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Since the advent of X-rays and their 
deployment in the field of radiology, the 
technological advancements of the 
twentieth century have stimulated 
diverse innovations in medical imaging. 
Magnetic Resonance Imaging (MRI), 
ultrasound, tactile imaging and 
thermography are but a few of the 
methods currently in use. In parallel with 
these developments, revolutionary 
breakthroughs in the fields of molecular 
and cellular biology, coupled with recent 

advances in genomics, have created 
unparalleled opportunities for novel 
imaging modalities to be utilised in both 
research and clinical contexts. 

“A fundamental problem for Norwegian 
research in this field has been that, despite 
their shared interests, many national 
groups are fragmented and operate 
autonomously through different 
institutions,” explains Professor Ragnar 
Nortvedt, the programme manager of a 
Norwegian research initiative, MedViz; a 

consortium which seeks to develop and 
expand R&D expertise in medical imaging 
and visualisation.  Based at the sizeable 
Haukeland University Hospital in Bergen, 
the Professor recalls that, even within his 
own institution – staffed by some 11 000 
employees, and offering CT, MR and PET 
scanning – this trend is evident, with 
many departments operating 
autonomously”. “An important challenge 
we face in the hospital, and indeed the 
medical imaging community at large, is 
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that progress ultimately depends on 
utilising several different competencies, 
which should ideally be merged or 
coordinated to achieve convergence in 
translational research,” says Nortvedt. 
“This is the approach which MedViz has 
piloted, and is very comprehensive in scope 
- encompassing basic natural sciences 
through to preclinical work with animal 
models and clinical imaging harnessing 
interdisciplinary expertise to achieve 
successful and clinically relevant results 
faster than ever before. Furthermore, 
innovation and commercialisation is 
promoted through collaboration with the 
institute sector. This process can be 
characterised as an upward spiral – 
beginning with fundamental physics and 
then moving on to preclinical and clinical 
trials, in where our new questions can feed 

back into fundamental physics.” Using 
such an interdisciplinary approach ensures 
everyone’s strengths are utilised, 
accelerating scientific development and 
medical research.”

Sharing similar interests, two additional 
institutions, the University of Bergen and 
Christian Michelsen Research (CMR), 
amalgamated with the University 
Hospital to launch MedViz, which has 
been conceived as a cluster group to 
conduct interdisciplinary research in 
advanced image analysis and 
visualisation. Its motto is ‘M2M’ – from 
Mathematics to Medicine; and Molecule 
to Man. “The basis for our collaboration 
was, essentially, to foster better 
interactions, which could lead to joint 
publications and potential commercial 
patents,” says Nortvedt. “It was concurred 

The communication 
between doctor and 

patient is important on 
many levels, here quick 

and easy work-up is 
facilitated by a mobile 

ultrasound scanner, 
operated by Scientific 

Director of MedViz Prof. 
Odd Helge Gilja.
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that the end results would considerably 
enhance actual treatments available to 
patients.” 

Initially established as a virtual network 
in 2008, MedViz has attained a physical 
dimension in the form of the MedViz 
Incubator, a locality in which monthly 
seminars are held between colleagues and 
students to encourage the sharing of ideas. 
By grouping individuals from various 
specialities, including engineering and the 
natural sciences, it helps fertilise 
innovation. Ventures based on these can 
help to demonstrate the effectiveness of 
interdisciplinary approaches. Since its 
launch, the group has financed 13 research 
projects that exemplify these principles 
and demonstrate the merits of cross-
sectional financing and methodology.

During these exercises, research 
functions are distributed amongst 
MedViz partners in order to capitalise on 

“The aim of this project is to develop knowledge 
and competencies needed to establish 
techniques for non-invasive, image based 
assessments of abdominal organs, like the 
kidneys,” says Nortvedt. Such examinations 
currently present problems for imaging 
modalities like MRI and ultrasound, due to the 
movement of the abdominal region during 
scanning, which can distort results. Thus, 
establishing more robust methodologies would 
be a significant step towards better 
individualised evaluations and targeted 
treatments, which can contribute towards 
delivering a truly ’personalised medicine’.

”To achieve this objective, we used the 
complex imaging infrastructure available 
within the hospital’s facilities – including the 
faculties of medicine and dentistry,” Nortvedt 
explains. “We also formed a multidisciplinary 
research group, which features mathematicians, 
physicists, researchers in computer science and 
biomedicine, radiographers and clinicians, who 
are all members of MedViz. They will 
concentrate on the design of proper image 
acquisition protocols, quantitative image 
analysis, and interactive visualisation to 
examine a measurement of kidney performance 
known as GFR (Glomerular Filtration Rate). This 
provides a crucial parameter in assessments of 
kidney dysfunction. After these objectives have 
been met, these approaches will be tested on 
state-of-the-art imaging machines, before 
they are clinically evaluated and trialled on 

patients. During this phase, we will also use 
agents which can function as biomarkers 
within the body, and are visible during imaging, 
to try and develop individualised therapies”. 

“There are several different challenges which 
we’re dealing with in this project, such as how 
to account for breathing movements when 
we’re capturing images,” says Nortvedt. 

“We may be able to compensate for these 
variations using mathematical algorithms, to 
produce images with higher fidelity. But there 
are other considerations too, such as choosing 
the right contrast agents, and conditions, 
which will clearly appear during a screening. 
It’s also important that we are capturing, and 
recreating images in four dimensions to provide 
detailed information for clinicians – the three 
dimensions of space, and also time.”

IllustraSound
IllustraSound is an interdisciplinary research 
project to improve medical communication, 
based on ultrasonographic (US) methods. 
Ultrasound is based on the principle of 
transmitting pulses of sound waves into tissues, 
which are reflected, captured and form the basis 
of the image displayed to the imaging operator. 
Due to its low cost and high-speed acquisition, 
it is has gained world-wide distribution suitable 
for live examinations. However, ultrasound 
image interpretation is the chief obstacle to 
further distribution also to remote areas .

“In 2009, visualisation researchers at the 
University of Bergen’s Department of Informatics 
initiated IllustraSound with international and 
national partners,” recalls Nortvedt. ”Its primary 

Image-based quantitative assess-
ment of abdominal organ function

their particular strengths. Basic physics, 
mathematics and informatics, as well as 
pre-clinical tests on mice are typically 
performed at the University of Bergen, 
whereas clinical research takes place at 
the Haukeland University Hospital. 
Software development and instrument 
testing are concentrated at CMR. To date, 
the initiative has scored numerous 
successes. A multitude of international 
peer-review papers and PhD dissertations 
have been published based on the support 
of MedViz, and these are steadily 
increasing year upon year. In addition, 
the group has filed a patent in the field of 
visibility-driven processing of streamed 
volume data from 3D ultrasound. It has 
also achieved international recognition 
– receiving the Dirk Bartz Prize for 
Visual Computing in Medicine in 2013 
from Eurographics Association– and 
become the first group in the world to 

apply ultrasound microbubble-based 
drug therapy to patients with inoperable 
pancreatic cancer.

As its repute grows, the Bergen MedViz 
cluster is forging new international links, 
including an international cooperation 
agreement with General Electric Global 
Research, the US giant’s R&D division. 
“Currently, research engagement is at its 
highest level ever within the MedViz 
collective,” Professor and 
gastroenterologist Odd Helge Gilja 
(Scientific director of MedViz) says. 
“More and more people are connecting to 
the network, which is relatively informal, 
but formalised by our projects themselves. 
Whilst in the past MedViz has a diverse 
portfolio of supported projects, following 
two evaluations at national and 
international levels, we were advised to 
focus on three highly promising 
‘lighthouse projects’.

objective is to use advanced visualisation 
technology to improve images based on US 
signals.” The project is interdisciplinary, and 
involves various fields including computer 

(Below) High-quality 3D visualization of 
in-situ ultrasonography of the liver from 
a 27 years old healthy female volunteer. 
The top row shows the result of the 
compounding process, and the feature-
preserving filtering. The middle row shows 
the result of the segmentation process and 
the setting of the space partitioning planes. 
The bottom row shows the 2D examination 
enhanced with a Couinaud segmentation 
and the embedding of a slice into a 3D 
rendering for aiding space orientation 
(Viola et al. 2013).
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science, image processing and analysis. Its 
primary focus lies in the development of new 
concepts and algorithms, which can help to 
enhance different aspects of the imaging 
process. A major strength of the project is that 
its deliverables are not bound to any one 
application domain, or particular organ. Because 
of this practical versatility, they are equally 
capable of being used for applications like foetal 
imaging. This feature of the system’s design has 
already helped IllustraSound to enter clinical 
environments, where discussions with doctors 
and other partners have informed its 
collaborative design.  

”Another important aspect of IllustraSound is 
the service it can provide in helping doctors to 
communicate with their patients” adds 
Nortvedt. ”Part of the concept was to help 
engineer 3D models which can be used by 
clinicians as visual aids, to explain medical 
therapies and bodily functions to them. This is 
a far more engaging alternative to the 2D, 
cross-sectional diagrams of bodily organs 
which often adorn the walls of imaging labs 
and surgeries”. The project has already received 
notable international attention and, in 2014, 
won an award for best paper at the 
Eurographics Workshop for Biology and 
Medicine in Vienna, Austria.   

Advancements in Ultrasound-
mediated Theranostics
“Theranostics is the latest advancement in 
personalised medicine.” says Nortvedt. “It is 
the combination of diagnostics and 
therapeutics. It follows the direction that 
everyone is unique, hence diverges from the 
‘one-size-fits-all’ therapeutic method.”

The Future
“The MedViz research has already helped to 
improve the interpretation of images in the 
clinics, which has directly contributed 
towards better diagnosis and treatments for 
patients,” summarises Nortvedt. ”By focusing 
on specific aspects of visual imaging such as 
optimising acquisition, analysis and 
modelling, and image-directed therapy, 
MedViz is working to combat the impact of 
diseases. Key to this is combining different 
imaging techniques in conjunction with 
biomarkers to create models that are specific 
to individual patients, thus improving 
personalised medicine. To fully succeed in 
implementing the convergence model we’ve 
been successfully piloting in the MedViz 
consortium, we will not only continue to 
collaborate between disciplines, but aim for a 
true transdisciplinary integration.” ★

“This particular model uses forms of diagnostic 
testing to select appropriate therapies for 
individuals, based on what can be learnt about 
them at genetic and molecular level”. One area 
in which this approach could prove particularly 
impactful is that of pancreatic cancer – a 
leading cause of cancer related fatalities in 
Europe. The conventional treatment for this 
condition is administration of the 
chemotherapeutic Gemcitabine. However, this 
contributes mainly towards the palliative care 
and remedying symptoms of patients, rather 
than to their survival.

A major issue, with most chemotherapy is the 
systemic side-effects. “We know if we add 
enough chemotherapeutic, we can kill the 
tumours, but the drug goes everywhere in the 
body” stated Nortvedt. As expected, the 
simplest answer to such a problem might be the 
best answer. “We asked, what if we could 
deliver the drugs straight to, and only to, the 
tumour?” exclaimed Nortvedt. “This is where 
we started investigating the concept of so 
called sonoporation.” Sonoporation is the use 
of ultrasound and tiny gas bubbles to increase 
cell permeability hence improving drug delivery. 
These microbubbles are already commonly used 
in the clinic as an ultrasound contrast agent for 
diagnostic purposes. When you excite these 
microbubbles under proper ultrasound 
conditions, they expand and contract. This 
results in complex interaction with nearby 
tissue, for example, making temporary holes in 
cells promoting microbubbles loaded or coated 
with other substances to be forced into the 
cells. “This will allow more drugs to be delivered 
at a specific location. Moreover, as the 
ultrasound beam can be directed to a tumour 

(Above) Effect of chemotherapy 
and therapeutic ultrasound with 
microbubbles (Sonoporation) on 
metastatic spread (A-C) and primary 
tumour sizes (D-E). The untreated 
mouse has the worst metastatic spread 
(A), i.e., whole body spread. Treatment 
with chemotherapy showed decreased 
metastatic spread (A vs B), but no 
change in primary tumour size (D vs 
E). Combining chemotherapeutic and 
sonoporation, resulted primary tumours 
only growing to 25%, when compared 
to just chemotherapeutic alone ( D and 
E vs F). In addition, metastatic spread 
was limited to the liver (C). The colour 
grade expressing metastatic spread is 
measured as number of photon counts 
as a function of time and relates to 
“cancer cell concentration”. (Kotopoulis 
et al. 2013).

region, optimal drug delivery can be secured. 
Preliminary and published results, both pre-
clinical and clinical, have raised considerable 
excitement in the international research 
community.


