clinical trials. IEEE International Ultrasonics Symposium Proceedings. 2014, p.846–849.

Kotopoulis S, Haugse R, Mujic M, Sulen A, Gullaksen S-E, McCormack E, Gilja OH, Postema M, & Gjertsen BT. 
Evaluation of the effects of clinical diagnostic ultrasound in combination with ultrasound contrast agents on 
cell stress: single cell analysis of intracellular phosphosignaling pathways in blood cancer cells and normal 
blood leukocytes. IEEE International Ultrasonics Symposium Proceedings. 2014, p.1186–1190.

Kroken RA, Løberg EM, Drønen T, Grüner R, Hugdahl K, Kompus K, Skrede S & Johnsen E. A critical review  
of pro-cognitive drug targets in psychosis: convergence on myelination and inflammation.  
Front Psychiatry. 2014, 5: 11. 

Lebedev AV, Westman E, Van Westen GJ, Kramberger MG, Lundervold A, Aarsland D, Soininen H, Kłoszewska 
I, Mecocci P, Tsolaki M, Vellas B, Lovestone S & Simmons A. Alzheimer’s Disease Neuroimaging Initiative and 
the AddNeuroMed consortium. Random Forest ensembles for detection and prediction of Alzheimer’s  
disease with a good between-cohort robustness. Neuroimage Clin. 2014, 6: 115–125. 

Li L, Osdal T, Ho Y, Chun S, McDonald T, Agarwal P, Lin A, Chu S, Qi J, Li L, Hsieh YT, Dos Santos C, Yuan H, Ha 
TQ, Popa M, Hovland R, Bruserud O, Gjertsen BT, Kuo YH, Chen W, Lain S,  Bhatia R & McCormack E. SIRT1 
activation by a c-MYC oncogenic network promotes the maintenance and drug resistance of human FLT3-ITD 
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MedViz Walk & Talk has become an informal meeting place 
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