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Welcome to MedViz Conference 2015 
Bergen, Bikuben Conference Center, June 15th

Dear conference delegate,
We cordially welcome you to Bergen to the 9th MedViz conference in Medical Imaging and 
Visualization, organized in close cooperation with The Molecular Imaging Centre (MIC) at 
Department of Biomedicine, UiB and Department of Radiology/PET-Centre at Haukeland 
University Hospital. 
Advanced medical imaging and visualization is crucial for correct diagnosis and treatment in 
most patients, and the doctors base much of their clinical decisions on information provided 
by medical imaging. Interventions and image-directed therapies are also increasingly 
employed, guided by the imaging findings and diagnostic procedures preceding the 
customized therapy. 
This year’s MedViz Conference has a particular focus on innovation in imaging and 
visualization. We are thus very enthusiastic about the industry participation this year. We 
hope this conference may enable fruitful discussions and exchange of scientific and 
innovation driven ideas between users and commercial developers. Furthermore, this 
conference provides a forum in which students and postdocs can interact with basic scientists, 
clinicians and engineers to enable translational communication, research and innovation. 
We are particularly grateful to the international faculty for coming to Bergen to share their 
expertise with us. Furthermore, without the contribution from national speakers and from our 
local organizing committee, this conference would not be possible. 
The conference runs for two days with both a scientific and a social program. The scientific 
program consists of six oral presentation sessions and one speed poster session. The oral 
presentation sessions covers the following topics: Technology and advanced visualization, 
PET and tracer development, biological and preclinical imaging, as well as clinical imaging 
sessions covering abdominal-, pelvic-,  and neuroimaging. The speed poster session will 
consist of two minutes poster presentations in plenum, followed by poster discussions in the 
poster area.
The conference will be opened by Bjarte Aasmul playing “Nystemten” (“Anthem of Bergen”)
on electric guitar before CEO at Haukeland University Hospital Stener Kvinnsland formally 
opens the conference. The social program includes dinner at Bellevue with folk- and jazz 
music performed by Cozyart.
We are also happy to announce that the best poster, the best free oral presentation and the best 
picture from our photo competition will be awarded a prize at the end of the conference.  
Thank you all for coming to Bergen and we wish you a pleasant stay. 

Sincerely yours, 
Ragnar Nortvedt  Ingfrid H.S. Haldorsen  Odd Helge Gilja  
Professor  Professor    Professor 
MedViz Program Manager Chairman of the   MedViz Scientific Director 
  Scientific Committee   





Program for the 2015 MedViz Conference: 
Innovation in Imaging & Visualization 

Conference Venue: Bikuben Conference Center, Haukeland University Hospital, Bergen, Norway 

Monday June 15 
0730 - 0900  Registration and coffee. Poster assembly in the poster area 
0830 Bus transport from Thon Hotel Bryggen -> Grand Terminus Hotel -> Haukeland University Hotel 
0900 Bjarte Aasmul, el.guitar: Anthem of Bergen 
0905 - 0915 Welcome address by 

CEO Stener Kvinnsland, Haukeland University Hospital 
Scientific Director, Professor Odd Helge Gilja, MedViz, Haukeland University Hospital  
Chairman of the Scientific Committee, Professor Ingfrid H.S. Haldorsen, Haukeland University Hospital 

Session I:   Technology and advanced visualization 
Chairs: Helwig Hauser and Veronika Šoltészová 
0915 – 0945 Invited speaker: Anna Vilanova Bartroli, Delft University of Technology, The Netherlands: 

Visual Analysis for Hypothesis Generation in Medical Imaging Research 
0950 – 1000 Åsmund Birkeland, Dept. of Informatics, UiB, Bergen: Visibility-Driven Filtering of 4D Ultrasound 
1000 – 1010 Constantin Heck, MIC, University of Lübeck, Germany:  

Comparison of Methods for T1 Estimation using  the Variable Flip Angles Technique
1010 – 1020 Sergej Stoppel, Dept. of Informatics, UiB, Bergen:  

Simulations and non-uniform small-multiples for quantitative analysis of skewed deformation fields
1020 – 1030 Radovan Jiřík, Institute of Scientific Instruments, AS CR, Brno, Czech Rep.:  

Evaluation of blind deconvolution in DCE-MRI using multiple contrast agents 
1030 - 1050 Invited speaker: Eigil Samset, GE Vingmed Ultrasound & UiO, Oslo:  

Connecting research and product innovation in cardiovascular ultrasound imaging and visualization 

1050 – 1115 Poster discussion, coffee & tea 

Session II: PET and tracer development  
Chairs: Martin Biermann and Tom Chr. Holm Adamsen 
1115 – 1145 Invited speaker: Christer Halldin, Karolinska institutet, Dept. of Clinical Neuroscience, Stockholm, 

Sweden:  Translational Neuroimaging and Radioligand Development 
1150 – 1200 Martin Biermann, Department of Radiology/PET-centre, Haukeland University Hospital, Bergen: 

Multimodal imaging including ultrasound and F-18-FDG-PET underestimates the extent of disease found 
on histology 

1200 – 1210 Tina Fonnes, Centre for Cancer Biomarkers, Dept. of Clinical Science, UiB, Bergen:  
Multimodal imaging of therapeutic response in orthotopic mouse models of endometrial carcinoma 

1210 – 1220 Martin Fernø, Dept. of Physics & Technology, UiB, Bergen:  
Combined PET-CT for Visualization and Quantification of Fluid Flow in Porous Rock Samples 

1220 – 1250 Invited speaker: Andreas Kjær, National University Hospital & University of Copenhagen, Denmark:  
New tracers for cancer imaging: from mouse to man 

1300 – 1400  Lunch 

Session III: Posters 
Chairs: Antonella Z. Munthe-Kaas & Erlend Hodneland 
1400 – 1445 Speed poster presentations (2 minutes each) 

1445 – 1530 Poster discussion, coffee & tea 

Session IV: Biological and preclinical imaging 
Chairs: Frits Thorsen and Ragnar Nortvedt 
1530 - 1600 Invited speaker: John E. Eriksson, Åbo Akademi Univ., Finland: Cutting-edge cellular imaging. 

From fundamental discoveries and innovations to drug development and diagnostics 
1600 – 1610 Vanja Flatberg, Dept. of Physics & Technology, UiB, Bergen:  

Using diffusion MRI to study demyelination in deep gray matter in animal model of multiple sclerosis 
1610 – 1620 Erlend Hodneland, Christian Michelsen Research & MedViz, Bergen:  

Automated classification of cell death in high-throughput data for anti-cancer drug screening 
1620 – 1630 Elvira Garcia de Jalón, Dept. of Chemistry and Centre for Pharmacy, UiB, Bergen:  

Synthetic studies towards nitroreductase-activated fluorescent probes 



1630 – 1640 Spiros Kotopoulis, Dept. of Medicine, Haukeland University Hospital, Bergen: Sonoporation using 
Acoustic Cluster Therapy in combination with chemotherapy transiently reduces tumour volume 

1640 – 1700 Invited speaker: Emmet Mc Cormack, Dept. of Clinical Science, UiB, Bergen:  
Preclinical Imaging of Cancer 

1715 Bus transport from Haukeland University Hospital -> Grand Terminus Hotel -> Thon Hotel Bryggen 
1830 MedViz Slow Walk & Talk from Grand Terminus Hotel to Bellevue 
1900 - 2200 Dinner at Bellevue (folk-jazz music by Cozyart) 

Tuesday June 16 
0800 Bus transport from Thon Hotel Bryggen -> Grand Terminus Hotel -> Haukeland University Hotel 
Exclusive early breakfast session: 
0830 – 0855 John E. Eriksson, Åbo Akademi University, Finland: EuroBioImaging in a nutshell 
Session V: Abdominal imaging  
Chairs: Odd Helge Gilja & Spiros Kotopoulis 

0900 – 0925  Invited speaker: Hans Peter Weskott, Siloah Hospital, Hannover, Germany: Contrast 
Enhanced Hepatic Angiography – a novel technique to image the arterial hepatic tree 

0925 – 0945 Hans P. Weskott: B-Mode, CFI and CEUS in lymph nodes-when to use which technique? 
0945 – 0955  Trond Engjom, Dept. of Medicine, Haukeland University Hospital, Bergen:  

Rosemont score from transabdominal ultrasound in chronic pancreatitis 
0955 – 1005 Naiad Hossain Khan, ISB, MI Lab and Department of Circulation and Medical Imaging, 

NTNU, Trondheim: Automatic Localization of the Fetal Abdomen in Ultrasound Images 
1005 – 1015 Anders Batman Mjelle, Dept. of Medicine, Haukeland University Hospital, Bergen:  

Point shear wave elastography of the liver in primary sclerosing cholangitis 
1015 – 1035 Invited speaker: Rune Hansen, Dept. of Medical Technology, Sintef, Trondheim:  

New multimodal microbubble developments 

1035 – 1115 Poster discussion, Coffee & tea 

Session VI: Pelvic imaging 
Chairs: Ingfrid Haldorsen & Jarle Rørvik 
1115 - 1145 Invited speaker: Jurgen Fütterer, The Radboud University Medical Center, Nijmegen, Netherlands: 

Multiparametric imaging of the prostate  
1150 - 1200 Erik A. Hanson, Dept. of Mathematics, UiB, Bergen:  

Sensitivity analysis in DCE-MRI for the estimation of renal filtration 
1200 – 1210 Liv B. Hysing, Department of Oncology and Medical Physics, Haukeland University Hospital, Bergen: 

Dosimetric consequences of organ deformations in radiotherapy of locally advanced prostate cancer 
1210 – 1220 Sigmund Ytre-Hauge, Dept. of Radiology, Haukeland University Hospital, Bergen:  

Preoperative tumor texture analysis from MRI predicts deep myometrial invasion and high risk histology 
in endometrial carcinomas 

1220 – 1235 Ludvig Muren, Dept. of Medical Physics, Aarhus University Hospital, Denmark:  
A tumour control probability model for radiotherapy of prostate cancer using magnetic resonance 
imaging-based apparent diffusion coefficient maps  

1235 – 1255 Invited speaker: Tone Frost Bathen, Dept. of Circulation and Medical Imaging, NTNU, Trondheim:  
MR spectroscopy: A metabolic window to cancer biology 

1300 – 1400 Lunch 

Session VII: Neuro and brain imaging 
Chairs: Leif Oltedal, Arvid Lundervold & Renate Grüner 
1400 – 1430 Invited speaker: Anders M. Dale, UC San Diego, USA: 

Integration of quantitative imaging and genomics for precision medicine 
1430 – 1445   Marte Thuen, NordicNeuroLab AS, Bergen:  

NordicNeuroLab: Successful innovation from a researcher’s idea to an international company 
1445 – 1455 Leif Oltedal, Dept. of Radiology, Haukeland University Hospital, Bergen: ECT in treatment of depression: 

study protocol for a prospective neuroradiological study of acute and longitudinal effects on brain 
structure and function. A national project within an international collaboration 

1455 – 1505 Nina Obad, Dept. of Biomedicine, UiB, Bergen:  
Vascular normalization after anti-angiogenic therapy with bevacuzimab 

1510 – 1530 Invited speaker: Kyrre Emblem, The Intervention Centre, Oslo University Hospital, Oslo:  
From Matlab to overall survival; longitudinal monitoring of brain cancer 

1530 – 1550 Awards for the best picture, poster and oral presentation 
1550 – 1600 Conclusive remarks. Ragnar Nortvedt, MedViz, Bergen 
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Visual Analysis for Hypothesis Generation in Medical Imaging Research 

Anna Vilanova1, Renata G. Raidou2, Nicola Pezzotti1 

1Delft University of Technology, Computer Graphics & Visualization 
2Eindhoven University of Technology, Biomedical Image Analysis 

Medical imaging is evolving continuously, improving quality and providing more and more 
complex information of the human body. Large amounts of medical imaging information are 
collected in hospitals, research centers and medical institutions. The analysis of this information 
has the potential to provide new discoveries. However, the high-dimensionality and complexity 
requires new analysis tools to fully exploit the data. Visual analytics is a branch of visualization 
that focuses on the science of analytical reasoning facilitated by interactive visual interfaces. 
Visual analytics can also be seen as an extension to data mining and pattern recognition methods 
that do most of the data analysis without inspecting the data. It is also a complement to the 
already existing visualization techniques by the introduction of the concepts of reasoning and 
data mining. 

We have developed visual analytics tools for tumor tissue characterization [1]. Tumors are 
heterogeneous tissues consisting of multiple regions with distinct characteristics. 
Characterization of these intra-tumor regions can improve patient diagnosis and enable a better 
targeted treatment (e.g., radiotherapy treatment). Ideally, tissue characterization could be 
performed non-invasively, using medical imaging data, to derive per voxel a number of features, 
indicative of tissue properties. The relation between imaging data and tissue characteristics is not 
known. The high dimensionality and complexity of this imaging-derive feature space is 
prohibiting for easy exploration and analysis. Clinical researchers require to associate 
observations from the feature space to other reference data, e.g., features derived from 
histopathological data. Currently, the exploratory approach used in clinical research consists of 
juxtaposing these data, visually comparing them and mentally reconstructing their relationships. 
This is a time consuming and tedious process, from which it is difficult to obtain the required 
insight. We propose a framework (see Figure 1) for: (1) easy exploration and visual analysis of 
the feature space of imaging-derived tissue characteristics and (2) knowledge discovery and 
hypothesis generation and confirmation, with respect to reference data used in clinical research. 
We employ, as central view, a 2D embedding of the feature space, e.g., t-Distributed Stochastic 
Neighbor Embedding (tSNE) of the imaging-derived features. Multiple linked interactive views 
provide functionality for the exploration and analysis of the local structure of the feature space, 
enabling linking to patient anatomy and clinical reference data. Furthermore, we provide a 
cluster analysis view for the analysis of interactively selected clusters.  

We performed an initial evaluation with ten clinical researchers. All participants agreed that, 
unlike current practice, the proposed framework enables them to identify, explore and analyze 
heterogeneous intra-tumor regions and particularly, to generate and confirm hypotheses, with 
respect to clinical reference data. 

Interactivity is a major factor on Visual Analytics. Often data mining techniques need large 
processing times that limit the applicability of the methods. Progressive Visual Analytics aims at 
improving the interactivity in existing analytics techniques by means of visualization as well as 
interaction with intermediate results. One key method for data analysis is dimensionality 
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reduction such as tSNE. tSNE creates meaningful intermediate results but suffers from a slow 
initialization that constrains its application. In the tumor characterization framework presented 
earlier, the 2D embeddings are precomputed. For example, changes on the feature space or data 
points impose a delay in the analysis. We introduce a controllable tSNE approximation, which 
trades off speed and accuracy, to enable interactive data exploration. We grant the analyst the 
ability to change algorithm parameters, to insert and remove data-points and features in a fully 
interactive way. The approximated queries are refined, and the analyst is aware of the underlying 
approximation thanks to a visualization of the refinement process. As an example we evaluate 
our approach in the context of the analysis of gene expressions in the mouse brain. 

Figure 1. View of the main components of the proposed framework and their functionalities. 

Reference 

[1]  Visual Analytics for the Exploration of Tumor Tissue Characteristics  Renata Georgia Raidou, U.A. van der 
Heide, Cuong Dinh, Ghazaleh Ghobadi, Jesper Follsted Kallehauge, Marcel Breeuwer, Anna Vilanova. EuroVis - 
Eurographics/IEEE-VGTC Symposium on Visualization, Volume 34 – 2015. 
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Visibility-Driven Filtering of 4D Ultrasound 

Å. Birkeland1, V. olt szov 2,1, I. Viola1,3, S. Bruckner1 

1Department of Informatics, University of Bergen, 
2Christian Michelsen Research, 
3Vienna University of Technology, Austria 

Motivation Because of the noisy character of ultrasound data, it is challenging to render 
meaningful visualizations directly from the raw data without additional processing. The 
processing step can however disable real-time volume data acquisition and visualization for 
streamed volumetric ultrasound, such as 4D ultrasound. Noise removal and feature detection are 
common operations, but many methods are too costly to compute over the whole volume when 
dealing with live streamed data.  
Method We describe a visibility-driven processing scheme for handling costly on-the-fly 
processing of volumetric data in real-time. In the standard visualization pipeline, data processing 
directly follows the acquisition stage. The visual mapping and rendering steps then operate on 
the processed data. The problem arises when in-situ visualization of streamed data is required. In 
this case, for every rendered frame, the data needs to undergo an expensive processing operation 
which may be significantly more costly than the rendering stage themselves. Examples of such 
costly data enhancement algorithms are iterative anisotropic diffusion filtering [1], iterative 
bilateral filtering [2], lowest-variance filtering [3] and vessel-enhancing filtering [4]. To solve 
this problem, we observe that in most volume visualization applications, only a fraction of the 
data is displayed at a time. Transfer functions limit the range of displayed data values and large 
portions of the volume may be occluded by other structures. Additionally, particularly for 
ultrasound data, clipping planes or more advanced clipping geometries are commonly used to 
remove unwanted parts of the data [5]. Furthermore, when users zoom-in to inspect features in 
detail, large parts of the volume may simply lie outside of the viewing frustum. For such 
scenarios, it is worthwhile to execute the data enhancement only on a subset of the data that is 
likely to contribute to the rendered image, i.e., potentially visible voxels. 

Figure 1: Potentially visible voxels that correspond to dataset viewed as in a) are shown in grey in b). In c), the original dataset 
is rotated to show the potentially visible voxels generated from the view as in a) in a different view d). 

Related work In the context of volume visualization, many techniques for exploiting visibility 
information to accelerate the rendering process have been proposed. For volume ray casting, the 

a) b) c) d)
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occluded  parts of the volume can be easily skipped (early-ray termination). Some  methods have 
also focused on avoiding processing of empty space [6,7]. Kniss et al. [8] used the term deferred 
filtering to refer to a two-pass volume rendering approach. In the first pass, a subset of the data is 
reconstructed and the second pass can then exploit the GPUs native interpolation capabilities. 
Jeong et al. [9] performed on-demand filtering of electron microscopy data only for visible 
blocks. Pre-computed histograms are efficiently updated during the filtering pass only for 
affected blocks. The mentioned approaches are not feasible for streaming volume data, where the 
entire volume is replaced continuously. Our solution specifically addresses the scenario when the 
invisible blocks become visible due to filtering. 

Contribution In contrast to the previous work, our scheme utilizes a fast computation of the 
potentially visibility of voxels. An example of potentially visible voxels in shown in Figure 1. 
Voxels that are completely invisible will not be processed, which significantly reduces the 
amount of data required to process. As processing operations modify the data values which may 
affect their visibility, our visibility computation is conservative, i.e., it ensures that the set of 
elements deemed visible does not change after processing. Finally, this ascertains that the results 
(visualizations) of fully and partially processed datasets will be identical, which we show in 
Figures 2 and 3. 

Results 

Figure 2: Snapshot of 4D ultrasound of a fetus (dataset Anna). The visualization of the raw (not processed) dataset is shown on
the left. In the middle, noise removal (processing operation) was applied to all voxels, while on the right, noise removal was 
applied only to visible voxels. The images in the middle and on the right are identical. However, the processing of the dataset
visualized in the middle took 0.175s while the processing of the dataset on the right took only 0.098s. 
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Figure 3: Snapshot of 4D ultrasound of a heart. The visualization of the raw dataset is on the left. In the middle, the entire 
dataset is processed, while on the right, only visible voxels are processed. Even though the visualizations of the fully and 
partially processed datasets are identical, processing of visible voxels consumed 0,045s instead of 0.076s (full processing).  

Figure 4 shows the performance of 
visibility-driven filtering with 
respect to varying portion of the 
visible voxels and different data size 
using lowest-variance streamline 
filtering. The horizontal lines (green, 
red and blue) show the constant time 
that is needed to process the 
corresponding full volume. We 
conclude that if more than 85 %  of 
the data is visible, which is most 
likely not the case for cardiac 3D 
ultrasound, the visibility-driven 
filtering optimization would no 
longer pay off. We also measured 
performance using other filters, e.g., 
Perona-Malik anisotropic diffusion 
and bilateral filtering and they 
showed a very similar trend as 
lowest-variance filtering.  

Application of the Visibility Information A  map that defines not only which elements are 
visible, but also how visible certain elements are, opens a wide range of opportunities. For 
instance, one can optimize processing for a given time budget, and exclude elements from 
processing which are not prominent in terms of visibility. A different approach would for 
instance adjust the quality of filtering of elements according to visibility. Semantics can be added 
by adjusting the kernel size for a smoothing filter to provide details of elements which are in 
front, and blur out the background to remove clutter from the background. Here we present three 
methods for applying a visibility map in volume filtering. 

Figure 4: Performance of visiblity-driven processing depending on the 
percentage of visible voxels and for different dataset sizes. Heart: 128 x
100 x128, gallbladder 232 x262 x 114 and gallbladder 256 x 256 x 256. 
The horizontal lines present the computation time necessary to process the
entire dataset without the visibility optimization. The computation of visible
voxels presents a certain overhead, and therefore if more than a certain 
percentage of voxels are visible, our method no longer pays off. This
turning point depends on the size of the dataset. In this figure, it is the
crossing point of matching (same color) performance curves and horizontal
lines.
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The initial goal was to obtain results using the visibility map to be identical to traditional 
approaches. With the new applications of the visibility map, presented in this section, we do not 
have the same guarantee.  

1. Time budget In volume streaming, there is a certain amount of time a system can spend on
each received volume. If the runtime of a filtering method exceeds the time between each time 
step, data will be skipped or not updated quickly enough. In this case, processing time should be 
prioritized for relevant areas of the data. Typically these areas are also the most visible. To guide 
the system to process only these areas, we can threshold the visibility map and only process the 
areas which are at a certain level of visibility. The threshold can be progressively adjusted 
according to the previous runtime, until the filtering update at a desired frame rate. 

2. Quality Application Thresholding the visibility map creates a clear difference between
elements processed and elements left out. A different approach could be to aim at a smoother 
operation than thresholding by, e.g., lowering the workload depending on the visibility. In 
volume filtering, it means lowering the sampling rate within the filter kernel for less visible 
voxels. This reduces the workload but lowers the quality of the filtering. One could also change 
the sampling rate on a global level. However, this does not discriminate between elements which 
are highly visible and potentially more important. In addition, it can cause more quality loss in 
the final image. Instead, we can let the sampling rate be determined by the visibility. This 
ensures that elements which are prominent gets a high priority in processing time. Examples are 
shown in Figure 5 and Figure 6. 

Figure 6: Visual performance of quality adjustment with a opaque transfer function.

Figure 5: Visual performance of quality adjustment with a semitransparent transfer function.
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Semantic Application 

The visibility can also be used for the improving runtime even more. By applying a smoothing 
operator, the data loses details, which may not be suitable for close inspection. However, in 
noisy or high frequency data, there might be too much clutter. One solution could be to smooth 
out elements in the background more than in the foreground, similarly to the depth-of-field 
effect. Elements with low visibility will be more blurred than elements that are highly visible. An 
example is shown in Figure 7.  

References 

[1] PERONA P., MALIK J.: Scale-space and edge detection using anisotropic diffusion. In Proceedings of IEEE 
Computer Society Workshop on Computer Vision (1987), pp. 16–22. 
[2] TOMASI C., MANDUCHI R.: Bilateral filtering for gray and color images. In Proceedings of International 
Conference on Computer Vision (1999), pp. 839–846. 
[3] ŠOLTÉSZOVÁ V., PATEL D., BRUCKNER S., VIOLA I.: A multidirectional occlusion shading model for 
direct volume rendering. Computer Graphics Forum 29, 3 (2010), 883–891. 
[4] FRANGI A. F., NIESSEN W. J., VINCKEN K. L., VIERGEVER M. A.: Multiscale vessel enhancement 
filtering. In Proceedings of Medical Image Computing and Computer– Assisted Intervention (1998), pp. 130–137. 
[5] BIRKELAND Å., BRUCKNER S., BRAMBILLA A., VIOLA I.: Illustrative membrane clipping. Computer 
Graphics Forum 31, 3 (2012), 905–914. 
[6] LEVOY M.: Efficient ray tracing of volume data. ACM Transactions on Graphics 9, 3 (1990), 245–261. 
[7] LACROUTE P., LEVOY M.: Fast volume rendering using a shear-warp factorization of the viewing 
transformation. In Proceedings of ACM SIGGRAPH 1994 (1994), pp. 451–458. 
[8] KNISS J., LEFOHN A., FOUT N.: Deferred Filtering: Rendering from Difficult Data Formats. Addison Wesley, 
2005, ch. 41, pp. 669–677. 
[9] JEONG W.-K., BEYER J., HADWIGER M., VAZQUEZ A., PFISTER H., WHITAKER R. T.: Scalable and 
interactive segmentation and visualization of neural processes in em datasets. 
IEEE Transactions on Visualization and Computer Graphics 15, 6 (2009), 1505–1514. 

Figure 7: Adapting the kernel size to the visibility, we can blur (right) out the
semi-transparent context and keep detail of the object in focus. Left shows the
original data.
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Comparison of Methods for T1 Estimation using the Variable Flip Angles 
Technique 

Constantin Heck 

MIC, University of Lübeck 
heck@mic.uni-luebeck.de, http://www.mic.uni-luebeck.de 

Keywords: Image Registration, T1-Estimation, Joint Methods, DCE-MRI 

An emerging way to analyze data obtained from dynamically contrast enhanced MRI (DCE-MRI) 
is to employ pharmacokinetic models to obtain functional tissue variables [1], [2]. In the case of 
DCE-MRI data of the kidney, these methods have been successfully employed to estimate the 
glomerular filtration rate [3]. However, the model fit depends on a prior conversion of MRI 
signal intensities to contrast agent concentrations [2]. Since in DCE-MRI the contrast agent 
typically influences the T1time, accurate estimation of the baseline T1time is crucial, as errors 
in baseline T1 have been shown to yield severe errors in pharmacokinetic parameters [4]. A fast 
and reliable way to estimate T1times is the so-called variable flip angle technique [5]. Here a 
series of spoiled-gradient echo sequences is obtained with different flip angles, allowing to 
reconstruct the baseline T1  by fitting the signal equation to the measured data. Typical 
challenges in the case of abdominal MRI are patient movement between image acquisitions and 
low data quality due to noise. 

In order to overcome these problems, different methods have been proposed. In the standard 
approach [5] the data is first registered and subsequently the signal equation is fitted to the data.  

The joint approach recently proposed by [4] generalizes this concept. Similar to [6], [7], the 
problem is formulated as the joint problem 
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where i  is a flip angle, D i (yi ) is an image deformed by a transformation yi , S(T1, M 0, i )  is 
the simulated signal based on current estimates of T1 and M 0  and R(yi )  is a regularization 
energy for the transformation. 

This problem is solved in an alternating fashion, meaning that for given estimates of T1 and 
M0 the signal equation is used to generate model images, to which the measured images can be 
registered. With now updated deformations, estimates of T1 and M 0 can be improved and so 
on  
The joint, regularized approach proposed in [8] is a further extension of the joint approach. 
Here (1) is extended by additional spatial regularization of T1 and M 0, yielding the objective 
function 
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In this formulation only smooth parameter maps are allowed. Additionally, the problem is solved 
mathematically not in alternating fashion but in a fully coupled fashion and under consideration 
of the nonlinear signal equation. The optimization is carried out using a multilevel approach with 
a Gauss-Newton approximation of the Hessian. In the current implementation only smoothness 
constraints on the parameter maps can be considered. Note that by employing different 
optimization techniques it is possible to extend this also to non-differentiable regularization 
methods as e.g. total variation. 

Figure 1: One slice of the 3D software phantom at SNR=13 displaying movement.

The last two techniques have been developed independently and to the best of the author’s 
knowledge there is not yet a comprehensive evaluation of the three techniques. The proposed 
poster will show differences of these methods for 3D software-phantom data [9] as well as real 
data (by courtesy of Jarle Rørvik, Haukeland University Hospital, Bergen). Evaluation on 
phantom data will be done with respect to errors in reconstructed parameter maps as well as 
deformation fields for different noise levels. The preliminary results are indicating a superiority 
of the regularized approach on phantom data but underestimation of T1 on real data. A more 
detailed evaluation will be presented in the talk. 
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Table 1: Preliminary relative errors in T1 for different noise-levels. Absolute Relative Errors |T1True-T1Est|/T1True were 
computed point wise, the median/mean was subsequently computed over the whole image.  

Standard Joint Joint, Regularized
SNR medianRE meanRE medianRE meanRE medianRE meanRE 
31 0.0814 0.1282 0.0684 0.1409 0.0527 0.0768 
21 0.0866 0.1342 0.0709 0.1418 0.0560 0.0820 
13 0.1025 0.1575 0.0776 0.1433 0.0630 0.0918 

True T1 Reconstruction by the standard method 

Reconstruction by the joint method Reconstruction by the joint, regularized 
method 

Figure 2: Preliminary reconstruction results of the digital phantom at SNR = 13. Displayed is one slice of the 3D-dataset. 
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Reconstruction by the standard method 

Reconstruction by the joint method Reconstruction by the joint, regularized 
method 

Figure 3: Preliminary reconstruction results on real data (by courtesy of Jarle Rørvik). Displayed is one slice of the 3D dataset, 
true parameter maps are not available. A slight underestimation of T1 in the joint, regularized method is visible. 

References: 
[1] E. Hodneland, Å. Kjørstad, E. Andersen, J. A. Monsson, A. Lundervold, J. Rørvik, and A. Munthe-

Kaas, “In vivo estimation of glomerular filtration in the kidney using DCE-MRI,” presented at the 
Proceedings of ISPA 2011, Dubrovnik, 2011, pp. 755–761. 

[2] S. P. Sourbron and D. L. Buckley, “Classic models for dynamic contrast-enhanced MRI,” NMR 
Biomed., vol. 26, no. 8, pp. 1004–1027, May 2013. 

[3] S. P. Sourbron, H. J. Michaely, M. F. Reiser, and S. O. Schoenberg, “MRI-measurement of 
perfusion and glomerular filtration in the human kidney with a separable compartment model.,” 
Invest Radiol, vol. 43, no. 1, pp. 40–48, Dec. 2007. 

[4] A. Hallack, M. A. Chappell, M. J. Gooding, and J. A. Schnabel, “A New Similarity Metric for 
Groupwise Registration of Variable Flip Angle Sequences for Improved T10 Estimation in DCE-
MRI,” presented at the WBIR 2014, 2014, pp. 154–163. 

[5] H.-L. M. Cheng and G. A. Wright, “Rapid high-resolution T1 mapping by variable flip angles: 
Accurate and precise measurements in the presence of radiofrequency field inhomogeneity,” 
MAGN RESON MED, vol. 55, no. 3, pp. 566–574, 2006. 

[6] G. A. Buonaccorsi, J. P. B. O'Connor, A. Caunce, C. Roberts, S. Cheung, Y. Watson, K. Davies, 
L. Hope, A. Jackson, G. C. Jayson, and G. J. M. Parker, “Tracer kinetic model–driven registration 
for dynamic contrast-enhanced MRI time-series data,” MAGN RESON MED, vol. 58, no. 5, pp. 
1010–1019, 2007. 

[7] C. Heck and E. A. Hanson, “A Model-Driven Registration Framework for DCE-MRI,” presented 
at the ISMRM Workshop on Motion Correction in MRI, Tromsø, 2014, pp. 1–1. 

[8] C. Heck, M. Benning, and J. Modersitzki, “Joint Registration and Parameter Estimation of T1 
Relaxation Times Using Variable Flip Angles,” presented at the BVM 2015, Lübeck, 2015, pp. 
215–220. 

[9] W. P. Segars, G. Sturgeon, S. Mendonca, J. Grimes, and B. M. W. Tsui, “4D XCAT phantom for 
multimodality imaging research,” Med. Phys., vol. 37, no. 9, p. 4902, 2010. 



The MedViz Conference 2015 

Simulations and non-uniform small-multiples for quantitative analysis of 
skewed deformation fields 

Sergej Stoppel1*, Erlend Hodneland2, Erik Hanson3, and Jan M. Nordbotten3 

1Visualization Group, Department of Informatics, University of Bergen, Norway,  
2MedViz Research Consortium and Christian Michelsen Research, Bergen, Norway 
3Department of Mathematics, University of Bergen, Norway and Princeton University, USA 
* Corresponding author: 1sergej.stoppel@ii.uib.no

Keywords: Biot equations, DCE-MRI, MPSA, simulations, visualization, small-multiples 

Purpose 
Dynamic MR imaging is a widespread and clinically useful in vivo imaging technique. In 
particular within the abdomen, breathing during MR acquisitions is frequently considered a 
problematic issue that should be counteracted. However, in this work we propose to utilize 
information contained in the deformation field of the deforming tissue, which can be altered in 
pathological conditions like fibrosis. We compute a forward simulation of a moving porous and 
elastic tissue, thus simulating a deforming organ. Using the deformation field obtained from 
these simulations we propose to apply dynamic small-multiples superimposed with a common 
grey color image for visualization of the deformation field and derived quantities. This can 
provide a user with localized information on the characteristics of the deformation. Such type of 
feedback can be clinically useful for identification of regional stiffness changes following 
pathological conditions like fibrosis. We organize the small multiples by clustering the graphs of 
the deformation fields based on the visual appearance, while still providing a common ground 
for comparison.  

Computational Methods 
Starting out with a real time series from Dynamic Contrast Enhanced-MRI (DCE-MRI), we 
performed a segmentation of the spine, whole kidney and the kidney cortex. The segmentation 
was used to assign Lamé parameters and permeability to a tissue parameter map. Noting that 
human tissue is simultaneously porous and elastic, we apply the theory of Biot [1] to describe the 
motion of an organ upon breathing. This theory is also known as poroelasticity [2]. The Biot 
model is a coupled set of equations reflecting force balance, mass balance, and Darcys law for 
fluid flow in porous media. A generalization of the second law of Newton 

b for x
 
describes the deformation of an elastic medium exposed to volume forces b , and where

(u, , ) is the Cauchy stress tensor of poroelasticity. The tissue parameters  are known
as the Lamé parameters. Mass balance for the fluid entering and leaving a control volume states 
that 

( )
t

( q) 0

for the fluid density , fluid flux q , porosity  and time t. Denote the permeability K. To
account for fluid flow in porous media, Darcys law q K p describing the relatation between
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flux and the pressure gradient, is combined with the mass balance equation. Assuming that
porosity is a function of volume changes ( u), a coupling between the momentum
equations and the mass balance is accomplished. The Biot equations are then simultaneously
solved for the deformation field u  and the pressure p.

Visualization Methods 
Quantitative evaluation of time dependent data is up to date a challenging task. Common 
visualization techniques show either the whole data in one time step or the user can select a 
region of interest (ROI) for which a collection of time intensity curves is shown, such as 
ProfileFlags [3] or small neighborhood statistics [4]. The first technique neglects the temporal 
context and thus reflects only a fraction of the contained information. The second technique 
requires apriori knowledge of the spatial decomposition of the ROI. Furthermore, this technique 
also holds the danger of overseeing important events, simply because those were not expected to 
be in the ROI. We propose a technique for quantitative analysis of multivariate data in a spatial 
context by using non-uniform small multiples. We subdivide our visualization approach into 
three sub steps. 

1. We show the user all graphs, or a statistical representation of a graph group for a local
neighborhood. 
2. We let the user define a ROI by simply sketching it with the mouse.
3. We let the user subdivide the ROI and form clusters within the ROI based on visual
similarities of the graphs. 

We implemented our technique as a prototype in Matlab, where the method does not provide real 
time interaction but a second of delay in each computation step. We see this implementation 
rather as a proof of concept than a fully developed visualization tool. It is worthwhile to mention 
that our dataset is two dimensional, thus the selection of a ROI is straightforward. Selecting a 
ROI in a volumetric dataset is non-trivial and is not covered in this work. 

Results 
The Biot equations were discretized using a finite volume discretization [5]. They were solved 
for a periodic body force applied at the upper and lower boundary of the image, simulating the 
breathing pattern of a patient. Within one of the kidneys we simulated a “pathological condition” 
of fibrosis, expressed with an increased first Lame parameter, reflecting a situation of increased 
stiffness associated with fibrosis. The time series was simulated for a total of 8.5s with a 
temporal resolution of t = 0.25s. We used the following parameter settings: K = 10-7m2/Pa s, 

kidney= 1.6kPa, spine=8.3*104kPa, normalkidney= 0.01kPa, spine=5.5*104kPa, fibrotickidney= 50kPa.   
The first six time instances of the MR image after simulating the Biot equations are shown 

in Figure 1. The parameter settings were considered to be within normal physiological range, 
with exception of fibrotickidney where a high value was applied to investigate the effects of strong 
fibrosis. 
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Figure 1 Deformation of synthetic kidneys. The deforming grid is shown as bending gridlines for the first six time instances.  

We computed relative volume changes expressed by the absolute divergence of the deformation 
field, V u . The relative volume change V was further averaged over time as V . The 

pixelwise map of V is shown in the right panel of Figure 2. The volume change within the 
fibrotic kidney was on average 0.29% while the normal kidney had an average, relative volume 
change of 0.63%. This corresponds to a fractional difference of 2.2 fold change between the 
fibrotic and the normal kidney.  

 
Figure 2: Volume changes are different in a simulated, fibrotic kidney. Left: Synthetic MR image, Middle: A binary 
representation of the fibrotic kidney, Right: Relative volume change V at an arbitrary time step. The relative volume change is 
lower within the fibrotic kidney than within the normal kidney due to the increased tissue stiffness imposed within the fibrotic 
kidney. 
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While the images in Figure 2 already provide a promising localization of fibrosis, the time series 
of volume changes can provide further information. We solve this by visualizing the temporal 
data. However, showing all temporal data simultaneously results in an overwhelming and 
confusing data representation (Figure 3, left). 
Note that our data consists of 64x64 pixels, and for denser data we propose to show only 
statistical properties within a local neighborhood, such as mean, max, min or some other 
meaningful statistical property. While this representation already provides temporal structure 
through the visual differences between the graphs, it is nearly impossible to compare the graphs 
due to the large amount of data information. Overlaying the graphs with the grayscale image of 
the current time instance improves the spatial comprehension but still does not allow 
comparisons between the graphs (Figure 3, middle). 

In the second step of our approach we roughly select the kidneys (Figure 3, right). 
Thereafter, the user can decide whether to show the mean for each selected kidney (Figure 4, 
left) or to subdivide the kidneys further more by clustering the graphs based on their visual 
similarity (Figure 4, middle). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Left: Only relative volume change for each sample point. Middle: Overlaying the graphs on top of a grayscale image of 
the current time step improves the spatial understanding. Right: The graphs are shown only for a selected ROI (rough selection 
of the kidneys). The lover images show an enlargement of the area in the squares of the upper images. 
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Figure 4 Left: The average graph of the relative volume change is shown for each kidney separately. Middle: Further subdivision 
allows for better analysis within smaller kidney regions, the enlargement shows the difference of the graphs in more detail. 
Right: Average volume change for one time sample. 

 

A further subdivision in Figure 4 (middle) reveals that not the whole kidney, but only roughly 
the upper half is fibrotic, as one could also observe in Figure 4 (right). This data set was 
different from the data set in Figure 2 as we prepared a simulation where only the upper half of 
the left kidney was fibrotic.  

 

Conclusions and outlook 

By using a synthetic MR phantom of the kidneys we were able to demonstrate that under 
physiological conditions, volume changes with a 2.2 fold change between a fibrotic and a healthy 
kidney were possible to detect in a simulation. These results indicate that a similar effect might 
be possible to detect for the inverse reconstruction problem using image registration.  

Since the measured data will be noisy, we expect the dynamic small multiples to be of high 
value, since an evaluation of the whole time series may provide a more trustworthy diagnosis.  

We have shown that it may be possible to separate fibrotic tissue from normal tissue within a 
dynamic MR time series. A further extension of this approach could be to use the proposed 
visualization techniques to further detect phase shifts of the volume changes, which could be 
visible in the plotted time curves of volume changes. Such shifts in time curves are to be 
expected if physiological changes in tissue permeability are accompanying the fibrosis (Figure ). 
In this context, quantitative visualization of dynamic MR series could serve as a new approach to 
perform microvascular imaging.   
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Figure 5 Volume changes as a function of time. Fibrotic tissue can possibly have a shift in the curves whenever the fibrosis leads 
to changes in tissue permeability. 
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Introduction
Magnetic resonance perfusion imaging is an important method used for diagnosis and therapy 
monitoring mostly in oncology, neurology and cardiology. It allows assessment of the perfusion 
status of a tissue on the capillary level. This contribution is focused on dynamic contrast-
enhanced (DCE) magnetic resonance imaging (MRI). The technique is based on the analysis of 
T1-weighted MR image sequences, which are acquired through time after an intravenous 
application of a contrast agent. In quantitative DCE-MRI, the tissue-specific perfusion 
parameters are estimated from the obtained contrast-agent concentration time sequences within a 
pixel, voxel or region of interest (ROI) by approximation with a pharmacokinetic model.  
The usual pharmacokinetic models are the Tofts and extended Tofts models [8]. However, these 
common models allow estimation of a limited number of perfusion parameters (rate constants 
Ktrans, kep, blood volume, vb, and extravascular-extracellular-space volume, ve). To estimation of 
additional relevant perfusion parameters possible, such as blood flow, Fb, and vessel 
permeability (permeability surface-area product, PS), more complex models need to be used [8]. 
Application of these advanced pharmacokinetic models requires a sufficiently high signal-to-
noise ratio (SNR), in order not to be an ill-posed problem [1]. Furthermore, the application of 
such models assumes a high temporal resolution of the acquisition to capture the vascular-
distribution phase of the contrast agent. These requirements substantially limit the achievable 
spatial resolution of the acquired data. These are the main reasons why most of the quantitative 
DCE-MRI studies are based on the two simpler and less realistic Tofts models. 
Pharmacokinetic models of quantitative DCE-MRI involve the arterial input function (AIF). It is 
the contrast-agent concentration observed at the arterial input of the tissue ROI. Most approaches 
are based either on an AIF derived from a large feeding artery in the acquired image sequence or 
on a population-based AIF estimate from literature [7]. These methods suffer from acquisition 
artifacts (partial-volume effect, flow artifacts, saturation) and inaccuracies due to the ignored 
effects of the patient-specific cardiovascular system. Some of the AIF estimation methods might 
be sufficient for use of simple pharmacokinetic models, however, they do not provide sufficient 
precision when advanced pharmacokinetic models are applied. 
Another approach relies on estimation of the AIF by blind deconvolution [2, 9]. By imposing 
prior knowledge and a suitable initial estimation scheme, it is possible to determine, 
simultaneously, the perfusion parameters and the AIF from the measured contrast-agent 
concentration sequences. This avoids the above mentioned problems in AIF determination. On 
the other hand, high SNR in the acquired image data is required for reliable blind-deconvolution 
AIF estimation. The blind-deconvolution approach is still not well accepted because it has not 
been shown to be sufficiently robust for a routine examination. 
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In this contribution, a recently developed blind-deconvolution method [4] for preclinical DCE-
MRI is evaluated in a new way by analysis of datasets acquired using two different contrast 
agents. It shows the possibilities and limitations of this blind-deconvolution method. 

Perfusion Analysis 
The tissue contrast-agent concentration time curve is modeled using a pharmacokinetic model as 
a convolution of the AIF and the impulse residue function (IRF), multiplied by blood flow. The 
IRF is modeled using the aaTH model [8] approximated by the DCATH model with a fixed 
variance of the capillary mean transit time, as suggested in [6].  
For AIF, the standard model is a bi-exponential function [3]. While it is probably sufficient for 
the Tofts and extended Tofts pharmacokinetic models, it is not suitable for advanced 
pharmacokinetic models, such as the aaTH. The need for finer time-domain sampling and more 
perfusion parameters included in these advanced models require a more flexible AIF model. 
Here, the AIF model proposed in [4], formulated as a sum of three gamma-variate functions, is 
used. 
Approximation of the contrast-agent concentration time curves by the pharmacokinetic model is 
formulated as a minimization problem. The criterion function is a sum of the least-squares 
differences between the contrast-agent concentration time curve and its convolutional model for 
all channels. The channels represent the tissue regions from which the contrast-agent 
concentration time curves are extracted (10 channels are used here). Hence, the blind-
deconvolution algorithm results in estimates of the IRF parameters (perfusion parameters) of 
each channel and of the AIF parameters (common for all channels). An alternating optimization 
scheme is applied where each iteration (20 iterations are used here) consists of two steps: 1. 
update of the IRF while the AIF is fixed to the actual estimate, 2. update of the AIF while the 
IRF is fixed to the actual estimate. The substeps are realized using the Active-Set optimization 
algorithm as implemented in the MATLAB Optimization toolbox (MathWorks, Natick, USA), 
function ‘fmincon’. 
The resulting AIF estimate is scaled so that perfusion analysis of the contrast-agent concentration 
curve of a reference tissue (here spinal muscle) results in a known literature-based value of ve+vb  
(here 0.13 ml/g tissue). The sum ve+vb corresponds to the area under the curve of the IRF [5]. 
The estimated AIF is then subsequently used in the pixel-by-pixel non-blind deconvolution of 
the whole image sequence to calculate the perfusion-parameter maps. 

Experimental Data 
Animals: Four BALB/c mice underwent subcutaneous implantation of murine colon tumor cells 
CT26.WT (ATCC, CRL-2638) into the left flank (1x106 cells in HC Matrigel). Each mouse 
underwent a MRI examination with two separate DCE-MRI recordings, the first one with a high-
molecular-weight contrast agent (GadoSpin P, Miltenyi Biotec, Bergisch Gladbach, Germany) 
and the second one with a standard low-molecular-weight contrast agent (Magnevist, Bayer 
HealthCare Pharmaceuticals, Berlin, Germany). The delay between the bolus applications was 
30 min. 
MRI acquisition: The mice were anesthetized with Isoflurane, O2 and monitored continuously for 
respiratory rate and body temperature. A 9.4T BioSpin (Bruker Biospin MRI, Ettlingen, 
Germany) scanner was used with the following DCE-MRI acquisition parameters (same 
parameters for both GadoSpin P and Magnevist recordings): 2D FLASH sequence with TR/TE 
14/2.5 ms, flip angle 25 deg., image matrix 128×96 pixels, one axial slice located in the tumor 
center, slice thickness 1 mm, sampling interval 1.05 s, acquisition time 13 min. Before the first 
bolus administration, 15 images were recorded with TR = 14, 30, 50, 100, 250, 500 ms to 
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convert the dynamic image sequence to the contrast-agent concentration. Anatomical images 
were recorded using the RARE sequence (T2-weighted and T1-weighted pre- and post-contrast). 

Results 
The resulting DCE-MRI perfusion-parameter maps (Fig. 1) were spatially consistent and in the 
expected range. They showed the expected characteristics according to the assumed histological 
composition, i.e. a clear distinction between the tumor rim and the fibro-necrotic center. The 
necrotic regions correspond to areas with non-physiologic values of ve 1 ml/ml tis. This is due to 
diffusion of the contrast agent in the extravascular extracellular space which is not taken into 
account in the pharmacokinetic model. These pixels were excluded from further analysis. 
The estimated AIFs were fairly consistent with a decent inter-subject variability (Fig. 2). As 
expected, the plateau of the AIFs for GadoSpin P decayed slower than for Magnevist because 
GadoSpin P has slower contrast-agent exchange through the vessel wall and a slower renal 
extraction. 

Figure 1: Example of a T2-weighted anatomical image (left) and estimated perfusion-parameter maps (right). 

Figure 2: AIF estimates for Magnevist (left) and GadoSpin P (right).  

The boxplots in Fig. 3 compare SNR and perfusion parameters estimated for both animal groups 
(Mag – Magnevist, GSP – GadoSpin P) in tumor pixels, excluding necrotic regions and pixels 
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with SNR 1. Higher molecular size of GadoSpin P particles results in smaller contrast-agent 
amount leaked out from the vascular space and, hence, a lower SNR compared to Magnevist. In 
line with theoretical assumptions, estimates of Fb and vb were comparable for both contrast 
agents, and PS was lower for GadoSpin P. However, in contrast to theoretical expectations, 
higher estimates of ve were obtained for GadoSpin P compared to Magnevist. This mismatch 
might be related to the contrast agent of the first bolus (GadoSpin P) remaining in the tissue at 
the time of the second bolus application (Magnevist) and/or due to an inaccuracy of the perfusion 
analysis algorithm. 
 
The scatter plots (Fig. 4) show a pixel-by-pixel evaluation of the perfusion parameters estimated 
for the two contrast agents (for all pixels of all animals with ve<1 ml/ml tis. and SNR>1). The 
regression coefficients and correlation coefficients are given in the titles of the plots. Ideally, the 
estimates of Fb, vb and ve should lie along a line with the slope 1 and offset 0, with correlation 
coefficient 1. The slope of Fb was the closest to the ideal case (slope = 0.76). The highest 
correlation coefficient was obtained for ve (0.63). In case of PS, the expected lower values for 
GadoSpin P are in line with the estimated slope 0.32 (correlation coefficient 0.50).  
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Figure 4: Scatter plots of Fb and PS (Mag – Magnevist, GSP – GadoSpin P). Regression coefficients and 
correlation coefficients (r) given in the plot titles.

Conclusions 
A recently developed blind-deconvolution algorithm for AIF estimation in DCE-MRI was 
evaluated on recordings using two different contrast agents. Based on different molecular weight 
of the applied contrast agents, it is possible to evaluate the consistency of the perfusion-
parameter estimates with the theoretical assumptions. Namely, the permeability surface product, 
PS, should be higher for the contrast agent with a lower molecular weight, while estimates of Fb, 
vb and ve should be independent of the contrast-agent molecular size. This indirect evaluation 
method can be used to compensate for hardly accessible or inaccessible ground truth values of 
perfusion parameters in evaluation of DCE-MRI in vivo. Application of this method to our 
recently developed blind deconvolution algorithm for DCE-MRI showed a fairly good 
consistency. However, for acceptance of this blind-deconvolution method for routine use, a 
better performance will be needed. 
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Connecting research and product innovation in cardiovascular ultrasound 
imaging and visualization 

Eigil Samset, PhD 

GE Vingmed Ultrasound, Center for Cardiological Innovation and University of Oslo 

Background 
Innovation is the process of bringing an idea or research result all the way to end users through 
commercialization or deployed in an operational context. Innovation can happen anywhere in the 
value chain. The road from conception to successful deployment is often long and eventful.  
In the field of cardiovascular ultrasound innovations there is an important interplay between 
industry, academia and hospitals. On one hand the hospitals are the end users of technology 
developed by the industry and have an important role in evaluating and determining the clinical 
value of new innovations. On the other hand, teaching hospitals perform basic and applied 
research that typically fosters new ideas that can be an important source of innovations for the 
industrial players. This interplay provides and exciting playing field with high potential for 
developing new ideas and exploiting these ideas for the benefit of patients. 
The role of universities in the innovation process has changed from being part of a linear 
innovation (industrial revolution) to interactive process (knowledge-based society and open 
innovation). By that, the universities have transformed from being relatively autonomous with 
main focus on teaching and research, towards a more entrepreneurial institution. The 
responsibility of the universities have changed from teaching and educating professions (doctors, 
teachers and priests), to an instrumental tool for the society to improve the economy and welfare 
of the nation.  
The collaboration between industry and university (“university-industry links”) can in some 
cases be strong ties with high relational involvement, like partnerships where individuals and 
teams from academic and industrial contexts work together on specific projects and produce 
common outputs. Links with less relational involvement may be research services, human 
resource transfer, informal interaction, commercialization of property rights and scientific 
publications.  

The importance of strategic innovation collaboration 

Strategic collaborations between academy and industry can be used to increase the generation of 
new ideas and even more critically; to bring new ideas into clinical practice through 
commercialization. Strategic collaboration is characterized by long-term and intentional 
collaborations that span across the lifetime of a single project or research program.  
Strategic innovation collaborations are grounded at management levels in the collaborating 
institutions. However personal relations have a much higher impact on innovation activities than 
formal agreements and upper management level planning. Execution of power from formal 
positions has less impact during many stages of the innovation process than persistent 
entrepreneurial influence from positions of less power. Experience shows that the most important 
element of the collaboration is to select the right collaborator and to nurture the collaboration 
continuously. From an industrial perspective, the characteristics of the “right academic 
collaborator” include a strong motivation for innovation and a drive to be the best in the field and 
a visionary focus.  
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Establishing a common understanding of the innovation process 

Many people can come up with new ideas, but it is often much harder to develop the idea, adapt 
it to a market, test its validity and deploy it as a part of a product or service. In the current 
commercial environment, the most important asset a company can have is the ability to turn 
around ideas to successful products with a rapid pace. This necessitates a tight feedback loop 
between users and developers, allowing for continuous feedback and learning as well as 
continuous improvements. The companies who practice this close interaction with users are 
usually very good at iterative innovation and are able to move fast. The risk is that companies 
can become too incremental in their approach. In order to also foster radical innovation this 
approach has to be mixed with research. This mix may be the most exciting topic for how future 
academy-industry collaborations will develop.  
 
Large corporations are usually very good at incremental innovation while radical innovation and 
even more so disruptive innovations typically do not come from the incumbent. In addition to 
large corporation inertia, there are also external factors that may create obstacles for radical 
innovations such as regulatory restrictions. Disruptive innovation is often the result of breaking 
with established concepts or breaking with the “rules of the game”. GE Ultrasound has 
developed a strategy to counter the tendency for large corporations to be less effective with 
innovations. This strategy is to distribute the R&D activities across many different system houses 
/ make centers. Each of these make center is set up in different locations and exhibits a small-
company culture. The added cost of having many different make centers is countered by the 
agility and speed gained by having smaller development teams. This strategy has worked for GE 
Ultrasound with great success.  
To map innovation projects that emerge as collaboration between industry and academia, we use 
an innovation process map, developed as a part of an ongoing center for research based 
innovation (SFI) where GE Ultrasound is a core partner. This map is used actively as a tool to 
create common understanding of active innovation processes and to give forward momentum to 
the innovation projects. Exploitation opportunities are identified and inserted into the innovation 
process funnel through a multitude of channels. Typically such opportunities surface at pan-
center meetings (such as work package review meetings) or within different project groups. To 
ensure that results achieved by the research are effectively transferred to and utilized by the 
industrial partners, an “exploitation champion” is identified for each exploitation opportunity. 
This champion is typically associated with the industrial partner with the highest interest to 
commercialization of the relevant research. The status of each innovation project is reviewed 
periodically. Activities in four different areas are tracked as the project develops: market 
intelligence, clinical value, intellectual property issues and technical/commercial development 
activities.  
 
Conclusion  

We have discussed strategic innovation collaborations between academia and industry to better 
understand how innovation processes develop when such ties are established. The success or 
failure of an innovation project in this context is determined by a multitude of factors. The 
presence of the strategic collaboration helps to alleviate many potential obstacles that may be 
found in more ad hoc innovation collaborations. The key force driving any innovation project is 
the individuals who own them. The most important leaders can do for them is to inspire and 
empower. 
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Translational Neuroimaging and Radioligand Development 

Christer Halldin, PhD

Karolinska Institutet, Department of Clinical Neuroscience, Stockholm, Sweden  

PET provides a new way to image the function of a target in a translational way from mouse 
to man, and by elevating the mass, to pharmacologically modify the function of the target. 
The main applications of radioligands in brain research concern human 
neuropsychopharmacology and the discovery and development of novel drugs to be used in 
the therapy of psychiatric and neurological disorders. A basic problem in PET brain receptor 
studies is the lack of useful radioligands with ideal binding characteristics. Prerequisite 
criteria, such as high affinity and selectivity, need to be satisfied for a radioligand to reveal 
target binding sites in vivo. Molecular biological techniques have now revealed the existence 
of hundreds of novel targets for which little or no prior pharmacological or functional data 
existed. Most of the currently used drugs for the treatment of psychiatric and neurological 
disorders interact with central neurotransmission. Several receptor subtypes, transmitter 
carriers, and enzymes have proven to be useful targets for drug treatment. Due to the lack of 
data on the functional significance of these sites, pharmacologists are now challenged to find 
the physiological roles of these receptors and identify selective agents and possible 
therapeutic indications. During the past decade various 11C- and 18F-labeled radioligands have 
been developed for labeling some of the major central neuroreceptor systems. There is still a 
need to develop selective PET radioligands for all the targets of the human brain. This 
presentation will review recent examples in neuroreceptor radioligand development and the 
clinical potential of in vivo imaging of neurotransmitter systems. This presentation will focus 
on studies with PET radioligands in translational neuroscience and 
neuropsychopharmacological drug development. A basic problem in the discovery and 
development of novel drugs to be used in for example the therapy of neurological and 
psychiatric disorders is the absence of relevant in vitro or in vivo animal models that can yield 
results to be extrapolated to man. Drug research now benefits from the fast development of 
functional imaging techniques such as PET. 
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Multimodal imaging including ultrasound and F-18-FDG-PET 
underestimates the extent of disease found on histology 

Katrin Brauckhoff1, Lars Reisæter2, Hans Kristian Haugland3, Lars Akslen4,5, Jan Erik 
Varhaug1,6, Martin Biermann2,6 on behalf of the Neck Endocrine Disease Research Group. 
1Section for Endocrine Surgery, 2Department of Radiology/PET-centre, 3Department of 
Pathology, Haukeland University Hospital, N-5021 Bergen, Norway;
4Department of Clinical Medicine, 5CCBIO, 6Department of Clinical Science, University of 
Bergen, Bergen/Norway. 

Introduction. Clinical imaging modalities such as ultrasound (US) and positron emission 
tomography (PET) have limited spatial resolution as opposed to microscopy. We compare 
imaging findings with histology in patients re-operated for recurrent differentiated thyroid 
cancer (DTC) at Haukeland University Hospital (HUH). 
Methods. We analysed all patients re-operated DTC after multimodal imaging for suspected 
cancer recurrence at HUH between June 2009 and January 2012. Multimodal imaging 
included: (1) US before PET (pre-US) (Hitachi Preirus), (2) iodine-131 scintigraphy (3 – 5.6 
GBq I-131) including SPECT-CT of the neck (Siemens Symbia T6), (3) positron emission 
tomography using fluor-18-deoxy-glucose (F-18-FDG-PET) with coregistered contrast-
enhanced computed tomography (CE-CT) of neck and upper mediastinum (Siemens Biograph 
40), (4) targeted US post-PET in the knowledge of all imaging findings (post-US), supplied 
by US-guided fine needle non-aspiration biopsy (FNB) if appropriate [1]. Compartment-
oriented microdissection with systematic removal of lymphatic and fatty tissue was performed 
at HUH under general anaesthesia. When the compartment had already been extensively 
dissected, recurrent tumour was resected without systematic compartment dissection. Tissues 
were fixed in 10% neutral buffered formalin for 2-3 days. Lymph nodes were bisected along 
the hilar plane. Five μm sections of samples embedded in paraffin were stained by 
haematoxylin and eosin (HE), supplemented by immunohistochemical staining for 
thyroglobulin in selected cases. All observations were entered in MDcake, a custom-
developed relational database application [2]. All lesions detected by imaging were allocated 
to the appropriate surgical specimen. The number of positive and negative lymph nodes in 
each specimen was then correlated with the imaging findings. Data were re-aggregated under 
the MySQL relational database. Statistical analyses were conducted with the statistics 
program R.
Results. Of 51 consecutive patients imaged for suspected recurrence for DTC, 23 were re-
operated because of positive imaging findings. In these 23 patients, multimodal imaging 
identified 34 malignant lesions (see case in figure 1). Out of a total 307 lymph nodes in the 
surgical preparations, histology demonstrated 54 malignant lesions. Thus, imaging identified 
only 63 % of all malignant lesions found at histology. In a patient-based analysis, all 
malignant lesions were correctly identified by imaging in seven patients (30 %), but 
underestimated in the remaining. 
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Fig 1: F-18-FDG-PET-CT and ultrasound (US) of three recurrent lymph node metastases in a 66 year old male operated for 
papillary thyroid cancer eight years previously. Panels A-D FDG-PET-CT: A: maximum intensity projection (MIP), B: 
FDG-PET (sagittal slice), C: co-registered contrast-enhanced CT (CE-CT), D: alpha-blended image (PET-CT). Panel E: 
Doppler-ultrasound (horizontal and sagittal sections). Du e to limited resolution FDG-PET shows a single focus while CE-
CT demonstrates two suspect lesions with contrast enhancement (red arrows). High-resolution US after PET showed the 
three lesions (arrows), including a third lymph node metastasis that was missed on PET-CT. Histology demonstrated three 
lymph node metastases in the surgical preparation and was thus in agreement with US. 

Discussion. Multimodal imaging including US, CE-CT and F-18-FDG-PET identified only 
63 % of all malignant lymph nodes found at histology. In a patient-based analysis, the extent 
of disease was correctly staged in only 7 out of 23 patients. Thus, imaging underestimates the 
extent of the disease. Our findings are in line with previous studies using histology as a gold 
standard [3,4]. We are planning further more detailed analyses of all patients operated at HUS 
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until 2015. If confirmed, our findings provide justification for compartment-based systematic 
microdissection rather than lesion-based excision (“berry picking”).
Acknowledgment. This project was conceived by Prof. Michael Brauckhoff who died 
suddenly on 10 September 2014. 
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Multimodal imaging of therapeutic response in orthotopic mouse models of 
endometrial carcinoma

Tina Fonnes1, Ingfrid Haldorsen2,3, Mihaela Popa4, Njål Brekke5, Reidun Kopperud1, Nicole 
C.M. Visser6, Cecilie Brekke Rygh7, Tina Pavlin7, Emmet McCormack4, Helga Salvesen1,8,
Camilla Krakstad1,8

1Centre for Cancer Biomarkers, Department of Clinical Science, University of Bergen, 
2Department of Radiology, Haukeland University Hospital, Bergen,  3Section for Radiology, 
Department of Clinical Medicine, University of Bergen, 4Department of Clinical Science, 
University of Bergen, 5PET-centre, Department of Radiology, Haukeland University Hospital, 
Bergen, 6Department of Pathology, Radboud University Medical Center, Nijmegen, The 
Netherlands, 7Molecular Imaging Center, Department of Biomedicine, University of Bergen, 
8Department of Obstetrics and Gynaecology, Haukeland University Hospital, Bergen 

Endometrial carcinoma is the most common pelvic gynecological malignancy in western 
countries, and there has been little development in the treatment of this patient group over the 
last decades. Orthotopic mouse models are important tools to study tumor growth and 
therapeutic response in endometrial cancer, and the use of novel imaging modalities is 
essential for monitoring of disease development and effect of treatment in such models.  We 
demonstrate that both MRI and PET-CT (using 18F-FDG and 18F-FLT tracers) are feasible for 
monitoring tumor growth and metastatic spread in an orthotopic model of luciferase 
expressing endometrial carcinoma cell lines, and that PET-CT imaging also enables 
visualization of patient derived xenografts. This knowledge enables in vivo studies of 
response to therapeutic drugs (and potential predictive biomarkers) in orthotopic mouse 
models. Such studies are currently ongoing.
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Figure 1 – Multimodal imaging of a mouse implanted orthotopically with luc expressing cells. BLI 4 to 1 weeks before 
euthanasia showed increasing signal (A). Necropsy and histology both confirmed uterine tumor (B). MRI was able to detect 
tumor in vivo in both T1 and T2 weighted images, and tumor was found to enhance with contrast (C). PET-CT using both 
18F-FDG and 18F-FLT tracers also enabled visualization of tumor (D) 

Figure 2 – Imaging of a patient derived xenograft mouse model. Histology of parental uterine tumor (A), and primary uterine 
tumor in F1 (B) and F2 (C) generation mice. 18F-FDG PET-CT image of F2 mouse one day prior to sacrifice, showing 
increased glucose uptake in the left (lu) and right (ru) horns of the uterus. Normal signal from bladder (b), heart (h) and 
kidneys (k) (D). Necropsy confirmed the presence of uterine tumors (E). 
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Figure 3 – In a pilot study, mice implanted with luc expressing endometrial carcinoma cells were treated with paclitaxel or 
saline after establishment of tumor. BLI of mice during the three first weeks of treatment suggests that paclitaxel has an 
inhibitory effect on tumor growth. 
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Combined PET-CT for Visualization and Quantification of Fluid Flow in 
Porous Rock Samples 

1Fernø, M.A., 1Gauteplass, J., 1Hauge, L.P., 1Ersland, G. 2Abell, G.E., 2,3Adamsen, T.C.H.,
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1Dept. of Physics and Technology, University of Bergen, 2 Centre for Nuclear Medicine and 
PET, Dept. of  Radiology, Haukeland University Hospital, 3 Dept. of Chemistry, University of 
Bergen, 4 The National IOR Centre of Norway, Department of Physics and Technology, 
University of Stavanger 
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storage

Techniques for in situ visualization are vital tools to study flow within opaque systems like 
the human body or porous rock samples. One important area where such techniques are 
frequently used today is the storage of carbon dioxide in the sub-surface, where mechanisms 
for secure, long-term storage and high storage capacity must be understood. The injected CO2
is retained in sub-surface under an impermeable layer and trapped in the pore space of 
sedimentary rock by processes such as fluid dissolution, capillary trapping and mineral 
reaction [Benson and Cole, 2008]. Non-invasive, non-perturbing methods to obtain 
information of such processes include X-ray computed tomography (CT), magnetic resonance 
imaging (MRI), Nuclear Tracer Imaging (NTI) and positron emission tomography (PET). To 
our knowledge combined PET/CT has not yet been reported in geophysical research. We 
show for the first time combined positron emission tomography (PET) and computed 
tomography (CT) imaging of flow processes within porous rocks to quantify the development 
in local fluid saturations. The coupling between local rock structure and displacement fronts is 
demonstrated in scouting experiments using this novel approach. We also compare 
quantification of 3D temporal and spatial water saturations in two identical CO2 storage tests 
in sandstone imaged separately with PET and CT. We observed that the signal-to-noise ratio 
(SNR) is over one order of magnitude higher for PET compared with CT for the studied 
processes.

The presentation will demonstrate a successful implementation of a new PET/CT imaging 
approach for laboratory core analysis tested using well-known displacement mechanisms: the 
novel combination of PET and CT is demonstrated for 1) miscible water-water displacements 
in three distinct systems with variations in size, geometry and pore structure, and 2) combined 
PET/CT imaging is compared to medical CT imaging during liquid CO2 injection to evaluate 
the CO2 storage potential in saline aquifers: we quantify 4D water saturations in two separate 
CO2 injection tests, where  CO2 was injected into two Bentheimer sandstone cores under 
identical conditions, using either PET-CT or standard CT. The results are shown in Figure 1 
and Figure 2 (below). Visualization by the two methods is discussed with reference to 
differences in applicability and SNR.
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Figure 1 – Spatial 3D water distribution calculated with PET in a tilted (13º) sandstone core plug during liquid 
CO2 (μ=0.074 mPa·s; =818 kg/m3) injection with a constant volumetric rate (Q = 2.5 cm3/h,  NC = 7.6·10-10, P 
= 8.3 MPa, T = 23 ºC). As CO2 migrates upwards, CO2 flow paths form along the edges and water remains in 
the center. A CO2 saturation of 0.23 was observed in the middle of the core, but a CO2 saturation gradient was 
present at steady-state (2.54 pore volumes CO2 injected). An isosurface (in red) shows distribution of 100% 
water saturation. 

In the experiments, a positron-emitting sodium isotope 22Na (t½ = 2.6 yrs) was used at a 
concentration of 37MBq based on previous work [Ersland et al., 2010; Graue et al., 1990; 
Lien et al., 1988] on nuclear tracer imaging using gamma detectors, because 1) sodium is 
naturally occurring in the injected brine,  2) the long half-life make repeated use of tracers 
possible (important without access to particle accelerators), and, 3) eliminates the need to 
correct for decay because experimental time is  << half-life. 7.5 wt% NaI was added to the 
brine solution used for CT quantification to provide sufficient density contrast between brine 
and CO2 at experimental conditions. A Siemens Biograph Truepoint PET-CT scanner located 
at the Haukeland University Hospital (HUS) was used in all experiments and operated outside 
normal patient hours during weekends.  

Spatial fluid saturations from PET showed preferred CO2 flow paths along the edges of the 
slightly tilted Bentheim sandstone core with water remaining in the center. At steady-state a 
CO2 saturation gradient was observed, with SCO2 = 0.50 at the inlet and SCO2 = 0.03 at the 
outlet. During standard CT imaging, we observed that CO2 mainly displaced water in the
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Figure 2 – Spatial 3D water distribution calculated with CT measurements during liquid CO2 (μ = 0.074 mPa·s; 
 = 818 kg/m3) injection from right to left (indicated by the arrow) using different rates. Approximately 1.3 PV is 

injected for each rate before a CT scan is acquired (Nc = 1.7·10-8, 3.5·10-8, 8.7·10-8 and 1.7·10-7, P = 9 MPa, T = 
23°C). Note that the water saturation is higher in the middle of the core and a relatively high saturation remains 
in the center close to the outlet. The isosurface (bottom) show the distribution of the high saturated areas of the 
core (threshold SW > 0.9). 

outer radius of the cylindrical core plug, resulting in higher water saturation in the center of 
the core, with an average SCO2 = 0.25, consistent with the results from PET. It is evident that 
both techniques are able to visualize injection of CO2 under the experimental conditions 
studied, providing essential in situ fluid distribution to address the displacement mechanisms 
during CO2 storage.

Comparing PET and CT SNR, we find that PET have more than one order of magnitude better 
SNRi,ii during 1) Fluid calculation in CO2-brine systems: 200:1 (PET) compared with 12:1 
(CT); and 2) Detecting displacement fronts: 10:1 (PET) compared with 0.6:1 (CT). The 
displacement front is the initial 0-5% saturation increase in an advancing fluid front. It is not 
possible to define the fluid front in CO2-brine system using CT alone as the noise exceeds the 
signal. The SNR may be improved for both methods by either increasing the density 
difference of fluids present (CT), or by increasing the activity of the radioisotope labeling the 
fluid (PET). Salts added to increase brine density will increase the signal range between CT 
reference scans (obtained at SCO2 = 1.0 and at Sw = 1.0) and thus improve SNR. Enhanced 
SNR should, however, be weighed against changes in fluid properties and fluid-rock 
interactions with excess salt concentrations. Because CT relies on density differences, the 
approach is also sensitive to variations in experimental conditions that will influence fluid 
density such as temperature and pressure. In contrast, the positron decay is not sensitive to 
temperature or pressure [Emery, 1972], making PET suitable for visualization of flow in 
porous rocks, also under pressurized conditions.

During water-water displacements, PET is favorable for determining front progression 
because of the explicit signal registration. Calculation of spatial fluid saturations during 
mixing of similar fluids is challenging using CT because of the small fluid density contrast. 
PET calculation of fluid saturation rely on the positron emission from the labeled fluid (the 
injected brine), and is therefore independent on fluid density contrast. Although PET measure 
fluids explicitly, CT provides a direct measurement of rock structure based on density 
distribution. Flow and structure data may then be aligned and correlated to study relevant 
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fluid flow mechanisms in sediments through the two decoupled imaging techniques. Hence, 
combined PET/CT provides complementary information compared to each method separately, 
and can be applied to a larger range of rock types and displacement processes.  

The following key observations were made during this study: 

For the first time we combine positron emission tomography (PET) and computed 
tomography (CT) to visualize and spatially align quantitative fluid saturations and 
flow with local rock structure in porous media. 
PET is superior compared with CT to determine front progression during flow 
injection tests and calculate spatial fluid saturation in porous sediments. The signal-to-
noise ratio (SNR) is more than one order of magnitude higher for PET compared with 
CT, and uncertainty in local fluid saturation is a factor of two lower for PET compared 
with CT at studied conditions.
CT is sensitive to changes in temperature and pressure because it relies on fluid 
density differences to quantify saturation of each fluid. PET provides a robust 
alternative because the positron emission is not sensitive to temperature or pressure. 
We learn that CT imaging is able to distinguish between fluid phases with sufficient 
density contrast in core samples with satisfactory porosity. In low porosity samples, 
PET imaging with explicit fluid measurement should be used because PET is 
independent of changes in fluid properties or rock structure to provide high image 
quality and SNR. 
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New tracers for cancer imaging: from mouse to man 

Professor Andreas Kjaer, MD, PhD, DMSc 

Department of Clinical Physiology, Nuclear Medicine & PET and Cluster for Molecular 
Imaging, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark 

The concept of personalised medicine has led to a need for improved phenotyping as well as 
prediction of treatment response early after therapy initiation. Most of the molecular biology 
methods used today need tissue sampling for in vitro analysis. In contrast, molecular imaging 
allows for non-invasive studies at the molecular level in living, intact organisms. Accordingly, 
molecular imaging with PET has been one of the most successful techniques in such 
phenotyping and response prediction using FDG. In addition, recent development of new PET 
tracers has further improved the value of PET in tumor characterization. Such new PET 
tracers allow for visualization of tumor specific receptors and tissue characteristics such as 
ability to metastasize. Furthermore, PET has a high sensitivity and allows for quantification 
and is not prone to sampling error as seen with biopsies. We will present examples of 
development of probes targeting the somatostatin receptor type 2, over-expressed in 
neuroendocrine tumors, including our first-in-man studies of 64Cu-DOTATATE. Also 
development in probes for visualization of the invasive phenotype will be presented. Finally, 
with the most recent development of true integrated PET/MRI scanners is has now become 
possible to add information from MRI. The value of such hybrid imaging will also be briefly 
discussed.
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A novel, multimodal theranostic nanoprobe is effectively incorporated into 
human melanoma metastatic cell lines 

Synnøve Nymark Aasen1, Aneta Pospisilova2, Tilo Eichler1, Martin Hruby2, Petr Stepanek2, 
Endy Spriet4, Daniel Jirak3, Kai Ove Skaftnesmo1, Frits Thorsen1, 4, 5 

1NorLux Neuro-Oncology Laboratory, Dept. of Biomedicine, University of Bergen, Bergen, 
Norway.  
2Institute of Macromolecular Chemistry AS CR, v.v.i., Heyrovsky Sq. 2, 162 06 Prague 6, 
Czech Republic 
3Institute for Clinical and Experimental Medicine, Videnska 1958/9,140 21 Prague 4, Czech 
Republic 
4Molecular Imaging Center, Dept. of Biomedicine, University of Bergen, Bergen, Norway 
5Kristian Gerhard Jebsen Brain Tumour Research Centre, University of Bergen, Bergen, 
Norway. 

Metastatic cancer is a significant cause of death worldwide, despite continuing 
advances in research on diagnostics and therapy. To overcome unsuccessful drug delivery to 
the tumor tissue, several different nanoprobes have been designed, of which some have 
combined diagnostic and therapeutic properties. It is an advantage to use non-toxic, 
biodegradable materials in the design of nanoprobes, as such compounds are easily eliminated 
from the body. In this work we report for the first time the use of a recently developed 
nanoprobe to label melanoma metastatic cell lines, for multimodal imaging of cellular uptake 
and drug delivery. Our nanoprobe consisted of a backbone of glycogen, where the red 
fluorescent marker Dyo-615 for fluorescence microscopy and Gadolinium for MRI were 
incorporated. 

Fluorescence microscopy showed effective labeling of human melanoma metastatic 
cells over 24 hours and cell viability was not affected by the labeling. The nanoprobe was 
found in the cytosol of the cells, and a gradual degradation of the probe inside the lysosomes 
could be observed. In vitro MRI relaxivity measurements showed significant reduction in T1 
mapping times, compared to unlabeled cells. In vivo MRI studies showed that subcutaneous 
melanoma tumors in mice could be effectively visualized with T1 weighted MRI after 
intravenous injection of the nanoprobe, and the contrast enhancement was comparable to what 
was seen after using standard Omniscan contrast agent. 

In summary, our biodegradable glycogen nanoprobe shows a high potential to be used 
further as a theranostic entity. The nanoprobe may offer additional advantages over MRI 
contrast agents, as tumor uptake of pharmaceuticals attached to the nanoprobe can be traced in 
real-time in vivo.  
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DCE-US and PET (FMISO & Choline) for radiation treatment monitoring 
in CWR22 prostate tumour xenografts 

N. Arteaga-Marrero1*, C.B. Rygh2, J.F. Mainou-Gomez3, N. Lutay4, R.K. Reed2,5, and D.R. 
Olsen1 

1 Department of Physics and Technology, University of Bergen, Bergen, Norway 
2 Department of Biomedicine, University of Bergen, Bergen, Norway
3 Department of Clinical Medicine, University of Bergen, Bergen, Norway
4 Division of Dermatology and Venereology, Department of Clinical Sciences, Lund    
  University, Lund, Sweden 
5 Center for Cancer Biomarkers (CCBIO), University of Bergen, Bergen, Norway 

Positron Emission Tomography (PET) can differentiate between cancer and normal tissues 
based on abnormal metabolic patterns [1]. 18F-Fluoromisonidazole (F-18 FMISO) is trapped 
within hypoxic cells whereas 18F-Fluorocholine (F-18 FCH) uptake is linked to choline 
metabolism, both recognised as hallmarks of malignancy [2].  

Despite accessibility challenges related to the relative short half-life of these radiotracers 
and subsequently required on-site production, clinically, PET and specific PET-tracers has the 
advantage of better sensitivity above other methods used routinely to detect cancer and cancer 
metastasis. Magnetic Resonance Imaging (MRI) and Ultrasound (US) provide better spatial 
resolution than PET, and are more widely available, cheaper, and simpler to use. In addition 
to morphology, functional information is achieved using a dynamic acquisition with suitable 
contrast agents, i.e., Dynamic Contrast-Enhanced MRI (DCE-MRI) and US (DCE-US).  
Ideally, a multimodal approach is preferable, but the scant availability of integrated systems, 
difficult the implementation. Therefore, a detailed investigation and comparison of the 
methods under the same conditions is mandatory to define suitable and reliable imaging 
biomarkers.  

The present study aimed to compare PET and DCE-US. We assessed the effect of radiation 
treatment on multimodal functional parameters using F-18 FMISO PET, F-18 FCH PET, and 
DCE-US, to determine the relationship between microvascular parameters that characterize 
tumour microenvironment and metabolic parameters. In addition, immunohistochemical 
analysis was employed to validate our results. 

Longitudinal changes 
In the F-18 FMISO group, significant decreased standardized uptake values (SUV), from pre- 
to post-treatment, were found only for the treated mice (p < 0.05, Z = 2). An example of F-18 
FMISO uptake pre- and post-treatment is shown in Figure 1. In the F-18 FCH PET group, 
significant decreased SUV values in muscle tissue were detected longitudinally for the treated 
mice (p < 0.05, Z = 2). However, no changes were detected in the SUV uptake associated to 
the tumour or to the tumour to muscle ratio.  

Additionally, no longitudinal changes were detected for the microvascular parameters 
derived from DCE-US. In Figure 2, kel parametric maps for a treated mouse are displayed pre- 
and post-treatment.  

Correlation to histology 
In the F-18 FMISO group, a positive, strong correlation was found for the treated group 
between the microvessel density (MVD) and the mean values for kel derived from DCE-US (r 
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= 0.9, p < 0.05). The F-18 FCH group showed a strong correlation between MVD and the 
tumour uptake for the treated mice (r  1, p = 0.06).  

Figure 1: Contrast uptake of FMISO for a treated mouse pre- (A) and (B) post-treatment 

Figure 2: B-mode image, illustration of tumour delineation and kel parametric maps derived from DCE-US for a treated 
mouse, pre- (A, B, C) and post-treatment (D, E, F) 
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A negative and strong correlation was found between necrosis and the mean value of the 
entropy parameter associated with F-18 FMISO PET for the control group (r = -0.9, p < 0.03). 
No correlation to necrosis was detected for the functional parameters derived from F-18 FCH 
PET. Similarly, no correlation was found for the microvascular parameters derived from 
DCE-US.  

Conclusion
Functional multimodal imaging was used to assess early response to radiation treatment in a 
prostate tumour xenograft. Longitudinal changes were only found by PET. F-18 FMISO PET 
indicating hypoxia showed lower uptake in irradiated tumours, suggesting a decrease in 
hypoxia.  Similarly, decreased tracer uptake was detected in the muscle tissue for the treated 
group in F-18 FCH PET, suggesting that hypoxia may have caused an effect in the tumour 
uptake. kel derived from DCE-US seems to be directly associated to MVD and therefore may 
be a suitable biomarker to assess tumour vasculature. 

References 
1. Hara T, Bansal A, DeGrado TR (2006) Effect of hypoxia on the uptake of [methyl-3H] choline, [1-14C]
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cells and 9L glioma-bearing Fisher rats. Eur J Nucl Med Mol Imaging 35(6):1192-1203 
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4. Brix G, Semmler W, Port R, et al. (1991) Pharmacokinetic parameters in CNS Gd-DTPA enhanced MR
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Brain functional connectivity in a study of IBS using resting state
fMRI, graph theory, and random forest classification
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2 Division of Medical Electronics, Faculty of Electrical, Electronic, Computer and Control 
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Background / aims 
Irritable bowel syndrome (IBS) is a common chronic disorder of the gastrointestinal tract. 
More than 15% of adults in the US suffer from IBS, characterized by abdominal pain or 
discomfort that is associated with change in bowel habits - leading to significant morbidity 
and huge costs for the society. The cause of IBS still remains unknown, where the pathogenic 
factors being involved are related to intestinal dysmotility, visceral hypersensitivity, and 
immunological and psychosocial factors. During the last years, a dysfunction of the brain-gut 
axis seems to play an important role in IBS, where brain-gut microbiome interactions and 
stress and visceral pain are important players and targets for IBS therapy. In this context, 
neuroimaging, comprising MR diffusion weighted acquisitions (DWI) for integrity-
assessment of white matter microstructure, and resting-state functional MRI (rs-fMRI) for the 
assessment of activity patterns in larger networks of the brain, has been an important 
technology for better understanding of IBS. Using such multiparametric MRI together with 
advanced image processing and analysis, one might obtain neuroimaging-derived biomarkers 
for IBS, important for diagnosis, therapy and follow-up. The aim of this (ongoing) project is 
to study possible imaging-derived biomarkers for IBS, focusing on rs-fMRI and the use of 
functional connectivity and its graph representation in terms of adjacency matrices, together 
with powerful pattern recognition techniques (i.e. ensemble learning with the random forest 
algorithm) to obtain “brain signatures” that characterizes the IBS patients versus healthy 
controls. 

Material and methods 
A total of 15 IBS patients and 15 healthy controls (HC) were recruited by the Division of 
Gastroenterology, Department of Clinical Medicine / Department of Medicine, Haukeland 
University Hospital. Both groups were examined using a 3 T GE scanner at the Department of 
Radiology. During each examination, there were two imaging sessions comprising rs-fMRI 
(TR=2 s, 256 volumes) and a 3D T1-w acquisition for detailed brain anatomy, one before the 
ingestion of 500 mL fatty soup, and one session immediately after the soup intake. For image 
segmentation and pre-processing of the rs-fMRI recordings we used SPM12 and the CONN 
v.14.p functional connectivity toolbox (https://www.nitrc.org/projects/conn), being a 
MATLAB-based cross-platform software for the computation, display, and analysis of 
functional connectivity in fMRI, covering the entire pipeline from raw fMRI data to 
hypothesis testing. Within the CONN framework, we used a predefined Brain Atlas with 
N=43 ROIs (nodes in the network) and calculated the mean denoised fMRI time course within 
each ROI. A first level analysis provided us with, using pairwise Pearson correlation between 
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node time series, altogether 58 43x43 connectivity matrices from 14 IBS patients and 15 
healthy controls, before and after the meal. The lower triangular matrix in each of these 
symmetric adjacency matrices was transformed to a 946-dimensional pattern vector, where 
each component represented the connection strength between a pair of given brain regions in 
the Atlas. In this representation, it was possible to perform pattern classification using the 
Breiman’s random forest algorithm, where the outcome variable was binary – either {IBS, 
HC}, or {Pre-meal, Post-meal} for given diagnostic category. All processing and statistical 
analyses were implemented as MATLAB scripts. The random forest classifier, using 500 and 
5000 weak learners (classification trees), had to resolve six different classification tasks in 
turn:  

1. Which examination is obtained Pre-meal or Post-meal? When the explanatory data set
contains pooled feature vectors (“brain signatures”) from both IBS patients and HCs.

2. Which examination represents an IBS patient or a HC? When the data set contains
pooled feature vectors from both IBS patients and HCs, pre and post meal.

3. Which examination is obtained Pre-meal or Post-meal? When the data set contains
feature vectors from HCs only.

4. Which examination is obtained Pre-meal or Post-meal? When the data set contains
feature vectors from IBS patients only.

5. Which examination represents an IBS patient or a HC? When the data set contains
Pre-meal feature vectors only, pooled from both IBS patients and HCs.

6. Which examination represents an IBS patient or a HC? When the data set contains
Post-meal feature vectors only, pooled from both IBS patients and HCs.

For these tasks, the classification procedure was performed twice, under two different 
conditions. The first classification was using all features available (all connectivity values 
between certain ROI’s in the adjacency matrix), allowing calculation of out-of-bag feature 
importance. The second classification was restricted in its pattern space, taking into 
consideration only those features with a feature importance index above a given threshold.  
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Results

The resulting feature importance values are presented in Fig. 1. 

a)
b)

Figure 1.  a) Out-of-bag feature importance bar plot. b) Adjacency matrix of features used for classification (blue squares 
represent features with supra-threshold out-of-bag feature importane). 

The second classification was made using features with higher than average out-of-bag 
feature importance. By this, it was possible to compare the performance of the random forest 
classifier on each of the six tasks (Tab. 1). 

Table 1.  Comparison of random forest classifier before and after feature extraction for a given task. 

Task number Correct predictions before   
feature extraction [%] 

Correct predictions after 
feature extraction [%] 

1 50 52

2 50 67

3 40 80

4 75 50

5 50 50

6 50 40
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Discussion and conclusion 

The random forest algorithm is available in several software tools, and is a fast and often 
well-performing method for classification of big data sets. In a medical context, feature 
extraction and selection of proper measurements for classification can enable diagnostic 
predictions where the classification performance can be quantified in terms of the out-of-bag 
error rate. Proper feature extraction enables reduction of the classifier’s processing time as 
well as improving its performance. The random forest algorithm also provides out-of-bag 
feature importance, giving insight into the most important discriminative features (i.e. brain 
inter-regional functional connectivities) for a given task. In our experiments, using only a 
small number of IBS patients and HC’s, our classification results were not as good as we 
aimed for. This might be due to the fact that the rs-fMRI brain signatures in itself are not 
sufficiently discriminative between IBS and HC, or that the preselected regions of interest or 
the Pearson cross-correlation of mean time courses were not appropriate for the task. Further 
studies are necessary to obtain firm conclusions on which of these factors having a major 
impact on the resulting classification error.   
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Correlation analysis of p53 protein expression in breast cancer using 
Gel2DE
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4Department of Oncology, Haukeland University Hospital, Bergen, Norway; 5Christian 
Michelsen Research AS 

The tumour suppressor protein p53 is expressed as multiple isoforms, all originating from the 
TP53 gene. These isoforms are expressed differently throughout human tissues and have been 
found to have distinct functions, both on their own and combined with other isoforms. TP53 
is one of the most frequently mutated genes throughout human cancers, proving its 
importance as a tumour suppressor. However, there are certain cancers with low frequencies 
of mutated TP53, such as acute myeloid leukaemia (AML) and breast cancer. Although TP53 
is wild-type in these cancers, it is believed that p53 function is impaired through other 
mechanism such as deregulation of p53 isoforms expression. 
  

 
       Figure 1 
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We have previously investigated p53 in AML, and found great heterogeneity of p53 protein 
isoform expression among AML patients. AML patient cells were analysed by two-
dimensional gel electrophoresis and immunoblotting (2DI). To further investigate the 
differences between patients and compare clinical and biological parameters to p53 protein 
expression, we developed Gel2DE, a software enabling analysis of 2DI-images, pixel-by-
pixel, with non-parametric Spearman rank correlation (Figure 1). In AML we found that 
expression of p53 protein isoforms p53  and p53  correlated positively with response to 
therapy and longer survival, while the p53 full-length isoform correlated with negative 
prognostic markers and shorter survival. 

We have continued our investigation of p53 protein isoforms in breast cancer, analysing 
breast cancer tumours using 2DI and Gel2DE. Others have reported differences in p53 
isoform mRNA expression in breast cancers, with distinct isoforms correlating to better 
prognosis. We have here analysed p53 protein expression in breast cancer samples from 69 
patients taken both before and after treatment with chemotherapy and correlated with various 
clinical parameters. Primary results show that high levels of p53 full-length expression 
correlate negatively with patient survival, as well as with markers for more severe and 
invasive disease. p53 full-length expression was also reduced after treatment. Furthermore we 
found positive correlation between p53 full-length expression and estrogen receptor (ER) 
expression, indicating that cancers with high levels of ER may tolerate higher levels of p53 
full-length due to ER preventing p53-mediated apoptosis. 
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Purpose
Prostate cancer (PCa) is the second most commonly recognized cancer type in men and the 
fifth leading cause of deaths due to cancer in men. Cancer has much higher chances to be 
cured when it is detected and diagnosed at an early stage of development. In addition, 
unnecessary treatment of low grade tumours should be avoided. In this context, our goal is to 
develop an image-based unsupervised PCa detection pipeline to aid the diagnosis. 

Materials and methods 
Using multiparametric MRI (mpMRI) acquisitions from five men with verified PCa, we 
developed an automated prostate cancer detection method, combining expertise from 
radiology, pathology, image processing, and statistical pattern recognition in the process. The 
mpMRI examinations were performed on a 1.5 T Siemens Avanto scanner and consisted of 
T2w, DWI, and DCE-MRI recordings with full coverage of the prostate gland. This data 
collection was part of a larger study reported elsewhere (Reisæter et al., 2015). The general 
pipeline, based on principles from machine learning consists of the following steps: (i) feature 
extraction, (ii) feature selection, (iii) dimensionality reduction, (iv) unsupervised clustering, 
(v) cancer identification, and (vi) calculation of tumour probability map. In the first step, 
different types of features were extracted from the mpMRI dataset, including signal intensity, 
morphological texture, blobness, pharmacokinetic parameters (e.g. Ktrans), and pseudo-
pharmacokinetic features. Linear dependence of features was examined in the feature 
selection step to get rid of redundant information. The feature space was transformed via t-
Stochastic Neighbour Embedding (t-SNE) to a 2D or 3D representation. This pre-processing 
was followed by clustering of the feature space in order to obtain a partitioning of different 
coherent regions. Each region was later examined, and one region was identified as the most 
suspicious. A probability map of voxels being tumours was calculated using information 
gathered in the previous steps.  

Results
An mpMRI dataset from one patient, containing prostate with a tumour, have been used to 
develop and test the pipeline. The preliminary result was qualitatively compared to the tumour 
mask obtained by registration of tumour delineations on histology data to the T2w image. 
This is depicted in Fig. 1. We observe that the most distinguishable tumour is detected quite 
well, but the one in the lower part is marked with relatively low probability. Also, some part 
of the peripheral zone is highlighted, which was not detected as cancer by the pathologist. The 
locations of the two tumours visible in the ground truth image are in accordance with the 
probability map. 
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Discussion and conclusion 
We have chosen an unsupervised approach to PCa detection, which is challenging (only a few 
previous publications exist), and the preliminary results being reported are still work in 
progress. We are currently trying to improve the feature selection, clustering, and the tumour 
probability assessment. Questions being addressed involve optimal number of clusters to be 
used, combination of different features, choice of dimensionality reduction, and the clustering 
algorithm, and the similarity measures between DCE-MRI curves. A 3D analysis of the data 
will also be explored. The evaluation step would ideally be quantitative, which will be 
possible in the near future as the cancer detection from histology slices is in progress. By 
exploring several powerful methods never being used in the field of PCa detection (to the best 
of our knowledge), and with access to a much larger collection of combined mpMRI and 
histological data, we believe this work will make a valuable contribution to computer aided 
detection of PCa from non-invasive MR image examinations. 

 Figure 1. Preliminary results from one patient.  a) Prostate gland in T2w image; b) Tumour probability map; 
c) Tumour delineation on histological sections (micrographs) registered to the T2w image.
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Assessment of brain functional connectivity using 
resting state fMRI, network analysis, and machine learning 

Katarzyna Kazimierczak (1*,2), Justyna Beresniewicz (1*,2), Arvid Lundervold (1,3) 

1 Department of Biomedicine, University of Bergen, Bergen, Norway (*Erasmus) 
2 Division of Medical Electronics, Faculty of Electrical, Electronic, Computer and Control 
Engineering, Lodz University of Technology, Lodz, Poland 
3 Department of Radiology, Haukeland University Hospital, Bergen, Norway 
* kazimierczakk@gmail.com

Background / Aims 
In the context of cognitive aging, we are exploring a methodological framework to assess 
brain functional connectivity and network activity patterns in the brain using resting-state 
functional BOLD fMRI, graph representation of anatomy-based functional connectivity, and 
pattern analysis & classification of the adjacency matrices based on ensemble learning 
techniques. The aim is to establish a framework for later brain-behaviour analysis (e.g. 
relationship between network patterns and cognitive function) in healthy aging. 

Materials and methods 
For the assessment of brain connectivity we used the freely available NYU CSC Test-Retest 
resource (https://www.nitrc.org/projects/nyu_trt) comprising EPI-images from 25 participants 
(age range: 21-49 yrs, 10 males) recorded during rest, as well as anonymized anatomical 
images of the same participants, using a 3 T Siemens scanner. The resting-state fMRI images 
were collected at three occasions: (i) A baseline resting-state scan, (ii) A resting-state scan 5-
11 months later, and (iii) A resting-state scan about 30 (< 40) min after (ii). For the functional 
connectivity analysis we used SPM12 (http://www.fil.ion.ucl.ac.uk/spm/software/spm12)  
together with CONN v.14.p (https://www.nitrc.org/projects/conn), being a MATLAB-based 
cross-platform software for the computation, display, and analysis of functional connectivity 
in fMRI, covering the entire pipeline from raw fMRI data to hypothesis testing. For the 
experiments we used data from the base-line examination and from the first follow-up 
examination. The nodes in the network (N=136) were defined by the parcellation-based 
Harvard-Oxford Structural Atlas, the AAL Atlas, and the DMN Atlas, all in MNI152 space 
and provided by CONN. Pearson cross-correlation between pairwise denoised fMRI time 
courses, taken as the mean for each node, defined our 136x136 adjacency matrix, representing 
an undirected weighted graph for each resting-state examination. To obtain a feature vector 
(i.e. “brain signature”) derived from the adjacency matrix, we extracted the lower triangular 
matrix, being a real-valued vector of length 9316. Class labels (predictions) were taken to be 
gender {M,F}, age group {[21, 31), [31, 49]}, and age {21, …, 49} itself. For pattern 
classification and regression we used ensemble learning, i.e. TreeBagger in MATLAB’s 
Statistics and Machine Learning Toolbox, implementing Breiman’s “random forest” 
algorithm. For the network analysis study, out-of-bag (OOB) error estimates were used for 
feature importance selection, detecting those anatomical regions (nodes) with the highest 
impact on classification performance.  

Results
Preliminary random forest classification results are presented in Tab. 1, showing classification 
performance across the two resting-state scan sessions and the 25 participants. 
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Figure 1 depicts image data, the adjacency matrix, and functional connectivity distribution 
from one of the participants. 

Table 1. Classification results for each session separately. 

Session 
number 

Mean out-of-bag  
classification error 

Prediction 
task 

1 0.573 Gender
2 0.501
3 0.432
1 91.493 Age
2 70.448
3 88.122

a) b) c) 

Figure 1. Image data and functional connectivity results from one of the participants. 
a) Anatomical T1-w scan after skull-stripping. b) Adjacency matrix of connectivity values with the most
important features being selected.  c) The corresponding histogram of functional connectivity values. 

Discussion and conclusions 
Using the processing and analysis machinery described above, we found between 33% and 
55% correct prediction rate depending on classification task and imaging session. The best 
results were obtained for age group classification, while gender prediction gave larger error 
rates. The random forest algorithm is known to be one of the most powerful machine learning 
classification and regression methods available. However, specific use for a given application 
can be challenging, and in our context several issues are to be further explored. These include 
feature extraction (“brain signature”), characterized by the time course similarity measure 
being used, and the number and location of nodes. The outcome variables (binary, or 
multiclass prediction, or regression) are typically application specific, while the size of the 
training set, training data imbalance, cost of misclassification, number of grown trees, 
minimal leaf size, and number of variables to select at random for each decision split, will all 
influence classification performance and practical applicability. Moreover, the random forest 
algorithm provide out-of-bag feature importance that in our setting can give insight into the 
most discriminative regional functional connectivity patterns for a given set of predictions. 
This will be of great value in the assessment of cognitive aging and for the study of brain-
behaviour relationships.  
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Mismatch negativity (MMN), an auditory event-related potential (ERP) elicited by a deviant 
stimulus in a train of standard stimuli, has been suggested to be associated to glutamatergic 
neurotransmission, mediated by glutamatergic NMDA receptors [3]. MMN provides a 
neurophysiological marker of automated, preattentive auditory processing [2], and further 
holds potential as a biomarker of brain function in psychiatric disorders such as schizophrenia 
where glutamatergic dysfunction has been implicated. In this study we combined high 
temporal resolution EEG with proton magnetic resonance spectroscopy (1H-MRS), to 
examine the relationship between inter-individual variations in glutamatergic content of the 
Superior Temporal Gyrus (STG) and characteristics of the MMN ERP in 19 healthy young 
adults (9 male). 

EEG data, collected from 61 electrodes distributed across the scalp, allowed for ERPs 
corresponding to standard and deviant tones (as shown in Figure 1) to be measured with 2ms 
temporal resolution. The MMN is defined as the difference wave between the standard and 
corresponding deviant stimuli. Eight deviant classes were measured, with deviants in duration 
and frequency considered herein. Grand average results are presented in Figure 1, showing 
MMN for the duration and frequency deviants, with the typical scalp distribution consisting of 
strongest negativity in the frontocentral electrodes, and inverted polarity at the temporal sites. 
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Figure 1: Topographic plots (above) and corresponding waveforms (below) showing the grand average (n=19) of the MMN
response for duration and frequency deviant types 

Figure 2: Illustrative MR spectroscopy voxel location for the STG placement, and sample spectrum for this region
highlighting key features of interest. 
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1H-MRS, a non-invasive brain imaging method which allows quantification of metabolites in
vivo, was used to measure combined glutamate+glutamine (Glx) in the superior temporal 
gyrus (STG); typical localisation and resultant spectra are presented in Figure 2. 
 
The peak latency of the duration-MMN peak was found to be associated with Glx (p=.0003, 

2=.43), with increased Glx level being associated to earlier peak of the duration-MMN (r= -
.63). In contrast, the amplitude of the duration-MMN was not related to Glx. There was no 
significant relationship between Glx and the frequency-MMN. We conclude that the inter-
individual variation in the glutamatergic neurotransmission affects the MMN response in 
healthy individuals. 
 
 

Figure 3: The relationship between the MMN peak latency and measured, creatine-scaled glutamatergic content 
(Glutamate+Glutamine, denoted Glx) in the STG. Subjects with higher Glx levels had earlier peak latencies (above) for the 
duration-MMN, while the frequency MMN was not significantly related to Glx. Variations in peak amplitude (below) were 
not significant. 
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Robust registration of MRI and histology would be highly useful for verification and 
evaluation of MRI-based detection, diagnosis and localization of prostate tumors [1]. 
Automatic 3D registration between these two modalities is a great challenge [3-7]. Here we 
present a pipeline for 3D registration of MRI and whole-mount sections. Transversal whole-
mount sections were digitally scanned and registered to each other using 2D rigid registration 
[8]. The pipeline combines in the next step 3D rigid transformations with 2D affine 
transformations to find the slice correspondence and angle between the transversal T2w MRI 
and whole-mount sections. In the last step, 2D deform registration was applied for the final 
alignment. During the registration, normalized mutual information was used as similarity 
metric. Visual inspection of the results indicated good performance. Future work includes 
assessment of the registration accuracy using prostate zones volume overlap and distance 
between control points, applied to a larger group of patients. 

Figure 1:  A 3D rigid registration step allows for translation and rotation. 
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Figure 2: The rigidly transformed MR images are then compared slice-wise to the whole-mount sections, using 2D affine 
registration and the normalized mutual information metric. 

Figure 3: In the final step, when the optimal 3D rigid and 2D affine transformation are found (left), deform registration is 
applied for optimal alignment (middle) with the reference whole-mount section (right). 
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Background  
Elastography is ultrasound imaging of elastic tissue properties, more commonly referred to as 
tissue stiffness. Several varieties of ultrasound elastography have emerged during recent years 
but data on head-to-head comparisons are scarce. We aimed to compare the performance of 
quantitative elastography measurements using five different elastography platforms on a 
single elastography liver-mimicking phantom containing four spherical inclusions differing in 
Youngs modulus from the background material (CIRS no 49). The methods applied included 
both strain elastography (SE) and shear-wave elastography (SWE). 

Materials and methods 
The scanners used were Hitachi Ascendus (RT-E), Philips iu22 (pSWE), Aixplorer, 
Supersonic Imaging (SSI), GE E9 strain-based system (GE strain), GE E9 shear-wave based 
system (GE SWE).  The methods reported tissue elasticity as strain, strain ratio, elasticity 
score, shear-wave velocity or calculated into Youngs modulus, depending on the 
methodology.  The five different elastography systems were evaluated for intra- and 
interobserver variability using variation coefficient, ICC, correlation and limits-of-agreement. 
Each observer made ten measurements of each inclusion with all systems, and the median 
value was used for interobserver variability. Linear and curvilinear probes were used if 
available from the producer.   

Figure 1- Scanning performed with Hitachi 
Ascendus, strain method. Blue color indicates 
harder areas. Circle A and B indicates 
inclusion and reference tissue. The strain 
ratio is measured to 1.70 

Figure 2- Scanning performed with GE E9, shear wave 
method. Red color indicates harder areas. Mean 
elasticity in lesion is measured to 85.7 kPa 
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Results
All five elastography platforms showed high intra- and interobserver agreement (ICC 0.845-
0.998). All four inclusions could be differentiated by quantitative elastography by all systems 
(p<0.001). In a Limits-of-Agreement analysis the differences in measurement were larger for 
harder than for softer inclusions relative to the background stiffness. All systems had a 
variation coefficient in the range of 0.01-0.19 for all inclusions, equivalent to low variance 
and high reproducibility. For most systems the elasticity measurements are more diversified 
when recorded with a cuvelinear probe than with a linear probe. The exception was the SR 
measurements in Hitachi's system. For the shear wave methods, the curvelinear probes 
provided lower measurements for the hardest inclusion compared to using linear probes. 

3 a) 3 b)

4 a) 4 b)

Figure 3- Correlation a) and Limits-of agreement b) for strain based elastography using linear probe 

Figure 4 - Correlation a) and Limits-of agreement b) for shear wave based elastography  using linear 
probe
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Conclusion
All systems provided high repeatability in elasticity quantitative measurements in a tissue-
mimicking phantom. The elastography software of SSI and a new SWE from GE provided 
elasticity measurements closest to the real values and the best inter- and intraobserver 
repeatability. For soft inclusions, all the systems showed very good repeatability and low 
interobserver variability. 
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Figure 5- The table lists the elastography systems, probes, intra- and interobserver variability and 
measured values. ICC is defined as intercorrelation coefficient 
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The use of regional anaesthesia (RA) is increasing due to the benefits over general anaesthesia 
(GA) such as reduced morbidity and mortality [1], [2], [3], reduced postoperative pain, earlier 
mobility, shorter hospital stay, and lower costs [4]. Despite these clinical benefits, RA 
remains less popular than GA. One reason for this is that GA is far more successful and 
reliable than RA. Ultrasound has been employed to increase the success rate of RA [5], [6]. 
However, ultrasound-guided RA can be a challenging technique, especially for inexperienced 
physicians and in difficult cases. Good theoretical, practical and non-cognitive skills are 
needed in order to achieve confidence in performing RA and to keep complications to a 
minimum. Studies indicate that RA education focusing on illustrations and text alone is not 
sufficient [7]. The RASimAs project (Regional Anaesthesia Simulator and Assistant) is a 
European research project which aims at providing a virtual reality simulator to improve the 
training of doctors performing RA, as well as an assistant to lessen the cognitive burden and 
help performing RA procedures. 

The assistant will annotate the real-time 2D ultrasound stream, and visualize the surrounding 
anatomy, ultrasound probe and needle in 3D. The annotated ultrasound image will contain 
segmentations of the important surrounding structures, as well as the needle and enhancement 
of the injected local anaesthetic. The system will assist the user in the three main steps of the 
procedure: 

1. Finding a good probe placement and view of the target injection site
2. Needle insertion
3. Injection of local anaesthetic

In step 1, segmentation of the structures of interest and registration of the 3D model will be 
used to guide the user to the target area. Visual cues will be given to the user indicating in 
which direction the probe should be moved to reach the target area. After the target area has 
been located, the assistant will guide the needle insertion by visualizing the needle in both the 
ultrasound image and the 3D scene. In the final step, the user injects local anaesthetic. The 
system will provide enhancement of the local anaesthetic in the annotated ultrasound images. 
Although the assistant is applicable for different ultrasound-guided RA applications, the focus 
has been on the femoral nerve. In this application, it is important to identify the femoral artery 
and nerve, as well as the fascia lata and fascia iliaca (see figures 1 and 2). The needle should 
penetrate these two fascias and inject local anaesthetic around the nerve. So far, automatic 
vessel segmentation and registration methods have been developed for the assistant.  

Guerrero et al. [8] presented a method for vessel segmentation and tracking in ultrasound 
images using an extended Kalman filter. Their method was fast and accurate, but it had to be 
manually initialized with a seed point inside the vessel. We have developed a novel algorithm 
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for detecting the vessel automatically in real-time [9]. The detected vessel is then used to 
initialize a Kalman filter based tracking method similar to that of Guerrero et al.  

The ultrasound system consists of an Analogic Sonix MDP scanner with a linear probe and 
electromagnetic tracking (SonixGPS) of both probe and needle. The images are streamed to 
the assistant using the Plus toolkit and the OpenIGTLink protocol [10]. A total of 12 
ultrasound image sequences from 3 subjects were collected. The number of images per 
sequence ranged from 110 to 524. For each sequence, the vessel was manually segmented in 4 
randomly selected frames. The vessel detection initialized the tracking successfully in all 12 
sequences. On average, the tracking was successfully initialized after the vessel detection was 
run on 84 frames. Assuming 25 frames per second, the tracking is initialized in about 3.4 
seconds. The vessel tracking algorithm achieved an average dice similarity coefficient of 0.90, 
mean absolute distance of 0.42 mm, and Hausdorff distance 1.17 mm. Figure 3 shows the 
vessel segmentation result for one of these ultrasound images. 

A mesh model of the surrounding anatomy was created from a CT dataset. Registration of this 
model is achieved by first placing the ultrasound image frames at the target site. After this 
initialization, each ultrasound image frame is registered to the artery model using the detected 
centerpoints from the vessel tracking. Bone is segmented from the ultrasound images using a 
method based on Foroughi et al. [11]. In comparison to their method, the proposed method 
uses a GPU to achieve real-time bone segmentation. If any bone is detected, it is used to 
register the model in the head-feet direction. The lower right image in Figure 5 shows a 3D 
visualization of the model and the ultrasound image after registration. 

Ultrasound is a real-time imaging modality and delivers several images per second. The 
segmentation and registration methods must be able to process the images in real-time to be 
useful for the femoral nerve block assistant. This is achieved by implementing the assistant 
with the FAST framework [12].  The average runtime was measured to be 42, 5, 0.11 and 34 

Figure 1: Illustration of the femoral nerve block region 
showing the femoral artery, vein and nerve along with femur 
and the pelvic bone. Image courtesy of H. E. Mørk
(helemork.com).

Figure 2: Cross-section illustration of the region of interest. Image 
courtesy of H. E. Mørk (helemork.com)
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milliseconds for the vessel detection, tracking, registration and bone segmentation methods 
respectively. 

Currently, we are working on segmentation of the femoral nerve, fascia lata and fascia iliaca 
(see Figure 4), needle  insertion guidance and enhancement of the local anaesthesia after 
insertion. The idea is that the registered model together with the segmented artery will help 
locate the femoral nerve and fascias (see Figure 5). It may also be necessary to create a model 
which incorporates the anatomical differences in a population using methods such as 
statistical shape models [13]. 

Figure : Vessel segmentation result. The green line is the
manu lly annotated vessel. 

Figure : Preliminary result of fascia segmentation.
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Introduction 
Ultrasound imaging is a real-time, low-cost application which, in combination with ultrasound 
contrast agents (UCA), can be used to measure perfusion (1). Since UCA’s are intravascular, 
perfusion can be calculated using a single compartment model, to which the following 
formula applies:  

 

Where MTT is the mean transit time, BV is blood volume and BF is blood flow. Recently, 
Ji ík et al proposed a new technique for ultrasound perfusion analysis, the bolus-and-burst 
method (2;3). With this method, MTT and BV can be estimated corresponding to actual 
physiological values. This should provide perfusion data that are independent of the 
ultrasound contrast agent or scanner used during the acquisition which is crucial for the 
implementation of such measurements in clinical practice. Perfusion imaging of the pancreas 
is particularly difficult due to challenges with multi-planar motion, shadowing and the 
proximity to large vessels. This makes it an interesting organ for testing the inter-observer 
variability and the inter-scanner reproducibility.  

Aim
The aim of this study was to examine the inter-observer variability on the same ultrasound 
scanner and the reproducibility between scanners using the bolus-and-burst method. 

Materials and methods 
Patients with cystic fibrosis (n=3), chronic pancreatitis (n=4) and normal pancreas (n=3) were 
included. The patients represent the whole range from severe exocrine failure to normal 
pancreas. Patients with reduced visibility and/or very unstable image, due to respiratory 
movements of the pancreas, were not included the study. 
The bolus-and-burst method combines two previously known approaches to ultrasound 
perfusion analysis, bolus-tracking and burst replenishment. Bolus-tracking is an acquisition 
technique which measure concentration curves during the passage of a contrast agent bolus. 
The burst-replenishment method is based on the time it takes to re-perfuse a region of interest 
(ROI) after destroying the microbubbles with one or several bursts with high mechanical 
index. These techniques have different strengths and weaknesses, but by combining them it is 
possible to quantify absolute perfusion parameters. 
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A GE Logic E9 scanner (GE Healthcare, Milwaukee, WI, USA) and an IU22 Ultrasound 
scanner (Philips, Best, The Netherlands) and their corresponding curvilinear probes for 
abdominal use (C1-5 on Logiq E9 and C5-1 on IU22) were used for the examinations. 
Approximately, 1.5 ml of the ultrasound contrast agent SonoVue (Bracco, Milan, Italy) was 
given as a bolus and flushed with 10 ml saline. The general contrast settings were used on 
each scanner. On the Logiq E9 the mechanical index (MI) was 0.10 during imaging, 0.85 
during a 10 frame burst and dynamic range 66. On the IU22 MI was 0.05 during imaging, 
0.75 during a 3 frame burst and dynamic range 50 (Maximum). The same colour maps and 
imaging depth were used throughout the study. Gain was adjusted to minimize background 
signal from the tissue. 
The scans were performed by two physicians, TE and KN. The subjects were scanned three 
times, two times on the Logiq E9 (TE and KN) and once on the IU22 (TE), allowing time for 
the contrast to dissipate between examinations. The physician located a part of the pancreas 
with minimal movement and interference from air shadowing, also avoiding large vessels in-
between the probe and the pancreas. A recording of the contrast enhancement was performed 
for 60 seconds before the burst and the scan continued for further 30 seconds. 

The analysis was done using MatLab-based DCE-US software 
(http://www.isibrno.cz/perfusion/). Each recording was manually corrected for movement, 
converted to linear data and an appropriate region of interest (ROI) (Figure 1) was selected. 
An arterial input function (AIF) was measured for internal scaling, using the artery with the 
strongest signal in the approximately same depth as the ROI (3). 

Figure 1: Left and middle image shows the B-mode and contrast section through the pancreas, respectively, with the region 
of interest (ROI) drawn in red in the head and corpus. In the right image the corresponding time intensity curve of the ROI is 
displayed representing the average intensity values for the ROI for each recorded frame. 

Results
There was significant correlation between TE and KN on the Logiq E9 for MTT (p=0.001), 
BV (p=<0.001) and blood flow (p<0.001) with correlation coefficients of 0.87, 0.93 and 0.94, 
respectively (Figure 2). The Bland-Altman plots (Figure 3: MTT) were also acceptable. For 
the comparison between the Logiq E9 and IU22 using the same examiner (TE) there was no 
correlation for the MTT, but significant correlation for blood volume (r=0.88, p=0.002). In the 
Bland-Altman plot it is evident that the blood volumes acquired from the IU22 were lower 
than those on the Logiq E9. 
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Figure 2: Top left and right image show scatter plots of mean transit time (MTT) and blood volume (BV) for observer 1 (TE)
and observer 2 (KN) on the Logiq E9. Bottom left and right image show the corresponding scatterplots for the Logiq E9 and 
IU22 with the same observer (TE). The correlation coefficients (r) and p-values for each comparison are included.  

Figure 3: The left image shows the Bland-Altman plot of the mean transit time (MTT) between Observer 1 (Obs1) and 
Observer 2 (Obs2). The right image shows the Bland-Altman plot of the MTT between Logiq E9 and IU22.

Discussion/Conclusion
There was acceptable inter-observer variability within the same scanner, but the comparison 
between two scanners was not acceptable with regards to MTT. When observing the 
recordings on the IU22, we found insufficient bursting of microbubbles in some patients. This 
could have caused an underestimation of the MTT and is probably due to the lower MI and 
shorter burst period on the IU22. When we disregarded the recordings with insufficient 
microbubble destruction, there was a good correlation between the Logiq E9 and the IU22 
(r=0.94, p=0.016). There was a good correspondence of BV between Logiq E9 and IU22, but 
it seems the BV estimation was lower on the IU22. The reason for this discrepancy is not 
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obvious, but could be caused by blooming effects in the arteries used for scaling. The 
measured AIF will become too high and result in a lower BV. Both a lower dynamic range 
and a too high intra-arterial UCA concentration can cause this problem. In our next study, we 
will standardize the burst between scanners and lower the contrast dose to see if our results 
improve. 
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The Ultrasound Meal Accommodation 
Test (UMAT) is clinical test used to 
assess gastric accommodation, gastric 
emptying and visceral sensitivity. The 
patient is fasting. First, a clinician 
performs a regular abdominal 
ultrasound scan in a supine position. 
The patient is then asked to sit slightly 
leaned backwards, and drinks 500 mL 
of a low-calorie meat soup. The 
clinician measures the antrum (Figure 
1) and the proximal stomach (Figure 2)
at 0, 10 and 20 minutes.  

Material and methods 
During 1999-2014 509 patients were 
consecutively referred to UMAT at 
Haukeland University Hospital in 
Bergen. The patient records were 
registered anonymously in a database 
with anamnestic information, findings at 
ultrasonography, psychometric test 
results, and the diagnosis. Median age of 
patients was 35 years at the time of 
examination. 360 (71%) of the patients 
were women. 260 (51%) of the patients 
were referred as second opinion patients 
from other hospitals or specialists. The 
main presenting complaints at 
examination were epigastric pain or 
dyspepsia (37 %), IBS-symptoms like 
low abdominal pain, diarrhea and 
obstipation (22%), and nausea and/or 

vomiting (18 %).

Figure 1: Sagittal section of the ventricular antrum in a fasting 
patient.

Figure 2: Sagittal section of the proximal stomach immediately after
intake of 500 mL of soup.
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Results
The majority of patients (65 %) had normal findings at the abdominal ultrasound (Figure 3). 
 

 
Figure 3: Findings at abdominal ultrasound. N=509. 

Of the patients with organic lesions, most had benign lesions like steatosis (7,1 %) , gallstones 
(2,0 %), liver hemangiomas (1,6 %), liver cysts (1,4 %) or kidney cysts (1,6%). Some had 
findings of a more pathological significance, like thickened bowel wall (5,9%), suspected 
malignancy (0,4 %), Superior Mesenteric Artery Syndrome (0,4 %) or abdominal aortic 
aneurism (0,2 %).  
The patients where one found thickened bowel wall were examined further, mainly with 
endoscopies. Table 1 shows the results of the work up. 8 of the 13 patients with unknown 
results, belonged to other hospitals.   
 

Table 1: Thickened bowel wall; results 
of further examinations 

Cases
(n=30) 

No conclusion/unknown 13 (43 %) 

Normal findings 7 (23 %) 

IBS 3 (10 %) 

Other* 7 (23 %) 

*Other: One of each of the following diagnoses: Peptic ulcer, microscopic colitis, Crohn’s disease, Ulcerative proctitis, 
Mb.Bechet, pancreatic pseudocyst, clostridium infection.  

Normal findings

Liver

Large and small bowel

Prostate/bladder/uterus/ovar
ies
Gallbladder/bile ducts

Kidney

Spleen

Stomach/duodenum

Large vessels

Pancreas

No documentation of US

Suspected malignancy
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160 (31,4 %) patients were diagnosed with functional gastroduodenal disorders after the 
UMAT. Delayed gastric emptying and impaired gastric accommodation are frequent findings 
in these disorders. We found impaired accommodation in 57 (36 %) of the patients, delayed 
emptying in 49 (31 %). 22 (14 %) had antral distention; a sign of delayed emptying. 32 (20 
%) were diagnosed with visceral hypersensitivity.    

Conclusions
Conducting a regular abdominal ultrasound scan is an important part of the Ultrasound Meal 
Accommodation test. Most patients have normal or benign findings, but the ones with more 
severe pathology are important to discover. 31% of the patients referred to UMAT were 
diagnosed with functional gastroduodenal disorders, and we found impaired gastric 
accommodation and/or delayed gastric emptying in 57,5 % of these.  
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Preclinical evaluation of mammalianized nitroreductase 

Endre Stigen1, Kjetil Børve Lund1, Elvira Gracia de Jalon7, Maik Grohmann5, David 
Micklem2, James B. Lorens3, Bengt Erik Haug7, Mihaela Popa4, Emmet  McCormack1,6

1Hematology Section, Department of Clinical Science, University of Bergen, 2BerGenBio AS, 
3Department of Biomedicine, University of Bergen, 4KinN Therapeutics AS, 5Department of 
Human Molecular Genetics, Max Planck Institute for Molecular Genetics, 6Hematology 
Section, Dept. of Medicine, Haukeland University Hospital, 7Dept. Of Chemistry, UoB 

Introduction:  
Bioluminescence imaging is one of the most applied preclinical techniques. However, 
maximal emission spectra are 615 nm which limits deep tissue imaging due to light 
absorption by haemoglobin, deoxyhaemoglobin and light scattering. More representative 
orthotopic cancer models puts a great emphasis on the development of fluorescent probes that 
emit light in the near-infrared (NIR) spectrum allowing deep tissue imaging. One such 
reporter system is nitroreductase (NTR) NIR reporter platform 
A great emphasis has been put on the development of fluorescent probes that emit in the near-
infrared (NIR) window. One such reporter system is nitroreductase NIR reporter platform. 
Nitroreductase (NTR) is a bacterial flavoprotein that reduces aromatic nitro-groups to the 
corresponding hydroxylamines and has been used in gene directed prodrug therapy (GDEPT) 
together with prodrug CB1954(1). The broad substrate acceptance of NTR has shown to be 
applicable for preclinical imaging. This was shown for the first time in metastatic cancer 
models where NTR activated the fluorescently quenched NIR probe CytoCy5S(2). Bacterial 
GFP-tagged NTR has been observed in aggregates in the cytoplasm, suggesting impaired 
translation by divergent codon usage between eukaryotes and prokaryotes. These findings 
have led to optimization of nitroreductase-based GDEPT, where the codons have been 
adapted to mammalian preference. The synthetic gene, NTRo, showed in cell lines a 10-fold 
sensitivity towards the prodrug CB1954(3). 

Methods:
Stably transduction of NTRo in H460 and MDA-MB-231 cell lines. Flow cytometry. 
Fluorescence -and confocal microscopy. In vivo optical imaging of subcutaneous MDA-MB-
231 xenografts in NSG mice.   

Results:
In vitro quantification revealed a 7-fold increase in fluorescence in H460 cell line. However, 
in MDA-MB-231 the increase was 42-fold. Longitudinal confocal imaging showed a steady 
increase in brightness observed when live cells were imaged during CytoCy5S incubation. 
Optical imaging of preclinical subcutaneous xenografts showed a rapid increase of 
fluorescence detected up to 30 minutes post CytoCy5S injection, from which point the signals 
detected persisted throughout the 4 hours timecourse.     
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Volume estimation of the Gallbladder - 2D vs 3D Ultrasound 

Søvig K.K.1, Kotopoulis S.2,3, Nylund K.2, Hausken, T.1,2 Gilja O.H.1,2, Dimcevski G.1,2,4 

1Department of Clinical Medicine, University of Bergen, Norway
2National Centre for Ultrasound in Gastroenterology, Haukeland University Hospital, Bergen,  
 Norway  
3Department of Physics and Technology, University of Bergen, Norway  
4Section of Gastroenterology, Department of Medicine, Haukeland University Hospital,  
 Bergen, Norway 

Background: 2-dimensional B-mode ultrasound is the current standard for transabdominal 
ultrasound (US) examinations of the gallbladder. In order to use 2D images for volume 
measurement, longitudinal and transversal images are needed. The two images are used to 
measure length, width and height which are inserted in the formula V = /6 (L x W x H) 
(figure 1). 

A weakness with this formula is the assumption that the shape of the bladder is close to an 
ellipse. Whenever the shape varies from an ellipse, the volume estimations become 
inaccurate. Particularly, the anatomy in the neck region of the gallbladder is not elliptic. 3-
dimensional ultrasound examinations have become more common and accessible for 
clinicians.  3D-US has the potential to give more accurate data on volume and shape than B-
mode US, not only for the gallbladder, but also for other more irregular structures such as 
tumors and abscesses.  

Material and method: We examined 24 healthy volunteers, 15 women and 9 men, aged 37 
years ± 12 years, range 21 to 59. All scans and 
measurements were done with the Philips iU22 x 
Matrix machine. US measurements were done 
subcostally and/or intercostally on fasting subjects, 
and every ten minutes after stimulation with a 200 ml 
liquid meal (Fresubin® 2 kcal fibre DRINK). The 2D 
measurements followed the gallbladder axis and were 
done in three dimensions. For the 3D calculations we 
used a fully automatic modified Simpson method with 
5 slices (figure 2).  

W 

H

L

Figure 1: 2D method for volume estimation

Figure 2: Simpson method 
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The same measurements were also run semi-automatic with manual correction (figure 3). All 
measurements were done twice. 

Figure 3: Example of 3D scan using the Simpson method 

Results: Using the 2D method, the average gallbladder volume on fasting subjects was 23,4 ± 
11,8 cm3. The fully automatic method gave an average of 14,9 ± 7,7 cm3, and with manual 
correction; 22,0 ± 8,7 cm3. 10 minutes after stimulation with a 400 kcal liquid meal the 2D 
analyses measured the volume in average to be 15,9 ± 10,2 cm3, with the 3D fully automatic 
method at 9,6 ± 7,2 cm3, and 15,3 ± 11,5 cm3 after manual correction. After 90 minutes the 
2D measured volume was 9,3 ± 5,4 cm3, compared to the 3D full automatic method which 
was 6,5 ± 4,2 cm3, and with manual correction 7,8 ± 6,2 cm3 (figure 4). 

3D gallbladder scan, modified Simpson method
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Gallbladder emptying

Figure 4: Mean GB volume (ml) over time 

Discussion: Compared to the 2D method the fully automatic 3D method underestimated the 
gallbladder size.  The fully automatic 3D method is often incapable of accurately following 
the anatomical border of the gallbladder, especially irregular sections. In our opinion, this 
method is still suboptimal and requires further development before it can be widely used 
clinically. If we allow for manual correction, this problem is largely rectified. It is, however, 
more time consuming than the 2D method, but provides greater freedom to accurately 
measure the volume even when the shape is highly irregular. We assume that the 2D method 
overestimates the volume due to shape variations that often deviates from an ellipse.  
We conclude that the semi-automatic method with manual correction is superior to the fully 
automatic 3D method in accuracy and precision in measuring gallbladder volume.  
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Measuring subtle white matter microstructure changes in patients with 
irritable bowel syndrome - a brain MRI study using data-driven histogram 
analysis

Kiniena Tekie1,2, Eivind Valestrand2,1, Trygve Hausken3,2, Arvid Ludervold1,4
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4Department of Radiology, Haukeland University Hospital, Bergen, Norway 

Objectives
It is well known that the brain and the gut are engaged in continual crosstalk along a number 
of pathways collectively termed the brain-gut axis, imporant in both health and disease. Given 
the direct association between symptoms of IBS and stress, the frequent coexisting psychiatric 
conditions, and the responsiveness of symptoms in many persons to therapies directed at the 
central nervous system, IBS is often described as a brain-gut disorder. The present study 
adresses the possible white matter microstructural changes reported in brain regions that are 
associated with visceral pain processing. 

Methods
Fifteen IBS patients and 15 age and sex matched healthy controls (HC) were subject to mul-
timodal MR imaging examinations using a 3 T GE MRI scanner. Whole brain DTI and 3D 
T1-weighted anatomical images were recorded.  
Fractional anisotropy(FA) parameter was extracted from the DTI images using TrackVis.. The 
anatomical images are used to segment the brain white matter into 73 subregions. The 
Calculated FA maps were then corregistered with Anatomy images of each patient using tools 
from FreeSurfer and FSL. The FA values of each subject were then pooled into corresponding 
groups, IBS group and HC group. The median of the pooled FA values are compared for 
whole brain analysis and Insular white matter analysis.  

Results
We report two major ndings from our study: a) slightly lower FA for the whole brain white 
matter and b) Prominently lower FA for left and right insular white matter regions. This slight 
di erences (see table) are highly signi cant, p< 2.2  10 16 . The magnitudes of the FA 
di erences are in the same order of magnitude as that reported for age related FA changes.  

Conclusions
Quantitative neuroimaging is e ective in directing attention in otherwise unexplorable regions 
of the brain. The signi cant FA changes observed at white matter regions around Insula pose 
an important question: what is the role this measured change in the pathology of IBS?  

Mean FAIBS (nr. of voxels) Mean FAHC (nr. of 
voxels)  

Whole brain  
Left insular white matter  
Right insular white matter  

0.370 (7276833)  
0.419 ( 133737)  
0.396 ( 145448)  

0.375 (7213181)  
0.429 ( 139267)  
0.412 ( 145020)  
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Comparison of IVIM and a Simplified IVIM Approach for Differentiation 
of Breast Tumors 

Igor Vidi , Msc1, Jose R. Teruel, Msc2,3, Torill E. Sjøbakk, PhD2, Agnes Østlie, MD4, Hans 
E. Fjøsne, MD5,6, Tone F. Bathen, PhD2 and Pål Erik Goa, PhD1  

1Department of Physics, Norwegian University of Science and Technology (NTNU), 
Trondheim, Norway. 
2Department of Circulation and Medical Imaging, Norwegian University of Science and 
Technology (NTNU), Trondheim, Norway. 
3St. Olavs University Hospital, Trondheim, Norway. 
4Clinic of Radiology and Nuclear Medicine, St. Olavs University Hospital, Trondheim, 
Norway. 
5Department of Cancer Research and Molecular Medicine, Norwegian University of Science 
and Technology (NTNU), Trondheim, Norway. 
6Department of Surgery, St. Olavs University Hospital, Trondheim, Norway. 

Purpose/Introduction:
The purpose of this study was to compare a simplified IVIM method [2]  to the full IVIM  [1] 
in terms of differentiation of benign and malignant breast tumors.  

Subjects and method: 
29 patients with confirmed breast cancer lesions were scanned at a Siemens 3T Skyra using 
16-channel breast coil. Diffusion weighted SE-EPI was used with: TR/TE = 9000/86ms; 
matrix 90x90; in-plane res: 2x2 mm; slice-thickness 2.5mm, b-values 
0,10,20,30,40,50,70,90,120,150,200,400,700 and six different directions. ROIs were defined 
to cover the lesion, and the ROI mean signal for each b-value was calculated. ADC values 
were estimated using the measured signal at all b-values by fitting to mono-exponential 
model. For IVIM f, D and D* were estimated using three different fitting procedures [3]:. 

A. Non-linear fitting for f, D and D* using MATLAB Trusted Region method within 
following constraints: 0<D<0.005mm2/s, 0<f<0.5, 0<D<0.1 mm2/s;  

B. D is obtained from a monoexponential fit at b-values>200, while f and D* are 
nonlinearly fitted the same way as in procedure A. 

C. D is determined from monoexponential fit for b>200 and its zero intercept is used for 
obtaining , only D* is nonlinearly fitted.  

Finally, a simplified version of IVIM was calculated using the following procedure: 

1. Calculation of ADC using only b=0 and b=200 images (ADC0,200).
2. Calculation of ADC using only b=200 and b=700 images, (ADC200,700).
3. Calculation of the relative difference in the two above ADC values:

.

Specificity, sensitivity and AUC for ROC for ADC, D, D*, f and ADCCHANGE were calculated 
in SPSS.  
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Results:
One lesion from each patient was included for analysis (22 malignant and 7 benign).  Results 
(mean±standard error of the mean) are summarized in table 1,2 and 3 ADCCHANGE  has the 
highest AUC value while ADC and D have the highest combination of sensitivity and 
specificity. 

Table 1. 

 D[μm2/ms] 

Benign

D[μm2/ms]

Malignant

f

Benign

f

Malignant

D*[μm2/ms] 

Benign

D*[μm2/ms]

Malignant

fitting A 1.59±0.06 1.02±0.06 0.17±0.07 0.14±0.03 34±14 40±7 

fitting B 1.56±0.07 1.00±0.06 0.14±0.03 0.13±0.01 9.3±3.6 26±7 

fitting C 1.56±0.07 1.00±0.06 0.11±0.01 0.13±0.01 6.8±1.4 15±15 

Table 2. 

ADC[μm2/ms] 

Benign

ADC[μm2/ms]

Malignant

ADCchange[%]

Benign

ADCchange[%] 

Malignant 

1.72±0.07 1.17±0.06 17.6±3.0 54.3±5.1 

Monoexponential

fit using all b-values 

ADC0,200 and ADC200,700

monoexponential fit 

Table 3. 

Discussion/conclusion  
ADCCHANGE parameter shows classification accuracy comparable to the one obtained from the 
complete IVIM model. Further work involving larger patient groups is required to evaluate 
this further. The simplified IVIM approach requires substantially less data and scan time than 
the full IVIM, and as such represents a significant simplification.  

Fitting A Fitting B Fitting C ADC ADCCHANGE

D f D* D f D* D f D* 

Sensitivity 1 0.86 0.86 1 0.59 0.73 1 0.64 0.73 1 0.86 

Specificity 0.82 0.57 0.43 0.91 0.71 0.71 0.91 0.86 0.86 0.91 0.91

AUC 0.90 0.63 0.58 0.94 0.51 0.77 0.94 0.68 0.83 0.94 0.96 
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Secretin stimulated MRCP in the evaluation of exocrine pancreatic function 
in cystic fibrosis
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Introduction: Exocrine pancreatic failure has been reported to affect 73-90% of cystic 
fibrosis (CF) patients. The primary mechanism of exocrine failure is a genetic defect causing 
defect or lack of the widespread cystic fibrosis transmembrane receptor (CFTR) protein. This 
defect results in an early failure in ductal function in these patients leading to a progressive 
destruction of the pancreas and global exocrine acinar failure. Faecal elastase test (FE) is the 
most widespread tool for assessing exocrine pancreatic function, but has limitations regarding 
sensitivity and specificity (1). Secretin stimulated endoscopic test with duodenal juice 
collection is also considered useful to quantify exocrine function (2). Secretin-stimulated 
magnetic resonance cholangiopancreatography (s-MRCP) is considered a promising method 
for evaluating exocrine pancreatic function (3-5), but has not been evaluated in CF. S-MRCP 
allows quantification of  the secretin stimulated fluid secretion from the pancreas, assumed to 
reflect exocrine ductal function in particular. We aimed to evaluate pancreatic function by s-
MRCP in relation to measured faecal elastase and results from secretin stimulated endoscopic 
short test in CF-patients.  

Fig. 1. Segmented fluid in the bowel (red area). 
Pancreatic insufficient CF patient (a, b), pancreatic sufficient 
CF patient (c, d) and healthy control pre (a, c, e) and post (b, 
d, f) secretin. 
D: Duodenum. G: Gallbladder. J: Jejunum. L: Liver. V: 
Ventricle.  
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Fig. 2. Maximum secreted pancreatic juice after secretin in the pancreatic insufficient CF patients  
(PI), the pancreatic sufficient CF patients (PS) and in healthy controls (HC). 

Methods: S-MRCP was performed in 16 patients with CF and the calculated pancreatic 
secretion post-secretin was compared to the corresponding findings in 20 healthy controls 
(HC) (3) (Figure 1). The imaging protocol included standard pancreatic MRI and MRCP (1.5 
T). In addition T2-weighted imaging and DWI were acquired before and 1, 5, 9 and 13 
minutes after secretin administration. Secreted pancreatic juice volumes were calculated based 
on the sequential T2-weighted images (3). Secreted volume from presecretin to the different 
time-points after secretin stimulation was calculated using maximum secreted volume 
(irrespective of time interval from presecretin) for further analyses (Figure 2). Exocrine 
pancreatic function was also evaluated in CF patients using secretin stimulated endoscopic 
short test with estimation of pancreatic juice bicarbonate concentration and/or faecal analysis 
of faecal elastase (FE). Patients having both FE<200μg/g and bicarbonate concentration 
<100mmol/L were considered pancreatic insufficient.  

Results: Based on the biochemical tests of the CF patients (n=16), seven cases were 
categorized as pancreatic insufficient (PI) whereas nine cases were pancreatic sufficient (PS). 
Maximum secreted pancreatic juice volumes were significantly lower in the pancreatic 
insufficient CF patients compared to the pancreatic sufficient CF patients and the healthy 
controls (Table 1 and Figures 1-2).  

Table 1: Exocrine pancreatic function and s-MRCP volume estimate in pancreas sufficient and insufficient CF patients and 
healthy controls 

CFI CFS HC 

D HCO3 (mmol/L) 11 (9-24) 118 (54-138) 115 (94-138) p<0.001**

F- Elastase (μg/g) 0 (0-17) 565 (169-733) 573 (426-723) P<0.001**

Peak volume (mL) 5.3 (3-21) 73 (40-114) 93 (41-113) P<0.001**

*Values in median (range) **Difference between PI and PS/HC. No significant difference between PS and HC.

Conclusion: S-MRCP is a promising tool to differentiate between pancreatic sufficient and 
pancreatic insufficient CF patients. Pancreatic sufficient CF patients have similar pancreatic 
secretion volumes to that observed in healthy controls.  
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Advanced Diagnostic Imaging and Image Processing – From Image to 
Diagnosis

Øynes, M., Rygh, C.B., Vestbøstad, M. 

Department of Occupational Therapy, Physiotherapy and Radiography, Bergen University 
College 

The transition from visualization to quantification within the field of radiology and 
radiography has led to increased demands to image quality and image processing. The main 
aim of this course is to give a theoretical and practical knowledge of how to optimize image 
acquisition and to perform image data analysis in order to provide sensitive and accurate 
diagnostic information based on image data. The program is well suited for applicants with 
radiography education or equivalent qualification at bachelor level. It is also relevant for 
radiologists and postgraduate students working with medical digital imaging, science, 
computer science, and physiology. 
The course focuses on the main imaging methods in medical diagnostic. The technological 
and physical principles of MRI, PET, CT, conventional X-ray and ultrasound are the topics of 
the first in part of the course (Principles of imaging). The second topic concentrate on 
physiological and pathophysiological processes and pathological changes in tissues related to 
signal characteristics and image contrast (Applications of imaging). In the third part the image 
material produced by the modalities are processed and analyzed (Image processing and 
analysis). 

Learning outcome 
The course provides advanced insight into imaging methods and increase understanding and 
experience of imaging in MRI, PET, CT, ultrasound and conventional X-ray. The image 
processing and image analysis involve the use of various types of image processing software. 
The course aims to improve the understanding and to be an active contributor to research and 
research projects using the above-mentioned modalities, and to implementation of new 
imaging procedures in the clinic. The course gives 30 credits at master’s level and can be 
included in a master's program. Principles of imaging - 10 credits, Applications of imaging - 
10 credits and Image processing and analysis - 10 credits. 

Organizational information 
The program is a part-time over one year and organized as six one-week long workshops. The 
time of the workshops will be in weeks 36, 43 and 48 in 2015 and in weeks 4, 10 and 17 in 
2016.  
In addition to plenary lectures, the course will emphasize student active teaching methods 
such as self-studies, group work, practical exercises and presentations for fellow students. 
Between the workshops, students will work on tasks related to the topic of workshops. 
Application deadline: You may sign up for the course up to one day before the start of the 
first workshop. 
How to apply: Fill in the form on https://fsweb.no/soknadsweb/login.seam?inst=hib 
Course start: Monday the 31.st of August 2015, at Bergen University College, Campus 
Kronstad.  
Contact person: Mona Øynes, moy@hib.no, +4755585618 
Examples of image data sets used for educational purposes: 
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Dynamic PET scan of a mouse after injection of F-18 FDG fused with a CT maximum 
projection scan (MIP). Total PET scan time was 60 minutes. 

 

 

CT angiography of a head and neck, with a 
3D visualization of the vessels.  

 

Volume rendering of a whole-body CT scan. 
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Abstracts for Session IV 
Biological and preclinical imaging 

Abstracts are organized in the order of presentations 
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Cutting-edge cellular imaging - From fundamental discoveries and 
innovations to drug development and diagnostics 

John E. Eriksson 

Åbo Akademi University, Finland 

Imaging is by far the fastest developing technology area in biomedical research used for 
discovery and validation of biological targets, for drug development and diagnostics, and for 
pre-clinical as well as clinical work. Imaging is also among research infrastructure users 
clearly perceived as the most important research infrastructure, as it is nowadays hard to 
envision how one could conduct or publish any biomedical research without imaging data. 
Hence, imaging is in internationally in highest demand both in basic and applied research. A 
significant part of this interest and demand is due to the broad range of new possibilities 
provided by the newly developed imaging technologies. By the novel technologies it is 
possible to visualize molecular processes and cellular events that were incomprehensible and 
impenetrable until recently. The numerous modalities of light microscopy along with 
development of a diverse range of novel probes create a broad spectrum of possibilities for 
real-time measurements of cellular events in artificial settings as well as in the tissues of the 
intact animal. There are also possibilities to follow events with remarkable precision and 
resolution, as the diffraction barrier in light microscopy has been overcome by the discoveries 
in super-resolution imaging, enabling visualization of structures and events in the range well 
below 100 nm. The super-resolution imaging can often be combined with the renaissance 
technologies and applications of electron microscopy. The latest developments include a 
broad range of label-free imaging technologies that can be used at the cellular level but can 
often be applied also in pre-clinical and clinical settings. Many of the latest technologies can 
also be employed in high-throughput and high-content settings, opening ample opportunities 
for drug target screening and drug development. Imaging applications are also facilitated 
and/or may be used alongside with newly developed nanotechnologies. This development 
opens profound opportunities for biomedical research and development of novel therapies. 
For example, localization of a specific target and delivery of a targeted drug is possible 
simultaneously as one observes the real-time effects of the drug. The imaging centers and 
research groups with capacity of visualization all the way from molecular events to bodily 
functions will have the greatest opportunities and potential for discovery in the biomedical 
landscape of the 21st century.  
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We have applied a biophysical model of diffusion in gray matter to study dendrite density and 
inter/intra axonal diffusion in cortex and deep gray matter (DGM) in an animal model of 
multiple sclerosis. We have performed diffusion tensor imaging on mice brains ex vivo at 
baseline, at 3 and 5 weeks of cuprizone exposure, and 4 weeks after ending curpizone 
exposure. We observed a clear drop in neurite density in both DGM and cortex at 3 and 5 
weeks of cuprizone exposure and recovery after remyelination. Our study shows the potential 
of diffusion MRI to detect subtle changes in myelin content in gray matter, thereby facilitating 
the diagnoses and improving our understanding of multiple sclerosis.  

Introduction 
Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central 
nervous system, characterized by demyelinated lesions, with a varying extent of remyelination 
[1]. It has traditionally been considered a white matter disease, but histopathology studies 
have shown that MS-pathology is frequent in the gray matter as well [1]. Unfortunately, the 
conventional MRI techniques have a very low sensitivity to gray matter demyelination, so 
studies of MS using MRI have primarily been concerned with demyelination in white matter 
tracts. However, in the last decade, novel MRI techniques, such as magnetization transfer 
imaging (MTI), have emerged, showing the potential to detect myelin content in gray matter 
[1]. Another technique, diffusion tensor imaging (DTI), is very sensitive to changes in tissue 
structure on a cellular level, but is inherently unspecific. By using realistic biophysical models 
of tissue microstructure, specific markers of tissue microstructure in normal, developing and 
diseased brain can be identified. In this work we use one of such models, called neurite 
density model [2,3], to detect the demyelination in deep gray matter and cortex in the 
cuprizone model of MS. 

Methods
Animals
A total of 24 female c57Bl/6 mice were acquired at 7 weeks of age. After acclimatization, 18 
mice were randomized into 3 groups of 6 mice each, and exposed to cuprizone rich diet by 
adding 0.2% cuprizone (bis-cyclohexanone-oxaldihydrazone, Sigma-Aldrich, St. Louis, MO, 
USA) to milled mouse chow. Mice were sacrificed after 3 weeks (n=6) and 5 weeks (n=6) of 
cuprizone exposure, and 4 weeks after ending the 5-week cuprizone exposure (n=6). The 
control mice (n=6) were sacrificed at the end of the experimental period. Mice were 
euthanized by CO2 asphyxiation, followed by intracardial perfusion with 4% formalin in 
phosphate-buffered saline. Mouse brains were extracted, immersed in 4% formalin, and stored 
at 4oC until MRI scanning. All animal procedures were conducted in accordance with the 
Federation of European Laboratory Animal Science Associations (FELASA) 
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recommendations, and the protocol was approved by the Norwegian Animal Research 
Authority. 
Two days ahead of planned scanning, the brains were transferred to PBS (phosphate buffered 
saline) to remove formalin which is known to shorten the T2 relaxation time and therefore 
degrade the MR signal, and stored at room temperature until the day of scanning. Prior to 
scanning, the brains were placed into a custom-made acrylic holder and then transferred to a 
15 ml plastic tube that was filled with Fomblin oil (perfluoropolyether Y04 grade fluid). The 
oil helps to reduce susceptibility artifacts on the brain-liquid interfaces, and since it contains 
fluorine instead of hydrogen, it produces no background signal on proton MRI.  

MRI
Scanning was performed using a 7T horizontal-bore magnet (Pharmascan 70/16, Bruker 
Corporation, Germany). A head quadrature volume resonator (23 mm ID, Bruker Corporation, 
Germany) was used for signal transmission and detection and Paravision software (v. 5.1, 
Bruker Corporation, Germany) was used for signal acquisition.   
One hundred and sixty five diffusion-weighted echo planar images were acquired using a 
standard spin-echo diffusion preparation (Stejskal-Tanner). The imaging parameters were: 
128x128 data matrix, field of view 1.25 cm x 1.25 cm, resolution 98 m x 98 m, slice 
thickness 0.75 mm, TR/TE = 3 s/33.49 ms, and the number of averages was 6. The total scan 
time was 3 hours 18 min. The diffusion parameters were = 6 ms/20 ms. Sixteen b-factors 
ranging linearly from 880 to 14080 s/mm2 and 10 diffusion directions were chosen. In 
addition, five A0 images were acquired.  

Analysis
MRI data was fitted in MATLAB  (R_2013a, MathWorks) using Jespersen’s et al. [2,3] 
dendrite density model for gray matter. Their biophysical model of tissue microstructure 
assumes that the MR diffusion signal originates from two components: (i) the dendrites and 
axons, which are modeled as long cylinders with two diffusion coefficients, parallel (DL) and 
perpendicular (DT) to the cylindrical axis, and (ii) an isotropic mono-exponential diffusion 
component describing water diffusion within and across all other structures, i.e., in 
extracellular space and glia cells [2,3]. The results of the fit were parametric maps of dendrite 
density (which is defined as the fraction of water volume that is associated with dendrites and 
axons), and longitudinal and extracellular diffusion. Region-of-interest (ROI) analysis was 
then performed by selecting ROIs in the right cortex and in DGM within a slice which was the 
same for all animals. Mean values within the ROIs and their standard deviation were recorded 
and then used to compute the population mean and standard error. 

Results
Figure 1 shows parametric maps of relative neurite density for one representative animal 
within each experimental group. We can see a clear reduction in neurite density in the corpus 
callosum after 3 and 5 weeks of exposure, and remyelination 4 weeks after terminating the 
exposure. A similar trend is also visible in DGM and cortex.   
Figure 2 shows mean values from ROI analysis for 5 animals in each of the experimental 
groups and 95% confidence intervals. One animal in each group was excluded from the 
analysis due to the poor quality of data. The plots show neurite density (top), longitudinal 
diffusion (middle) and extracellular diffusion (bottom) in DGM (left) and in cortex (right). 
We detected significant differences in the values of neurite density and longitudinal diffusion 
between baseline and at 3 and 5 weeks of cuprizone exposure in both DGM and cortex. After 
3 weeks of exposure, neurite density decreased by 16% and longitudinal diffusion increased 
by around 20%. There were no significant differences in values between 3 and 5 weeks of 
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exposure. Both, the neurite density and the longitudinal diffusion returned to the baseline 
values (0.5 and 0.8-1.0 m2/ms, respectively) after remyelination. Extracellular diffusion in 
DGM and cortex did not change significantly as a result of cuprizone exposure and had mean 
values between 0.27 and 0.35 m2/ms for all experimental groups.  

Figure 1: Neurite density maps. Top left: control, top right: 3 weeks, bottom left: 5 weeks, bottom right: remyelinated. 
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Figure 2: Relative neurite density (top), longitudinal diffusion coefficient (in m2/ms, middle) and mean extracellular 
diffusion coefficient (in m2/ms, bottom), in deep gray matter (left) and cortex (right). The four groups are: 1– baseline, 2 – 
after 3 weeks of exposure, 3 – after 5 weeks of exposure, 4 – 4 weeks after the end of exposure.

Discussion and Conclusions 

The results of our study show that there was a significant decrease in neurite density in the 
two cuprizone groups compared to the controls. Since cuprizone exposure leads to 
demyelination and neuronal loss, the neurite volume fraction is expected to decrease with 
exposure. Conversely, the longitudinal diffusion coefficient, which represents diffusion of 
spins along the neurites, increased with exposure. This is harder to explain since previous 
studies have shown that loss of myelin primarily leads to an increase in the ADC (apparent 
diffusion coefficient) perpendicular to the fibers, with negligible effect on the ADC along the 
fibers. Myelin presents a barrier to spin motion in direction perpendicular to the axons and 
dendrites, so when myelin is lost, spins can move more freely in all directions, decreasing 
diffusion anisotropy by increasing diffusion coefficient perpendicular to the fibers. In our 
diffusion model we had to constrain the transverse diffusivity, DT, to 0; a reasonable 
approximation when the diffusion length, which is on the order of 5 �m in our experiments, 
is large compared to the diameter of the neurites. We are therefore not sensitive to changes in 
transverse diffusivity. The increase of the longitudinal diffusivity seen in our study might be a 
consequence of our approximations and limitations of the model. Alternatively, it could be a 
real effect indicating that the myelin sheet “slows down” or “dampens” the diffusion of spins 
along the fibers. We also observe that the extracellular diffusivity does not change 
significantly as a function of cuprizone exposure. This can be understood in light of the fact 
that the extracellular space and cell bodies occupy only approximately 18% of mouse cortex. 
Any changes in extracellular diffusion coefficient, which is already very small due to highly 
restricted extracellular space, will therefore not be easily detectable. 
In summary, we have demonstrated that the dendrite density model developed by Jespersen 
can potentially be applied to detect gray matter demyelination in multiple sclerosis. However, 
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our observations and conclusions will have to be tested against data obtained from 
immunohistochemistry as we stain for myelin and markers of axonal integrity.    
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Purpose
The discovery of novel anti-cancer therapeutics is an expensive and time-consuming process1. 
Common approaches include the chemical synthesis of novel compounds, often beginning 
with a core structure and a large library of derivatives, or the repurposing of clinically 
approved medicines. In either case, the drug discovery pipeline begins with extensive drug 
screening in cancer cell lines to identify a lead compound worthy of further investigation.  

Background and Methods 
The process of drug screening demands a cell viability assay compatible with high-throughput 
screening and was revolutionized in 1983 with the development of the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide) tetrazolium reduction assay2. In this 
assay, viable cells with active metabolism convert MTT into a purple colored formazan 
product with an absorbance maximum near 570 nm. Non-viable cells lose the ability to 
convert MTT into formazan, thus color formation serves as a useful and convenient marker of 
viable cells. 

Since then many variants of this colorimetric assay have emerged, and such assays 
remain the standard method for drug screening. The simplicity and compatibility with 96-well 
cell culture plates is advantageous for high-throughput screening, however the method has 
various limitations. The addition of reagents such as MTT has been observed to influence the 
cell morphology and viability3. Furthermore, assays of this nature do account for variable cell 
proliferation rates among cell lines and critically are unable to confirm induction of cell 
death3. For these reasons there is demand for a more precise methodology that remains 
compatible with high-throughput screening. 

Bisbenzimide stain Hoechst 33342 is a cell-permeable fluorescent dye that specifically 
binds and stains DNA at adenine-thymidine residues4. Using fluorescence microscopy this 
permit the study of cell nuclei morphology and determination of cell viability. Fluorescent 
imaging of cell nuclei provides an informative method for determining all forms of cell death 
and can be performed in 96-well plates. However, manual counting of viable and non-viable 
cell nuclei is labor intensive and subjective. These disadvantages have greatly limited the use 
of Hoechst 33342 in the context of high-throughput drug screening. 

In this project we have attempted to develop an automated nuclear classification 
program for the determination of cell death in Hoechst 33342 stained cell samples to facilitate 
a novel assay for anti-cancer drug discovery research. A training set of images was separated 
from the remaining data and segmented within the Hoechst channel using CellSegm5. A 
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trained cell-biologist (C.L.) distinguished between viable and non-viable cells, and the 
information was used to train a feed-forward neural network for classification. This network 
was later used to classify cells within the remaining image data into viable or non-viable cells. 

Results
We performed training of the neural network on a subset of three images for each of the four 
experimental conditions, where the aim was to automatically distinguish between viable and 
non-viable cells, shown in Figure 1. We also introduced a third category named “Removed”, 
containing objects that were neither nor. For the remaining we group the cells into three 
categories: i) Viable, ii) Non-viable, iii) Removed. The training data represented 
approximately 20% of the entire available data set. After training, we applied the neural 
network on the entire data set, and we compared the classification results with manual 
labeling. 

Figure 1 Viable (left) and non viable cells (right) within the Hoechst channel.

The percentage of manually labelled cells for the training data is shown in Figure 2, 
where an expert labelled automatically segmented cells into the three categories. We refer to 
this as semi-manual classification. A similar graph for automated classification of the entire 
data set is shown in Figure 3. Clearly, these graphs are similar to a large extent. In Figure 4 
the results are shown for fully manual training, where the user categorized the cells 
disconnected from the automated segmentation. This is referred to as manual classification. A 
paired t-test applied to each category showed that there were no statistical differences of the 
cell category occurrence between semi-manual training data and automated classification (p = 
0.14, p = 0.76, p = 0.30 for the three categories).  A similar comparison between manual 
training data and automated classification revealed a significance difference only for the 
“Removed” cells (p = 0.01), whereas for “Viable” and “Non-viable” cells there was no 
significant difference (p = 0.75, p = 0.37). 

Conclusions
In the current pilot project we investigated whether machine-learning algorithms were 

able to distinguish between viable and non-viable cells in a project for screening of anti-
cancer drug treatment. Based on the initial tests, we found that the machine-learning 
algorithm performed a grouping of the cells into the three categories with a similar frequency 
as reported by semi-manual classification. 
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Figure 2 Classification of cells by semi-manual classification. The y-axis shows percentage number of cells for each 
condition. The x-axis contains four experimental conditions corresponding to cells treated with variable concentrations of 
cytotoxic treatment. Based on the descision of the neural network the cells were grouped into "Removed", "Viable" or "Non-
viable". 

Figure 3 Fully automated classification of nuclei within the entire data set using the trained neural network.  

When compared to fully manual classification, there was a difference between the fully 
manual classification and the automated classification approach for the “Removed” category. 
This is probably due to mis-segmentations in the automatic segmentation, leading to 
fragmented cells or debris causing a different definition for the category “Removed” cells. 
Also, the graphs indicate that automatic classification behaves difference from manual 
classificaiton in condition three. 
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Figure 4 Fully, manual classification of cells within the training data set.  

This can either be due to a biased training set, or a systematic deviation in the automatic 
classification. Still, the results implicate that machine learning can successfully be used in 
high-throughput screening for cell viability, which is substantially more work efficient and 
also potentially more objective than fully manual labeling. 
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Cancer defines a range of diseases with high heterogeneity and challenging prognosis. Early 
detection by means of imaging remains the key to reduce mortality and morbidity. Optical 
imaging, particularly near-infrared (NIR) fluorescence, is a promising technique for detection 
of biological prosesses, such as metastasis.1  

Cyanines are part of a polymethine-based family of dyes, formed by an odd number of 
methine groups linking two nitrogen-containing heterocycles. Depending on the nature of the 
heterocycles and their substituents, these dyes may exhibit absorption and emission 
characteristics in the NIR region.2,3 For in vivo applications, NIR fluorescence is key to 
minimize autofluorescence and light scattering in tissues.1 We have recently demonstrated 
non-invasive NIR reporter gene imaging in preclinical metastatic cancers in vivo using the 
dinitrobenzyl containing dye CytoCy5S.4 The introduction of a dinitrobenzyl group onto the 
squaraine dye efficiently quenches fluorescence. Upon reduction of the two nitro groups to 
hydroxylamines by the bacterial enzyme nitroreductase, which has been transfected into the 
cancer cells, fluorescence is restored and cancer cells can be detected. 

In this work, we have investigated into improving the synthesis of CytoCy5S using either 
squaric acid or squaric acid dibutyl ester as starting materials. We have also investigated into 
the activation of the carboxylic acid of CytoCy5S in order to prepare derivatives that are 
suitable for labelling of monoclonal antibodies. 
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Preliminary results demonstrate the in vitro and in vivo imaging results from this novel optical 
probe and suggest further development of NTR imaging platforms as biomarker validation 
platform in vivo.
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Pancreatic cancer remains one of the most deadly cancers with survival after diagnosis 
averaging only 3 months. Clinically, even with the most effective chemotherapeutic 
(Gemcitabine), survival only increases by one month. Hence there is an essential need for new 
therapeutic options.  
Sonoporation is a novel methodology where clinically approved microbubbles (ultrasound 
contrast agents) are excited by ultrasound (US) to invoke biomechanical effects that increase 
the permeability of the vascular barrier and extravasation of drug in a specific location i.e., the 
tumour. This allows for increased drug delivery, hence enhanced therapeutic efficacy.  In our 
work here we evaluate the therapeutic efficacy of a novel microbubble composition designed 
for theranostic purposes known as “Acoustic Cluster Therapy (ACT™)”. ACT™ uses clusters 
of micron sized microbubbles and oil droplets (with or without an embedded drug). When 
these clusters are exposed to an appropriate ultrasound field the oil droplet vaporises, 
releasing the embedded drug and the oil vapour enters the microbubble. As a consequence the 
2-4 micron diameter microbubble substantially expand to about 10-fold their initial diameter 
temporarily inhibiting the local microvasculature. These large bubbles are then excited with 
low frequency ultrasound inducing the “sonoporation effect” in the target area. 
The therapeutic efficacy was evaluated in 28 mice with subcutaneous pancreatic tumours, 
split into 5 groups (Control, Paclitaxel IP, ACT™+ US, ACT™+ US Paclitaxel IP, ACT™ 
w/Paclitaxel embedded + US + Paclitaxel IP). All groups were treated once every 7 days. 
Tumour volume was evaluated using calliper measurements twice a week. 3D ultrasound 
imaging combined with Power Doppler was used to quantify tumour volume and 
vascularisation volume once weekly. Full body bioluminescence imaging was performed to 
ensure no metastatic development and for fast evaluation of tumour development stage. 
Results showed that immediately following treatment, tumour volume was decreased in both 
groups treated with ACT™+ US + Paclitaxel IP. After 5 treatments with ACT™+ US + 
Paclitaxel IP the mean tumour volumes was consistently significantly smaller than the group 
treated with Paclitaxel alone. No effect was seen by ACT™+ US alone.  
In conclusion ACT™+ US + Paclitaxel transiently reduces tumour volume in mice with 
subcutaneous pancreatic cancer. Further optimisation of this treatment protocol may result in 
permanent tumour reduction. 
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Preclinical Imaging of Cancer  
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Now more than ever before we are dependant on the use of imaging technologies such as X-
ray, CT, MRI and ultrasound to allow us visualise within the human body, permitting 
diagnosis and treatment of illness and disease. However, a newer modality, optical imaging is 
fast emerging as one of the most promising modalities to visualise, treat and understand how 
diseases such as cancer interact with its environment. Similar to how we see with our own 
eyes, fast pulses of laser light illuminate tissue and highly sensitive detectors, which can 
multiply the initial signal of light detected, can permit the differentiation of diseased and 
normal tissues on the basis of light absorption. Furthermore, in animal models of cancer, the 
cancer cells themselves can be labelled with red fluorescent or luminescent markers to 
distinguish them from normal animal tissue. This procedure has permitted the development of 
human disease models in animals, and is now being used as a standard technique in 
preclinical screening of anticancer drugs. 

The exciting potential of this modality is not only the fact that it permits more accurate 
screening of new drugs in cancer models but that the normal environments supporting the 
cancers can be interrogated through the use of novel “fluorescence lifetime” technology. 
Using this technology, which permits visualisation of multiple targets, researchers can now 
examine the cancer microenvironment like never before in live intact animals. In the future it 
is hoped that this form of imaging should aid the development of more specific targeted drug 
therapies. In addition, use of this technology may aid in not only the development of new 
probes for accurate optical imaging of human disease but also complement existing imaging 
modalities such as MR, Ultrasound and PET-CT, providing multi-modality translational 
imaging of human disease. 
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Exclusive early breakfast session 

The ESFRI research infrastructure Euro-BioImaging (EuBI) is a pan-European infrastructure 
project for imaging technologies in biological and medical sciences.  The mission of EuBI is 
to provide an open user access to a broad range of state-of-the-art imaging technologies in 
biological, molecular, and medical imaging for life scientists in Europe. Furthermore, the 
mission is to create a coordinated plan for biomedical imaging deployment in Europe to 
maintain Europe's leading position and competitiveness in the global research landscape. The 
EuBI infrastructure will consist of a set of complementary, strongly interlinked and 
geographically distributed Nodes in different Member States. EuBI has recently ended its 3-
year EU-funded Preparatory Phase and is now in the Interim Phase (2015-2016).The final 
Operation Phase will be launched in 2016-17. By participating in EuBI, scientists will gain 
open access to the most advanced imaging technologies and the investment in imaging 
infrastructure on the whole European scale can be used in the most cost-effectively and 
efficiently. The EuBI infrastructure will consist of distributed facilities, the EuBI Nodes, 
which will be empowered by the EuBI Hub. From the Nordic countries, at the outset, 
especially Finland, Norway, and Sweden have been active with plans to participate in Euro-
Bioimaging, with Finland and Norway being ready to present nodes in both biological and 
medical imaging. The future structure and features of the organization and the opportunities it 
provides for users, infrastructure providers, technology developers, and industrial interest will 
be discussed. The presentation will also deliberate on the ample opportunities for coordination 
of Nordic activities and setting up a joint Nordic dimension of the EuBI activities. 
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Contrast Enhanced Hepatic Angiography – a novel technique to image the 
arterial hepatic tree 

Dr. Hans-Peter Weskott  
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Purpose: To evaluate the arterial hepatic architecture including size, course and branching by 
using a pulse inversion technique in patients with either diffuse and/or focal liver disease.  

Methods and Material: For detection or characterization of focal liver lesions (FLL) in 
normal/or diffuse liver disease 137 patients underwent CEUS. With arrival of the first bubbles 
(contrast agent Sonovue, Bracco Company, Milan, Italy) a sweep of the right or left liver lobe 
was performed using a low MI harmonic imaging technique (pulse inversion, Logiq E9, C1-5, 
GE Healthcare, Milwaukee, USA) or B-Flow CEUS. Cine capture was started to visualize the 
vascular continuity of intra-hepatic arteries. Average accumulation time for a cine capture 
sequence was 6.5s ±1.8s. A successful examination was defined when at least three main 
branches of the right or left hepatic artery were imaged.  Loops were reviewed to compare 
course and size of intrahepatic arteries, including 44 patients with liver metastases, x patients 
with benign FLL, 28 within liver cirrhosis and 65 patients without cirrhosis and malignant 
FLL.  

Results: The success rate was 88%.  78% had a tortuous course and dilated arteries including 
at least three main arterial branches. The mean diameter of the right or left main tortuous 
artery was 3.36±0.92mm. The smallest arterial branches measured 0.4mm. Compared to 
patients without collateral circulation, diameters were thinner in patients with collateral 
circulation (n=4) (n=24, 2.58±1.15mm vs. 3.39±0.96mm, p=0.138). In non-cirrhotic patients, 
54% showed corkscrew arteries involving no more than two main arterial branches, mostly 
seen in patients under chemotherapy. In comparison the mean diameter of the non-
cirrhotic liver was thinner (2.32±0.89mm, p=0.000). Curly arteries were seen more often in 
the elderly (r=0.285). In metastatic disease, 45.4% patients had curly arteries. Tortuous 
feeding arteries were seen in all FNH and HCC. Arterial stenosis was seen in a patient with 
lung cancer without liver metastasis.     

Conclusion: CEHA is capable to image changes of the intra-hepatic arterial architecture and 
thus contributes to characterize the vascular status in patients with diffuse or focal liver 
diseases. 
Clinical relevance/application: CEHA shows differences in the arterial architecture of patients 
with diffuse liver disease, especially in patients under or after chemotherapy, it helps to image 
tumor supplying arteries in benign FLL and HCC.  
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F 

Fig. 1. Normal CEHA of the right liver lobe

Fig. 2. CEHA demonstrates arcade like subcapsular arteries in a patient with metastatic liver disease  

Fig. 3. Star like Arteries in an FNH

Fig. 4. Arterial supply of a  hepatic adenoma 



The MedViz Conference 2015 

Fig. 5. HCC in S VI 
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B-Mode, CFI and CEUS in lymph nodes – when to use which technique? 

Dr. Hans-Peter Weskott  

Head of Central Ultrasound Department, Klinikum Siloah, KRH, Hannover, Germany. 
weskotthp@t-online.de   

Ultrasound is most useful in detecting and characterizing peripheral and abdominal lymph 
nodes (LN). Whenever scanning conditions allow, high frequency probes should be used. B-
mode criteria such as size, shape, number, architecture, echogenicity and delineation of 
margins are the basis for characterizing lymph nodes. In addition color-coding techniques 
such as color Doppler, B-Flow™ and CEUS are used to evaluate the LN vasculature 
CEUS contributes to the detection of the sentinel or secondary LN and to evaluate the nodal 
vasculature and vessel architecture. Directly subcutaneous injection of contrast agent can be 
used to detect the sentinel and secondary lymph nodes (Fig 1). 

Fig 1. Contrast image of a lymphatic vessel and three lymph nodes  

While reactive and LN in NHL show a regular tree like branching of the intra-nodal vessels, 
metastatic LN destroy the vascular network and build up their own chaotic vasculature. 
Tumor vessels have no muscle layer, absent or malfunctioning pericystes, show irregular 
branching, a tortuous course, dilatation with sudden change of diameter and regional changes 
of microvessel density. The fenestration of the vessel wall results in pores of different sizes 
from 7nm to 850nm. The size of theses pores most probably relate to the leakiness of tumor 
vessels, thus causing an increase of the intra-nodal pressure leading to local ischemia and thus 
stimulate neoangiogenesis. With an increasing pressure intranodal veins are compressed and 
cannot be detected with CDI, and if the pressure is increases even more no vasculature can be 
seen and a mostly central ischemia and necrosis develops (Fig. 2, 3).  
The vasculature in Non Hodgkin lymphoma is mostly preserved, but due to the densely 
packed tumor cells peripheral resistance is high leading to a hilar amputation with no 
detectable peripheral vessels (Fig.4).  

Fig. 2. Centripetal enhancement starting at the peripheral zone of the LN metastasis (lung cancer met of the neck) 
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Fig. 3. Hematogeneous spread of breast cancer into two breast cancer metastases in the liver hilum. Central ischemia 
(metastases), enhancement starts from the subcapsular area, probably the intact cortex.  

Fig. 4. Non Hodgkin lymphoma. Quick centrifugal enhancement with the LN periphery remaining unenhanced (“hilar 
amputation”) Contrast still frames taken at 11s and 18s.  

In contrast, cancerous LN show a centripetal enhancement and an uneven distribution of 
tumor vessels, recognized as areas of different contrast enhancement levels. Additionally 
micro-bubbles are washed quickly.  
As the direction of enhancement often appears quickly a high frame rate is needed, especially 
in abdominal LN.  
Ultrasound may add value in US guided punctures. Negative LN biopsies are often caused by 
focal necrosis, especially in fast growing tumors. The additional use of contrast agent is 
helpful in guiding needle puncture of viable tumor tissue when necrosis is likely (Fig. 5).  

Fig 5. Three LN metastases demonstrating one of them being complexly necrotic (malignant elanoma) 

CEUS can be used as well for proving residual viable tissue after chemo- or radiation therapy. 
The therapeutic effect of chemotherapy or radiation therapy can reliably be proved by CEUS 
as well.   

In case of infiltration or destruction of the LN capsule CEUS is beneficial to prove peri-nodal 
hyper-enhancement as an indicator for tumor infiltration of the surrounding fatty tissue.  
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After LN dissection of cancerous LN local infiltration of tumorous cell nests may not be 
detected in B-Mode. CEUS helps in difficult post-surgical situation to detect local tumor 
infiltration. 

Indications for CEUS can be: 

Detection of the sentinel/secondary LN
Discriminating reactive from cancerous LN
Discriminating LN of NHL from cancerous LN
Helps to demonstrate cancerous or lymphatic infiltration of peri-nodal fatty tissue
Proving necrotic LN areas, especially after chemo- or radiation therapy
Helps to locate viable and necrotic areas in case a LN biopsy is planned
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Rosemont score from transabdominal ultrasound in chronic pancreatitis  

EngjomT1,2, Havre R1,3, Erchinger F2,4, Haldorsen I4, Gilja OH 1,2,5, Dimcevski G1,3 

1Department of Medicine , Haukeland University Hospital 2Department of Clinical Medicine, 
University of Bergen, 3National Centre for Ultrasound in Gastroenterology, Haukeland 
University Hospital, 4Voss Hospital, Voss, 5Department of Radiology, Haukeland University 
Hospital, Bergen, Norway.  

Introduction: In chronic pancreatitis (CP) the diagnostic accuracy of transabdominal 
ultrasound following advances in ultrasound technology during the last decade has not been 
evaluated. Endoscopic ultrasound (EUS) with characterization of ductal and parenchymal 
changes according to the “Rosemont score” is the present gold standard for ultrasonographic 
imaging in chronic pancreatitis (Table 1) (1). We aimed to evaluate the diagnostic value of the 
Rosemont criteria obtained from transabdominal ultrasound against EUS Rosemont score, 
exocrine function and the diagnostic Mayo score for chronic pancreatitis.  

Table 1: Parenchymal and ductal features of chronic pancreatitis by Rosemont criteria 

Rank Feature Major criteria Minor criteria 

Parenchymal features 

1 Hyperechoic foci with shadowing Major A 

2 Lobularity 

A: With honeycombing 

B: Without honeycombing 
Major B 

Yes 

3 Hyperechoic foci without shadowing Yes

4 Cysts Yes

5 Stranding Yes

Ductal Features 

1 MPD calculi Major A 

2 Irregular MPD contour Yes

3 Dilated side branches Yes

4 MPD dilatation Yes

5 Hyperechoic MPD margin Yes

Methods: Transabdominal ultrasound (Fig 1) was performed in patients with suspected CP 
(n=113). Parenchymal and ductal criteria were assessed according to the Rosemont score. 
Exocrine pancreatic function was assessed by secretin-stimulated endoscopic short test and 
faecal elastase. EUS Rosemont score was performed in  patients. Pancreatic 
computed tomography (CT) and magnetic resonance imaging (MRI) reports were obtained 
from medical records. Finally, all patients were scored according to the Mayo score for 
chronic pancreatitis. 
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The EUS and transabdominal ultrasound scores were performed by different operators blinded 
to each other’s scores.  

Fig 1: Pancreatic ultrasound in patient with chronic pancreatitis demonstrating pancreatic duct caliber dilatation and 
variation, dilated side branches, calcifications and a cyst.  

Fig 2: Agreement for the EUS (EKAT) and the ultrasound Rosemont categories (UKAT).  

Results: The Rosemont score based on transabdominal ultrasound categorized the patient into 
four groups: I: Consistent with CP (n=24), II: Suggestive of CP (n=11), III: Indeterminate for 
CP (n=9) and IV: Normal pancreas (n=55). Nine patients were excluded due to poor 
sonographic imaging and five due to insufficient data for Mayo score. We defined categories 
I-II as indicative of CP and performed a ROC analysis against CP diagnosis by Mayo Score 

4. We found a very good diagnostic accuracy of ultrasound EUS (Accuracy 0.95).  Results 
for functional tests in category I-II vs category II-IV are displayed in the table. Furthermore, 
all over agreement for the ultrasound Rosemont vs EUS Rosemont was good (Fig 2) 
(Intraclass correlation coefficient 0.7 ). Analysis of single criteria showed good to excellent 
agreement  calcifications. For the criteria the agreement was weaker.  

Table 2: Results exocrine function 

US Rosemont category Duodenal bicarbonate (mmol/L) Faecal Elastase (μg/g) 

I-II 71 (38-100) 133 (20-299) p<0.001

III-IV 104 (86-119) 407 (159-539) P<0.001

*Values in median (IQ range)
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Discussion: Rosemont score from transabdominal ultrasound yield good correlation to the CP 
diagnosis by Mayo score, EUS Rosemont score and to exocrine pancreatic function. Some 
minor criteria still requires EUS for appropriate demonstration. 

References 
(1) Catalano MF, Sahai A, Levy M, Romagnuolo J, Wiersema M, Brugge W, et al. EUS-based criteria for 

the diagnosis of chronic pancreatitis: The Rosemont classification. Gastrointest Endosc 2009 Jun;69(7): 
1251-61. 
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Automatic Localization of the Fetal Abdomen in Ultrasound Images

Naiad Hossain Khan1, Eva Tegnander2,3, Johan Morten Dreier2, Sturla Eik-Nes2,3, Hans Torp1, 
Gabriel Kiss1 

1. ISB, MI Lab and Department of Circulation and Medical Imaging, NTNU, Trondheim,
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Keywords: Fetal Ultrasound, Abdominal Circumference (AC), Mean Abdominal Diameter 
(MAD) 

Ultrasound scanning is the most useful imaging modality in obstetrics. Two standardized 
measurements: abdominal circumference (AC) and mean abdominal diameter (MAD) are 
typically derived from the ultrasound image to monitor the fetal growth during pregnancy. 
Several semi-automatic methods have been developed to simplify the measurement technique. 
These methods require a user-defined region of interest (ROI) in the image to initiate 
measurement process. The aim of this research is to eliminate this requirement and develop a 
fully automatic technique to localize fetal abdomen in ultrasound images.   

An ultrasound image containing the cross sectional view of a fetal abdomen is used as input. 
Extraneous UI elements and text labels are removed by applying a threshold in HSV color 
space and the image is converted into grayscale. The mean intensity value of the image pixels 
is calculated and the Canny edge detection algorithm is applied to identify edges between 
bright and dark regions in the grayscale image. The positions of the edge points are recorded 
and the local gradients of these edge points are calculated with first-order Sobel derivative in 
X and Y directions. A set of new points - which are located along the directions of these local 
gradients and situated within a predefined distance from the edge points, are registered in a 
Hough circle transform 2D accumulator. The point with the highest number of votes in the 
accumulator is selected as the center of a circle that circumscribes a potential abdomen. The 
radius of the circle is selected by calculating the best supported distance between its center 
and all the edge points recorded previously. The position of the identified circle is considered 
as the location of the fetal abdomen. The OpenCV image processing library is used to 
implement these steps on a tablet device.   

Twenty-five different ultrasound images of the fetal abdomen were acquired by midwives. An 
expert midwife has delineated the circumference of the fetal abdomen on all images. The 
automatic abdomen localization technique was able to detect the positions of the fetal 
abdomen in 22 out of 25 images. The overall rate of detection was 88%. The following figure 
presents the results of the image processing steps, while the Dice similarity plot shows the 
overlap between automatic and manual abdomen localization. The Dice’s coefficient 
mean±STD was 0.85±0.06 where detection was successful. For the three unsuccessful cases, 
the automatic technique failed to localize the fetal abdomen due to lack of intensity and the 
presence of similar abdominal textures in the images. The automatic technique is currently 
being combined with active contour models to measure abdominal circumference (AC) and 
mean abdominal diameter (MAD). The technique requires 1.4 seconds to complete the 
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localization process in a SM-P600 tablet device and is suitable for being implemented on a 
portable ultrasound machine.   
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Point shear wave elastography of the liver in primary sclerosing cholangitis 

Mjelle AB1,2, Hausken T1,3, Karlsen TH4, Havre R1, Gilja OH1,3, Vesterhus M1,4. 

1National Centre for Ultrasound in Gastroenterology, Haukeland University Hospital,  
Bergen, Norway; 2Department of Pediatrics, Haukeland University Hospital, Bergen; 
3Department of Clinical Medicine, University of Bergen, Bergen; 4Norwegian PSC Research 
Center, Department of Transplantation Medicine, Oslo University Hospital, Rikshospitalet, 
Oslo. 

Introduction: 
Point shear wave elastography (pSWE) is a new ultrasound-based method for non-invasive 
quantification of liver fibrosis. Studies suggest that pSWE values vary according to etiology. 
pSWE has not been described previously in primary sclerosing cholangitis (PSC). Our aim 
was to evaluate pSWE measurements of the liver in PSC patients. 

Materials and methods: 
All non-transplanted PSC patients from our region in Western Norway were identified and 
invited to participate in a prospective study conducted between january 2013 and january 
2015. B-mode ultrasound scan, Doppler ultrasound and elastography by pSWE of the liver 
were performed in both liver lobes and spleen, using a conventional ultrasound machine 
(Philips iU22). Baseline results for 55 patients (37 men, 18 women; mean age 46,4 years, 95% 
CI [42,0, 50,8]; median duration of PSC 8,1 years [-0,6 - 32,8]) were compared with 24 
healthy controls (11 men, 13 women; mean age 42,9 years, 95% CI [36,7, 49,1]. 

Fig 1. pSWE measurement using ultrasonography with a ROI as indicated in the white box. 
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Results:
Two independent observers examined the right liver lobe in 16 healthy controls with 
pSWE and found good intra- and interobserver variation for this method, judged with the 
Bland-Altman method. Liver stiffness measurements were successful in the right liver 
lobe in all patients and controls, but were unsuccessful for the left liver lobe in 19 patients 
(34,5 %).  

PSC patients had a significantly higher median shear wave velocity (SWV) in the right 
liver lobe compared to healthy controls, indicating higher liver stiffness 
(median [range] SWV 1,26 [0.73-2,57] vs. 1,09 [0,88-1,25] m/s; P<0.001), whereas no 
significant differences were found for left liver lobe SWV (median [range] SWV 1,46 
[0,59 - 3,68] vs. 1,13 [0,91 - 1,24] m/s; P=0,11) and spleen SWV (median [range] SWV 
1,47 [0,79 - 3,13] vs. 1,48 [1,17 - 1,80] m/s; P=0,83).  

SWV in the right liver lobe was significantly higher in PSC patients with coarse liver 
parenchyma (P=0,002), irregular liver capsule (P=0,001) and periductal fibrosis 
(P=0,049) compared to patients with normal findings.  

Liver parenchyma (normal/coarse)      Liver capsule (regular/irregular) 

Fig 2. pSWE measurements according to B-mode indications of fibrosis 

Median SWV in both right and left liver lobe correlated with APRI score
(r= 0.494, P=0.001 and r=0.468, P=0.016).  
Median SWV in the left liver lobe correlated with the most commonly used prognostic score 
in PSC research, the Mayo score (r=0.495, P=0.012), while a similar trend for the right liver 
lobe did not reach significance (P=0.06). Median SWV did not correlate significantly with 
age, BMI or disease duration. There were no significant differences in median SWV for liver 
or spleen between men and women. 

Conclusion:
We found good intra- and interobserver variation for pSWE, and median liver stiffness 
correlated with APRI score for fibrosis. Our findings suggest that PSC patients have increased 
median liver stiffness as expressed by SWV compared with healthy controls,  though a big 
variation in SWV among PSC patients should be noted. 
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New multimodal microbubble developments 

Rune Hansen1,2, Sigrid Berg1,2, Gaio Paradossi3, Per Stenstad4, Yrr Mørch4 

1. SINTEF, Dept of Medical Technology.
2. NTNU, Dept of Circulation and Diagnostic Imaging.
3. University of Rome Tor Vergata, Dept of Chemical Sciences and Technologies.
4. SINTEF, Dept Biotechnology and Nanomedicine.

Background
Ultrasound contrast agents in the form of microbubbles are currently used clinically in 
echocardiography to improve endocardial border detection and for myocardial perfusion 
assessments and in radiological applications including diagnosis of focal liver lesions. The 
microvasculature is a starting point of disease development and inflammation in numerous 
diseases including cancer and atherosclerosis. To obtain information about the 
microvasculature with ultrasound, microbubble contrast agents must be used together with 
dedicated imaging schemes for microbubble detection.  

Microbubble contrast agents are gas-liquid emulsions consisting of a gaseous core 
encapsulated by a shell. Following intravenous administration, the microbubbles are quickly 
distributed throughout the entire vascular system. In order to traverse the tiny capillaries, first 
encountered in the lungs with intravenous administration, the microbubbles must not be larger 
than approximately 5 m. Due to their size of 1-5 m, the bubbles stay within the vascular 
compartment, and do not leak out into the extra-vascular space. Microbubbles are thus blood-
pool agents. The combination of ultrasound and microbubbles is extremely powerful when 
functioning optimally, however current limitations regarding both the ultrasound detection 
schemes and the microbubbles reduce the potential diagnostic value of this combination.  

Commercially available ultrasound imaging technology has limitations resulting in poor 
contrast specificity and contrast sensitivity when the microbubbles are imaged at frequencies 
above their resonance frequencies. Microbubbles approved for clinical use typically have 
resonance frequencies in the range of 1-4 MHz1. Current available detection methods utilize 
the resonant properties of the microbubbles in harmonic detection schemes based on pulse 
inversion and amplitude modulation2. These detection schemes will only work for thin-shelled 
microbubbles where a strong nonlinear response can be achieved at low incident acoustic 
pressures. 

A free micrometer-sized gas bubble embedded in aqueous media and in blood is inherently 
unstable due to surface tension of the gas-liquid interface arising as a result of disruption of 
cohesive intermolecular forces3,4. The surface tension  gives rise to an overpressure  
inside a microbubble with radius  

that increases as the bubble gets smaller and that drives the dissolution of the free 
microbubble. 
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Encapsulation is thus required to stabilize the microbubble. The stabilizing shell will reduce 
the surface tension and hence the resulting overpressure inside the bubble and will typically 
also act as a permeability barrier. Currently, microbubbles approved for clinical use have thin 
encapsulating shells (2-20 nm) made by either lipids or proteins that prevent gas leakage and 
also aggregation of the microbubbles. The encapsulating shell reduces the compressibility of 
the bubble and will add extra viscous damping to the bubble oscillation compared to a free 
gas bubble5. Compared to a free gas bubble, a thin and flexible shell will alter the acoustic 
properties of the encapsulated bubble to a lesser extent than a thick and rigid shell. In general, 
the shell will diminish the oscillation amplitude of the microbubble and therefore reduce the 
nonlinear response of the microbubble to incident ultrasound pulses. Because the 
encapsulating shells of microbubbles approved for human use are very thin they have 
limitations with respect to fragility, resulting in short blood half-life (a few minutes or less) 
and lack of multimodal imaging capabilities. 

In addition to its stabilizing effect, the bubble shell can also be utilized for other purposes. 
Imaging of pathophysiological molecular or cellular processes with microbubbles is possible 
by conjugating ligands to the bubble shell so that circulating microbubbles can adhere to 
endothelial cells expressing a target receptor. Several pathologies have been targeted, 
including inflammation, angiogenesis and atherosclerosis6-8. 

Also, for therapeutic applications, the encapsulating shell is useful. The interior gas is a poor 
solvent for drug molecules, and drug-loading strategies must therefore typically be employed 
within or onto the bubble shell. One exception is delivery of therapeutic gases, such as nitric 
oxide9. Drugs and nucleic acids can be electrostatically bound to the microbubble shell, 
incorporated within the shell or loaded into a carrier which then is linked to the shell10-12. The 
therapeutic agents can then be released locally upon ultrasound destruction of the 
microbubbles. 

Novel polymeric microbubbles

Two new polymeric microbubble platforms will be discussed. 

The first microbubble 
platform (see Figure 1) 
consists of polyvinyl 
alcohol (PVA)
microbubbles that are 
obtained by foaming a 
solution of PVA previously 
oxidized with sodium 
metaperiodate13. The PVA 
chains are cross-linked 
during reaction occurring at 
the water-gas interface. The 
resulting microbubbles 
have an average diameter 
of 3 μm with a shell 
thickness of about 200 nm. 
This shell is hence up to 

Figure 1: Left: Schematic representation of PVA microbubble. Right: Electron
micrograph of freeze-fractured microbubble showing a shell thickness of about 200
nm with a microstructure of PVA microfibrils. 
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100 times thicker than conventional lipid microbubbles. This results in a microbubble that is 
much less fragile, and these PVA microbubbles can therefore survive significantly longer in 
the circulation system without bursting and dissolving. It has been established that the degree 
of hydration of the PVA shell is about 70%14. This degree of hydration enhances the already 
good biocompatibility of PVA and is important for ensuring long blood half-life by reducing 
and delaying uptake by the reticuloendothelial system. 
Aldehyde groups present on the shell are not toxic because in aqueous medium at 
physiological pH they are masked under the form of acetals, (i.e. hydrated aldehydes), that are 
not harmful for biological tissues. The surface of the PVA microbubbles can be modified 
easily using aldehyde functional groups present on the microbubble surface. This implies that 
the targeting ability and potential drug-loading capacity for local drug delivery applications, 
are very high. 

The new thick-shelled PVA microbubbles have acoustic properties that differ significantly 
from commercially available thin-shelled lipid and albumin microbubbles and conventional 
ultrasound imaging schemes are therefore not suitable for imaging of the PVA microbubbles.
In vitro and in vivo ultrasound imaging of the PVA microbubbles using new imaging 
schemes, not based on harmonic imaging, will be shown. 

The second microbubble platform (see Figure 2) is based on bioerodible and biodegradable 
poly(alkyl cyanoacrylate) (PACA) nanoparticles which are reported to show a distinct 
tendency for the entrapment of bioactive compounds, making them interesting candidates for 
drug carrier systems15. A one-step synthesis using the miniemulsion polymerization process is 
developed using various types of polyethylene glycol (PEG) as initiator. Multifunctional 
nanoparticles are then in a 

Figure 2. Illustration of multifunctional nanoparticle (left) and nanoparticle-stabilized microbubbles obtained after 
mechanical mixing of nanoparticles (right). Increasing the ultrasound intensity will disrupt microbubbles giving a high local 
concentration of nanoparticles.

second step used to stabilize microbubbles16. The multifunctional nanoparticles can contain 
drugs, fluorescent dyes and MR contrast agents such as iron oxide16. Chelators for PET-
tracers can be loaded onto the nanoparticles and antibodies or peptides for specific receptors 
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can be attached to the nanoparticles using various linker strategies. In vitro and in vivo 
ultrasound imaging of the new microbubbles stabilized by PACA nanoparticles will be 
shown. 
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Multiparametric imaging of the prostate 

Jurgen F tterer

Department of Radiology, The Radboud University Medical Center, Nijmegen, The 
Netherlands

Prostate cancer is a major health issue in aging men. No treatment is required in less 
aggressive prostate cancer but there is consensus that radical treatment is needed in aggressive 
prostate cancer. Radical treatment has to start while the tumor is still confined to the gland 
and has not spread beyond. Potential side effects of radical treatment, such as impotence and 
incontinence, have a substantial impact on quality of life. This is of special importance 
because more than 25% of patients eligible for radical treatment are in the age range of 40 to 
65 years. 

Conventional anatomical T2-weighted MR imaging is the mainstay in prostate cancer 
imaging. On T2-weighted MR images, normal prostate tissue displays an intermediate to high 
signal intensity while the central gland has lower signal intensity than the peripheral zone. 
Currently several new MR imaging techniques are being explored. These include: 1H-MR
spectroscopic imaging (MRSI), dynamic contrast-enhanced MR imaging (DCE-MRI), and 
diffusion weighted imaging (DWI).  

MRSI is a unique method that can provide information based on tumor metabolism. 
The chemical environment of protons within a certain molecule defines their so-called 
chemical shift: a unique resonance frequency when positioned in a magnetic field, which can 
be observed in an MR spectrum. Specific spectral profiles reflect the identity of (bio-) 
chemicals present at that location and the intensity of the spectral signals is related to the 
tissue levels of these compounds. Analytical and clinical studies have shown significant 
differences of the metabolic state of the different tissue types by MRSI. 

Dynamic contrast-enhanced MR imaging – with a low molecular weight contrast 
media (<1 kDa) enables non-invasive imaging of tumor angiogenesis. DCE-MRI is the most 
common imaging method for evaluating human tumor vascular function in situ. Insights into 
these physiologic processes are obtained qualitatively by characterizing kinetic enhancement 
curves or quantitatively by applying complex compartmental modeling techniques. Data 
reflecting the tissue perfusion (blood flow, blood volume, and mean transit time), the 
microvessel permeability, and the extracellular leakage space can be obtained. 

Diffusion weighted MR imaging – can quantify the water motion in an indirect 
manner. The DWI pulse sequence labels hydrogen nuclei in space, of which most will be part 
of water molecules at any moment, and determines the length of the path that water molecules 
travel over a short period of time. DWI is able to estimate the mean distance traveled by all 
hydrogen nuclei in every voxel of imaged tissue. The greater this mean distance the more self-
diffusion of water molecules has taken place in a certain time interva . From this estimate an 
apparent diffusion coefficient (ADC) as a reflection of the self-diffusion of water in tissue in a 
certain direction can be calculated. 

Multiple studies have explored optimal parameter settings for the diagnostic MR-
protocol, which allows accurate tumor localization. Although reported accuracies of the 
different separate and combined multiparametric MR imaging techniques vary for diverse 
clinical prostate cancer indications, multiparametric prostate MR imaging has shown 
promising results and may be of additional value in prostate cancer localization and local 
staging. To increase MR imaging accuracy for the different clinical prostate cancer 
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indications, one or more functional MR imaging techniques should be combined with T2-
weighted MR imaging in a multiparametric MR imaging exam of the prostate. 
The optimal strength of multiparametric MR imaging is yielded by combining the information 
of the various techniques. Computer programs, which allow evaluation of two or more 
multiparametric images in one view, need to be developed for the integrated interpretation of 
the anatomic and functional techniques. Development of supportive techniques like computer 
aided diagnosis is needed to achieve fast and reproducible diagnostics on large quantities of 
complex data. 
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Purpose
MR renography, the assessment of renal function from dynamic MR imaging, has for the last 
decades become an increasingly important field of research. While several methodological 
challenges still have to be addressed, we see clear indications that DCE-MRI will become a 
clinically reliable method for in vivo estimation of GFR and perfusion in the kidney [1]. 
Estimating the glomerular filtration rate (GFR) using MR renography requires a series of 
post-processing steps. In this study we investigate the sensitivity of some of these steps on the 
estimated GFR.  

Methods
With the 4D dynamic MR images as starting point, the modeling process can be subdivided 
into several steps: (i) Image volumes heavily distorted by motion artifacts are removed. (ii) T1 
values and as the next step Gd-concentrations can be calculated either from the MR signal, or 
literature values for T1 relaxation times.  (iii) The displacement of the image volumes over 
time, arising from patient motion and breathing, are corrected for using image registration 
methods. (iv) Selection of relevant regions of interest (ROIs), i.e. a mask for the kidney and 
the aorta. The ROIs are used to extract spatially averaged time series representing the kidney 
and arterial input function (AIF), respectively. (v) The time series from the kidney and the 
AIF ROIs are starting points for a pharmacokinetic modeling process resulting in estimates 
for both perfusion and GFR. All these processing steps together form the post-processing 
procedure of the DCE-MRI based renography. In this study we investigate variations related 
to:

1. [Gd] estimation  (task (ii) above, two options: relative signal enhancement ((S-S0)/S0,
where S0 is the baseline signal and S is the signal after contrast arrival) and literature
T1 relaxation times for computing true [Gd] concentrations),

2. Kidney segmentation (task (iv) above, three options: Semiautomatic parankymal,
semiautomatic full kidney, automatic),

3. AIF time series representation (two options: full time series and removal of breathing
corrupted volumes) and

4. Kidney time series representation (two options: full time series and removal of
breathing corrupted volumes).

All combinations of these processing steps yield in total 24 unique processing chains. Using 
data from a recent study involving 20 healthy volunteers [2], the impact of these variations 
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was systematically compared to the gold standard estimates of GFR as measured by Iohexol 
clearance. We categorize the Iohexol match in three categories: Good (upper 20 percentile), 
poor (lower 20 percentile) and moderate (remaining). A classification-three analysis was then 
used to highlight which processing steps having largest impact on the iohexol match. 

Results
In the classification tree analysis, the different processing steps are assumed to be predictors 
for the success of the MR-GFR-estimation (measured by match to the Iohexol measurements). 
Not all predictors appeared to have a systematic impact on the outcome of the estimation. The 
most central processing step was the [Gd] estimation (represented as the root of the 
classification tree). The decision tree is displayed in figure 1. 

Figur 1: Classification tree with the different processing steps as predictors and the Iohexol match as outcome. 
The Iohexol match is divided in three categories, poor, moderate and good.

Conclusions
Based on the classification tree analysis, there are at least two main conclusions that can be 
made. Mainly, the correct choice of [Gd] estimation method appears to be crucial in order to 
achieve good match with Iohexol measurements. None of the processing chains in the ‘Good’ 
category (upper 20 percentile) contains the  [Gd] concentration estimation based on literature 
relaxation values. This result may also indicate that further improvements in [Gd] 
concentration estimation can contribute significantly to increase the quality of MR-
renography, hence this subject should be further studied in detail. The second interesting 
observation is that the segmentation method in use does not have importance for success or 
failure of the analysis. Satisfactory results are found for all segmentation methods. This 
observation opens the possibility to use automatic (and thereby fast and less labour extensive) 
segmentation methods in future studies. It should also be noted that the use or exclusion of 
motion corrupted image volumes does not have a systematic impact on the result. The best 
outcome of the MR-GFR estimation is found in processing chains where kidney and AIF time 
series are constructed with opposite strategies w.r.t. motion corrupted volumes. At time being, 
we have no adequate explanation for this behavior, but the observed effect can be due to noise 
amplification from convolving two noisy signals (full data, full AIF) or a systematic bias from 



The MedViz Conference 2015 

convolving two signals where linear interpolation has been used to represent missing time 
points (breathhold data, breathhold AIF). Further studies should be undertaken to clarify the 
strategy for generating adequate time series. However, the effect of removing motion 
corrupted time series appears to be minor compared to the effect of the  [Gd] concentration 
estimation. 
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Dosimetric consequences of organ deformations in radiotherapy of locally 
advanced prostate cancer 

Hysing LB1, Thörnqvist S1, Zolnay Á2, Ekanger C1, Söhn M3, Heijmen B2, Muren LP4,5,
Hoogeman M2, Sikora M1 and Helle SI1

1 Department of Oncology and Medical Physics, Haukeland University Hospital, Norway, 
2Department of Radiation Oncology, Erasmus MC-Daniel den Hoed Cancer Center, The 
Netherlands, 3Department of Radiation Oncology, University Hospital Grosshadern, 
Germany, 4Department of Onncology, Aarhus University Hospital, Denmark, 5Department of 
Physics and Technology, University of Bergen, Norway 

Background and aim: In a recent Phase II trial for locally advanced prostate cancer we used 
a narrow margin around the prostate clinical target volume (CTV) and prioritized rectum 
sparing when escalating the dose to the prostate, seminal vesicles and pelvic lymph nodes by 
hypo-fractionated radiotherapy. In this study we use patient-specific statistical motion 
modelling to measure the impact of this compromise on the actual delivered CTV dose and 
related it to treatment outcome.  
Method: The analysis included twelve patients with high risk locally-advanced prostate cancer 
treated in the hypo-fractionated protocol, delivering in 25 
fractions 67.5 Gy to the prostate with 2 mm margin 
(PTV67.5), 60 Gy to the prostate and seminal vesicles with 
5 mm margin (PTV60) and 50 Gy to the prostate, seminal 
vesicles and lymph nodes with 10 mm margin (PTV50). 
Intra-prostatic gold markers were used for daily image-
guidance. Rectum sparing (<50 Gy to half the 
circumference and V60 Gy of less than 10 ml) was 
prioritized (Figure 1). All patients had twice weekly repeat 
CT scans in which all CTVs and OARs were contoured. 
The CTs were aligned on the implanted markers simulating the 
actual treatment. For each patient and each segmented structure, 
contour based deformable registration was performed to obtain 
the vector fields between the organ geometry samples acquired at different time points (Figure 
2). The planned dose distribution and the deformation vector fields were subsequently used as 
input for a principal component analysis (PCA). The PCA model was used to perform 

treatment course simulations where for each patient, 10 000 
treatment courses of 25 fractions each were simulated. The 
accumulated D98% for the CTVs and accumulated gEUD 
with volume parameter of 8 and 12 for bladder and rectum, 
respectively were compared to outcome after 6 years of 
follow up.   

Figure 2: Deformation vector fields 
obtained from contour-based 
deformable registration of the bladder, 
prostate and rectum.

Figure 1: Isodose of 50 Gy was 
constrained to less than half of the 
circumferencis of rectum.
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Figure 3: Planned and expected accumulated dose (as warped to the planning CT) to the prostate target for one example 
patient. Underdosage towards rectum.

Results: The planned dose distributions were robust for CTV50 and CTV60 with mean 
expected D98% of 49.8 Gy and 61.9Gy, respectively. For CTV67.5, all twelve patients 
received a systematic lower D98% than planned for (ranging from -0.4 Gy to -4.5 Gy with 
average difference of -2.1 Gy) (Figure 3 and 4). Five out of these experienced recurrences 
during follow up. The CTV67.5 D98% distribution of the patients with recurrence had similar 
expectation values as the patients without recurrence (Figure 1). Only three patients 
experienced Gastro Intestinal (GI) adverse effects. A tendency towards outcome distributions 
with higher expected gEUD were seen among these patients (Figure 2). No such tendency was 
seen for the bladder.
Conclusion: There was a considerable intra-patient and inter-patient spread in the D98% 
delivered to the CTV67.5. PCA-based patient-specific treatment course simulations show 
promise in dose-volume effect analyses. 

Figure 4: Patient-specific probability distributions of 
accumulated D98% [Gy] of CTV67.5 Gy (prostate) for 
patients with local or biochemical recurrences (upper) and 
without (lower). Vertical lines mark corresponding planned 
D98%.

Figure 5: Patient-specific probability distributions of 
accumulated gEUD [Gy] for rectum in patients
experiencing late GI effects grade 1 or 2 (upper) and 0 
(lower). Vertical lines mark corresponding planned gEUD. 
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Preoperative tumor texture analysis from MRI predicts deep myometrial 
invasion and high risk histology in endometrial carcinomas 

Sigmund Ytre-Hauge(1,2), Erik Hanson(3), Arvid Lundervold(4,1), Jone Trovik(5), Helga B. 
Salvesen(2,5), Ingfrid S. Haldorsen(1,2)

sigmund.ytre-hauge@helse-bergen.no

1. Department of Radiology, Haukeland University Hospital, Bergen, Norway
2. Department of Clinical Medicine, University of Bergen, Norway
3. Department of Mathematics, University of Bergen, Norway
4. Department of Biomedicine, University of Bergen, Norway
5. Department of Obstetrics and Gynecology, Haukeland University Hospital, Bergen,

Norway

Purpose
Tumor heterogeneity is a key feature of malignant disease. Heterogeneity in MR images can 
be quantified by texture analysis. We aimed to explore whether high risk histological features 
are reflected in texture parameters derived from preoperative MRI in endometrial carcinomas. 

Method and materials 
Preoperative pelvic contrast-enhanced MRI (1.5T) including diffusion-weighted imaging 
(DWI) was prospectively performed in 99 patients with histologically confirmed endometrial 
carcinomas. Tumor region of interest (ROI) was manually drawn encircling the uterine tumor 
on axial T1-weighted contrast-enhanced (CE) series on the slice displaying the largest cross-
section tumor area. Histogram based texture features (standard deviation, skewness and 
kurtosis) were calculated from these tumor ROIs. Texture parameters were analyzed in 
relation to histological subtype and grade, surgicopathological staging parameters (deep 
myometrial invasion, cervical stroma invasion and lymph node metastases) and MRI 
measured tumor volume and tumor apparent diffusion coefficient (ADC) value using Mann-
Whitney U test, Kruskal-Wallis H test, Jonckheere-Terpsta trend test and Pearson’s bivariate 
correlation test. 

Results
Large standard deviation (SD) in the tumor ROIs was significantly associated with presence 
of deep myometrial invasion (p=0.009). Lower values for skewness were observed in the 
tumor ROIs from non-endometrioid tumors (p=0.020). Kurtosis was positively correlated to 
tumor volume (r= 0.27; p=0.006) and negatively correlated to tumor ADC value (r=-0.28; 
p=0.006).

Conclusion
MRI derived tumor texture features reflecting tumor heterogeneity are significantly related to 
high risk histology and predict deep myometrial invasion in endometrial carcinomas. Thus, 
tumor texture features based on MRI represent promising biomarkers to aid preoperative 
tumor characterization for risk stratified surgical treatment. 
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Lower values for skewness were observed in the tumor ROIs from non-endometrioid tumors. 
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A tumour control probability model for radiotherapy of prostate cancer 
using magnetic resonance imaging-based apparent diffusion coefficient 
maps

Oscar Casares-Magaz1*, Uulke A. van der Heide2, Lars Reisæter3, Jarle Rørvik4, Peter 
Steenbergen2 and Ludvig Paul Muren1.

1. Department of Medical Physics, Aarhus University Hospital/Aarhus University, Aarhus,
Denmark. 
2. Department of Radiation Oncology, The Netherlands Cancer Institute, Amsterdam, The
Netherlands.
3. Department of Clinical Medicine, University of Bergen, Bergen, Norway.
4. Department of Radiology, Haukeland University Hospital, Bergen, Norway.

Background and purpose: Standard tumour control probability (TCP) models assume 
uniform tumour cell density across the tumour. The aim of this study was to develop an 
individualised TCP model by including tumour cell density distributions estimated from 
magnetic resonance imaging-based apparent diffusion coefficient (ADC) maps. 

Materials and methods: ADC maps in a series of 20 prostate cancer patients were applied to 
estimate the initial number of clonogens within each voxel, using two different approaches for 
the relation between ADC values and cell density, a linear and a sigmoid relation. All TCP 
models were based on linear-quadratic cell survival curves assuming /  = 1.93 Gy 
(consistent with a recent meta-analysis) and  set to obtain a 70% of TCP when 77 Gy were 
delivered to the entire prostate in 35 fractions (  = 0.18 Gy-1).

Results: Overall, TCP curves based on ADC maps showed larger differences between 
individuals than those assuming uniform cell densities. The range of the dose required to 
reach 50% TCP across the patient cohort was 20.1 Gy and 13.2 Gy using an individualized 
voxel density (linear and sigmoid relation, respectively), compared to 4.1 Gy using a constant 
density.

Conclusions: Using ADC maps to estimate the voxel cell density allows for individualised 
TCP models for use in RT of prostate cancer, resulting in TCP curves across the cohort with a 
larger range in D50% compared with those based on uniform cell densities.  
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MR spectroscopy: A metabolic window to cancer biology 

Tone Frost Bathen 

Dept. of Circulation and Medical Imaging, NTNU 

Altered metabolism is now considered an emerging hallmark of cancer (1). The rapid 
proliferation rate of cancer cells is associated with specific metabolic demands.  The cells 
must adapt to a hostile microenvironment with restricted supply of nutrients and they need to 
convert nutrients into biomass while maintaining sufficient energy production (2). The 
cancer-specific metabolic phenotype with increased glucose consumption and aerobic lactate 
production is well known. In addition, abnormal phospholipid metabolism and shunting of 
metabolites from glycolysis into the pentose phosphate pathway is also commonly associated 
with cancer (3, 4). Metabolomics is the systematic study of such small-molecular compounds, 
representing intermediate or end-products from cellular processes. Abnormal metabolism in 
cancer is increasingly recognized as a potential target for treatment in itself, but also as a 
source for novel biomarkers that can be used in diagnosis, for stratification of patients to 
treatment and measurement of treatment response. Metabolites are the downstream 
representation of previous gene and protein activity, and by this a close measure of the 
phenotype under investigation. 

MR spectroscopy (MRS) is a commonly used technique for studies of cancer metabolism. 
Compared to mass spectrometry, MRS has lower analytical sensitivity. However, a relatively 
large number of metabolites relevant for cancer metabolism can be measured simultaneously, 
and the method is by nature quantitative. In contrast to many other techniques, in vitro and ex
vivo MRS findings can be translated to noninvasive in vivo applications. Traditionally, MRS-
based studies of cancer metabolism have been performed on liquid solutions, such as cell or 
tissue extracts. This allows rapid acquisition of high-quality spectra, but the sample 
preparation is labor-intensive and the sample is consumed. Thus, obtaining spectra from intact 
tissue with a method that preserves the tissue for subsequent analyses would be an advantage. 
Chemical shift anisotropy, dipolar and quadrupolar interactions will cause broad spectral lines 
in solid samples analyzed by traditional high resolution (HR) MRS. This limitation can be 
overcome by applying HR magic angle spinning (MAS) MRS. More than 50 years ago, 
Andrew (5) and Lowe (6) demonstrated how rapid spinning of samples at an angle (54.7˚) to 
the external magnetic field eliminates line broadening. The nuclear dipole-dipole interaction 
averages to zero at the magic angle, while the chemical shift anisotropy and the quadrupolar 
interaction are partially averaged. Spectra acquired using HR MAS MRS have a spectral 
resolution close to that of extracts, and depending on the method for extraction, allow 
assignment and quantification of the same metabolites (7). Figure 1 shows a typical HR MAS 
MR spectrum from a breast cancer biopsy, with the main observed metabolites annotated. HR 
MAS MRS offers significant advantages for studies of cancer metabolism, including simple 
sample preparation and, importantly, the opportunity to perform subsequent analyses of the 
intact tissue specimens after MR analysis for complementary information (i.e. 
immunohistochemistry or gene expression). Many studies of biopsies from human cancers 
have proven that the metabolic profile contains predictive and prognostic information (8-20).  

This lecture will cover an introduction to the concepts of metabolomics and HR MAS MRS, 
and will further present an overview on research and applications of this technology within 
breast and prostate cancer. 
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Figure 1: Typical HR MAS MR spectrum of breast cancer, outlining several metabolites knows to be involved in the 
malignant transformation. 
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NordicNeuroLab: Successful innovation from a researcher’s idea to an 
international company 

Marte Thuen, PhD  

NordicNeuroLab AS, Bergen, Norway 

NordicNeuroLab AS is a company based in Bergen providing software and hardware for 
functional MRI to the international market. We have over 1000 installations worldwide in 
more than 60 countries, and collaboration agreements with major international companies and 
university hospitals.  

NordicNeuroLab originated from Bergen fMRI group the University of Bergen / Haukeland 
University Hospital, and was officially founded in 2001.  

In the mid-1990s, Bergen fMRI group was among the first research groups in the world to do 
functional MRI [1]. They realized that in order to perform fMRI robustly, MR compatible 
hardware equipment in addition to the MR scanner itself was needed. At that time, such 
equipment was not commercially available, thus, they developed their own equipment. This 
was the initial idea for the start-up of NordicNeuroLab: if one research group needed such 
equipment, could there be a potential for also other researchers needing the same?  

Indeed, there was, and since the start in 2001, NordicNeuroLab has grown steadily, expanding 
the product portfolio into the full package of MR compatible equipment for performing 
functional MRI, as well as software for post processing of advanced neuroimaging, serving 
both the research and clinical market.  

The presentation will focus on the history of NordicNeuroLab, where we are today, and our 
experience in the transition from being a small start-up company to become an international 
leading company within our field. Our experiences in taking ideas and prototypes to 
commercial, medical equipment is a process involving much more than the development of 
the product itself, and our experience could be useful for others thinking of doing the same.  
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Figure 1: Left side: from the first fMRI investigations at Haukeland University Hospital in the mid 1990s, early fMRI results 
from visual stimulation, and an early version of the NNL VisualSystem. Right side: State-of-the-art functional fMRI 
equipment and today’s typical fMRI results from visual stimulation.  
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ECT in treatment of depression: study protocol for a prospective 
neuroradiological study of acute and longitudinal effects on brain structure 
and function. A national project within an international collaboration 
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Major depression can be a serious and debilitating condition. For some patients in a treatment 
resistant depressive episode, electroconvulsive treatment (ECT) is the only treatment that is 
effective. Although ECT has shown efficacy in randomized controlled trials, the treatment is 
still controversial and stigmatized. This can in part be attributed to our lack of knowledge of 
the mechanisms of action. Some reports also suggest potential harmful effects of ECT 
treatment and memory related side effects have been documented. 
 
Methods: The present study will apply state of the art radiology through advanced magnetic 
resonance imaging (MRI) techniques to investigate structural and functional brain effects of 
ECT. As a multi-disciplinary collaboration, imaging findings will be correlated to psychiatric 
response parameters, neuropsychological functioning as well as neurochemical and genetic 
biomarkers that can elucidate the underlying mechanisms. The aim is to document both 
treatment effects and potential harmful effects of ECT. 
 
Sample: n = 40 patients in a major depressive episode (bipolar and major depressive 
disorder). Three control groups with n = 15 in each group: age and gender matched healthy 
volunteers not receiving ECT, patients undergoing electrical cardioversion (ECV) for atrial 
fibrillation (AF) and patients with significant complaints of ECT-induced side effects. 
Observation time: six months. 
 
Discussion: The study will contribute to our understanding of the pathophysiology of major 
depression as well as mechanisms of action for the most effective treatment for the disorder; 
ECT. Preliminary results from a case series suggesting ECT-induced structural changes will 
be presented. Such changes, mainly involving the hippocampus, have been documented in 
animal studies and a few recent investigations involving human subjects.  
 
Global collaboration: In addition to our national project, we have recently established an 
international collaboration of research groups engaged in longitudinal imaging studies of 
ECT. The second half of the talk will be on behalf of this collaboration. The collaboration 
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aims at sharing imaging and ECT records. Currently 11 international research groups 
participate in this initiative. By pooling multi-site data for common analysis, the statistical 
power can be significantly increased which will allow analyses that are only possible within 
the framework of a multi-site research network.  
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Vascular normalization after anti-angiogenic therapy with bevacuzimab  

Obad Na, Espedal Ha Keunen Oa, c, Jirik R d, Taxt Ta, Brekke Rygh Ca, Sakariassen P Øa, 
Lund-Johansen Mb, Niclou SPc, Bjerkvig Ra. 

aDepartment of Biomedicine, University of Bergen, bDepartment of Neurosurgery, Haukeland 
University Hospital, c Luxembourg Institute of Health Luxembourg, d Brno University of 
Technology  

Objective: Bevacuzimab, a monoclonal anti-VEGF antibody, is approved by the FDA as 
monotherapy for recurrent glioblastoma. Previous pre-clinical studies have shown that 
bevacuzimab reduces tumor blood perfusion and increases invasiveness in glioblastoma, with 
no benefit on overall survival. In contrast, other studies have shown that anti-VEGF therapy 
can transiently “normalize” the tumor vasculature, which in turn is thought to reduce vascular 
permeability, edema and hypoxia, and improve the delivery and therapeutic efficacy of 
various cytotoxic agents. Since the vascular normalization hypothesis at present is 
controversial, we wanted to evaluate the possible vasculature normalization effect of 
bevacuzimab in human glioblastoma xenografts in nude rats. Using dynamic contrast 
enhancing MRI (DCE-MRI), we quantified tumor growth and changes in perfusion 
parameters during treatment. To supplement our findings we performed FMISO-PET imaging 
to assess hypoxia. 

Methods: Patient derived glioblastoma spheroids were implanted into the brain of 20 nude 
rats. Bevacuzimab (10mg/kg i.v.) was given 2 times/week for 3 weeks. MRI analyses were 
performed every second day after treatment initiation, to assess tumor progression, blood flow 
and vessel permeability.  FMISO-PET was performed every second day to assess tumor 
hypoxia. 

Results/conclusions: Preliminary results showed no improvement in blood flow during the 
first week of treatment, and thus no functional normalization of the vessels (Figure 1). The 
leakiness of the vessels was decreased over time in the treatment group, which indicated a 
morphological normalization of vessels (Figure 1). This was confirmed by 
immunohistochemical analysis of the blood vessels. FMISO-PET showed increasing hypoxia 
in both groups (Figure 2). Thus our data does not support the existence of a window of 
vascular normalization in GBMs.  
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Figure 1: Perfusion maps of control and bevacuzimab treated animals 

Figure 2: FMISO-PET indicating increasing hypoxia in both groups 
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From Matlab to overall survival; longitudinal monitoring of brain cancer 

Kyrre E. Emblem, PhD1 

1The Intervention Centre, Oslo University Hospital, Oslo  Norway 

This presentation will show an overview of perfusion MRI for in vivo imaging of solid 
cancers and emerging evidence supporting the use of this technique to monitor response to 
anticancer therapy is discussed. 

The noninvasive nature and high image resolution of Magnetic Resonance Imaging (MRI) 
makes it the preferred modality for in vivo imaging and disease monitoring of most solid 
cancers. While conventional MRI provides important anatomic information on the tumor and 
surrounding tissue, it reveals fewer insights on the metabolic and hemodynamic status and 
function of the tumor. With the advent of antiangiogenic agents that are not directly cytotoxic, 
there is an urgent need for clinical trials to incorporate advanced imaging analyses that goes 
beyond traditional and formalized imaging-based response criteria – usually by assessing 
tumor load after contrast agent administration. Blockade of vascular endothelial growth 
factors (VEGF) results in decreased vascular permeability and reduced tumor contrast 
enhancement on conventional MRI, artificially boosting radiographic response rates. 
Unfortunately, the high response rates do not always translate into prolonged survival [1]. The 
negative results of several recent late-phase trials suggest that first-line administration of 
antiangiogenic therapies in unselected patient groups is probably not the best approach, owing 
to diversity in cancer biology and natural history. Identification of a subset of cancer patients 
most likely to benefit from therapy and understanding the underlying mechanisms that 
separate these responding patients from non-responders are of high priority. According to the 
National Cancer Institute imaging response criteria [2], developing and validating clinical 
trial-acceptable advanced imaging methods can lead to smaller clinical trials with fewer 
patients by earlier and more-focused response assessments; faster regulatory approvals, and 
by this, earlier use of new drugs in clinical care. 

Dynamic contrast-enhanced MRI, or perfusion MRI, may help address the limitations of 
conventional imaging methods in antiangiogenic trials and complement these imaging exams 
with information on vascular permeability, blood flow and blood volume, among others (Fig. 
1). A large number of retrospective human studies show consistent reductions in abnormal 
vascular permeability after antiangiogenic therapy in a range of cancer types [3]. Small 
studies of brain tumor patients treated with VEGFR inhibitors also show a transient 
normalization of inefficient blood flow in a selected group of patients and suggest that 
vascular normalization may be a mechanism for improved delivery of adjuvant therapy and 
prolonged survival [4]. Similar data on changes in relative blood volume also show a 
sensitive, yet more complex response to VEGFR inhibition [5]. These efforts are followed by 
the recent introduction of MRI-based measurements of tumor vessel caliber and relative tissue 
oxygen saturation in clinical trial data [6]. These measurements are made possible using MR 
images sensitive to the vessel-size-related scale of magnetic field inhomogeneities created by 
blood and contrast agents flowing through the vessels. Most, if not all major manufacturers of 
MRI apparatus now provide these dedicated image protocols. Collectively, perfusion MRI 
may provide the clinical decision maker with a battery of complementary parameters capable 
of identifying the initial response, duration and end of the vascular remodeling period 
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following antiangiogenic therapy and thereby enable early identification of patients most 
likely to benefit from targeted therapies. 

Figure 1: Pre-surgery MRI of a glioblastoma patient at the Intervention Centre. Anatomical MRI (a), vessel type by so-
called Vessel Architectural Imaging (‘VAI’, ref [6]) (b), vessel caliber MRI (c) and relative oxygen saturation maps by VAI 
(d). Comparing pre-therapy MRI to treatment outcome and observing the link between blood flow, vessel permeability, and 
tumor hypoxia in brain cancer patients may have high translational value to most forms of solid cancers.
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