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2020 was not an ordinary year. The pandemic has affected operations at cmiv, from 
individual research groups and supporting staff to our clinical duties. Cmiv’s most 
important meeting room, the coffee room to a large extent has been replaced by the 
virtual digital meeting rooms “Teams”, “Zoom” and “Skype”. Despite this, it has been 
possible to conduct clinical production and also planned research activities. Through 
fast remote connection that enables unlimited distance work, researchers at cmiv have 
been able to fulfill their work in an impressive way.

One of the biggest highlights in 2020 was when the cmiv landscape was expand
ed with a new modality. In July a research photon counting computed tomography 
scanner (pcd-ct) was installed. This technology is currently limited to very few 
centers in the world. It conveys excellent possibilities and unimagined opportunities 
for future translational research. 

During the year, several of the increasing number of cmiv researchers have received 
large research grants from Swedish Research Council and Knut and Alice Wallenberg 
Foundation. Professor Markus Heilig has been elected member of the Royal Swedish 
Society of Science and awarded by the European College of Neuropsychopharmacology. 
Another event to highlight is the aida project, where its “Data Sharing Policy” gains 
attention and the data hub share data for ai projects all over the world. The arena 
has evolved during the year and the future is looking very promising in this field. In 
addition to that, Professor McCollough was appointed Honorary Doctor at Linköping 
University. For many years now cmiv has collaborated with the Mayo Clinic and  
Professor McCollough. 

There is a vast number of ongoing research projects at cmiv and from these the 
flagship projects of 2020 were elected. They are three outstanding projects that visua
lize the broad competence among the cmiv researcher. They represent cmiv well in 
showing different areas and how we work close to the clinic combining technical and 
medical knowledge.

The first is “epsonip – Evaluating the Prevalence and Severity Of nafld in Primary 
Care”. The second is “Experiencing the Self through Touch”. And finally, the third 
flagship project is “Advanced ct Exams for Heart and Vessels”.

Even if 2020 has been a tough and challenging year, excellent futureoriented interdis
ciplinary research has been produced that resulted in high impact publications, patient 
benefit, and several awards during the year. All thanks to the outstanding individuals 
at cmiv as well the unique twinning between medical and technical research in a 
clinical setting. 

Anders Persson, director of cmiv

Preface
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As always, a lot of things have happened during the past year. The CMIV infrastructure 
expanded with the installation of the new photon counting detector computed tomo  - 
graphy scanner last summer. AIDA installed an extremely powerful server for AI.

Highlights

Installing the new PCD-CT.

Unique 
Photon Counting 
Detector CT Installed

Cmiv was appointed one of three 
research centers in the world to 
install a completely new type of 

computed tomography (ct) which has 
the potential to offer significant improve
ments over current ct scanners.

The machine arrived at the end of 
June and during the autumn several new 
unique research projects started. With 
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Gaboon Viper with a broken rib, from 
Kolmården Wildlife Park, examined in the 
PCD-CT. 

this research scanner we will have the 
possibilities to obtain images of consid
erably higher resolution, and the use of  
several energy bins will give the possibi
lity to distinguish multiple contrast 
agents, as well as obtaining images at 
lower radiation doses. This will be of 
great importance for the patient once we 
have the ethical approval on site. 

Right now, we have ongoing research on 
phantoms and forensic cases in the mus
culoskeletal and cardiovascular area, 
among others. Thanks to the fruitful 
collaboration with the veterinarians at 
Kolmården Wildlife Park we also have 
the great opportunity to test the new 
technique on living animals that need 
diagnoses. 
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One of the world’s most powerful servers for artificial intelligence (ai) compu
tation has been installed at cmiv. The system will serve as a national resource 
for projects within the Analytic Imaging Diagnostics Arena (aida). 

The nvidia system, dgx-2, is the second of its kind in Sweden and has 16 gpu’s, 
which means that it can process extensive volumes of data in a short period of time. 
Since medical imaging often generates a considerably large amount of data the power
ful system is fundamental for largescale computation in ai projects.

Such an investment is not possible for individual research groups, but through aida 
they will now have the opportunity to realize highly challenging projects.

The projects within aida all develop ai solutions intended to become helpful tools 
in healthcare. Transferring technological innovations to clinically useful solutions 
is a challenge and the close collaboration with healthcare is a necessity for success. 
aida’s task is to facilitate this process. 

Cynthia H. McCollough has been 
appointed Honorary Doctor of 
Technology for her efforts in the 

intersection between medicine and tech
nology. She is an internationally renowned Professor Cynthia McCollough.

Inauguration of the DGX-2.

The Swedish Research Council is 
the largest governmental research 
funding body in Sweden and  

distributes almost sek 7 billion every year 
to support Swedish research. 

The three cmiv researchers Kajsa 
Uvdal, Karin Wårdell and Peter Lund
berg received project grants within  
Natural and Engineering Sciences.

Professor Kajsa Uvdal at the Depart
ment of Physics, Chemistry and Biology, 
received research funding for her project 
Nanoparticleactivated neutrophils and 
the formation of extracellular traps.  

Professor Karin Wårdell at the De
partment of Biomedical Engineering 
received research grants for her pro
ject within multiparametric analysis of 
cerebral blood flow in the detection of 
ischaemia.

Professor Peter Lundberg at the 
Department of Health, Medicine and  
Caring Sciences received grants to de
velop new techniques for modelling  
liver function. 

Professor 
McCollough
Appointed 
Honorary 
Doctor

Unique Resource 
  for AI Research 
in Medical ImagingSEK 9.7 million 

to three CMIV 
Researchers

researcher in the development and evalu
ation of computed tomography (ct) tech
nology and dose reduction methods. She 
is a Professor of both medical physics and 
biomedical engineering at the Mayo Clinic 
in Rochester, Minnesota, usa. 

Cmiv has for many years collaborat
ed with the Mayo Clinic and Professor  
McCollough. During the past years, 
the collaboration has deepened further 
around photon counting detector com
puted tomography (pcdct). The Mayo 
Clinic is one of the other research centers 
to install the same pcdct as cmiv. One 
of cmiv’s PhD students, Mårten Sand
stedt, spent the fall 2019 at the Mayo 
Clinic to learn more about the new tech
nology and work on common research 
projects. 
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In Sweden, the national community in aida, Analytic Imaging Diagnostic Arena, 
has developed a policy to help remove uncertainties of ethical and legal sharing of 
clinical imaging data. These key insights were discussed in an article in Scientific 

Data, a Nature Research Journal.  
The presented policy was designed to be accessible to anyone in the medical  

imaging domain, while providing lawreference precision sufficient for talking to legal 
experts. It also provides practical guidance for research projects.

The Scientific Data article goes on to discuss our conclusions on key sharing issues, 
such as the legal basis for sharing, drilleddown definition of anonymization, and use 
of cloud services. The project group hope that the aida policy will provide a useful 
footing for similar policy development efforts in other countries and disciplines. 

Joel Hedlund and Anders Eklund have presented the policy on several conferences, 
among others the nvidia’s gpu Technology Conference. 

In the beginning of the year, Markus 
Heilig, professor of psychiatry and 
founding director of the Center for 

Social and Affective Neuroscience (csan), 
was elected member of the Royal Swed
ish Society of Science and is part of the 
groups Class for Medical Sciences, and 
Health Committee. 

In addition to that, in May, he also  
received the 2020 ecnp Neuropsychop
harmacology Award by the European 
College of Neuropsychopharmacology. 
He was awarded the prize in recog
nition of his achievements as notable  
researcher in addictive disorders and 
other stressrelated conditions. Professor Markus Heilig.

Facsimile of 
Scienfic Data.

Professor Håkan Olausson.

Professor Håkan Olausson receives 
a research grant of sek 15 million 
over five years for his research on 

the clinical significance of an ultrarapid 
pain signaling system, which recently  
was discovered by him and his research 
group. Håkan is one of four medical re
searchers in Sweden to receive this grant 
from the Knut and Alice Wallenberg 
Foundation. 

The grant will make it possible to fur
ther investigate the rapid pain system 
and its significance for the diagnosis and 
treatment of various pain conditions.  

Great Accomplishments 
of Markus Heilig

AIDA Data Sharing Policy 
Gains Attention

Håkan 
Olausson 
Appointed 
Wallenberg 
Clinical 
Scholar
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When CMIV was initiated, the vision was to gather all the 
components of medical imaging and visualization in one place. 
And at the same time create a whole new type of research 
environment where scientists, engineers, technicians and 
medical doctors could work close together with immediate 
access to the patients. A place where there were no distance 
between research and clinical needs. Since the start in 2002, 
CMIV has grown into the vision and it is now our everyday routine.

The CMIV  
 Landscape

Today, cmiv conducts focused 
frontline research within 
multidisciplinary projects pro  
viding solutions to tomorrow’s 

clinical issues. The mission is to develop 
future methods and tools for image anal
ysis and visualization for applications 
within health care and medical research. 

Cmiv has a unique constellation in 
which research at the university pro
vides health care with the opportunity of 
clinical benefits, while the industry gain 
from the research with e.g., spinoffs. 
The activities aim to combine different 
demands where the university strives 
for scientific publications in high quality 

journals and development of new prod
ucts, and Region Östergötland expects 
the research and development to come 
to patient benefit. cmiv’s organization, 
fully embedded in the university hospital, 
creates conditions to successfully meet 
these requirements. Results from basic 
research at the university can be utilized 
in clinical research which then can result 
in scientific publications, and improved 
patient care. 

The cmiv research projects can be 
described as links in a sequential im
aging chain. Projects move dynamically 
through the chain and researchers from 
different disciplines work together to 

reach the goal of patient benefit. Now
adays, the imaging chain perspective is 
complemented with additional research 
areas like artificial intelligence and pre
cision medicine. 

We are in the middle of a paradigm 
shift in healthcare. Focused research and 
development in all steps of the chain are 
still important to continue improving 
quality of care. However, embracing 
new possibilities and letting the research 
grow in new dimensions is key to stay in 
the frontline of medical imaging. Cmiv 
is now adapting its research to be in the 
forefront of this development. The ad
vances in precision medicine are due to 

cmiv annual scientific report 2020  The CMIV Landscape



12

rapid development in a number of im
portant areas that are groundbreaking 
by themselves. But their impact can also 
be greatly magnified if they are wisely 
combined. These areas include molecular 
biology, largescale genetic sequencing 
and artificial intelligence. 

Precision medicine can be defined 
as clinical, therapeutic and diagnostic 
methods for optimal disease manage
ment based on the patients’ individual 
variations, often including a genetic pro
file. It provides more effective treatments, 
fewer adverse effects and increased sur
vival. Examples of other advantages of 
precision medicine are increased possi
bilities to identify and thereby prevent 
or mitigate disease at an early stage, to 
make it easier for patients to manage 
their illness and shortening hospital 
stays. 

The cmiv projects are not easily cate
gorized as they move dynamically over 
research areas, always looking for new 
ideas from other fields. In an attempt 
to visualize the cmiv research areas 
we have created an overview table with 
the projects from the annual report and 

marked the main areas that the projects 
involve. The categories used are divided 
in three main research areas; imaging 
data source, biomedical research area 
and technical research area. The main 
research areas consist of a number of 
subareas. 

Imaging Data Source
The overall dominating data source at 
cmiv is magnetic resonance imaging 
(mri). The method is versatile and allows 
great opportunities for project specific 
development. Another advantage is the 
use of volunteers not being restricted by 
radiation dose. In computed tomography 
(ct), the development of low dose ct has 
opened up for larger prospective studies 
and at the same time clinical examina
tions can be used for potent simulations. 
Since 2020, cmiv is one of the few clinical 
research centers in the world that has ac
cess to new photoncounting ct technol
ogy that offers unimaginable possibilities. 
Cmiv has several exciting new studies in 
all of these fields. Another interesting 
field with an increasing contribution is 
microscopy, where the ongoing digitiza

tion of the clinical routine has opened up 
for new applications in image analysis and 
deep learning. 

Biomedical Research Area 
Cmiv has strong traditions in the fields 
of cardiovascular and neurology research. 
Other strong areas are musculoskeletal 
and gastrointestinal research. However, 
with new constellations forming, projects 
are less focused on individual organs and 
instead have a more holistic approach. 

Technical Research Area 
A foundational aspect of cmiv is that 
the research spans all the technical areas 
involved in the imaging chain. This type 
of crossdisciplinarity means that scien
tific efforts in one technology domain at 
cmiv is enriched by indepth knowledge 
on the characteristics of preceding steps 
and on subsequent use of the results lat
er in the chain. The overview shows that 
cmiv projects are fairly evenly distributed 
in terms of technical contribution, from 
data generation through acquisition and 
simulation to a wide range of analytics 
and visualization methods. 

EPSONiP

Experiencing the Self through Touch

Advanced CT Examinations of Heart and Vessels

Anaytic Imaging Diagnostic Arena

MeDigiT

Tissue Classification Using DECT and MBIR 

Evaluation of Reconstruction Methods in CT

Statistical Analysis of NeuroImaging Data

SouthEast Sweden Neuroinflammation Cohort 

Quantitative MRI on Brain Tumors

Pathophysiology Behind Prolonged Whiplash Associated Disorders

New Diagnostic Tools for the Diagnosis of Parkinson’s Disease

Odor Memory in Parkinson’s Disease

Localization of Seizure Onset Zone in Focal Epilepsy

Clinical Application of Synthetic MRI on Malignant Gliomas

Imaging for Stereotactic Neurosurgery

Clinical Implementation of Synthetic MRI

Image-Based Biomarkers of Brain Disorders

MRI-Based Body Composition Analysis

Effects of the Hormone Ghrelin on Decision Making

Modulating Inflammation in the CNS in Major Depression

Working Memory in Visual Noise

Detection and Neurological Effects of Manganese

Implementation of Syntetic MRI in the Abdomen

Optimizing the Use of Hepatobiliary MRI in Metastatic Liver Disease 

Semiautomatic Liver Volume Determination and Segmentation

Liver Function Evaluation 

Assessment of Hepatic Function in Health and Disease

Neuroplasticity in Irritable Bowel Syndrome

MR-Mammography 

Pain Mechanisms in Widespread Pain

Bone Structure Analyses for Reducing Future Osteoporotic Fractures

CT-MOCAP: Visualization of skeletal joint movement

The NACOX-study

Muscle Adaptation after Achilles Tendon Rupture

SCAPIS

SCAPIS-Health

Diffuse Myocardial Fibrosis

Myocardial Perfusion by MRI without Contrast Media

Ascending Aortic Dilation (AscA)

Assessment of Cardiovascular Blood Flow 

4D Flow CT

Mischa Woisetschläger, Lilian Henriksson and Tino Ebbers at the reconstruction computer of the PCD-CT.
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The 2020 flagship projects were selected by the CMIV scientific 
council in the autumn. The chosen projects complement each 
other in modalities, project stage and medical area and therefore 
well represent the broad and multi-disciplinary research at CMIV. 

Flagship  
Projects

15cmiv annual scientific report 2020  Flagship Projects
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The liver has many important functions in the body, including storing 
fat and sugar. Fatty liver is when the liver has stored too much fat. 
Type 2 diabetes and fatty lever are both part of the metabolic syn-
drome and share several risk factors for developing cardiovascular 
disease. In this research project a multidisciplinary team of researchers 
have the common interest to explore the link between fatty liver,  
epicardial fat and cardiovascular disease in type 2 diabetes. 

17

EPSONiP 
–Evaluating 
the Prevalence 
and Severity 
of NAFLD in 
Primary Care
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“ This is really an important collaboration 
between primary care and specialist care; 
the gastrointestinal clinic, the radiology 
clinic, CMIV, the cardiology clinic and 
diabetes specialists in primary care.” 

MATTIAS EKSTEDT

MRI  Digital Microscopy  Cardiovascular  Musculoskeletal  
Gastrointestinal  Metabolism  Acquisition  Modeling

Visualization  Imaging Biomarkers

Project information

PROJECT NAME
Evaluating Prevalence and Severity Of NAFLD In Primary care

PROJECT LEADER
Mattias Ekstedt, Department of Medical and Health Sciences, 
Division of Diagnostics and Specialist Medicine (DISP)

MAIN PROJECT PARTICIPANTS
Joakim Alfredsson, Martin Bergram, Carl-Johan Carlhäll, 
Gunnar Cedersund, Tino Ebbers, Nils Dahlström, Martin Henriksson, 
Fredrik Iredahl, Stergios Kechagias, Peter Lundberg, Patrik Nasr, 
Karin Rådholm, Christian Simonsson

GRANTS
ALF-Grant

KEY PUBLICATIONS
Nasr P, Fredrikson M, Ekstedt M, Kechagias S. 
The amount of liver fat predicts mortality and development 
of type 2 diabetes in non-alcoholic fatty liver disease. Liver Int. 
2020 May;40(5):1,069—1,078. doi: 10.1111/liv.14414. Epub 2020 Mar 10. 
PMID: 32087038.

It has long been known that visceral adipose tissue is as
sociated with the development of cardiovascular disease 
(cvd). Ectopic fat accumulation in the liver can lead to 
inflammation and progressive fibrosis and is defined as 

NonAlcoholic Fatty Liver Disease (nafld). This is the most 
common liver disease today. The most common cause of mortal
ity in nafld is cvd. This project is called epsonip – Evaluating 
the Prevalence and Severity of nafld in Primary Care and 
Mattias Ekstedt, Associate professor and Senior Consultant at 
the Gastrointestinal Clinic, is the Principal Investigator. 

One of the main objectives of the epsoniptrial is to inves
tigate how common fatty liver and more advanced liver dis
ease is in patients with type 2 diabetes in the primary care in 
Östergötland. 

The goal is to include 400 patients from four different health 
care units within the region. This is done with the help of dia
betes nurses, who ask patients when they come for their regular 
diabetes checkup if they want to participate in the study. The 
project group expects that this cohort will reflect the general 
diabetes patient in Sweden.

The data collection consists of several blood tests, blood and 
urine sample that will be saved in a biobank, surveys and fitness 
tests, among others how far you can walk in 6 minutes. 

At a later visit, they will perform a magnetic resonance im
aging (mri) exam at Vrinnevi, Norrköping or at the university 
hospital in Linköping. Half of the cohort i.e., 200 patients will 
also perform a heart exam in the mr scanner. That examination 
is much more advanced and is therefore only done at cmiv.

However, all patients do an mr liver exam and an mr full 
body exam to look at body composition and distribution of fat 
and muscles. Main issue is to investigate if they have fatty liver 
and also the degree of damage to the liver.

Scarring can be divided into five stages, the most serious of 
which is cirrhosis.

– We are also interested in seeing what it looks like with fat 
storage in other organs, such as muscles, pancreas and around 
the heart, Mattias Ekstedt explains. They also look at how the 
fat is distributed in different fat depots, in the abdomen and 
hips. Both men and women are included, 35–70 years regardless 
of how long they have been ill with type 2 diabetes. 

– One of the primary goals was to connect all those locally, 
who are interested in fat storage, and the network is important, 
Mattias explains. 

– This is really a collaboration between primary care and 
specialist care; the gastrointestinal clinic, the radiology clinic, 
cmiv, the cardiology clinic and diabetes in primary care, he 
continues.

A followup study in three years is planned to see the progress 
of liver change. 

The aim is to learn how the primary care will identify the 
patients who are at risk of advanced liver disease. Next is then 
to understand which patients may develop severe liver disease 
and this will become important in the threeyear followup.

The third purpose is to understand how fatty liver affects 
the development of other disease states such as cardiovascular 
disease and kidney disease.

There are conflicting results, which makes the study even more 
exciting.

There are data that indicate that patients with type 2 diabe
tes together with fatty liver tend to have more changes in their 
coronary arteries and hence a higher risk profile of developing 
cardiovascular disease.

At the same time, there are other data that show that fatty 
liver does not increase the risk of having a heart attack.

The research group is collaborating with the health economy 
researchers to look at different models for when it is cost 
effective to use mri and when it is better to use, for example, 
ultrasound. 

The epsoniptrial is truly a translational multidisciplinary 
research project bringing researchers together. This project has 
the potential to be the starting point for a dynamic research 
network that will produce interesting scientific results for many 
years to come. 
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A shows the representative water MR image with 547 the place-
ment of a proton magnetic resonance spectroscopy (1H-MRS) voxel 
in the right hepatic lobe. 
B shows in vivo 1H-MRS spectrum for water and fat. 
C shows MRE for a cirrhotic NAFLD patient. 
D shows a whole-body water-fat separated imaging for quantifi-
cation of visceral and subcutaneous adipose tissue volume. 
Abbreviations: 4D flow, four-dimensional flow; 1H-MRS, proton 
magnetic resonance spectroscopy; MR, magnetic resonance; 
MRE, MR elastography.
E shows a 4D flow image of a healthy heart. 
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Patrik Nasr, Nils Dahlström, Peter Lundberg, Mattias Ekstedt and Tino Ebbers.
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Social touch is a powerful force in human development from infancy and 
throughout life. Now perhaps more relevant than ever, as the pandemic 
entails that we must keep our distance and not touch each other at all in the 
same way as before, no handshakes or hugs. Already in the womb the fetus 
starts touching itself on the face and on the walls of the womb of the mother. 
It is a way of early determining where the self ends and the other begins.

Through functional magnetic resonance imaging (fMRI) this project 
gathers information about the boundaries between the self and others 
and compares the outcome of the reactions of neurotypical volunteers 
with participants with a psychiatric disorder. 

Experiencing 
the Self 
through Touch
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“ It is important to have the actual skin- to skin touch to make it social.” 

REBECCA BÖHME

Somatosensation, the sense of touch, and interoception, 
the perception of sensations from inside the body are 
necessary for the establishment of the bodily self.

Rebecca Böhme, research fellow at Center for Social 
and Affective Neuroscience, and Håkan Olausson, professor 
in Clinical Neuroscience, are investigating how neurotypical 
volunteers, i.e., people without a psychiatric diagnosis, and 
participants with a psychiatric disorder are experiencing the self 
through touch. This flagship project is a composition of several 
projects within the same area. They have examined participants 
with attention deficit hyperactive disorder (adhd), Anorexia 
nervosa, autism and schizophrenia. 

When people who are close to us touch us, certain messenger 
substances are released in our body, which tells us that we are 
safe and not alone. This makes us feel less stressed, anxious, or 
worried.

– The self – other differentiation is very important, not just in 
relation to touch, but very broadly. We have to be able to know 
that this is me and that is another person, Rebecca Böhme ex
plains. How does the brain understand that certain signals are 
coming from me touching myself and not from another person? 
This relates to the idea that there is a minimal self, which means 
basically the perception of the own body as “self”. 

– We all need this minimal self, and it develops very early in 
life, already in the womb. The other senses as for example visual 
and auditory are lagging behind in development. Therefore, we 
think that the tactile sense is a very interesting sense to look at, 

when we want to understand the self – other distinction. We 
are specifically interested in the context of psychiatric disorders 
with dysfunctions in the selfdomain, Rebecca continues.

For autism e.g., there seems to be a stronger self – other dis
tinction. People with autism have clearer borders of themselves. 
Everything other is further away and that could explain lower 
level of empathy abilities. 

In case of anorexia on the other hand, there seems to be a 
reduced perception of the self – other distinction. Patients of
ten think of themselves as bigger than they are. This group of 
participants generally has a skewed perception of their own 
body and where the body ends. 

– They often have the sensation for example, when sitting on 
a chair that their own body overflows the chair, Rebecca says. 

When looking at schizophrenia, this group has issues identifying 
the signals that come from their own body as selfproduced. 
Sensations in the stomach deriving from the digestions might 
be misidentified as “nonself ”, so they might come up with an 
explanation that this is somebody else, e.g., that an alien has 
implanted something in their body. 

In all projects they use the skintoskin touching, since it 
should be social touch. This is a less controlled, stimulus but 
it is important to have the actual skin to skin touch to make 
it a social situation. 

Since these tasks are used to compare participants with a 
psychiatric disorder to neurotypical controls, it is important 

A. Other-touch B. Self-touch
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that the task is simple enough, to avoid the risk of the con
founding effect of one participant group not understanding 
the instructions. Hence, it is very important to have an easy 
task design. So, the studies are all performed in the same way. 
The participant places one arm on the belly and the other arm 
stroking the arm on the belly. It should be a nice soft stroking, 
no rubbing. 

The other touch condition is when another person is stroking 
the arm trying to imitate the selfstroking.

There is one more control condition where the participant 
also strokes a pillow to calculate out the movement from the 
touching, since when you stroke your own arm, you move. 

In all the previously explained studies they have compared 
participants with a psychiatric disorder with neurotypical con
trols. 

The project Spinal and Cortical fmri during Social Touch, how
ever, does not include the psychiatric condition, but only healthy 
volunteers. In this project they image the brain with fmri and 
simultaneously the spinal cord grey matter to see if a distinction 
between selftouch and othertouch can be found and if so, if 
there are interactions between the brain and the spinal cord. 

All these projects lay the groundwork for the development 
of new interventions for treating the symptom domain of the 
bodily self in many psychiatric disorders. Such an intervention 
will use touch to establish or reestablish a functioning bodily 
selfperception – or as a patient puts it: “to awaken the silenced 
self”, Rebecca concludes. 

MRI  Neurology  Imaging Biomarkers

Project information

PROJECT NAME
Experiencing the Self through Touch

PROJECT LEADER
Rebecca Böhme and Håkan Olausson, Department of Biomedical 
and Clinical Sciences, Center for Social and Affective Neuroscience

MAIN PROJECT PARTICIPANTS
Rebecca Böhme, Håkan Olausson, Andrea Johansson Capusan, 
Morgan Frost Karlsson
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RB: Vetenskapsrådet startbidrag 2019-01873, Lions Forskningsfond 
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HO: Vetenskapsrådets projektbidrag 2019-01119

KEY PUBLICATIONS
Boehme R, Karlsson M F, Heilig M, Olausson H, Capusan A J. (2020). 
Sharpened self-other distinction in attention deficit hyperactivity 
disorder. NeuroImage: Clinical, 102317.

Boehme R, Hauser S, Gerling G, Heilig M, Olausson H. 
Distinction of self-produced touch and social touch at cortical 
and spinal cord levels. Proceedings of the National Academy of 
Sciences (PNAS), Jan 22, 2019.

PI Rebecca Böhme and research assistant Morgan Frost Karlsson.
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 Advanced CT 
Exams for Heart 
and Vessels
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Cardiovascular disease (CVD) in general and coronary artery disease 
(CAD) in particular are the most common causes of death in the world. 
CVD is also the most expensive disease group, accounting for approx-
imately 9% of the total health care expenditure in the European Union. 
Computed tomography (CT) is an increasingly used modality for in- 
vestigations of patients with suspected CAD. A number of modalities 
for imaging of the coronary arteries are currently used among them 
coronary computed tomography angiography (CCTA), first described 
in 1995. Since then, CT technology has taken quantum leaps.
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Magnus Janzon, Mårten Sandstedt, Anders Persson and Tino Ebbers.

This flagship project combines mainly coronary artery 
morphology and cardiac function research with ct 
at cmiv. The research is carried out in close col
laboration between the coronary artery group, led 

by cmiv director and professor Anders Persson, together with 
Mårten Sandstedt PhD and senior physician, Magnus Janzon 
head at the department of cardiology, Associate Professor and 
the cardiac imaging and modelling group with Tino Ebbers, 
professor in Physiological Measurements and Matts Karlsson, 
professor and director of National Supercomputer Center. With 
translational research approach, we expect to improve the in
depth understanding and diagnostics of cardiovascular disease 
and treatment strategies.

The European Society of Cardiology published new guidelines 
in 2019 suggesting that “Coronary Computed Tomography  
Angiography (cta) is the preferred test in patients with a lower 
range of clinical likelihood of cad, no previous diagnosis of cad, 
and characteristics associated with a high likelihood of good 
image quality.” Cardiac CT image.
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As the first university hospital in Sweden ccta were introduced 
at cmiv in 2004 into clinical routine for patients with suspected 
cad. 

As part of Mårten’s thesis, an ai software for automatic calcium 
scoring was evaluated. A calcium scoring is performed by scan
ning the heart without intravenous contrast, and is used for a 
coronary artery calcification quantification, which is employed 
for a clinical cardiovascular risk analysis. The quantification 
process is traditionally performed using semiautomatic post 
processing softwares and is not very difficult, yet it takes signi
ficant expert time and is considered tedious. This cmiv pro
ject found a very good agreement between the semiautomatic  
and aibased automatic methods, but ai was shown to have time 
saving potential, which is valuable both for the work environment 
and for health economy.  

Another work in Mårten’s thesis has been performed together 
with the Mayo Clinic, Mn, usa. In this project, coronary speci
mens from human cadavers were examined with a conventional 
ct and a photon counting detector ct (pcd-ct). Subsequently, 
a coronary calcification quantification was performed, demon
strating the pcd-ct technology to be more accurate than the 
conventional ct. 

With constantly decreasing radiation doses, it has become possi
ble to acquire 3D images of a complete heartbeat. This so called 
4D information can be used for functional assessment of the 
heart by using advanced postprocessing, machine learning and 
simulations. Functional information, as for example blood flow 
in the whole heart, can be obtained which can give valuable 
information in the prediction of the risk for formation of blood 
clots, which can cause a heart attack or stroke. It can also be used 
to compare the effect of different surgical treatment options, 
like the choice prosthetic heart valve, as shown by Jonas Lantz. 

Future aspects
The new research pcd-ct that cmiv installed in July offers new 
opportunities in imaging of the coronary arteries and assessment 
of cardiac function. This technology is currently limited to very 
few centers in the world and conveys excellent possibilities for 
further cardiac ct developments. The scanner has several ben
efits compared to clinically available ct scanners, such as higher 
resolution and lower radiation dose. In cardiac imaging, the im
proved spatial resolution facilitates the assessment of coronary 
artery calcifications more accurately and new types of functional 
imaging possible. The pcd-ct scanner’s highresolution abilities 
may evaluate coronary artery calcifications more accurately, and 
unnecessary invasive examinations can thereby be minimized. 
It gives us unimagined opportunities for the future and great 
advantages in cardiac diagnostics. 

Computed Tomography  Cardiovascular  Acquisition  Modeling  
AI/Data analytics  Visualization  Simulation
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PROJECT LEADER
Anders Persson, Department of Health, Medicine and Caring 
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Tino Ebbers, Matts Karlsson, Mårten Sandstedt, Magnus Janzon, 
Joakim Alfredsson, Jan Engvall, Carl-Johan Carlhäll, André Da Luz 
Moreira, Sophia Beeck, Faisal Zaman, Lilian Henriksson, 
Petter Quick

KEY PUBLICATIONS
Lantz J, Beeck S, Carhäll C-J, Bolger A, Persson A, Karlsson M, 
Ebbers T. Impact of prosthetic mitral valve orientation on the 
ventricular flow field: Comparison using patient-specific computa-
tional fluid dynamics. Journal of Biomechanics, Vol 116, 2021.

Sandstedt M, Henriksson L, Janzon M, Nyberg G, Engvall J, 
De Geer J, Alfredsson J, Persson A. Evaluation of an AI-based, 
automatic coronary artery calcium scoring software. European 
Radiology, Vol 30, no 3, p. 1,671—1,678, 2020. 

Cardiac CT image.
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The research within CMIV is based on innovations in medical 
image science and visualization. A common goal is to strengthen 
the interdisciplinary approach and enhance the possibilities 
of image-based diagnosis and treatment. At CMIV research is 
conducted within several medical areas, combining a number 
of technologies for novel application within clinical routine, 
medical research and dissemination of information. Here you 
will find a selection of the research projects at CMIV.
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An example from the LNCO2 data set, showing a whole slide pathology image with colon lymph nodes. 
The LNCO and LNCO2 data sets are one of the biggest shared histology data sets in the world.

POPULAR SCIENTIFIC SUMMARY
Claes Lundström
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Computed Tomography  MRI  Digital Microscopy  
Ultrasound  Other  Cardiovascular  Neurology  Oncology  
Musculoskeletal  Gastrointestinal  Gynecological  Pulmonary  
AI/Data analytics  Visualization  

Project information

PROJECT NAME
Analytic Imaging Diagnostic Arena

PROJECT LEADER
Claes Lundström, ITN

MAIN PROJECT PARTICIPANTS
Caroline Bivik Stadler, Joel Hedlund, Daniel Forsberg, Jonas Unger, 
Marie Waltersson, Catrin Nejdeby, Gabriel Eilertsen, Darren Treanor, 
Neda Haj-Hosseini, Anders Eklund, Tino Ebbers, Martin Lindvall, 
Karin Stacke, Sven-Patrik Hallsjö

GRANTS
VINNOVA, Medtech4Health

KEY PUBLICATIONS
Hedlund J, Eklund A, Lundström C. 
Key insights in the AIDA community policy on sharing of clinical 
imaging data for research in Sweden. Nature Scientific Data (2020).

Bivik Stadler C, Lindvall M, Lundström C, Bodén A, Lindman K, 
Rose J, Treanor D, Blomma J, Stacke K, Pinchaud N, Hedlund M, 
Landgren F, Woisetschläger M, Forsberg D. 
Proactive Construction of an Annotated Imaging Database for 
Artificial Intelligence Training. Journal of Digital Imaging (2020).

Maras G, Lindvall M, Lundström C. 
Regional lymph node metastasis in colon adenocarcinoma, second 
collection series. doi:10.23698/aida/lnco2. (2020).

Ainalytic Imaging Diagnostic Arena (aida) is a national 
arena for research and innovation in medical image 
analysis. Aida is a crossdisciplinary collaboration 
aiming for largescale use of Artificial Intelligence 

(ai) in healthcare. Here, academia, healthcare and industry 
meet to translate technical advances in ai technology into  
patient benefit in the form of clinically useful tools. Cmiv is the 
host and physical meeting place of aida but aims to assist all 
Swedish actors in this domain. 

The technical development within ai has been extremely 
strong in recent years. Modern ai is a toolbox that fits perfect
ly into the healthcare vision of “precision medicine”, the fully  
tailored treatment for each patient. Very few modern ai solu
tions have yet, however, reached actual use in imaging diag
nostics. The reason is that the step from experiments to clinical 
routine entails many challenges. Even the most powerful algo
rithms need to be carefully placed in a context of workflow and 
interaction innovations to be useful.

Aida’s objective is to develop aibased decision support solu
tions for imaging diagnostics that reach all the way to clinical 
use. An underpinning fundamental insight is that this complex 
challenge requires both interdisciplinary and crosssectoral 
collaboration.

Aida is built on three cornerstones. Most resources are used 
for projects developing aibased decision support solutions. 
These are run by research groups in industry and academia 
across Sweden, in collaboration with healthcare providers. 
The second cornerstone is the aida core environment at cmiv,  
designed to support the development projects. All aida partners 
have access to a tailormade technology platform for efficient 
ai development, with the flagship resource being the heavy
load computational system dgx2 shared between the groups 
across the country. Aida also hosts a data hub with clinically 
relevant data available for ai research, currently over 5 tb and 
growing. Perhaps even more important is the meeting place 
aspect of the core environment, where workshops and meet
ups are frequently organized, providing valuable knowledge 
and exchanges.

The third cornerstone is clinical competence development, 
to give healthcare the right knowledge base to drive the ai  
development in the most effective direction. Aida offers clini
cal fellowships where care provider employees carry out an 

individual project as continued education. Aida also regularly 
organizes ai courses for physicians.

Aida is an initiative within the Strategic innovation program 
Medtech4Health, jointly supported by vinnova, Formas and 
the Swedish Energy Agency. 

AIDA
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POPULAR SCIENTIFIC SUMMARY
Tino Ebbers

A imedical digital twin is a computer model that  
contains so much information about a patient that 
it can work as a digital copy. The digital twin can 
be used to simulate disease progression and treat

ment response before the patient has begun a medication or a 
surgical procedure. 

Medical Digital Twin, MeDigiT, is a platform project financed 
by Visual Sweden aiming to facilitate the use of individualized 
digital models in healthcare for better diagnostics, more indi
vidualized treatment of illness, and simplified and improved 
education for healthcare professionals. The platform also aims 
to create and promote a network for research and exchange 
of knowledge and experience between Linköping University, 
Region Östergötland and companies in medical visualization.

The platform was formed in early 2019 and has since then 
connected several partners and created demonstrator projects 
in various areas.

One of the demonstrator projects, a collaboration between 
cmiv, Clinicum, Sectra and Region Östergötland, investigates 
the use of timeresolved digital twins of the body’s joints in 
teaching. An interactive software for visualization of moving 
joints where the images are collected using advanced computed 
tomography (ct) is developed. The software will be evaluated 
in the training of physiotherapists and physicians.

Another MeDigiT demonstrator project is focusing on cmiv’s 
cutting edge research on imaging of the cardiovascular system.  
Using simulations of heart flow based on ct images, individu
alized digital twins are tested for diagnosis and treatment 
evaluation in heart disease. The research aims amongst  
others for improving valve surgery and risk assessment of  
blood clot formation in atrial fibrillation. Other parts partici

pating in the project are Siemens and Region Östergötland. 
In collaboration with Scandinavian Real Heart and Region 

Östergötland, a unique digital twin of an artificial heart has 
been created. The artificial heart has a design not previously 
used and the possibility to use timeresolved ct and mri data 
provides valuable knowledge of the heart’s function in the de
velopment of the product.

Access to digital, functional models of the organs in the body 
offers invaluable opportunities for research and for the develop
ment of products related to visualization of medical data. 

Medical Digital Twin 
 –MeDigiT

Computed Tomography  MRI  Cardiovascular  
Musculoskeletal  Modeling  AI/Data analytics  Visualization  
Imaging Biomarkers
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Tino Ebbers, Department of Health, Medicine and Caring Sciences, 
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Marie Waltersson, Anders Persson, Nils Dahlström, Faisal Zaman, 
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Example of a whole body medical digital twin and application specific 
solutions of a bending knee and blood flow in a beating heart.
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POPULAR SCIENTIFIC SUMMARY
Åsa Carlsson Tedgren

Figure 1. Suppression of the beam hardening artifact for the mathematical pelvic phantom. 
The image reconstructed via conventional filtered back-projection with water beam harden-
ing correction (left) and the corresponding image obtained via DIRA in iteration 8 (right).

Figure 2. Soft tissue classification into lipid, protein and water (LPW) after 8 iterations of DIRA.

Figure 3. Segmentation of pelvic bones via the 3D U-Net architecture. 
a. Ground truth. b. Prediction of our algorithm. c. 3D view of the prediction. 
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Today’s computed tomography (ct) images are affect
ed by inaccuracies and artifacts caused by the use 
of polyenergetic photon beams. Despite an active 
research in this field, even the most advanced image 

reconstruction algorithms still do not provide quantitatively 
accurate ct numbers. We have developed a dualenergy itera
tive image reconstruction algorithm (dira) which improves the 
accuracy of ct numbers by modeling the material composition 
of the imaged object. For instance, image pixels of a patient are 
classified into bone and soft tissue. 

Bone pixels carry information about percentages of compact 
bone, red and yellow bone marrow. Soft tissue pixels carry in
formation about percentages of water, protein and lipid. The 
estimated material composition can be used for improved med
ical diagnosis and treatment. As an example, dira can be used 
for the determination of calcium content in the prostate gland. 
Such information is useful for radiation treatment planning 
in brachytherapy with lowenergy photons. A high calcium 
content in the prostate changes the spatial distribution of ab
sorbed dose since the dose strongly depends on tissue’s atomic 
number, Z. Dira is also useful in proton radiation therapy since 
the position of the dose maximum is sensitive to the material 
composition of the patient tissues.

The ability of dira to suppress the beam hardening artifact 
is shown in Figure 1. A material decomposition of soft tissues 
to the lipid, protein and water is shown in Figure 2. Knowledge 
of these mass fractions allows the estimation of the elemental 
composition of the phantom, which is of interest in dose cal
culations for radiotherapy planning.

Recently, we have implemented helical scanning geometries 
(Magnusson et al 2019) and segmentation of bones using a deep 
learning algorithm (González Sánchez et al, 2020). Results of 
our deep learning algorithm for segmentation of pelvic bones 
is shown in Figure 3. We try to use deep learning for the seg
mentation of other tissues, suppression of noise, and generation 
of data for radiation therapy. In parallel, we extend dira to 
multienergy ct so that it can process data generated by photon 
counting ct that uses energy resolving detectors. This approach 
is expected to further improve the accuracy in dose calculations 
for radiotherapy planning. 

Tissue Classification  
 Using DECT and MBIR

Computed Tomography  Oncology  Modeling  AI/Data analytics  
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Malusek A, Magnusson M, Sandborg M, Alm Carlsson G. 
A model-based iterative reconstruction algorithm DIRA using 
patient-specific tissue classification via DECT for improved 
quantitative CT in dose planning. Medical Physics 44, 
p. 2,345—2,357, 2017.

Magnusson M, Björnfot M, Carlsson Tedgren Å, Alm Carlsson G, 
Sandborg M, Malusek A. 
DIRA-3D — a Model-based Dual-Energy Iterative Algorithm for 
Quantitative 3D Helical CT Biomed. Phys. Eng. Express 5 065005, 
2019.

González Sánchez J, Magnusson M, Sandborg M, 
Carlsson Tedgren Å, Malusek A. 
Segmentation of bones for radiation therapy from medical 
dualenergy computed tomography volumes using the 3D U-Net. 
Physica Medica: European Journal of Medical Physics 69, 
p. 241—247, 2020.
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Evaluation of 
Reconstruction 
Methods in CT

Figure 1. Axial image examples from a study patient showing image quality produced by the different reconstruction algorithms compared 
in Kataria et al, 2018. FBP = Filtered Back Projection, ADMIRE = Advanced Modeled Iterative Reconstruction at strengths 3 and 5 (out of 5).

Figure 2. Coronal image examples from a study patient showing image quality produced by the 
different reconstruction algorithms and slice thicknesses compared in Kataria et al, 2020.

POPULAR SCIENTIFIC SUMMARY
Bharti Kataria
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Computed Tomography  Oncology  Pulmonary  Acquisition  
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Bharti Kataria, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine
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Michael Sandborg, Anders Persson, Örjan Smedby, Jonas Nilsson 
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KEY PUBLICATIONS
Kataria B, Nilsson Althén J, Smedby Ö, Persson A, Sökjer H, 
Sandborg M.
Assessment of image quality in abdominal CT: potential dose 
reduction with model-based iterative reconstruction. European 
Radiology 2018; 28: 2,464—2,473.

Kataria B.
Visual grading evaluation of reconstruction methods and dose 
optimisation in abdominal Computed Tomography. Thesis Linköping 
University No 1683, 2019.

Kataria B, Nilsson Althén J, Smedby Ö, Persson A, Sökjer H, 
Sandborg M.
Assessment of image quality in abdominal CT: Effect of model-
based iterative reconstruction, multi-planar reconstruction and 
slice thickness on potential dose reduction. European Journal of 
Radiology 122 (2020) 108703.

In all diagnostic xray examinations there are ionizing radi
ation. It is imminent to produce images of good diagnostic 
quality while simultaneously keeping the radiation dose 
to human organs as low as reasonably achievable (alara 

principle) to minimise detrimental radiation effects. Abdominal 
and thoracic Computed Tomography (ct) are common exami
nations and irradiate radiosensitive tissues in humans. 

Image quality in ct is related to the radiation exposure. A 
reduced exposure can increase the image noise and hence may 
reduce the image quality and visibility of anatomical struc
tures as well as pathology. Therefore, reductions in patient ex
posure need to be evaluated carefully without impairment in 
diagnostic accuracy. New technology presents a wide range of 
noise and dose reduction strategies, the latest being iterative 
image reconstruction (ir). The aim of this project is to evalu
ate the performance and dose reduction potential of advanced 
modeled iterative reconstruction (admire); a modelbased 
reconstruction algorithm used by radiology departments in 
Region Östergötland.

In prospective visual grading experiments radiologists evalu
ated the clinical image quality by comparing images of the same 
patient, simultaneously exposed to different doses using a novel 
technique with two xray tubes, to determine the potential dose 
reductions without compromising image quality. Established 
European guidelines on image quality criteria were used and 
the responses from the evaluation by experienced radiologists 
were analysed statistically with ordinal logistic regression mod
els. This allows computation of potential patient dose reduction 
from the regression’s coefficients of the statistical model.

The performance of admire strengths 3 and 5 (out of five) in 
abdominal ct, showed a positive correlation between admire 
strength and increasing potential dose reduction for all image 
criteria assessed but one (Kataria et al. 2018) (figure 1). For the 
highest strength 5, the image quality in the liver parenchyma 
was negatively affected, and a decline in diagnostic confidence 
was observed. However, the visibility of other image criteria was 
improved also with admire 5 allowing further potential dose 
reductions (27–50%) in taskspecific exams. Figure 2 show the 
effect on image slice thickness where a 25–35% dose reduction 
were indicated by the statistical model (Kataria et al. 2020) 
using the thicker slices. 

Objective quantitative measurements in anthropomorphic 
phantoms do, to some extent, support our results from the qual
itative subjective assessment by radiologist, but subtle changes 
in noise texture due to the reconstruction algorithm indicate 
that phantom measurement alone are not sufficient, but need 
to be complemented with human evaluations.

Our experimental design has been successful, and the novel 
statistical analysis is presently used to optimise admire in 
thoracic ct and to explore any change in radiologists’ evalu
ation of image quality over time, when using the admire  
reconstruction algorithm.

The important conclusion is that the modelbased recon
struction algorithm, admire improves image quality in  
abdominal ct allowing for significant dose reductions. How
ever, the clinical utility of the highest strength of the algorithm 
is limited to certain criteria. 
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Resulting brain activity maps (posterior probability maps), 
where UGL represents the standard smoothing used in fMRI 
which is isotropic and for example mixes signal from white 
matter and gray matter. The adaptive smoothing respects 
the tissue boundaries.

Anatomical information from a T1-weighted volume is used 
to inform Bayesian spatial priors on how to smooth the fMRI 
data in each part of the brain. Two approaches are proposed, 
an approach that can only select four different smoothing 
directions, and an approach that works for any direction.

4DIR

Regression coefficient PPM

4DIR

UGL

ANYDIR

ANYDIR

POPULAR SCIENTIFIC SUMMARY
Anders Eklund
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Statistical Analysis of 
NeuroImaging Data
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Statistical Analysis of NeuroImaging Data

PROJECT LEADER
Anders Eklund, Department of Biomedical Engineering

MAIN PROJECT PARTICIPANTS
David Abramian, Josef Wilzén, Mattias Villani, Hans Knutsson, 
Per Sidén, Bertil Wegmann

GRANTS
Swedish Research Council 2018—2021 
VINNOVA / ITEA3 IMPACT 2019—2021 
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KEY PUBLICATIONS
Wilzén J, Eklund A, Villani M. 
Physiological Gaussian process priors for the hemodynamics in 
fMRI analysis, Journal of Neuroscience Methods, 2020.

Abramian D, Sidén P, Knutsson H, Villani M, Eklund A. 
Anatomically informed Bayesian spatial priors for fMRI analysis, 
IEEE International Symposium on Biomedical Imaging (ISBI), 2020.

Abramian D, Larsson M, Eklund A, Behjat H. 
Improved functional MRI activation mapping in white matter 
through diffusion-adapted spatial filtering, IEEE International 
Symposium on Biomedical Imaging (ISBI), 2020.

Functional magnetic resonance imaging (fmri) is 
a popular tool for studying brain activity, as it can 
noninvasively image the human brain without any 
ionizing radiation. Similarly, diffusion mri (dmri) is 

a popular tool for studying structural brain connectivity, by for 
example measuring how easily water can travel along different 
directions. From a statistical perspective, analyzing fmri and 
dmri data is a challenging task for several reasons. One reason 
is that the noise has a complex spatiotemporal structure, which 
is virtually impossible to simulate in a computer. Another reason 
is that there are several noise sources which distort the signal 
of interest, for example head motion, breathing and pulse. In 
this project we validate and improve existing statistical models 
for neuroimaging data, often using open data available through 
data sharing.

In our most recent work, we propose a new adaptive model 
of the bold (blood oxygenation level dependent) signal that 
can detect more brain activity compared to existing methods 
(Wilzén et al., 2020). We also propose how to use anatomically 
informed Bayesian spatial priors for fmri analysis, to for 
example not mix signal from gray matter and white matter 
(Abramian et al., 2020). Finally, we propose a graph filtering 
approach to analyze brain activity in white matter, which  
requires anisotropic smoothing as nerve fibers normally have 
a clear orientation (Abramian et al., 2020). 
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SouthEast Sweden 
Neuro Inflammation 
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Cerebrospinal fluid levels of neurofilament and tau correlate 
with brain atrophy in natalizumab-treated multiple sclerosis. 
Eur J Neurol 24: 112—121.

Warntjes M, Engstrom M, Tisell A, Lundberg P (2016).
Modeling the Presence of Myelin and Edema in the Brain Based 
on Multi-Parametric Quantitative MRI. Front Neurol 7: 16.

West J, Blystad I, Engstrom M, Warntjes JB, Lundberg P (2013).
Application of quantitative MRI for brain tissue segmentation at 
1.5 T and 3.0 T field strengths. PLoS One 8: e74795.

Multiple Sclerosis (ms) is a chronic autoimmune 
disease in the central nervous system (cns). Ms 
often appears in young adulthood and lead to 
lifelong consequences for the individual, family 

and society. 
This complex disease has both inflammatory and degen

erative features even at early stages and the clinical picture 
may vary substantially between patients and over time. A 
wellknown aspect of the disease is that it develops long before  
symptoms show, and it is likely that the brain initially has a 
better capacity to compensate for pathological changes than 
in later disease stages. Accordingly, early treatment has shown  
to be crucial for longterm prognosis. 

There are an increasing number of immunomodulatory treat
ments available for inflammatory active ms, but guidelines on 
how these potent therapies should be used are often lacking as 
are data on longterm outcome and sideeffects of these drugs. 

Taken together, there is consequently a need for reliable 
noninvasive methods to describe ms pathology in more de
tail and to develop and evaluate novel imaging biomarkers for 
prognosticating the disease course and monitoring treatment. 

Ms brain lesions cannot be detected by conventional 
nonquantitative mr. This advocates a shift from convention
al mri to the use of more advanced mrmethods including 
quantitative mri methods (qmri). qmri can be used for volume 
determination of grey and white matter, cerebrospinal fluid 
(csf) and automatic lesion measurements in ms. Such accurate 
measures are critical when determining the overall atrophy of 
the brain. More specifically, qmri can be used to create myelin 
concentrations maps that may be useful in determining the level 
of disease progression, at a regional or global level. We have 
developed a suitable mathematical model for mapping myelin, 
based on our timeefficient qmritechnique. 

The mr methods used in this project are combined with ex
tended blood and csf profiles for determining tissue degrada
tion products and immunological parameters. A better defini
tion of pathogenic mechanisms may characterize subtypes of ms 
and identify new targets for both prediction and treatment. 

POPULAR SCIENTIFIC SUMMARY
Anders Tisell
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QALAS images of a 22-year-old MS patient. All images are calculated form on single acquisition of 6 min.

Quantitative Maps Synthetic MRI Myelin
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QMRI data from a glioma patient one month and eight months after completed adjuvant radiation- and chemotherapy. 
In the examination one-month post treatment a small residual tumor is visible and detected as enhancing lesion. 
And, in the examination eight months post treatment the volume of the residual tumor has increased.
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POPULAR SCIENTIFIC SUMMARY
Anders Tisell
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Quantitative MRI 
on Brain Tumors

MRI  Neurology  Oncology  Metabolism  Acquisition  
Imaging Biomarkers  
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Faris Durmo, Pia Sundgren, Linda Knutsson
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KEY PUBLICATIONS
Blystad I, Warntjes M, Smedby O, Lundberg P, Larsson EM, Tisell A.
Quantitative MRI using relaxometry in malignant gliomas detects 
contrast enhancement in peritumoral oedema. Sci Rep 10, 17986 
(2020).

Blystad I, Warntjes JBM, Smedby Ö, Lundberg P, Larsson E-M, 
Tisell A (2017).
Quantitative MRI for Analysis of Peritumoral Edema in Malignant 
Gliomas, PLoS ONE, 2017 May 23;12(5):e0177135. doi: 10.1371/journal.
pone.0177135. eCollection 2017. PMID: 28542553.

Warntjes JBM, Blystad I, Tisell A, Larsson EM. 
Synthesizing a Contrast-Enhancement Map in Patients with 
High-Grade Gliomas Based on a Postcontrast MR Imaging Quanti-
fication Only. 2018 AJNR.

Standard treatment for a highgrade brain tumor glio
blastoma consists of radical surgical resection, fol
lowed by adjuvant radiation and chemotherapy with 
temozolomide. Despite this, tumor recurrence is ex

pected in these patients, and the median survival is therefore 
only 15 months. Moreover, up to 30% of the patients develop 
‘pseudoprogression’ due to a treatmentrelated effect from 
chemo and radiation therapy that mimics tumour recurrence 
on conventional mri. 

Pseudoprogression is often correlated with an effective 
treatment response and confirms that the planned adjuvant 
chemotherapy should be continued. In contrast, true tumour 
progression requires a change in therapy. Histopathological 
analysis is the gold standard for correct diagnosis. However, this 
will require a biopsy of the suspected lesion, which increases 
both morbidity and mortality, apart from increased healthcare 
costs for the treatment. Thus, the need for a reliable nonin
vasive imaging method for distinguishing pseudoprogression 
from tumor progression is essential. 

One promising novel method is ‘Chemical Exchange Satu
ration Transfer’ (cest) imaging, a new mri contrast approach 
in which natural compounds containing exchangeable protons 
are selectively saturated. 

Cest is a merge of mrSpectroscopy (mrs) and mri (Im
aging), whereas quantitative mri (qmri) is a pure imaging 
technique. Following frequency specific saturation, selective 
saturation of magnetization is transferred, and subsequently 
detected indirectly via the water signal with a greatly enhanced 
sensitivity. This indirect and amplified detection of a tumor 
associated molecular species can be used to increase spatial, or 
temporal resolution of the imaging experiment. Thus, ‘Amide 
Proton Transfercest ’ (aptcest) can potentially be used as an 
imaging biomarker for distinguishing pseudoprogression from 
true progression in glioma patients. The aim of this project is 
therefore to determine if aptcest, separately, or in combina
tion with qmri, is able to distinguish tumour recurrence from 
pseudoprogression. 
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Ultrasound registration in real time of 
ventral neck muscles during an arm lift.

Longitudinal Ultrasound imaging of ventral neck muscles at C4 level. 
From above: M Sternocleidomastoideus, M Longus capitis and M Longus colli.
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Pathophysiology 
Behind Prolonged  
 Whiplash 
 Associated Disorders
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Dmitry German, Peter Zsigmond, Gunnel Peterson, Nils Lund
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Swedish Research Council
Vinnova 
Region Östergötland

KEY PUBLICATIONS
Björkkvist J, Peterson G, Peolsson A. 
Ultrasound investigation of dorsal neck muscles during neck 
rotation exercise. Which muscles are in use? J Manipulative 
Physiol Ther, 2020 Sep 3;S0161-4754(20)30070.

Kashfi P, Karimi N, Peolsson A, Rahnama L. 
The effects of deep neck muscle-specific training versus general 
exercises on deep neck muscles thickness, pain and disability 
in patients with chronic non-specific neck pain: protocol for a 
randomized clinical trial (RCT). BMC Musculoskeletal Disorders 
2019;20:540.

Moodie K, O´Leary S, Tucker K, Phil S, Peolsson A. 
Are ultrasound measurements of muscle deformation well 
correlated with force and electromyography? J Manipulative 
Physiol Ther 2020;43:284—293.

There is insufficient knowledge of pathophysiological 
parameters to understand the mechanism behind 
prolonged Whiplash Associated Disorders (wad) 
and yet unknown whether changes can be restored 

by rehabilitation or not. 
The aim of the project is to investigate imaging and molec

ular biomarkers, cervical kinaesthesia, postural sway and the 
association with pain, disability and other outcomes in indi
viduals with longstanding wad before and after a neckspecific 
intervention. Another purporse is to compare individuals with 
wad with healthy controls. The participants are a subgroup 
(n=30) of individuals recruited from an ongoing randomized 
controlled study (rct). 

Measurements in this experimental prospective study will 
be made at baseline (before intervention) and at 3 months fol
lowup (end of physiotherapy intervention) and will include 
muscle structure and inflammation using magnetic resonance 
imaging (mri), brain structure and function related to pain 
using functional mri (fmri), muscle function using ultrasonog
raphy, biomarkers using samples of blood and saliva, cervical 
kinaesthesia using the “Butterflytest” and static balance test 
using an iPhone app. 

Association for other measures (selfreported and clinical 
measures) obtained in the rct (e.g., background data, pain, 
disability, satisfaction with care, work ability, quality of life) 
may be investigated. Healthy volunteers matched for age and 
gender will be recruited as controls (n=30). The study results 
may contribute to the development of improved diagnostics and 
improved rehabilitation methods for wad. 
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POPULAR SCIENTIFIC SUMMARY
Charalampos Georgiopoulos

Normal appearance of the posterior part 
of substantia nigra, known as nigrosome-1 
(marked with *)

Nigrosome-1 in a healthy participant. Absence of nigrosome-1 in a PD patient.
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New Diagnostic Tools 
for the Diagnosis of 
Parkinson’s Disease
Parkinson’s disease (pd) is the second most common 

neurodegenerative disorder after Alzheimer’s disease, 
with approximately 1% prevalence in people over 60 
years of age. The hallmark of the disease is the abnor

mal aggregation of a protein, namely Lewy bodies, in a centrally 
located part of the brain that plays an important role in move
ment coordination (substantia nigra). This leads to a progres
sive loss of dopaminergic neurons in the brain, which results 
in the classical motor symptoms of pd: rigidity, bradykinesia, 
resting tremor and postural imbalance. There is, however, a 
group of clinically heterogeneous disorders, known as atypical 
parkinsonian syndromes, sharing similar signs and symptoms 
with pd. As a result, diagnosing pd is often challenging and 
timeconsuming for both clinicians and patients alike. 

The diagnostic workup of patients with suspected pd in
cludes thorough neurological examination, positive response 
to dopaminergic treatment, genetic testing and neuroimag
ing with nuclear medicine examinations such as Single Pho
ton Emission Computed Tomography (spect) and Positron 
Emission Tomography (pet). There is, to date, no diagnostic 
Magnetic Resonance Imaging (mri) examination for PD; most 
patients with suspected parkinsonism undergo an mri scan in 
order to exclude other pathology that may explain their symp
toms. However, certain mri techniques can potentially detect 
disease related abnormalities in the brain. Recently, it has been 
demonstrated that susceptibility weighted imaging (swi) can 
detect degeneration in substantia nigra. Additionally, a novel 
mri technique, Synthetic mri, can quantify brain tissue prop
erties, allowing volumetric measurements of white matter, grey 
matter and cerebrospinal fluid in the brain. 

The aim of this study is to survey whether degeneration in 

substantia nigra can be visualized with swi and Synthetic mri, 
and to compare the diagnostic accuracy of these two methods 
with that of common nuclear medicine examinations, which are 
widely used in these patients. For that purpose, patients that 
have undergone pet or spect examination due to suspected 
parkinsonism are also examined with mri, including swi and 
Synthetic mri. Preliminary results verify that swi can detect 
degeneration in substantia nigra, a part of which (nigrosome1) 
disappears in pd patients (figure). The study is ongoing, and 
analysis is expected to be concluded during the first half of  
2021. Our goal is to help accelerate the diagnostic process in pd, 
by establishing a new and reliable mri examination. 

MRI  Neurology

Project information
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New Diagnostic Tools for the Diagnosis of Parkinson’s Disease

PROJECT LEADER
Charalampos Georgiopoulos, Department of Health, Medicine and 
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Anders Tisell, Miguel Ochoa Figueroa, Anette Davidsson, 
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Lions forskningsfond 2020—2022
LFoU, Region Östergötland 2020—2021
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Odor Memory in 
Parkinson’s Disease

MRI  Neurology
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Odor Memory in Parkinson’s Disease

PROJECT LEADER
Charalampos Georgiopoulos, Department of Health, Medicine and 
Caring Sciences, Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Tom Eek, Paul Hamilton, Fredrik Lundin, Nil Dizdar

GRANTS
Lions forskningsfond 2020—2022
LFoU, Region Östergötland 2020—2021

KEY PUBLICATIONS
Georgiopoulos C, Witt ST, Haller S, Dizdar N, Zachrisson H, 
Engstrom M, Larsson EM (2019). 
A study of neural activity and functional connectivity within the 
olfactory brain network in Parkinson’s disease. Neuroimage Clin. 
2019;23:101946. doi: 10.1016/j.nicl.2019.101946.

Georgiopoulos C, Witt ST, Haller S, Dizdar N, Zachrisson H, 
Engstrom M, Larsson EM (2018). 
Olfactory fMRI: Implications of Stimulation Length and Repetition 
Time. Chem Senses 43, 389—398.

POPULAR SCIENTIFIC SUMMARY
Charalampos Georgiopoulos

Parkinson’s disease (pd) is a debilitating neurodegen
erative disorder, characterized by both motor and 
nonmotor symptoms. Olfactory impairment and 
cognitive impairment are two of the most common 

nonmotor symptoms in pd. Olfactory impairment affects more 
than 90% of patients, often heralding motor symptoms, and It 
has been identified as a predictive feature of cognitive decline. 
Moreover, olfactory dysfunction is generally associated with 
lower quality of life, whereas cognitive decline is associated with 
higher mortality and disease burden. Nonetheless, nonmotor 
symptoms are often overshadowed by the dominance of motor 
symptoms, being therefore poorly recognized and inadequately 
treated.

Functional mri (fmri) has been widely used to identify 
entire networks of brain regions that are activated when we 
perform certain tasks or when we rest. In a recent fmri study, 
our group has identified two olfactory brain networks, both of 
which are less recruited by pd patients due to their olfactory 
dysfunction. The longitudinal comorbidity reliably observed 
between olfactory dysfunction and cognitive decline raises 
the question whether fmri of odor memory can successfully 
predict which patients will later develop dementia and which 
neural substrates are associated with it. For this purpose, we 
have established an fmri protocol with three different olfactory 
paradigms: a) firstly, patients passively smell 2 odors, b) then, 
they smell 8 different, wellknown odors and try to memorize 
them (odor encoding), and lastly c) they smell 16 odors, 8 of 
which were present during encoding (odor retrieval). This ex
amination allows us to identify three hierarchically different 
olfactory networks, associated with passive smelling, encoding 
and retrieval. 

The study is currently ongoing and data collection will contin
ue throughout 2021. Preliminary results from healthy controls 
show that passive smelling activates parts of the brain that 
are intrinsically related to olfaction, namely the olfactory cor
tex (figure). During odor retrieval, a more extensive pattern of 

brain activation is observed, including centrally located brain 
areas such as thalamus and the basal ganglia (figure). Future 
analysis including data from pd patients, will allow us to better 
understand how odor memory is affected in this disease. By 
elevating the importance of nonmotor symptoms, we expect 
to establish new prognostic tools foreseeing the development 
of dementia in pd. 
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Passive smelling. Activation of intrisically olfactory related brain areas.

Odor retrieval. Broader activation including thalamus and basal ganglia.
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BOLD signal changes correlated to interictal epileptiform activity recorded in the scanner in a patient with focal epilepsy. This is 
not the seizure but the area in the brain that is electrically overactive and have an increased metabolic demand between seizures.

POPULAR SCIENTIFIC SUMMARY
Hans Lindehammar
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Localization of 
Seizure Onset Zone 
in Focal Epilepsy
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Katarina Henell Eklund

GRANTS
Region Östergötland 
Föreningen Margarethahemmet

KEY PUBLICATIONS
Pittau F, Dubeau F, Gotman J. 
Contribution of EEG/fMRI to the definition of the epileptic focus. 
Neurology 2012;78:1,479—1,487.

Khoo HM, Hao Y, von Ellenrieder N et al. 
The hemodynamic response to interictal epileptic discharges 
localizes the seizure-onset zone. Epilepsia 2017;58(5):811—823.

Kowalczyk MA, Omidvarnia A, Abbott DF et al. 
Clinical benefit of presurgical EEG-fMRI in difficult-to –localize 
focal epilepsy: A single-institution retrospective review. 
Epilepsia 2020;61:49—60.

Eegfmri is a method that combines eeg (electroen
cephalogram) and fmri (functional magnetic reso
nance imaging) to localize the epileptogenic zone in 
patients with medically refractory focal epilepsy who 

are candidates for epilepsy surgery. The method is in use in some 
epilepsy centers around the world but not in clinical practice 
in Sweden. The aim of this study is to implement the method 
in epilepsy surgery evaluation and to compare the results with 
other investigations.

Epilepsy is a disorder with uncontrolled electric activity in the 
cortex of the brain. In most people with epilepsy, the seizures are 
controlled by medication. About 30% of patients continues to 
have seizures despite medication with one or more antiepileptic 
drugs. The disease is then defined as medically refractory and 
some of these patients are evaluated for epilepsy surgery. Epi
lepsy surgery is a treatment option that can cure patients with 
epilepsy. In most cases, a small part of the brain is resected. 
Before this operation, it is very important to define the area 
where the seizures starts, called the seizure onset zone. There 
are many different methods such as mri (structural lesion), 
eeg (electrical activity), pet (metabolism) and spect (blood 
flow) used to localize this zone. Sometimes invasive methods 
like intracranial eeg must be used. Combined eegfmri allow 
mapping of bold (blood oxygen level dependent) signal changes 
correlated to epileptiform discharges in the eeg. The electrical 
discharges in the cortex that is typical for epilepsy correlates 
to localized changes in oxygen consumption and blood flow, 
which alters the boldsignal (the hemodynamic response func
tion). The eeg defines the time for epileptiform discharges and 
fmri is recorded continuously. Studies in other centers have 
concluded that this method can accurately localize the seizure 
onset zone. It is difficult to record eeg of good quality in the 
mr scanner because of artifacts induced by the magnetic and 
electromagnetic fields. Special equipment is necessary to be 
successful in recording a good quality eeg in the mr scanner. 
cmiv and The Department of Clinical Neurophysiology at the 
University Hospital in Linköping has the equipment for record
ing of eeg in the mr scanner. 

Method: With an mr safe eeg cap, eeg is recorded with 64 
electrodes during fmri scanning (3T) for 30 minutes. Offline 
analysis of eeg to identify epileptiform discharges and timing of 
these events. Analysis of fmri data with different hemodynamic 

response functions in relation to the events in eeg. This gives 
maps with the strongest bold changes.

Material: 20 adult patients with medically refractory focal 
epilepsy who are evaluated for epilepsy surgery are included in 
the study. The collection of data started in September 2019 and 
so far, 16 patients with epilepsy have been examined. The eeg 
has been analyzed and the correlation between epileptiform 
activity and boldchanges is now processed. Preliminary result 
exists for one patient (picture). 



52

Clinical Application 
of Synthetic MRI on 
Malignant Gliomas

POPULAR SCIENTIFIC SUMMARY
Ida Blystad

Conventional mr images are assessed visually by 
the radiologist to obtain a diagnosis or to evaluate 
treatment effects. New mr sequences can offer the 
possibility of quantitative assessment of physical 

properties of the tissue, which gives a more objective tool for 
evaluation. Synthetic mr is a quantitative mr sequence with 
a scan time of approximately 6 minutes, developed at cmiv. 
In this project the aim is to apply this sequence in different 
clinical settings, mainly in patients with primary brain tumors; 
malignant gliomas.

Patients with highgrade malignant gliomas (primary brain 
tumors) are treated with surgery, chemo and radiotherapy and 
then followed with mriexaminations to evaluate treatment 
response and to detect early signs of tumor recurrence. Due 
to their infiltrative nature, gliomas are difficult to treat and 
to assess. Surgery aims for maximum safe resection of the tu
mor, and complete removal of the contrastenhancing portion 

is regarded as radical resection. However, glioma infiltration 
extends beyond the visibly contrast enhancing border of the 
tumor, and these changes are not easily differentiated from the 
peritumoral oedema on conventional mr images. 

Using quantitative mr techniques, tumor infiltration can be 
analysed for diagnosis and prognosis, and during recent years, 
such new quantitative mri sequences using relaxometry have 
been applied for brain tumor analysis in research. In this pro
ject, we follow patients with malignant gliomas from diagnosis 
during the followup after surgery and oncological treatment. If 
it is possible to find tumor specific quantitative values, it might 
be possible to distinguish tumor from healthy brain, and from 
treatment effects and thereby improving the diagnostic arsenal 
in these difficult cases. 

This would be of great significance for the radiologists as well 
as the neurosurgeon and oncologist in treatment planning, and 
of benefit for the patient. 
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Images and quantitative maps derived from the quantitative scan of one of the brain tumor patients. 
From left: synthetic T2W image, synthetic T1W image post-contrast agent injection, T1-, T2- and PD-maps.
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MAIN PROJECT PARTICIPANTS
Anders Tisell, Peter Lundberg, Marcel Warntjes, 
Anders Eklund, Evren Özarslan

GRANTS
Medical Research Council of Southeast Sweden
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Blystad I, Warntjes JBM, Smedby Ö, Lundberg P, Larsson EM, 
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detects contrast enhancement in peritumoral oedema. Sci Rep 10, 
17986 (2020).

Blystad I, Warntjes JBM, Smedby Ö, Lundberg P, Larsson EM, 
Tisell A. Quantitative MRI for analysis of peritumoral edema in 
malignant gliomas. PLoS ONE 2017:12(5):e0177135.

Blystad I, Warntjes JB, Smedby O, Landtblom AM, Lundberg P, 
Larsson EM. 
Synthetic MRI of the brain in a clinical setting. Acta Radiol. 2012 
Dec 1;53(10):1158-63. doi: 10.1258/ar.2012.120195. Epub 2012 Sep 27. 
PMID:23024181.
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POPULAR SCIENTIFIC SUMMARY
Karin Wårdell

Typical changes in stimulation volume from deep brain stimulation in the first month after implantation 
(red: day after surgery, cyan: 1 month after surgery). The electrode lead tends to move slightly anterior 
and inferior and the stimulation volume is estimated to shrink as electrically conducting postoperative 
edema disappears and is replaced with gliosis around the lead.
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Imaging for 
Stereotactic 
Neurosurgery
Deep brain stimulation (dbs) is an established 

technique to disrupt pathological activity in the 
central parts of the brain by the use of a perma
nently implanted electrode that continuously sends 

nervestimulating electric pulses. It can give symptom relief in 
motor disorders such as Parkinson’s disease, essential trem
or and cervical dystonia and is investigated for severe, treat
mentresistant cases of Tourette disorder and obsessivecom
pulsive disorder. In this project, we use patientspecific 3D 
computer simulations of the electric field in the brain to estimate 
how the tissue surrounding the dbs electrode is affected by the 
stimulation. The preoperative mri of each patient is used to 
classify the brain tissue into grey matter, white matter, blood, 
and cerebrospinal fluid. These tissues have different electric 
conductivities, which affects how the electric fields spread in 
the brain around the dbs electrode. The simulations can for 
example be used to estimate optimal targeting area affected by 
the dbs or identify areas responsible for detrimental side effects. 
White brain matter is anisotropic, i.e., the electric conductivity 
is greater along the neuron axons than perpendicular to them. 
We have recently investigated when this effect is important to 
consider. It was found that the anisotropy will greatly change 
the shape of the electric field for the most anisotropic tissue but 
have little impact for lesser anisotropy (Nordin et al., 2020). 

The dbs electrode is implanted in the central brain through a 
small hole made in the skull. The electrode lead is secured with 
a plate covering the hole but can still move slightly in the month 
after surgery due to strains on the lead and brain movements 
from receding air that can enter the skull during surgery. The 
implantation of the lead also causes a small reaction of the sur
rounding tissue, increasing the cellular water content (edema) 
in the neurons closest to the lead and thereby increasing the 
electric conductivity of that tissue. The edema will also recede in 
the first month. We have recently performed a study (Göransson 
et al., 2020) on how these effects affect the stimulated area in 
the brain which can explain why dbs settings usually needs to 
be changed if set directly after surgery. This supports the view 
among the neurosurgeons that it is more timeefficient to wait 
a month with the dbs programming after the surgery as the 
settings otherwise often needs to be changed anyway.  

We have also released free software for use in science and ed

MRI  Neurology  Modeling  Simulation

Project information

PROJECT NAME
Imaging for Stereotactic Neurosurgery

PROJECT LEADER
Karin Wårdell, Department of Biomedical Engineering, 
Neuroengineering Lab

MAIN PROJECT PARTICIPANTS
Johannes Johansson, Nathanael Göransson, Peter Zsigmond, 
Teresa Nordin

GRANTS
Swedish research council 2017—2020
Swedish Foundation for Strategic Research 2017—2022

KEY PUBLICATIONS
Göransson N, Johansson JD, Wårdell K, Zsigmond P. 
Postoperative lead movement after deep brain stimulation surgery 
and the change of stimulation volume.  Stereot Funct Neuros In 
Press, 2020.

Johansson JD, Alonso F, Wårdell K. 
Patient-Specific Simulations of Deep Brain Stimulation Electric 
Field with Aid of In-house Software ELMA, in the 41st International 
Engineering in Medicine and Biology Conference, Berlin, Germany, 
2019. (5 pages). 

Nordin T, Wårdell K, Johansson JD. 
The Effect of Anisotropy on the Impedance and Electric Field 
Distribution in Deep Brain Stimulation, Springer Nature Switzerland 
AG 2021, T. Jarm et al. (Eds.): EMBEC 2020, IFMBE Proceedings 80, 
pp. 1,069—1,077, 2021.

ucation where it is possible for the user to set up patientspecific 
simulations without needing experience in computer modelling. 
The software is available at liu.se/en/article/nedownloads.

Our future aims are to further develop this software package 
and disseminate it to researchers and neurosurgeons around 
the world. 
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Figure 1. Example of 3D-QALAS on a hydrocephalus patient acquired on a Siemens 3T. The axial T2W and CSF 
segmentation as well as the coronal T1W and grey matter segmentation are based on a single acquisition.

Figure 2. Example of 3D-QALAS on a Multiple Sclerosis patient acquired on a Philips 3T. The sagittal T1W and 
FLAIR image as well as the coronal proton density map and myelin segmentation are based on a single acquisition.

Figure 3. Example of 3D-QALAS on a tumor patient acquired on a GE 3T. The axial FLAIR image and 
R2 relaxation map as well as the sagittal T2W and R1 relaxation map are based on a single acquisition.

POPULAR SCIENTIFIC SUMMARY
Marcel Warntjes
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Clinical 
Implementation 
of Synthetic MRI
Conventional mri is mainly qualitative: the mri 

scanner acquires an image with a certain contrast 
setting, such that there a signal difference with the 
various tissues of the human body. Only the differ

ence in intensity is important, the signal values themselves 
are randomly scaled. At cmiv a sequence has been developed 
to actually measure mri characteristics, providing objective 
values to mri. This sequence, called 3D-qalas, is in full 3D, 
which means that the body is imaged with the same resolution 
in all directions, allowing visualization in any plane. The scan 
time for the 3D sequence is 6–8 minutes, measuring the most 
important characteristics for mri: the r1 relaxation rate (1/t1), 
the r2 relaxation rate (1/t2) and proton density pd. 

For more familiar visualization, a range of conventional mr 
images can be recreated based on the r1, r2 and pd maps, an 
approach called synthetic mri. The single quantification se
quence can generate conventional contrasts such as t1w, t2w, 
flair, but even Double ir and PhaseSensitive ir. Moreover, 
being objective data, tissue can be recognized and assessed 
automatically. This means that a relatively short scan time is 
sufficient to reproduce a large part of a normal mr examination 
and, additionally, to provide more objective means of patient 
followup. Examples of tissue recognition are brain volume 
measurement, myelin detection and gdenhancement detec
tion. These clinical parameters can be used for monitoring 
development and degeneration of the brain, for example in 
pediatrics, Multiple Sclerosis, hydrocephalus, cancer and de
mentia. Quantification also provides robust input to recognize 
pathologies automatically.

A spinoff company, Syntheticmr ab, was created to ensure 
an installable, safe product including the necessary regulatory 
requirements for several markets around the globe. The 3D 
sequence is now available on all major vendors and clinical 
evaluation has started. There is a high demand to move to 3D 
and that has now become possible.

In the history of mri, images were generally acquired which 
were then subjectively interpreted by radiologists. With the ad
vent of quantitative mri, we believe that this is going to change 
dramatically: Scan times will be shorter and the decision sup
port will be more based on numbers and statistics. Automated 
analysis can make the work of the radiologist both faster and 
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more objective. The technique is available on the major scanner 
brands, which will decrease the variation between different  
hospitals. Quantitative mri is a clear example of excellent  
cooperation between university, hospital and commercial  
companies, made possible by cmiv. 
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Image-Based 
Biomarkers of
Brain Disorders
With functional magnetic resonance imaging 

(fmri) we can visualise brain areas that are 
activated by certain tasks or sensory stimuli. 
Despite the fact that fmri is widely used in 

both research and clinic, the biological mechanisms behind the 
visualised brain activation are largely unknown. This means 
that we have only little knowledge about the relation between 
activated neuronal cells and the subsequent changes in blood 
oxygenation – the neurovascular coupling – which underlies 
the blood oxygen level dependent (bold) response in fmri.

This lack of knowledge can be overcome by mathematical 
modelling and systems biology, where different hypotheses de
scribing e.g., excitatory and inhibitory neurons are translated 
to mathematical equations (= models). These models are tested 
against multimodal data describing e.g., cerebral blood flow, 
oxygenation and metabolism. If a model cannot explain data 
the hypothesis is rejected, if a model can explain the data the 
model is further investigated and tested against new experi
mental data. In this way, we can deepen our knowledge about 
the mechanisms behind the bold response, and we can also 
obtain modelbased biomarkers (Figure 2).

By a mechanistic model based on the influence of neurotrans
mitters on the brain’s blood flow, we have rejected the hypothe
sis of brain metabolism being the driving force behind the bold 

response in fmri. We have also shown that neural inhibition 
can explain socalled negative bold responses, thus providing 
a more complete explanation of fmri data (Sten et al., 2017). 

Recent research has been focused on explaining the inter
actions between excitatory and inhibitory neurons and their 
influence on the neurovascular coupling, including explanations 
of changes in vascular dynamics in response to an anesthetic 
agent (Sten et al., 2020). Most recently, we have suggested a 
quantitative model for the neurovascular coupling, including 
mechanisms of different neural cell types, cerebral oxygenation 
and metabolism, cerebral blood flow and volume in different 
blood vessels, and a comprehensive model for the fmri signal 
(Sten, dissertation, 2020). With this multidimensional model, 
we were able to explain several datasets from different exper
imental conditions.

In summary, with our modelling approach we can firmly 
reject hypotheses that cannot explain data and we can obtain 
new knowledge about brain mechanisms e.g., neurotransmitter 
action in excitatory and inhibitory neurons. We can also explain 
pharmacologically induced brain responses. We are aiming to 
define modelbased biomarkers of brain function, that is to 
say biomarkers that can express brain activation in terms of 
biological properties. 

POPULAR SCIENTIFIC SUMMARY
Maria Engström



cmiv annual scientific report 2020  Research Projects 59

Figure 1. Cover Sebastian Sten thesis. 
Courtesy Christian Simonsson.

Figure 2. fMRI analysis: today and visions for the future. 
BOLD-fMRI data (A) are analysed with a standard template, the 
hemodynamic response function (HRF) (B) resulting in statistical 
maps interpreted as brain function (C). 
The new approach uses mechanistic modelling (D) which provides 
model-based biomarkers (E) resulting in visualization of biologically 
relevant biomarkers (F). Image from Sebastian Sten’s thesis, 2020.

MRI  Neurology  Modeling  AI/Data analytics  Simulation  
Imaging Biomarkers
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Sten S, Lundengård K, Witt S T, Cedersund G, Elinder F, Engström M. 
Neural inhibition can explain negative BOLD responses: a mecha-
nistic modelling and fMRI study. NeuroImage, 2017;158:219—231.

Sten S. 
Mathematical modeling of neurovascular coupling. Linköping 
University Medical Dissertation No. 1742, 2020 (Fig. 1).
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POPULAR SCIENTIFIC SUMMARY
Markus Heilig

Top: emotional conflict task stimuli and timeline. Bottom: factorial analysis plan and amygdala location.
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Affective Processing 
in Early Life Trauma

The purpose of the study is to investigate whether in
dividuals who during childhood have been exposed 
to traumatic events – sexual, emotional or physical 
abuse  are at increased risk for developing addiction 

or other psychiatric disorders. Importantly, this group of indi
viduals is selected using prospective registry and not subjective 
retrospective report.  

The specific aim regarding the mri data collection of this 
project is to investigate experimentally whether the regulation 
of affect and stress responses differs across two dimensions: 
childhood trauma (present, absent) and addiction. (present, 
absent). The study includes therefore four populations: 
•  adults who were exposed to childhood trauma and that have 

addiction
•  adults who were exposed to childhood trauma and that do not 

have addiction
•  adults who were not exposed to childhood trauma and that 

have addiction
•  adults who were not exposed to childhood trauma and that do 

not have addiction 

In order to address these aims the following paradigms are tested 
in the Magnetic Resonance Imaging (mri) scanner: 

Matching of images
Negativeaffect images takes from a set of normative stimuli, are 
shown to the subjects to investigate cerebral responses following 
emotional processing. This task has previously been shown to 
result in activation of insular cortex in response to negative 
affect images. 

Matching alcohol and non-alcohol images
Alcohol related, and nonalcohol related pictures are shown 
to the subjects to measures brain responses to alcohol relat
ed stimuli. Brain responses to pictures depicting alcoholic and 
nonalcoholic beverages are assessed.

Emotion conflict task
This task has been used to characterize brain regions involved in 
emotional regulation as it triggers the experience of emotional 

conflict. Brain mechanisms following emotional regulation have 
been previously described using this task in healthy subjects 
and in patients with generalized anxiety disorder. Participants 
are instructed to identify the facial emotion (fearful or happy) 
presented in a picture while ignoring an overlying emotional 
distractor (emotion word: “fear” or “happy”). Trials vary such 
that the emotional distractor words are congruent or incongruent 
with the underlying facial expression. Compared to the congruent 
condition, the incongruent condition triggers emotional con
flict and activates the amygdala. The use of facial expressions 
depicting opposite valence allows to discern brain substrates 
implicated in coding emotions in general from emotional conflict 
processing in particular. 

Thus, we plan a factorial analysis across the dimensions of  
“stimulus” and “emotion”. The analysis will particularly fo
cus on the amygdala, a subcortical region depicted in Figure.  
Finally, behavioral and brain results will be investigated be
tween groups, across the dimensions of childhood trauma and 
addiction. 

The data collection started in January 2017 and was com
pleted in June 2020. A total of 103 participants were collected. 
The analysis is ongoing. 

MRI  Neurology  No Method Development
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Effects of the 
Hormone Ghrelin 
on Decision Making

Background: Ghrelin, a 28amino acid peptide, acts 
as the endogenous ligand for the growth hormone 
secretagogue receptor (ghs-r), and stimulates ap
petite through hypothalamic mechanisms. Ghs-r 

is also expressed in other brain areas involved in motivation 
and decision making, such as the mesolimbic dopamine (da) 
pathway. We hypothesize that an adaptive response to the in
duction of hunger by signals such as ghrelin will involve a shift 
in decision making processes that are involved in solving the 
tradeoff between exploring and exploiting the environment.  

Objective: The primary objective of this study is to investigate 
whether iv ghrelin will alter decision making processes includ
ing those that involve a) evaluation of reward; b) propensity to 
take on risk; and c) trading off of small immediate rewards vs 
larger, temporally more distant ditto (delay discounting); as well 
as the neural substrates associated with these decision making 
processes, measured using fmri.

Design. Withinsubject, doubleblind, placebocontrolled study. 
Visit 1 will be an initial screening visit. Visit 2 and 3 will be 
challenge sessions with iv ghrelin or placebo, on separate days, 
and counterbalanced for order.

Outcome measures. We will measure a range of behavioral 
outcomes in a paradigm that assesses reward processing (mon
etary incentive delay, mid task), a risky decisionmaking para
digm, and a delay discounting paradigm. These measures will 
be obtained in conjunction with functional magnetic resonance 
imaging (fmri), to determine the neural substrates of these de
cisionmaking processes, and of the effects of ghrelin.

– Reward processing: To probe reward circuitry, subjects will 

carry out the widely used monetary incentive delay (mid) task. 
The mid task has been used extensively to investigate changes 
in neural activity in response to the processing of reward in 
healthy subjects, and also in clinical populations. The task re
quires an individual to react to a target stimulus presented after 
an incentive cue to win or to avoid losing the indicated reward. 
In doing so, this paradigm allows a detailed examination of 
different stages of reward processing like reward prediction, 
anticipation, outcome processing, and consumption as well 
as the processing of tasks under different reward conditions.

– Risky decision making: Subjects will carry out a forced
choice risktaking task. Risk taking is evaluated by measuring 
the proportion of times the uncertain (50% win) choice is taken. 
This task is known to result in an activation of the insula. In 
prior experiments, alcohol administration (compared to place
bo) led to a significant decrease of this activation, associated 
with increased risktaking.

– Delay discounting: Preferences in intertemporal choices 
will be assessed. Participants will in each trial chose between 
hypothetical amounts of money available that day (1–105 sek) 
and 1,000 sek available after a delay of 0, 7, 30, 90, 180, 365, 
or 1,825 days (5 years). 

– Probabilistic reversed learning task: To assess whether 
ghrelin affects goaldirected learning, compared with habitlike 
learning two symbols will be displayed randomly assigned to 
left and right side of the screen. One of the stimuli will be as
sociated with 80% monetary reward and 20% loss and vice 
versa. These probability assignments will be dependent (i.e. if 
option ‘a’ provided a reward, option ‘b’ provided a punishment) 
and will be reversed after the participant reaches the learning 
criterion (five correct choices out of a sliding window of the 
last six trials). 

POPULAR SCIENTIFIC SUMMARY
Markus Heilig
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Reward function: monetary incentive delay (MID) task
• react to win or to avoid losing the indicated reward
• reward stages: reward prediction, anticipation, outcome processing, consumption
• 30 Kr to begin with

Forced-choice risk-taking task:
• a safe choice of 2:50 Kr or a chance to win/lose 10 Kr or 50 Kr
• 4 s to make a choice
• 50 Kr to begin with
• risk taking — the number of times the uncertain choice is taken

Nothing
happens

Lose
10kr

Win
10kr

Lose
30kr

Win
30kr

+10.00 Kr
(+40.00 Kr)

+Kr10.00
(+Kr60.00)

+

+ ??
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Modulating 
Inflammation in 
the CNS in Major 
Depression

POPULAR SCIENTIFIC SUMMARY
Paul Hamilton

Major depressive disorder (mdd) is a leading con
tributor to the global burden of disease and has 
been projected by the World Health Organiza
tion to be the second leading cause of global 

disability burden by the year 2020. In depression, this loss is the 
result of heightened mortality from suicide and cardiovascular 
illness as well as significantly diminished daily functioning in 
workplace and family contexts. 

A critical symptom of depression is a diminished interest in 
and engagement with previously pleasurable daily activities. 
Importantly, scientists have observed similarities between this 
pattern of behavior in mdd and “sickness behavior” character
ized by decreased food consumption, inactivity, and social with
drawal that occurs in response to viral and bacterial infection. 
Given the significant role of inflammation in mediating sickness 
behavior, inflammation in depression has been increasingly 
examined in recent years. Investigations of inflammation in 
mdd have been motivated, in particular, by high rates of co
morbidity of mdd with primary inflammatory conditions – like 
multiple sclerosis – and findings showing that patients receiving 
immunesystemactivating interventions for viral infections are 
more likely to subsequently develop a depressive episode. Based 
on these findings, we are currently investigating the biological 
and clinical effects of blocking inflammatory activity in mdd.

The primary objective of our study is to evaluate the efficacy 
of tocilizumab – an antiinflammatory drug that inhibits the 
effects of interleukin6, an inflammatory cytokine implicated 
in mdd – in reducing measures of inflammation in the central 
nervous system. Secondarily, we will examine the effects of 
administering tocilizumab on depressive symptoms. To realize 
these objectives, individuals diagnosed with mdd will be asked 
to enroll in a doubleblind, placebocontrolled treatment study 
in which half of participants will receive tocilizumab and the 
other half will receive an equal volume of matched placebo 
every week for four weeks. One week before and one week after 
four weeks of treatment or placebo, participants will be asked 
to provide cerebrospinal fluid (csf), and magnetic resonance 
imaging (mri) data. 

From the csf, we will determine whether antiinflammatory 
treatment reduces levels of chemical signaling of inflammation 
in the brain. On the mri data, we will apply a specialized algo
rithm for calculating levels of cerebral microedema or swelling 
at a small spatial scale in the brain. Using these data, we will 
see whether antiinflammatory treatment affects swelling in 
the brain. At the conclusion of the study, we hope to better 
understand central nervous system inflammation in depres
sion as well as how we might reduce this inflammation toward 
therapeutic ends in mdd.
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Statistical map showing average voxel-wise free-water parameter as a function of brain region.
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There are several secondary objectives of our study. Re
cent genomewide association studies on very large samples 
of depressed and nondepressed persons have identified ~100 
genomewidesignificant singlenucleotide polymorphisms as
sociated with depression. These effects can be summed into a 
single polygenic risk score (prs) for depression. 

In an independent replication cohort, persons with high prs 
(top tenth percentile) were found to be two times more likely 
to have a history of depression than persons with a low prs 
(bottom tenth percentile). This finding makes it possible to 
separate individuals into four groups of interest: persons at high 
genetic risk for depression that have developed depression (hi-
prs depression); people with high genetic risk for depression 
that have not developed this disorder (hi-prs healthy); persons 
at low genetic risk for depression that developed depression, 
nonetheless (loprs depression); and those with a low genetic 
risk for depression that have not developed depression (loprs 
healthy). 

We would like to further our mechanistic understanding 
of highgene load mdd. Recent work indicates that familial 
depression could be associated more with metabolic distur
bance. One marker of metabolic imbalance is fatty liver. Using 
the wholebody imaging sequence available at cmiv, we have 
scanned both depressed and healthy persons and, in collabora

tion with Magnus Borga and Anette Karlson, will estimate liver 
fat levels from these data. We predict that depressed persons 
at elevated genetic risk will exceed all other groups in liver fat 
levels. We are currently analyzing these data to determine if 
this is the case. 
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POPULAR SCIENTIFIC SUMMARY
Mary Rudner

Figure 1. Significant activation pertaining to effects of resolution. Red indicates clear > degraded 
and green degraded > clear. All activations pfwe < .05. (Reproduced from Andin et al., 2019, SNL).

Figure 2. Significant interaction between group (Deaf or Hearing) and video gaming experience 
(Gamer or Non-gamer) on behavioural performance (response time, in ms) in a visual attention 
task. (Reproduced from Holmer et al., 2020, Frontiers in Psychology).
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Working Memory 
in Visual Noise
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In the present study, we are investigating the effect of poor 
visual resolution on working memory for sign language 
as well as the effects of video gaming on cognition. The 
study includes data from 16 deaf early signers (des) and 

22 hearing nonsigners (hns), who performed a working mem
ory (wm) task based on high and lowresolution signs during 
functional Magnetic Resonance Imaging (fmri) as well as a set 
of other cognitive tasks offline. We also collected data on the 
participants’ video gaming habits.

Behavioural data show that wm performance decreases 
with both increasing load and decreasing stimulus resolution. 
Whole brain fmri analysis showed increasing activation of the 
frontoparietal wm network as load increased, and an effect 
of stimulus degradation was found in temporal and occipi
tal brain regions. This result suggests that load and stimulus 
resolution for visual material is supported by different neural 
mechanisms. This differs from findings on auditory material, 
where an overlapping neural mechanism has been proposed. 
We also found stronger activation in auditory cortex for deaf 
signers compared to hearing nonsigners, as well as stronger 
connectivity from this region to frontal and occipital regions, 
supporting the notion of crossmodal reorganization of auditory 
cortex for deaf individuals. These results are currently under 
consideration for publication.

Recently published is an article reporting behavioural data 
indicating better visuospatial attention in deaf participants, 
who are video gamers compared to those who are nongamers. 
However, there was no evidence of an effect of gaming experi
ence in the brain imaging data. 
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Detection and 
Neurological Effects 
of Manganese
Manganese (Mn) is a metal that occurs naturally 

in our environment. It is an essential substance 
that is part of several important enzyme sys
tems for example it participates in body energy 

conversion and also protects against free radicals. Among the 
general population the food is the main source of exposure to 
manganese. 

In working environment, exposure to manganesecontaining 
dust and smoke occur mainly during welding, but also with
in the steel and smelting industry. Via inhalation of dust and 
smoke, manganese can be deposited in the respiratory tract, 
where some is taken up and transported further into the body. 

Manganese can pass the barriers that protect the brain and 
accumulate in specific areas of the brain, e.g. the basal ganglia. 
Welders examined with mri have previously shown accumula
tion of manganese in the brain. When exposure is terminated, 
manganese is only gradually excreted and the concentration in 
the body is returned to natural equilibrium.

Workers that in their profession are exposed to high levels of 
manganese in the air (> 1 mg/m3) during a long period risk to be 
subject to manganism, a serious condition which is very similar 
to Parkinson’s disease. Several studies have shown potentially 
harmful effects on the central nervous system such as influ

ence on motor and cognitive functions, increased tremor and 
an increased frequency of neuropsychiatric symptoms among 
groups of manganese exposed workers at significantly lower 
exposure levels than 1 mg/m3. 

In many welding methods the air exposure is at levels where 
negative effects on the central nervous system have been demon
strated and there are indications that these effects may persist 
even when the exposure ceases. Compared to smelters, welders 
have much more manganese accumulated in the basal ganglia 
and thalamus and greater influence on neurological transmitter 
substances. This is despite the fact that traditional exposure 
measures such as the manganese concentration in air were 
10 times lower for welders. The exposure form of manganese 
(particle size and the chemical compound) therefore seems to 
have great significance for which areas of the brain are affected.

This project aims to investigate the effects of manganese 
accumulation, primarily in the subcortical tissues and the cog
nitive effects thereof, in the brains of welders with certain types 
of occupational exposure. The protocol involves quantitative 
mr including spectral editing for detecting neurotransmitters, 
diffusion measurements and resting state fmri. The complete 
project also involves a large range of occupational measure
ments including blood panels. 

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg
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Spectral edited spectrum of brain which have been analyzed quan-
titatively using a linear combination of model compounds (LCModel). 
Assignments: 2, Glx (-2CH-); 3, Choline (-N(CH3)3); 5, GABA+ (-4CH2-); 
6, tNA (-3CH2-); 7, Glx (-4CH2-); 8, tNA (-2CH3). Abbreviations: Glx, 
glutamate+glutamine; GABA+, γ-Aminobutyric acid (+macromolecule 
signal); tNA, total N-acetylaspartate (NAA + NAAG).
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Comparison of image quality of T2 weighted images obtained by 
the original MR sequence (to the right) and the synthetic T2 
weighted image with the same TR and TE as the clinical sequence 
(to the left). The circle shows the rectal cancer.

Synthetic MRI acquisition of a rectal cancer with a quantitative 
T2 map (upper left), T2 weighted images (upper right), T1 weighted 
images (lower left) and PD weighted images (lower right). The 
tumour was outlined with a freehand ROI tool. The quantitative 
information of these ROIs is shown as R1/R2 plots. 

Comparison of image quality of T2 weighted images obtained 
by the original MR sequence (to the left) and the synthetic T2 
weighted image with the same TR and TE as the clinical sequence 
(to the right). The circle shows the prostate cancer (PI-RADS 5). 

Synthetic MRI acquisition of a prostate cancer with a quantitative 
T2 map (upper left), T2 weighted images (upper right), T1 
weighted images (lower left) and PD weighted images (lower right). 
The tumour was outlined with a freehand ROI tool. The quantitative 
information of these ROIs is shown as R1/R2 plots.

POPULAR SCIENTIFIC SUMMARY
Mischa Woisetschläger
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MRI  Oncology  Gastrointestinal  Acquisition  
Imaging Biomarkers
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Synthetic MRI of the Knee: Phantom Validation and Comparison 
with Conventional MRI, Radiology 2018; 289:465—477.

Abdominal 
Synthetic MRI
Background: Synthetic mri is a new method for pro

ducing mri images, where T1, T2 and pd weighted 
images can be calculated from a single mri acquisi
tion, instead of 3 different acquisitions as made today. 

The method also provides the opportunity to quantify T1, T2 
and pd relaxation times, which are tissuespecific parameters 
that theoretically can be used to distinguish different tissues 
in the body. Thus, with this technology it is possible to differ
entiate quantitatively between tissues (tissue characterization) 
and pathology (healthy or diseased tissue). 

In this project we want to investigate whether synthetic mri 
can increase the detection ability for certain cancers within the 
abdomen; whether synthetic mri can be used to increase the 
confidence of treatment results after various chemotherapies 
and local treatments (rf and tace treatments), and whether 
synthetic mri can increase the ability to distinguish between 
scar tissue and cancer tissue. 

Hypothesis
Quantitative mri scans provide added value in the detection, 
followup, treatment planning and evaluation of cancers and 
other diseases within the abdomen and the rest of the body.

Method
A quantitative sequence of 7 minutes will be added to stand
ard clinical examinations (mr cervix, mr prostate and mr rec
tum). In the mri rectum follow up, we will also plan for another 
mri examination including a quantitative sequence just before 
surgery. The quantitative information from tumour and plain 
tissue will be correlated with different clinical parameters, as 
well as probability assessments of tumor disease (i.e., pi-rads, 
Lirads).

Knowledge gains
If the quantitative information from synthetic mri sequences 
is stable and reliable, this information can possibly be used in 

radiation planning, prediction of treatment results, detection 
and segmentation of mri images and more secure separation 
of healthy tissue from pathological. 
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A metastasis from colorectal cancer is seen here in the right liver lobe in a T1-weighted image acquired 
20 minutes after i.v. injection of the liver-specific contrast agent Gd-EOB-DTPA (Primovist®, Eovist®). 
Normal liver tissue and biliary ducts have high signal (light grey and white), whereas the metastasis has 
very low signal (black or dark grey) since it has no uptake of the contrast agent.

A metastasis from colorectal cancer is seen here in the right liver lobe in an Apparent Diffusion 
Coefficient (ADC) map as a round area homogenously markedly darker than the normal liver tissue.

T1 GdEOB 20 min

ADC – Map

POPULAR SCIENTIFIC SUMMARY
Nils Dahlström
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Optimizing 
Hepatobiliary 
Contrast in 
Liver Imaging

MRI  Gastrointestinal  Visualization  

Project information

PROJECT NAME
Optimizing the Use of Hepatobiliary Contrast in Metastatic Liver 
Disease (LiverMet)

PROJECT LEADER
Nils Dahlström, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Wolf Claus Bartholomä, Peter Lundberg, Per Sandström, 
Nils Dahlström, Mischa Woisetschläger, Lars Valter, Johan Kilberg, 
Martin Henriksson, Anders Persson, Bergthor Björnsson

Colorectal cancer is the third most common form of 
cancer worldwide. Though mortality has been rela
tively stable in the last decade, significant improve
ments have been achieved in terms of longterm sur

vival. Key to improved survival is the detection of metastatic 
disease as early and completely as possible. In colorectal cancer, 
the by far most common site of metastatic disease is the liver, 
and the best method to detect metastases in this organ is mri 
with hepatobiliary contrast media. However, the complexity of 
the examination, long scanning times, challenging interpreta
tion and overall high costs involved have severely limited the use 
of this modality in cancer patients and restricted it mainly to 
radiology departments of major hospitals or university hospitals.

We aim to show that a shortened version of the regular mri 
protocol with liver specific contrast can preserve the same level 
of sensitivity for metastases as the complete protocol while 
slashing down complexity and scanning times.  In camera time 
is reduced from 60–75 minutes to 12–15 minutes and most of 
the technical challenges in acquisition will be eliminated. This 
will enable more patients to be evaluated with mr without the 
need for more equipment. It will also open the examination for 
acquisition at minor hospitals that normally would refrain from 
using the more complex protocol, further increasing capacity.

As the shortened protocol is focused on detection (sensitiv
ity) rather than differential diagnosis (specificity), a drop in 
specificity is expected and will be measured. However, in real 
life, clinical decision making happens always in the context of 
all available examinations, including priors, patient history 
and clinical data. 

It is the aim of the next part of the project to study how a 

shortened protocol will affect the clinical decision making 
and treatment process of cancer patients. The patients will 
be presented in a simulated multidisciplinary team meeting, 
using all relevant clinical data and prior examinations. It will 
evaluate if clinical management of the patient will actually 
differ when using either a complete or a shortened protocol 
and if implementation of such a protocol can have a negative 
effect on patient treatment in form of e.g., unnecessary delays 
and additional imaging.

Finally, economic impact of using a more expensive contrast 
media – the only monetary factor as of now that cannot be 
reduced – will be evaluated. In the last part, we will study if 
large scale introduction of such a method would be a financially 
viable and sustainable option for the public health service. 
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Semiautomatic 
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Project information

PROJECT NAME
Semiautomatic Liver Volume Determination and Segmentation

PROJECT LEADER
Nils Dahlström, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Mikael Forsgren, Chunliang Wang, Amir Razavi, Markus Karlsson, 
Peter Lundberg, Ola Persson, Petr Vorel

A icommon trait of diffuse liver diseases is that they may 
lead to the formation of fibrosis, inflammation and 
ultimately, cirrhosis. Since the liver can regenerate 
and thus compensate for some damage, liver dis

eases are often not discovered until at a late stage when there is 
a loss of liver function. At this stage liver transplantation may 
be the only available treatment. Patients with malignant liver 
tumors are increasingly surgically treated, removing the part(s) 
of the liver with tumors. Measuring the expected liver volume 
that remains after resection has become standard procedure. 
To improve treatment planning, adding an evaluation of liver 
function to the liver volume measurements is desired.  

Magnetic resonance imaging (mri) offers a noninvasive 
method to monitor liver function using liver specific contrast 
agents. In developing system biology models for describing liv
er function, it is important to estimate the total liver volume 
and preferably also liver segment volumes. Although tools for 
liver segmentation using datasets from computed tomography 
have become easily available, useful applications aimed at mri 
datasets are lacking. A subproject within the Liver Function 
Evaluation project was formed to evaluate available software to 
measure 3D volumes of late hepatobiliary phase datasets from 
examinations of patients with diffuse liver disease. 

The first objective of this study is to compare the measured 
total liver volumes from several semiautomatic liver seg
mentation tools and a fully automatic application (developed 
inhouse), with manual, detailed segmentation in a separate 
software environment serving as “ground truth”. 

Preliminary results show that a fully automatic segmentation 
is feasible and has a precision that is sufficient for clinical use. 
Both semiautomatic applications were found accurate but have 

quite different user interfaces, sometimes complicating the 
measurement task. 

Another objective is to provide the total liver measurements 
needed for modeling the individual liver function estimates in 
quantitative mri studies and also to introduce the means for 
segmentbased liver function modeling. 

In 2016 the inhouse application was extended to include 
segmentation of the liver into the classical Couinaud segments, 
producing 3D masks defining the shape and volume of each 
segment. This feature is currently not readily available for mri 
datasets in clinical segmentation or surgery planning appli
cations, which rely on ct studies. The measurement of liver 
segmental volumes will permit segmental liver function as
sessment in our other liver projects. In 2018, the project began 
further exploration and testing of new algorithms for automatic 
segmentation. 

POPULAR SCIENTIFIC SUMMARY
Nils Dahlström
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Sample view of liver segmentation into Couinaud segments using one of the software 
applications studied, MiaLite 2.0 (research software developed by Chunliang Wang, CMIV).
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Example of DCE-MRI images 20 minutes after bolus gadoxetateinjection for both pre- and post resective 
surgery, for the same patient. a) Pre-surgery image, with visible metastasis at 1). b) Post-surgery image. 
Resection of the left liver lobule is shown at 2), and a small local resection at 3). Also, at 3) a small 
accumulation of gadoxetate I seen due to biliary leakage. [Simonsson, unpublished].

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg
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Liver Function 
Evaluation 

MRI  Gastrointestinal  Acquisition  Modeling  
Imaging Biomarkers

Project information

PROJECT NAME
Liver Function Evaluation 

PROJECT LEADER
Peter Lundberg, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine 

MAIN PROJECT PARTICIPANTS
Christian Simonsson, Wolf Bartholomä, Stergios Kechagias, 
Mattias Ekstedt, Per Sandström, Olof Dahlqvist Leinhard, 
Nils Dahlström, Mikael Forsgren, Markus Karlsson, Patrik Nasr, 
Johan Kihlberg, Marcel Warntjes, Gunnar Cedersund, Bengt Norén, 
Torkel Brismar, Martin Henriksson

GRANTS
VINNOVA 2013—2017 
Swedish Research Council (VR/NT) 2015—2024 (5) 
ALF 2019—2022

KEY PUBLICATIONS
Karlsson M, Ekstedt M, Dahlström N, Norén B, Forsgren MF, 
Ignatova S, Dahlqvist Leinhard O, Kechagias S, Lundberg P (2019).
Liver R2* is affected by both iron and fat: A dual biopsy-validated 
study of chronic liver disease. J Magn Reson Imaging. 2019 Jan 13. 
doi: 10.1002/jmri.26601.

Nasr P, Forsgren MF, Ignatova S, Dahlström N, Cedersund G, 
Leinhard OD, Norén B, Ekstedt M, Lundberg P, Kechagias S. (2017).
Using a 3% Proton Density Fat Fraction as a Cut-Off Value Increas-
es Sensitivity of Detection of Hepatic Steatosis, Based on Results 
From Histopathology Analysis. Gastroenterology. 2017 Jul;153(1):
53—55.e7. doi: 10.1053/j.gastro.2017.03.005. Epub 2017 Mar 9.

Homeyer A, Nasr P, Engel C, Kechagias S, Lundberg P, Ekstedt M, 
Kost H, Weiss N, Palmer T, Hahn HK, Treanor D, Lundström C. (2017).
Automated quantification of steatosis: agreement with stereo-
logical point counting. Diagn Pathol. 2017 Nov 13;12(1):80. doi: 10.1186/
s13000-017-0671-y.

The liver is an important organ involved in vital pro
cesses as metabolism and removal of toxins. The 
western way of life is putting a high strain on the 
organ and liver diseases are consequently increasing. 

Liver Function Evaluation is a clinical research project that 
with the help of magnetic resonance (mr) will develop new 
methods for diagnosing liver disease. The new technology is 
expected to result in better treatment of diffuse liver diseases 
and safer liver surgery. 

Many malignant liver diseases are diagnosed when they are 
in an advanced stage and the liver may be seriously damaged. 
At that time, surgery or liver transplantation is often the only 
curable treatment option. In order for the patient to survive a 
liver tumor operation, a healthy piece of the liver has to be left 
in the body. The liver is then growing for 4–5 weeks to regain 
almost full size and function. The first week after the surgery 
is a critical time since the small sized liver has to manage the 
job of a full liver.

Today, determination of how much of the liver to remove 
is difficult as only a rough estimate of the liver function can 
be made. Occasionally, patients may suffer from liver failure 
following radical surgery. On the other hand, some patients 
are wrongly judged unfit for surgery when the rough estimate 
suggests that they will not survive the procedure. With a better 
estimate of size and function in the liver residue more patients 
could be surgical candidates.

With the help of mr it is possible to measure several pa
rameters in the liver without invasive procedures. The mr also 
enables a better overview of the liver status as a whole compared 
to biopsies, as they only show status at the location where the 
sample is taken. If the biopsy is extracted from the wrong area 
there is a risk that important information is overlooked.

The magnetic resonance technology may, among other things, 
be used to measure the amount of fat in the liver, measure the 
uptake of a contrast agent to get an idea of how well the liver 
works and measure levels of many different elements, including 
iron and phosphorus compounds. In this project multimodal 
methods for analyzing the liver are developed. 

One of the mr methods used is elastography. The examina
tion shows fibrosis, formation of connective tissue, in the liver. 
The connective tissue makes the liver less flexible and impairs 
its normal elasticity. During mr mechanical vibrations are sent 
into the patient ś body. The vibrations are propagated different
ly depending on the flexibility of the tissue. Through registration 

of the different vibrations the mrscanner can separate healthy 
tissue regions from diseased. 
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Project information

PROJECT NAME
Comprehensive Assessment of Hepatic Function in Health and 
Disease, Techniques for early disease detection and tissue 
characterization — HEALED 

PROJECT LEADER
Peter Lundberg, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine 

MAIN PROJECT PARTICIPANTS
Stergios Kechagias, Mattias Ekstedt, Nils Dahlström, 
Markus Karlsson, Bengt Norén, Jens Tellman, Christian Simonsson, 
Frederik Testud, Ralph Sinkus, Marcel Warntjes, Magnus Borga

GRANTS
Swedish Research Council 
ALF 2019—2022

KEY PUBLICATIONS
Forsgren MF, Nasr P, Karlsson M, Dahlström N, Noren B, Ignatova S, 
Sinkus R, Cedersund G, Dahlqvist Leinhard O, Ekstedt M, 
Kechagias S, Lundberg P (2020). 
Biomarkers of liver fibrosis: prospective comparison of multimodal 
magnetic resonance, serum algorithms and transient elastogra-
phy. Scan J Gastroenterology.

Karlsson M, Tellman J, Testud F, Jin N, Dahlström N,
Lundberg P (2020).
Feasibility of 4D-Flow MRI of the Liver using Pencil Beam 
Navigator for Respiratory Gating and Compressed Sensing, 
ISMRM (Paris, France).

The longterm purpose of this project is to achieve  
the procedural means for a thorough understanding 
of the complex both short and long timescale  
events involved in liver disease, especially in the early  

stages. The project will also strive to devise a both comprehen
sive and noninvasive method for quantification. 

Major aims of the project are to allow the early detection 
of liver inflammation and fibrosis as proxies for chronic liver 
disease, and also to be able to understand the underpinnings 
of the consequences of fibrosis and fat storage on upstream 
events including portal hypertension. Portal hypertension is 
clinically highly significant and early signs are therefore of 
importance. Quantitative measurement of hepatic blood flow 
would be useful in the understanding of disease progression in 
the cirrhotic liver, particularly the early development of fibrosis 
and inflammation, since the development of liver fibrosis and 
lipid accumulation constrict the blood flow to the liver.

The project is divided into two separate phases, the first be
ing a developmental phase involving different protocols and 
healthy research subjects, and the second involving clinical 
patients. The research will in the early phase mainly focus on 
the challenges of developing, implementing and validating the 
technologies for measurements of dynamic characteristics of 
disease including restrictions of flow. Fourdimensional flow 
(4DFlow) mri is an emerging method for quantitative evalu
ation of hemodynamics in the liver and abdomen, however, it is 
limited to be used in clinical setting due to the long acquisition 
time. Compressed sensing (cs) is a method for image acquisi
tion acceleration that is gaining in popularity in abdominal 
imaging. 

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg



cmiv annual scientific report 2020  Research Projects 79

Velocity [cm/s]
0.0

4.5

9.1

13.6

18.2

22.7

27.3

31.8

33.4

40.9

45.5

50.0

PV (RA)

PV (L)

SV

SMV

PV (RP)
PV (main)

MR-measurements of blood flow in the portal system at 3 T using 4D-flow MRI streamlines visualization 
The Portal Vein transports blood from the gastrointestinal tract, the spleen and the pancreas and consists of the 
Main Portal Vein, here denoted PV ( main), which inside the liver divides into the following major branches: PV (RA): 
Right Anterior branch, PV (RP): Right Posterior branch and PV (L): Left branch. The two major tributaries to the Main Portal 
Vein are the Superior Mesenteric Vein (SMV) and the Splenic Vein (SV), seen in the lower right corner. Colour signifies the 
local blood velocity, here showing a lowering of the velocity as the blood travels from the SMV and SV into the liver.
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Neuroplasticity 
 in Irritable Bowel 
Syndrome

POPULAR SCIENTIFIC SUMMARY
Susanna Walter

The present project is a longitudinal intervention 
study to determine the direction of braingut inter
actions in Irritable bowel syndrome (ibs). We want 
to understand if and how brain alterations in ibs are 

changing together with symptom relief or alternately if brain 
alterations persist despite change in symptoms. By performing 
this study, we will also be able to understand whether peripheral 
alterations in the gut change in relation to symptom relief, and 
whether this change is, or is not, reflected by central alterations. 
During the latest years our study group has contributed with 
several important findings to the ibs braingut research by 
performing cross sectional and casecontrol studies. 

This longitudinal study is the next important step to evaluate 
causeeffect relationships of braingut alterations in ibs. Ibs is 
a chronic pain disorder characterized by abdominal pain and 
disturbed bowel function, often accompanied by extraintestinal 
symptoms such as anxiety, depression or chronic fatigue. Ibs is 
a disorder of disturbed bidirectional communication between 
the brain and the gut, referred to as gutbrain axis alterations. 

Based on the findings of our latest study evaluating multiple 
factors along the braingut axis in ibs and healthy controls we 
have designed the present project. Using functional Magnetic 
Resonance Imaging (fmri), structural mri, and mr spectro
scopy, we were able to identify altered brain function and struc
ture in ibs patients. Alterations in brain function and structure 
were also related to both symptoms and colonic mucosal barrier 
integrity. We have been able to find a relationship between mi
crobiota, symptoms and brain function in the ibs patients and 
altered neurotransmitter concentration in insula and medial 
prefrontal cortex, two regions important for symptom gener
ation in ibs. Altogether our recent findings, in agreement with 
those of other research groups, strongly suggest the occurrence 
of neuroplastic brain alterations in ibs. Now the next step is to 
understand whether and how the brain alterations found in ibs 
are affected by a change in symptoms or whether these altera
tions are persisting despite changes in symptoms. For this we 
will perform a longitudinal study with the aim to assess brain 
structure and function in relation to change in symptoms. 
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The concept of the project.

MRI  Gastrointestinal    

Project information

PROJECT NAME
Neuroplasticity in Irritable Bowel Syndrome. A longitudinal 
follow-up study of gut-brain axis alterations 

PROJECT LEADER
Susanna Walter, Department of Biomedical and Clinical Sciences, 
Division of Inflammation and Infection 

MAIN PROJECT PARTICIPANTS
Maria Engström, Peter Lundberg, Nawroz Barazanji, Paul Hamilton, 
Åsa Keita

KEY PUBLICATIONS
Witt ST, Bednarska O, Keita ÅV, Icenhour A, Jones MP, Elsenbruch S, 
Söderholm JD, Engström M, Mayer EA, Walter S. 
Interactions between gut permeability and brain structure and 

function in health and irritable bowel syndrome. NeuroImage: 
Clinical. 2019;21:101602.

Icenhour A, Tapper S, Bednarska O, Witt ST, Tisell A, Lundberg P, 
Elsenbruch S, Walter S. Elucidating the putative link between pre-
frontal neurotransmission, functional connectivity, and affective 
symptoms in irritable bowel syndrome. Sci Rep. 2019 Sep 19;9(1).

Bednarska O, Icenhour A, Tapper S, Witt ST, Tisell A, Lundberg P, 
Elsenbruch S, Engström M, Walter S. Reduced excitatory neuro-
transmitter levels in anterior insulae are associated with abdominal 
pain in irritable bowel syndrome. Pain. 2019 Sep;160(9):2004—2012.

GRANTS
ALF
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Project information

PROJECT NAME
MR-Mammography 3.0 (BREASA): Pharmacological Prevention of 
Breast Cancer Monitored Using a Novel Comprehensive Magnetic 
Resonance-Based Protocol 

PROJECT LEADER
Peter Lundberg, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine 

MAIN PROJECT PARTICIPANTS
Charlotta Dabrosin, Anette Karlsson, Ieva Tomkeviciene, 
Mikael Forsgren, Johan Kihlberg, Maria Kristoffersen Wiberg, 
Magnus Borga, Marcel Warntjes, Olof Dahlqvist Leinhard, 
Pantelis Gialias, Anna Rzepecka

GRANTS
LiU-Cancer
The Swedish Cancer Society

KEY PUBLICATIONS
Abrahamsson A, Rzepecka A, Romu T, Borga M, Dahlqvist 
Leinhard O, Lundberg P, Kihlberg J, Dabrosin C.
“Dense breast tissue in postmenopausal women is associated with 
a pro-inflammatory microenvironment in vivo”, Oncoimmunology, 
5(10), 2016.

Breast cancer is the most common form of cancer in 
women with a lifetime risk of over 12%. A major risk 
factor for breast cancer is breast density. Women with 
dense breasts have been shown to have a four to six

fold increased risk of developing breast cancer. 
Dense breast tissue contains higher amounts of stroma, in

cluding collagen, and less fat tissue. Conflicting results regard
ing a difference in the amounts of epithelial cells have been 
reported, although it varies only between 1–6% and the pro
liferation of these cells is also very low. Hence, the underlying 
biological mechanism(s) of a higher breast cancer risk of dense 
breast tissue is to date unexplored. 

In addition to dense breast tissue, exposure to sex steroids 
such as estradiol is an established risk factor for breast cancer. 
An inflammatory microenvironment has also been associated 
with increased risk of cancer and a reduced risk of breast cancer 
has been reported in women who regularly use antiinflam
matory drugs. 

Despite the wide use of mammography as a general screen
ing tool for breast cancer, this method has a painfully high 
falsenegative rate (about 10–25%). 

Today, there is growing interest in using Magnetic Resonance 
(mr) for breast cancer screening, in particular in the young
er population as the higher density of the younger breast can 
obscure underlying lesions in mammography. The absence of 
ionizing radiation also makes mr a particularly interesting tool 
for clinical research on breast cancer risk factors. 

In order to perform studies involving mr and mrbased risk 
assessment and diagnosis, a clinically useful mr protocol has 
recently been developed. The protocol has been developed and 
implemented at cmiv and used in a pilot study on 40 female 
subjects. Furthermore, methods for quantifying clinically rel
evant parameters from the mr data have been explored. 

The aims of breasa are to further validate a comprehensive 
mr protocol, and also to investigate the clinical relevance for the 

derived mrbased parameters in a cohort of subjects that are 
treated using an antiinflammatory agent. Will the treatment 
affect the levels of inflammatory biomarkers, and will it affect 
the quantitative assessment of stroma, associated imaging bio
markers and the tissue? The ultimate longterm endpoint is 
whether the treatment will reduce the risk for breast cancer. 

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg
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MR-quantification of lean tissue fraction in postmenopausal women attending the regular 
mammography screening program. The images are representative for dense (above) and 
non-dense (below) breasts.
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Legend: Patients with fibromyalgia who reported a high level of pain show a stronger coupling between an attentional 
network and the insula shown within the green rings. The insula did also show changed connectivity of the insula in 
patients with chronic widespread pain and may give key insights in brain alterations related to long-standing pain perception.
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POPULAR SCIENTIFIC SUMMARY
Björn Gerdle
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PROJECT NAME
Pain mechanisms in chronic widespread pain including 
fibromyalgia 

PROJECT LEADER
Björn Gerdle, Department of Health, Medicine and Caring Sciences, 
Division of Prevention, Rehabilitation and Community Medicine 

MAIN PROJECT PARTICIPANTS
Eva Lund, Peter Lundberg, Bijar Ghafouri, Helene van Ettinger-
Veenstra, Håkan Olausson, Rebecca Boehme, Rikard K. Wicksell, 
Maria Engström, Ann Bengtsson, Mikael Forsgren, Olof Dahlqvist 
Leinhard

GRANTS
Swedish Research Council
ALF, Region Östergötland 
ForSS

KEY PUBLICATIONS
van Ettinger-Veenstra H, Lundberg P, Alföldi P, Södermark M, 
Graven-Nielsen T, Sjörs A, Engström M, Gerdle B. 
Chronic Widespread Pain patients show disrupted cortical 
connectivity in Default Mode and Salience Networks, modulated 
by pain sensitivity. J Pain Res 2019:12 1,743—1,755. 

Boehme R, van Ettinger-Veenstra H, Olausson H, Gerdle B, 
Nagi SS. 
Anhedonia to Gentle Touch in Fibromyalgia: Normal Sensory 
Processing but Abnormal Evaluation. Brain Sci. 2020 May 
18;10(5):306. doi: 10.3390/brainsci10050306. PMID: 32443443; 
PMCID: PMC7288027.

van Ettinger-Veenstra H, Boehme R, Ghafouri B, Olausson H, 
Wicksell RK, Gerdle B.
Exploration of Functional Connectivity Changes Previously 
Reported in Fibromyalgia and Their Relation to Psychological 
Distress and Pain Measures. J Clin Med. 2020 Nov 5;9(11):E3560. 
doi: 10.3390/jcm9113560. PMID: 33167371.

Pain Mechanisms 
in Widespread Pain
Chronic widespread pain (cwp) including fibromyalgia 

(fm) is characterized by generalized musculoskeletal 
pain and is often associated with symptoms such as 
psychological distress, insomnia, fatigue, and cog

nitive difficulties. Cwp affects not only patients but also their 
families and society, leading to significant suffering and high 
socioeconomic burden. Peripheral and central nervous system 
mechanisms are believed to contribute to the clinical picture in 
cwp, but an understanding of the activated pain mechanisms 
is mainly lacking. 

In the first part of this project concerning cwp we have inves
tigated the function (connectivity) of some of the networks in 
the brain with functional magnetic resonance imaging (fmri) 
i.e. the default mode network (dmn) and the salience network 
(sn). An important result was that the connectivity within the 
dmn was decreased and connectivity within the sn was in
creased for cwp. The anterior insula is part of the sn and plays 
a key role in switching between internal and externalorient
ed tasks. Thus, the insula has a reflective role and can switch 
between monitoring subjective feelings such as emotions and 
paying attention to external events. 

In a second ongoing part of the project the networks in the 
brain of fibromyalgia patients and healthy controls are investi
gated. In addition, clinical characteristics (e.g., pain intensity, 
psychological distress, quality of life etc.), fitness level, pain 
sensitivity and biochemical alterations in blood, muscles and 
fat tissues are investigated. The right intraparietal sulcus (ips) 
node of the Central executive network (cen) showed a higher 
level of connectivity strength with right insula in fm with higher 
pain intensity compared to controls. More anxiety symptoms 
in fm correlated with higher levels of connectivity strength 
between the ventromedial prefrontal cortex dmn node and 
right sensorimotor cortex. These findings support the theory 
of altered insular connectivity in fm and suggest altered ips 
connectivity in fm.

An important research question in the ongoing analyses is if 
there exist associations between peripheral biochemical tissue 
alterations and alterations in the brain of fm. 

The results from this project will be clinically important both 
with respect to assessment and when designing and choosing 
interventions for these patients. 



86

Bone Structure  
 Analyses for 
Reducing Future 
Osteoporotic Fractures

PCD-CT micro-CT Foto

POPULAR SCIENTIFIC SUMMARY
Eva Klintström

Patients suffering from osteoporosis have an increased 
risk of fractures. When studying osteoporosis, the 
amount of calcium in bone is measured. This bone 
mineral density (bmd) is lower in osteoporotic bone.  

Research have shown that bone microstructure, seems to be 
more important for its strength than the reduced calcium con
tent. 

The internal bone microstructure consists of a network of 
thin bone structures called trabeculae. This network of tra
beculae can be measured by different parameters like their 
thicknesses, number, free ends and distance between them. 
Earlier, the 3D microstructure of humans could be studied only 

by microscopy and by microcomputed tomography (microct) 
of specimens removed from the body. 

This project aims to study this 3D structure in living humans, 
by using methods available in a radiological department, in 
particular different types of ct methods. Since the trabeculae 
often are less than 0.1 mm thick, the limited resolution of the 
radiological methods may be a problem. We have focused on 
examinations on ct devices with possibilities of imaging at 
high resolution and on developing new image processing tech
niques for as accurate measurements as possible using these 
image data sets.

Data from dental cone beam ct (cbct) shows very strong cor

3D images from a bone specimen, PCDCT micro-CT, a foto, CBCT, MSCT.
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PROJECT NAME
Bone microstructure and strength derived from imaging data from 
different CT devices: relation to osteoporosis and fractures 

PROJECT LEADER
Eva Klintström, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine 

MAIN PROJECT PARTICIPANTS
Örjan Smedby, Rodrigo Moreno, Benjamin Klintström, 
Mischa Woisetschläger 

KEY PUBLICATIONS
Klintström E, Smedby Ö, Moreno M, Brismar TB. 
Trabecular bone structure parameters from 3D image processing 
of clinical multi-slice and cone-beam computed tomography data. 
Skeletal Radiology, 2014 Vol. 43, nr 2, 197—204.

Klintström E, Klintström B, Pahr D, Brismar TB, Smedby Ö, Moreno M. 
Direct Estimation of Human Trabecular Bone Stiffness Using 
Cone-Beam Computed Tomography. PLoS ONE, Vol. 11, nr 8 2016.

Klintström E. Image Analysis for Trabecular Bone Properties on 
Cone-Beam CT Data. Linköping: Linköping University Electronic 
Press; 2017. Linköping University Medical Dissertations, 1594. 2017.

CBCT MSCT

relations for bone microstructure when compared to microct 
and results from the research are published in a number of 
publications. Most recently, a manuscript in collaboration with 
University of Iowa was published in the journal Medical Physics.

Another ct device with high resolution is photon counting 
detector (pcd) ct. This is a very novel technique available only 
in 2–3 radiology departments around the world. One of the  
devices is installed at cmiv. This technique is very promising 
since it allows high resolution of central body parts like the 
hip and vertebrae where osteoporotic fractures are common. 
All other devices, so far, have been able to image bone micro
structure only in the peripheral skeleton like wrist and forearm. 
Studies on bone microstructure on this pcd-ct device have 
started just recently and show promising results.

A clinical study on patients visiting the Department of Endo
crinology at Linköping University for osteoporosis examinations 
is ongoing. Cbct data of forearm and mandible is compared to 
dual energy Xray absorptiometry (dxa) data.   

On the segmented ctdata sets, we also analyses bone 
strength by finite element modeling (fem), a computational 
method that requires long time even on very fast computers. 
Our segmented data, presented in previous studies, correlates 
well with results from fem analyses. 

In the future, we hope that our methods will be useful in 
particular in early detection of osteoporosis. With better tools 
to measure the structure of the 3D bone network, it will be 
possible to diagnose osteoporosis at an earlier stage. We hope 
for a diagnosis already at the time for the first fracture, which 
will result in reducing the number of future painful fractures. 
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CT-MOCAP: 
Visualization 
of Skeletal 
Joint Movement

Computed Tomography  Musculoskeletal  Visualization  

Project information

PROJECT NAME
CT-MOCAP: A novel method to visualize joint movement by means 
of combining computed tomography with motion capture 

PROJECT LEADER
Hans Tropp, Department of Biomedical and Clinical Sciences, 
Division of Surgery, Orthopedics and Oncology  

MAIN PROJECT PARTICIPANTS
Marcus Malmqvist, Daphne Wezenberg 

GRANTS
Vinnova
FORSS

There are many tools available for the orthopedic 
doctor to help with the diagnoses, treatment, and 
overall care of their patients. Often imaging, like 
for example computed tomography (ct) or magnetic 

resonance imaging (mri), can assist in understanding the un
derlying cause of the problems. However, orthopedic problems 
most often involve issues related to a restriction or pain during 
movement. Standard ct or mri merely show a static image of 
the skeletal or soft tissues. In some cases, these still images are 
not sufficient to understand the clinical problem presented by 
the patient. Currently, there are systems that can show move
ment of the skeletal and soft tissues during a short time frame. 
One method is 4D ct. With this method a 3D image is taken 
over time (the 4th dimension). However, there are some major 
drawbacks with these systems. For example, the high levels of 
radiation, limited time frame and movement range of motion. 
It would be of incredible added benefit if, by some means, we 
could combine standard clinical imaging with the wellestab
lished motion capture methodology. The capture of wholebody 
movements has been done as long back as the 1980’s both in the 
scientific field as well as in the movie making industry. There 
are different systems that can be used but in general, multiple 
cameras are used to track predetermined points (markers) on 
the subject’s body. Using this method, many clinically relevant 
daily activities can be measured without any restrictions. 

In the current project we are aiming to combine the stand
ard ct images taken as part of the standard clinical care and 
combining them with the information from the motion capture 
system. By combining these two applications we could gener
ate a visualization of the patients’ skeleton movements while 
performing daily clinically relevant movements. 

In a collaboration with industrial leading partners in both 

medical imaging and motion capture we have developed an 
application that can combine information from both systems 
to provide a visualization of the skeletal movements. Initial 
application at the hip and knee joints have proven to have added 
clinical benefits. However, optimization of this method is still 
needed. In addition to optimizing and simplifying the methodo
logy, we need to focus on minimizing errors. For example, the 
errors introduced because our skin moves relative to our bones 
(soft tissue artifacts). Using a large dataset from patients with 
suspected femoroacetabular impingement, we aim to under
stand the size of the error and the effective methods to reduce 
these errors. Moreover, the clinical benefits of this system will 
be studied to help validation of this methodology. 

POPULAR SCIENTIFIC SUMMARY
Hans Tropp
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The first application for CT-Mocap is femuroacetabular impingement of the hip joint with limited 
motion resulting from certain types of underlying morphological abnormalities in the femoral 
head-neck region and/or acetabulum.

Motion analysis combining patient specific low-dose CT images with traditional motion capture 
techniques.
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The NACOX-Study

POPULAR SCIENTIFIC SUMMARY
Joanna Kvist

Ainterior cruciate ligament (acl) injury in the knee 
joint can result in joint instability, decreased func
tional performance, reduced physical activity and 
quality of life. The most important longterm con

sequence is the increased risk for posttraumatic osteoarthritis 
(ptoa). The underlying mechanisms behind ptoa are not well 
understood but altered biological processes due to injury and 
joint bleeding as well as concomitant structural injuries to the 
cartilage and the subchondral bone have been suggested to be of 
relevance. Despite the development of new treatment techniques 
and extensive research, the complex and multifaceted nature of 
acl injury and its consequences are yet to be fully understood. 

The overall aim of the nacox study is to evaluate the natural 
corollaries and recovery after an acl injury. There are five main 
study objectives:
1.  To assess biological, psychological and social factors and their 

relationships to the natural corollaries and recovery after acute 
acl injury

2.  To evaluate the choice of treatment after acute acl injury 
(i.e., acl reconstruction, aclr or nonacl reconstruction, 
nonaclr)

3.  To evaluate return to sport after acute acl injury
4.  To study knee problems in the short and long term after acute 

acl injury  
5. To identify proxies (biomarkers and structural risk factors) for 

early detection of symptomatic and radiographic osteoarthritis
The nacox study is a multicentre prospective cohort study 

of patients with acute acl injury. At seven sites in Sweden, we 
have included 275 patients aged 15–40 years, within 6 weeks 
after primary acl injury. Patients complete questionnaires at 
multiple occasions over the 3 years following injury or the 3 
years following acl reconstruction (for participants who have 
surgical treatment). In addition, a subgroup of 131 patients is 
followed with extensive imaging modalities, biological samples 
and clinical examinations.

The study is ongoing and several analyses with specific in
terest on imaging have been done. Example:
•  Diagnostic accuracy of dual energy ct (dect) for detection of 

bone marrow lesions in the injured knee using mri as reference 
method. Bone marrow lesions can be a telltale sign of a more 
severe injury in the bone and is usually demonstrated with MRI, 
but our results show that dect also can detect these lesions.

•  Ongoing quantitative mrt analysis of cartilage matrix organi
zation, as measured by T2 relaxation time, of the tibiofemoral 
joint cartilage after acute anterior cruciate ligament injury, in 
both the injured and contralateral noninjured knee.

•  Ongoing methodological development for analyses of posteri
or tibial slope. The association between the magnitude of the 
slope and patientreported symptoms, such as experienced knee 
instability, will then be analysed. 
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DECT virtual non-calcium image with color overlay displaying the 
bone marrow lesion (arrow).

MRI PD fat saturated image displaying good correlation with DECT 
image concerning bone marrow lesion (arrow).

Project information

PROJECT NAME
NACOX –Natural Corollaries and Recovery after Acute Anterior 
Ccruciate Ligament Injury 

PROJECT LEADER
Joanna Kvist, Department of Health, Medicine and Caring Science, 
Division of Prevention, Rehabilitation and Community Medicine 

MAIN PROJECT PARTICIPANTS
Håkan Gauffin, Hanna Tigerstrand Grevnerts, Bashir Tajik 
Edwardsson, Anders Persson, Ann-Sofi Björkman, Kati Laukkanen, 
Martin Englund, Richard Frobell, Miika Nieminen, Victor Casula, 
Seppo Koskinen, Rolf Scheiderbauer 

GRANTS
Swedish Medical Research Council 2015—2020
Swedish Research Council for Sport Science 2017—2021
Medical Research Council of Southeast Sweden 2020
ALF Grants Region Östergötland 2018—2020

KEY PUBLICATIONS
Kvist J, Gauffin H, Tigerstrand Grevnerts H, Ardern C, Hägglund M, 
Stålman A, Frobell R. 
NACOX Cohort Study group. Natural corollaries and recovery after 
acute ACL injury — the NACOX cohort study protocol. BMJ Open 
2018 Jun 27;8(6):e020543. doi: 10.1136/bmjopen-2017-020543.

Björkman AS, Koskinen SK, Lindblom M, et al. 
Diagnostic accuracy of dual-energy CT for detection of bone
marrow lesions in the subacutely injured knee with MRI as
reference method. Acta Radiol 2020;61(6):749-59. doi: 10.1177/
0284185119877343.

Fomin S, Gauffin H, Kvist J. 
Short-term recovery of physical activity and knee function 
after an acute knee injury. BMJ Open Sport & Exercise Medicine 
2020;6:e000950. doi: 10.1136/bmjsem-2020-000950.

Computed Tomography  MRI  Musculoskeletal  Acquisition  Visualization  Imaging Biomarkers
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MR scan of a patient with an Achilles tendon rupture. 
A) A sagittal view of the intact tendon (Left image) and the injured tendon (right image). 
B) An axial image of the tricep surae muscles. There is a clear atrophy on the injured side 
(left) compared to the intact side (right).

A

B

POPULAR SCIENTIFIC SUMMARY
Pernilla Eliasson
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Muscle Adaptation 
after Achilles 
Tendon Rupture

MRI  Musculoskeletal

Project information

PROJECT NAME
Muscle adaptation after Achilles tendon rupture 

PROJECT LEADER
Pernilla Eliasson, Department of Biomedical and Clinical Sciences, 
Division of Surgery, Orthopedics and Oncology 

MAIN PROJECT PARTICIPANTS
Andreas Meunier 

GRANTS
The Swedish Society of Medicine 2020—2022
Region Östergötland 2020—2021

Tendon disorders are common. Annually more than 
15 million musculoskeletal injuries worldwide in
volve tendons or ligaments. This results in a high 
socioeconomical burden. The Achilles tendon is the 

most frequent tendon to rupture and this usually occur during 
sports. The incidence is rising, probably due to a high number 
of older adults participating in highdemand sports. Rehabili
tation after a tendon rupture is long and demanding. It is also 
a major challenge as patients often lack muscle force and only 
30% of these patients return to their preinjury sports level, 
which is troubling. These patients are often 30–40 years old 
and should have many years of active sporting left. Despite 
improved rehabilitation regimens persistent deficits remain.

Lack of complete recovery in muscle strength after tendon 
rupture is commonly accepted as the principal mechanism for 
incomplete recovery. However, this permanent physical dys
function can be related to A) tendon elongation or B) a change 
in material properties of the tendon, or C) an inability of the 
muscle cell to adapt to the new tendon length.

We will perform a casecontrol study to investigate if ten
don elongation is the cause for poor function in nonsurgically 
treated Achilles tendon ruptures. There are two questions that 
we want to answer with the casecontrol study. 1) is tendon 
elongation the principal mechanism behind poor function after 
an Achilles tendon rupture? 2) is this linked to muscle specific 
effects? Our working hypothesis is that poor function is related 
to substantial tendon elongation and this results in a smaller 

soleus muscle. Bilateral Magnetic Resonance Imaging (mri) 
will be used to measure tendon length and tendon diameter 
on both legs (see figure). Furthermore, the volume of each calf 
muscle will be measured, as well as fatty infiltration in each 
muscle to assess if the amount of atrophy in any of the muscles 
differ between the groups. The objective with our research is to 
seek novel mechanistic and molecular insights into the connec
tion between the adaptation of the tendon and muscle tissue, 
which we hypothesize plays a large role in the recovery after 
tendon injuries. 
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SCAPIS
Computed Tomography  Ultrasound  Cardiovascular  
Metabolism  No Method Development

Project information

PROJECT NAME
Swedish CArdioPulmonary bioImage Study (SCAPIS) in Linköping 

PROJECT LEADER
Carl-Johan Östgren, Department of Health, Medicine and Caring 
Sciences, Division of Prevention, Rehabilitation and Community 
Medicine 

MAIN PROJECT PARTICIPANTS
Jan Engvall, Eva Swahn, Anders Persson, Fredrik Nyström, 
Carl-Johan Carlhäll, Lena Jonasson, Charlotte Brage, Karin Festin, 
Tomas Annerholm

GRANTS
The Swedish Heart-Lung Foundation

KEY PUBLICATIONS
Östgren CJ, Söderberg S, Festin K, et al. Systematic Coronary Risk 
Evaluation estimated risk and prevalent subclinical atherosclero-
sis in coronary and carotid arteries: A population-based cohort 
analysis from the Swedish Cardiopulmonary Bioimage Study 
[published online ahead of print, 2020 Mar 3]. Eur J Prev Cardiol. 
2020;2047487320909300. doi:10.1177/2047487320909300

Malinovschi A, Zhou X, Bake B, Bergström G, Blomberg A, 
Brisman J, Caidahl K, Engström G, Eriksson MJ, Frølich A, Janson C, 
Jansson K, Vikgren J, Lindberg A, Linder R, Mannila M, Persson HL, 
Sköld CM, Torén K, Östgren CJ, Wollmer P, Engvall JE. 
Assessment of Global Lung Function Initiative (GLI) Reference 
Equations for Diffusing Capacity in Relation to Respiratory Burden 
in the Swedish CArdioPulmonary BioImage Study (SCAPIS). Eur 
Respir J. 2020 Apr 27:1901995. doi: 10.1183/13993003.01995-2019. 
Online ahead of print. Eur Respir J. 2020. PMID: 32341107.

Toren K, Schiöler L, Lindberg A, Andersson A, Behndig AF, 
Bergström G, Blomberg A, Caidahl K, Engvall J, Eriksson M, 
Hamrefors V, Janson C, Kylhammar D, Lindberg E, Lindén A, 
Malinovschi A, Persson HL, Sandelin M, Eriksson Ström J, 
Tanash HA, Vikgren J, Östgren CJ, Wollmer P, Sköld CM. 
Chronic airflow limitation and its relation to respiratory symptoms 
among ever-smokers and never-smokers: a cross-sectional study. 
BMJ Open Respir Res. 2020 Aug;7(1):e000600.

Scapis is a collaborative project between six Swedish 
universities. We randomly invited 30,000 individuals 
from the general population living in six Swedish uni
versity cities (Gothenburg, Linköping, Malmö/Lund, 

Stockholm, Umeå and Uppsala), aged 50–64 years. 
In Linköping we included 5,058 study participants between 

2015 and 2018 with a participation rate of 58%.
In addition to determining the traditional cardiovascular risk 

factors, the participants underwent extensive imaging, includ
ing noncontrast and contrastenhanced computed tomography 
(ct) coronary angiography; ct scanning of the abdomen for the 
quantification of visceral and subcutaneous adipose tissue, liver 
fat; and ultrasound analysis for carotid artery atherosclerosis.

In addition to the core study protocol, we have in scapis 
Linköping added several optional investigations as home blood 
pressure recordings (7 days), measurements of stress exposure 
by cortisol levels in hair, echocardiography, microcirculatory 
function by integrated laser Doppler flowmetry and diffuse 
reflectance spectroscopy in a fiberoptic probe for skin, and de
termination of pulse wave velocity as a surrogate marker for 
arterial stiffness.

In a recent publication we showed that calcification in the 
coronary arteries was present in 39.5% and carotid plaque 
in 56.0%. In men, coronary artery calcium score (cacs) >0 
ranged from 40.7% to 65.9% and presence of carotid plaques 
from 54.5% to 72.8% in the age group 50–54 and 60–65 years,  
respectively. In women, the corresponding difference was from 
17.1% to 38.9% and from 41.0% to 58.4%.

Currently, we are investigating the prerequisites for perform
ing a reinvestigation of the scapisLinköping cohort starting 
in 2023.

In 2021, we will start planning and exploring the possibilities 
for a physical followup and a reexamination of the cohort. A 
physical reexamination will be costly and thus the aims and 
methods chosen must be thoroughly scrutinized to ensure that 
the important research questions raised may be properly ad
dressed if the reexamination is performed.

The reexamination will most likely follow the baseline pro
tocol and include a fasting blood sample for both immediate 
analysis and stored in a biobank for later analyses, anthro
pometry, blood pressure, accelerometry, dynamic spirometry, 
imaging of carotid arteries with ultrasound and imaging of 
heart (including coronary arteries), lungs and fat depots with 
computed tomography. 

POPULAR SCIENTIFIC SUMMARY
Carl-Johan Östgren
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Manual segmentation of a carotid bifurcation using T1w data (top row), and example automated segmentation 
using CE-MRA data (bottom row). Left panels depict a mid-stack slice from T1w imaging (A), and a maximum 
intensity projection of CE-MRA data (D). Center panels (B, E) depict the same images with segmentation overlays. 
Right panels (C, F) show 3D visualizations of the segmentations, with the vessel’s lumen depicted in red and the 
vessel wall in blue. CCA: Common Carotid Artery. ICA: Internal Carotid Artery. ECA: External Carotid Artery.

Ziegler M, Good E, Engvall J, Warntjes M, de Muinck E, Dyverfeldt P. Towards Automated Quantification of Vessel 
Wall Composition using MRI. J Magn Reson Imaging 2020; In Press, available online.
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Magnetic resonance elastography (MRE) of the liver at 56 Hz. MRE is a technology that combines MRI imaging 
with low-frequency vibrations to create a visual map (an elastogram) illustrating heptic stiffness. There is a 
strong correlation between MRE-measured hepatic stiffness and the stage of hepatic fibrosis at histology.

POPULAR SCIENTIFIC SUMMARY
Carl-Johan Carlhäll
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Scapis-HEALTH

MRI  Cardiovascular  Musculoskeletal  Gastrointestinal  
Metabolism  Acquisition  Visualization  Imaging Biomarkers

Project information

PROJECT NAME
Scapis-HEALTH 

PROJECT LEADER
Carl-Johan Carlhäll, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine 

MAIN PROJECT PARTICIPANTS
Peter Lundberg, Tino Ebbers, Olof Dahlqvist Leinhard, Jan Engvall, 
Carl Johan Östgren, Eva Swahn, Mattias Ekstedt 

GRANTS
KAW
The Swedish Heart-Lung Foundation
The Swedish Research Council

KEY PUBLICATIONS
Bergström G, Berglund G, Blomberg A, Brandberg J, Engström G, 
Engvall J, Eriksson M, de Faire U, Flinck A, Hansson MG, 
Hedblad B, Hjelmgren O, Jansson C, Jernberg T, Johnsson Å, 
Johansson L, Lind L, Löfdahl CG, Mellander O, Östgren CJ, 
Persson A, Sandström A, Schmidt C, Söderberg S, Sundström J, 
Toren K, Waldenström A, Wedel H, Vikgren J, Fagerberg B, 
Rosengren A. 
The Swedish CArdioPulmonary BioImage Study (SCAPIS): 
objectives and design. J Intern Med. 2015 Dec;278(6):645—59. 
doi: 10.1111/joim.12384. [Epub ahead of print]. PMID:26096600.

Swedish Cardio Pulmonary bioImage Study (scapis), 
is a largescale national population study initiated by 
The Swedish HeartLung Foundation and supported 
by the Wallenberg Foundation. The study is led by a 

national research group in collaboration with the University 
Hospitals in Sweden. 

Scapis is aiming for improved diagnosis and treatment of 
cardiovascular and lung disease. In total 30,000 healthy indi
viduals in the age of 50–64 years were examined in the study. 
Of these 5,000 were examined in Linköping. The participants’ 
lungs and cardiovascular system were examined with computed 
tomography and ultrasound. All the collected data were saved 
in a knowledge bank, which will be a national resource used 
for research. 

The overall aim of the heartAdipose tissueLiver TrusT 
(health) project is to establish a relationship between car
diovascular disease, liver disease and ectopic fat storage in a 
cohort with Type 2 Diabetes Mellitus (t2dm), something that 
has never been done previously. 

We hypothesize that advanced mribased measurements of 
the heart, liver and body composition in combination will relate 
stronger to adverse cardiac remodeling, cardiovascular events, 
and metabolic disease compared to individual measurements. 

At cmiv in Linköping we intend to study the relationship 
between measurements with highly advanced mr methods on 
heart (e.g., myocardial deformation / fibrosis/fat, blood flow), 
liver status (e.g., fibrosis, liver fat, iron), ectopic fat infiltration 
(visceral, intramuscular and pancreatic), and body composition 
(total abdominal fat tissue, occurrence of brown fat, and fat
free muscle volume). We will also study how such mribased 
measurements, individually and in various combinations, can 
relate to adverse heart remodeling, cardiovascular events and 
metabolic disease.

It would also be of great value to supplement with a longi
tudinal followup of the same research subjects after 3–4 
years to study how longterm changes in the estimated mri 
based measurements relate to adverse cardiac remodeling,  

cardiovascular events, and metabolic disease.
The study subjects were recruited from the scapis cohort. 

In total 46 persons with t2dm (as reported in scapis forms) 
and 46 matched control subjects without t2dm.

There are several manuscripts in preparation. 
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Diffuse 
Myocardial Fibrosis

MRI  Cardiovascular  No Method Development

Project information

PROJECT NAME
Diffuse Myocardial Fibrosis: Functional Consequences for Cardiac 
and Overall Function in Patients with Aortic Stenosis

PROJECT LEADER
Eva Tamas, Department of Health, Medicine and Caring Sciences, 
Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Erica Holmberg, Jan Engvall, Johan Kihlberg, Eva Nylander, 
Sofia Kvernby, Tino Ebbers

GRANTS
ALF
Region Östergötland

KEY PUBLICATIONS
Tamás É, Nylander E. 
Decision support for assessment of left ventricular diastolic 
function. Physiol Rep. 2018 Aug;6(16): e13815. doi: 10.14814/
phy2.13815.

Kvernby S, Warntjes M, Carlhall C, Engvall J, Ebbers T. 
Clinical feasibility of 3D-QALAS - Single breath-hold 3D myocardial 
T1- and T2-mapping. Magn Reson Imaging. 2017 May;38:13—20. doi: 
10.1016/j.mri.2016.12.014. Epub 2016 Dec 18. PMID: 2799874.

Kvernby S, Rönnerfalk M, Warntjes M, Carlhäll CJ, Nylander E, 
Engvall J, Tamás É and Ebbers T. 
Longitudinal changes in myocardial T1 and T2 relaxation times 
related to diffuse myocardial fibrosis in aortic stenosis; before and 
after aortic valve replacement. J Magn Reson Imaging. 2018 Feb 23. 
doi: 10.1002/jmri.25980. [Epub ahead of print] PMID: 29473982.

Aipproximately 1,800 aortic valve implantations are 
performed every year in Sweden, the majority due 
to aortic valve stenosis. Symptoms and/or impair
ment of left ventricular function are indications for 

surgery. However, symptoms and ventricular dysfunction occur 
late in the natural history of aortic valve stenosis. Irreversible 
impairment of left ventricular function (lvf) is believed to be 
related to diffuse myocardial fibrosis, which develops during 
disease progression as the heart compensates and develops  
hypertrophy. Regional fibrosis is known to cause impaired  
lvf after myocardial infarction, but data are scarce on how 
diffuse fibrosis affects cardiac performance and aerobic exer
cise capacity.

The overall purpose of the project is to improve patient man
agement by generating knowledge on how diffuse myocardial 
fibrosis affects cardiac function and physical capacity over time, 
and how fibrosis is affected by surgical intervention. The specific 
hypotheses for the present project are that cardiac magnetic 
resonance imaging (cmr) gives a valid representation of diffuse 
myocardial fibrosis and compared to endomyocardial biopsy, 
fibrosis has a prognostic value for postoperative heart function 
and aerobic exercise capacity.

The preliminary results showed that our novel automated as
sessment support for diastolic function proved to be consistent 
for the analysis of a larger group of patients with aortic stenosis 
pre and postoperatively. The algorithm is freely available for 
researchers and clinicians online.

Analyses of a subgroup of cmr examinations pre and post
operatively indicate that changes in myocardial relaxation times 
and thus changes in tissue characteristics can be observed  
already within the first 3 months after aortic valve implanta
tion. The significant changes from preoperative examinations 
to the follow up may be interpreted as a reduction of interstitial 
fibrosis in the left ventricular wall.

This study has a unique design, where we adapt and develop 
new technology (both for research purposes and clinical use) 
within echocardiography, cardiopulmonary exercise testing and 
CMR. We also perform myocardial biopsy in the same patients, 
making it possible to gain new insights into the functional con

sequences of fibrosis, the effects of valve surgery, and ultimately, 
optimize pre and postoperative treatment for patients with 
aortic stenosis. 

POPULAR SCIENTIFIC SUMMARY
Eva Tamas
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Illustration of mid-ventricular maps with 3D-QALAS, MOLLI and GraSE in a patient with severe 
aortic stenosis. The T1 and T2 relaxation times maps are acquired at three different time points: 
before, 3 and 12 months after surgery.
Kvernby et al.: Myocardial Relaxation Times After AVR
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Myocardial 
Perfusion by MRI 
without Contrast Media

Ischemic heart disease is the most common cause of death 
in the western world. The disease is characterized by an 
impaired blood supply to the heart muscle caused by in
adequate perfusion into the tissue. Perfusion of blood 

brings oxygen and nutrients into the tissue and washes out 
waste products. 

Perfusion in the myocardium can be measured with several 
different techniques, the most common being scintigraphy, 
Position Emission Tomography (pet) and Magnetic Resonance 
Imaging (mri). Mri has the advantage of not involving ionizing 
radiation. Contrast agents are, however, still necessary and 
involves a risk of side effects. 

Arterial Spin Labeling (asl) is a noninvasive mri technique 
where the water protons of the arterial blood are magnetically 
labeled and used as an endogenous tracer. This technique has 
so far been used for measuring perfusion in the brain. However, 
performing asl in the myocardium has several challenges due 
to movement and extensive blood flow around the myocardium. 

After adjusting the asl sequence into the cardiac context 
and to the available mriscanner, ten healthy volunteers were 
scanned using an advanced image acceleration technique called 
compressed sense. Acquiring the images in systole provided 

an increased area of analyzable myocardium compared to the 
diastolic period of the heart cycle. This first study demonstrates 
the robustness of the asl sequence. 

In order to detect myocardial ischemia in patients, both rest 
and stress perfusion imaging is required. The second study in 
this project aimed to scan another 10 healthy volunteers during 
rest and exercise stress. The exercise set up used an inbore 
ergometer with a step function, Figure 1. From the acquired im
ages myocardial blood flow (mbf) was estimated and temporal 
signaltonoise ratio (tsnr) was calculated. Example of perfu
sion maps for three subjects during rest and stress are shown 
in Figure 2 with considerably increased perfusion during stress 
compared to rest and overall good image quality. The mean 
heart rate during the stress scan was 84±14bpm, significantly 
higher than during rest (63±11bpm) (p<0.01). The group mean 
mbf was also significantly higher during stress (2.8±0.9ml/g/
min) compared to rest (1.2±0.6 ml/g/min) (p<0.01). However, 
the tsnr was significantly lower during stress (7.4±3.8) than 
rest (12.4±5.1) (p<0.01). 

This asl technique appears robust and may offer an attrac
tive approach for myocardial perfusion assessment during stress 
without the use of contrast agents or pharmacological stress. 

POPULAR SCIENTIFIC SUMMARY
Johan Kihlberg
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Project information

PROJECT NAME
Myocardial Perfusion by MRI without Contrast Media

PROJECT LEADER
Johan Kihlberg, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Markus Henningsson, Carl-Johan Carlhäll, Tino Ebbers

GRANTS
Region Östergötland

KEY PUBLICATIONS
Henningsson M, Carlhäll CJ, Kihlberg J. 
Myocardial arterial spin labeling in systole and diastole using 
flow-sensitive alternating inversion recovery with parallel imaging 
and compressed sensing. NMR in Biomedicine (2020): e4436.

Step ergometer used for the exercise test. Exercise was 
performed in the scanner bore between breath holds when 
stress images were acquired.

Example perfusion images for three healthy volunteers (HV2, 6 and 
10) during rest and stress. Increased heart rate and myocardial blood 
flow (MBF) is observed during the stress test compared to rest. 
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Project overview. The overall purpose of the AscA project is to improve the characterization and risk-stratification of mild 
to moderate ascending aortic (AA) dilation. This will be achieved by a thorough analysis of cardiovascular risk factors and 
a comprehensive investigation the potential role of several novel hemodynamics, biomechanics and circulating markers 
in a unique cohort of individuals with mild to moderate AA dilation and age- and sex-matched controls. Annual follow-up 
measurements of AA diameter will provide data on growth rates and allow us to explore novel predictors of growth.

POPULAR SCIENTIFIC SUMMARY
Petter Dyverfeldt



cmiv annual scientific report 2020  Research Projects 103

Ascending 
Aortic Dilation 

MRI  Ultrasound  Cardiovascular  Acquisition  
AI/Data analytics  Imaging Biomarkers

Project information

PROJECT NAME
Unraveling the mystery of ascending aortic dilation using 
advanced imaging and circulating biomarkers

PROJECT LEADER
Petter Dyverfeldt, Department of Health, Medicine and Caring 
Sciences, Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Chiara Trenti, Magnus Ziegler, Lena Jonasson, Eva Swahn

Aiscending aortic (aa) dilation is an increasingly diag
nosed but poorly understood disease with asymp
tomatic progression and fatal end points such as 
dissection and rupture. Riskstratification relies 

almost exclusively on surveillance of the lumen diameter, but 
it is well known that growth rate and risk of complications of 
aa dilation are not fully revealed by aa diameter.

The overall goal of this project is to identify new risk factors 
for aa dilation. The project challenges the current clinical para
digm which relies on aa diameter to risk stratify aa dilation. We 
hypothesize that hemodynamics, biomechanics and circulating 
markers can provide added value for the characterization and 
risk stratification of mild to moderate aa dilation and growth.

The project is divided into three aims. In Aim 1, aa diame
ter, a wide variety of cardiovascular risk factors and the bur
den of atherosclerosis will be measured and compared in all 
individuals with mild to moderate aa dilation (cases) and in 
age and sexmatched controls with normal aa diameter in 
scapis Linköping. In Aim 2, we will utilize, adapt and develop 
advanced methods to study the hemodynamics and biome
chanics of the aa using magnetic resonance imaging (mri) and 
apply these methods in all cases and controls. This comprehen
sive mri study will be complemented by a panel of circulating 
markers. Relationships between aa dilation, hemodynamics 
and biomechanics, and circulating markers will be explored 
in a crosssectional design. The aa diameter in cases will be 
measured annually during a 5year period and the aa diameter 
in controls will be measured twice. In Aim 3, the impact of 
cardiovascular risk factors and atherosclerosis, hemodynamics 

and biomechanics, and circulating markers on aa growth rate 
will be determined.

Aa diameter is a blunt and insufficient measure to appropri
ately riskstratify aa dilation. By mapping the characteristics 
of aa dilation, this project addresses important gaps in our 
clinical understanding of the disease. By using advanced mri 
of hemodynamics and biomechanics as well as circulating bio
markers, the project has the potential to provide novel insights 
into the mechanisms of aa dilation and growth. By improving 
our understanding of aa dilation and exploring new measures 
to discriminate between cases and controls as well as to pre
dict growth, this project may lead to new ways to riskstratify 
patients with aa dilation. 
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 Assessment of 
Cardiovascular 
Blood Flow

MRI  Cardiovascular  Acquisition  Modeling  
AI/Data analytics  Simulation

Project information

PROJECT NAME
Assessment of Cardiovascular Blood Flow Using 4D flow MRI and 
Physiological Modelling

PROJECT LEADER
Tino Ebbers, Department of Health, Medicine and Caring Sciences, 
Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Carl-Johan Carlhäll, Jan Engvall, Petter Dyverfeldt, Gunnar 
Cedersund, Mariana Bustamante, Federica Viola, Kajsa Tunedal

GRANTS
Swedish Research Council 2019—2022

KEY PUBLICATIONS
Viola F, Dyverfeldt P, Carlhäll CJ, Ebbers T. 
Data Quality and Optimal Background Correction Order of 
Respiratory-Gated k-Space Segmented Spoiled Gradient Echo 
(SGRE) and Echo Planar Imaging (EPI), Journal of Magnetic 
Resonance Imaging 51:885—896, 2020.

Ha H, Park KJ, Dyverfeldt P, Ebbers T, Yang DH. 
In vitro experiments on ICOSA6 4D flow MRI measurement for the 
quantification of velocity and turbulence parameters. Magnetic 
Resonance Imaging 72, 49—60, 2020.

Garg P, Swift AJ, Zhong L, Carlhäll CJ, Ebbers T, Westenberg J, 
Hope MD, Bucciarelli-Ducci C, Bax JJ, Myerson SG. 
Assessment of mitral valve regurgitation by cardiovascular mag-
netic resonance imaging, Nature Reviews Cardiology, 1—15, 2019.

The primary purpose of the cardiovascular system 
is to drive, control and maintain blood flow to all 
parts of the body. The heart acts as the pump in this 
system and has as task to move blood through the 

body. Using a complex and ingenious interplay between muscle 
contraction and valve function, it fulfills this task amazingly 
efficient during rest and exercise for about a hundred years. 

Sometimes small abnormalities occur at birth or by disease, 
cardiovascular diseases are often found in obesity, diabetes 
and an aging population. The heart can compensate for these 
to some extent, but they can also lead to inefficient pump func
tion and sometimes to a cascade of more severe abnormalities. 

Despite the primacy of flow, cardiac diagnostics still rely 
almost exclusively on tools focused on morphological assess
ment. Flow characteristics are often assumed rather than meas
ured directly. Suitable noninvasive tools for characterizing 
and measuring flow dynamics are needed to push our medical 
effectiveness to the next level. 

The objective of this project is to develop the next generation 
of methods for the noninvasive quantitative assessment of 
cardiovascular diseases and therapies by focusing on blood flow 
dynamics, with the goals of earlier and more accurate detection 
and improved management of cardiovascular diseases.

The project makes use of a method for flow quantification using 
mri which allows for simultaneous measurement of time 
resolved, threedimensional (time + 3D = 4D) blood flow velocity 
and turbulence intensity. This method, which was pioneered 
at cmiv, reveals blood flow patterns in the heart and the large 
vessels. By combining this approach with modelling approaches, 
more knowledge can be obtained from the measured data about 
the cardiovascular system under different conditions.

Cardiovascular blood flow is still to a large extent unknown. 
In order to define relevant parameters, development of analysis 
and visualization approaches and studies of normal and abnor
mal blood flow have to be performed in chorus. 

Studying cardiovascular blood flow dynamics in patients and 
healthy subjects will improve our understanding of the roles 
of flow dynamics in health and disease, leading to improved 
cardiac diagnostics, novel assessments of pharmaceutical, in

terventional, and surgical therapies, and promoting exploration 
of new avenues for management of cardiac disorders can facili
tate treatment of cardiovascular patients with higher quality 
and lower costs. 

POPULAR SCIENTIFIC SUMMARY
Tino Ebbers
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Blood flow in the left (red) and right (blue) side of the heart during left ventricular filling (left) and ejection 
(right). Segmentation of the blood pool (gray) are created automatically using atlas-based segmentations.
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4D Flow CT

Computed Tomography  MRI  Cardiovascular  Acquisition  
Modeling  Simulation

Project information

PROJECT NAME
Simulation of Time-Resolved, Three-Dimensional Cardiac Blood 
Flow from Computed Tomography (4D flow CT)

PROJECT LEADER
Tino Ebbers, Department of Health, Medicine and Caring Sciences, 
Division of Diagnostics and Specialist Medicine

MAIN PROJECT PARTICIPANTS
Anders Persson, Matts Karlsson, Carl-Johan Carlhäll, Lilian 
Henriksson, Sophia Beeck, André Da Luz Moreira, Faisal Zaman

GRANTS
Swedish Heart Lung Foundation 2019—2021
Visual Sweden / MeDigiT 2019—2021

KEY PUBLICATIONS
Lantz J, Gupta V, Henriksson L, Karlsson M, Persson A, Carlhäll CJ, 
Ebbers T.
Impact of Pulmonary Venous Inflow on Cardiac Flow Simulations: 
Comparison with In Vivo 4D Flow MRI, Annals of biomedical 
engineering 2019; 47 (2), 413—424.

Lantz J, Gupta V, Henriksson L, Karlsson M, Persson A, Carlhäll CJ, 
Ebbers T. 
Intracardiac flow at 4D CT: comparison with 4D flow MRI. Radiology 
2018: 289 (1), 51—58.

Lantz J, Henriksson L, Persson A, Karlsson M, Ebbers T. 
Patient-specific simulation of cardiac blood flow from high-
resolution Computed Tomography. Journal of Biomechanics 
Engineering 2016; 138(12).

Aidvanced computed tomography (ct) allows for ama
zing visualization of the human body including the 
beating heart. However, the complex interactions 
of blood flow, which is crucial in the diagnosis and 

treatment planning of many diseases, are not fully reflected by 
these images. Magnetic resonance imaging (mri) and ultra
sound are able to measure functional data like blood flow, but 
at a low resolution. Furthermore, these techniques are not able 
to predict the changes in blood flow after surgical treatment. 

This project aims to extract blood flow data from ct images 
of the heart using imagebased simulations. The goal is earlier 
and more accurate detection as well as improved management 
of cardiac diseases.

Even though many forms of functional imaging data and 
modelling approaches are currently available, a gap persists 
between modelling and experimental research. This project 
has bridged the gap by developing and evaluating an approach 
in which intracardiac flow fields are computed based on pa
tientspecific highresolution cardiac ct data. The heart is 
segmented, and advanced registration techniques are used to 
track the heart wall. Using computational techniques usually 
employed by the automotive or aerospace industry, detailed 
intracardiac and vascular blood fields are obtained. 

The results show that the 4D Flow ct method can produce 
bloodflow patterns that are qualitatively and quantitatively 
similar to the current reference standard 4D Flow mri, but at 
higher resolution. The high resolution also allows the simulated 
data to reveal processes that could not be studied before, like 
the coagulation of blood or the occurrence of turbulence in 
the blood flow. 

One clinical application that is explored is in atrial fibril
lation. These patients have an increased risk of blood cloths 
forming in the atrium and by migrating to the brain or coro
nary arteries they may induce a stroke or heart attack. We are 
building a model that can identify where the blood cloths are 
forming. The goal is that the information from this model may 
be used to identify patients at risk.

The simulationbased approach potentially allows for studies 
of whatif scenarios where different treatment options can be 
explored. This is challenging, as the heart is complex and adapts 

to changes in demand and constrains. A model is a simplified 
version of reality and there has to be a balance in the amount 
of details included and clinically usability. 

POPULAR SCIENTIFIC SUMMARY
Tino Ebbers
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Virtually valve surgery by simulation of blood flow in the heart of a patient in which the 
competent native mitral valve is virtually replaced by a prosthetic mechanical valve.
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The Project Path 
 through CMIV
The Project Path through CMIV — a presentation of all the instances 
and key personnel that a research project passes at CMIV.
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Marcelo Pereira Martins

Lilian Henriksson

Petter Quick

Henrik Ekman

Håkan Gustafsson

Jennie Kemppi, Biomedical Anlayst at the Department of Physio-
logy and Christer Holm.
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Mona Cederholm Martin Norling de Brun and Tobias Ekholm
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Over the years since cmiv first 
was founded we have contin
ued to grow. For every year 
there are more and more re

searchers who want to be affiliated. And 
with them new research projects start 
and the opportunity for translational 
research increases. 

In order to meet the needs of all re
searchers our core staff have increased. 

By the end of 2019, we finally knew 
that we had a deputy director coming. 
In March we welcomed Håkan Gustafs
son, who now could lift off some bur
den from our director Anders Persson’s 
shoulders. Håkan defended his thesis at 
cmiv in 2008 and his research area is in 
quantification and visualization of oxy
gen pressure and reactive species (e.g., 
superoxide radicals), oxidative stress and 
inflammation. He now works halftime 
as ai coordinator at the Region Östergöt
land and halftime as deputy director. 

Håkan is the chairman of the scien
tific council and also leads the relatively 
recently established group of modality 
managers. He is the convener of the reg

ular mr and ct research meetings open 
to all affiliated researchers.

All research projects that desire to use 
our modalities will be assigned one of our 
modality managers. 

Petter Quick is in charge of our ct 
Force. Petter is also an application spe
cialist at Siemens and a great resource 
when it comes to ct. 

For the new Photon Counting Detector 
ct our research nurse Lilian Henriksson 
is the manager. She is also a PhD student, 
enrolled in cmiv Research School and 
always ready to give a helping hand. 

The lion’s share of all research at cmiv 
is performed on our mrscanners.

Christer Holm is the manager of our 
1.5T Philips mr, which is the most used 
mr scanner for cardiovascular projects. 
Christer has long and valuable experi
ence of working with mr. 

Henrik Ekman is in charge of the 3T 
Philips mr, former application specialist 
at Philips and a great asset.

Marcelo Pereira Martins is the man
ager of our 3T Siemens mr. He is also 
working close together with the neuro

surgeons with the newly installed intra
operative mr at the Neurosurgical Clinic. 
Our Siemens mr scanner is the one most 
used for fmri projects. 

To start doing research at cmiv the pi 
has to be affiliated. After that there is an 
application form to fill in, in order to help 
us be as prepared as possible to help with 
the research desired. 

The project application passes through 
the scientific council and when approved 
the assigned modality manager invites 
the research group to a startup meeting. 

At the startup meeting our key re
source when it comes to optimizing the 
use of the mr scanners, Mona Ceder
holm, attends as well. She is managing 
all our mr bookings. 

With the large amount of data that is 
produced at cmiv there is a great need 
of it support. For that we have increased 
our it personnel and are now pleased  
to have welcomed both Martin Norling 
de Brun and Tobias Ekholm during the 
fall. They work hard with our it infra
structure to make it run as smooth as 
possible. 

The Project Path 
 through CMIV
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Azad Najar, Sophia Beeck, Per Widholm, Robin Kämpe, Martin Lindvall, Deneb Boito, 
Marco Domenico Cirillo, Chiara Trenti and Milda Poceviciute participating in a virtual PhD Seminar.
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The CMIV Research School offers a doctoral program with 
both medical and technological entries and a coherent 
research education. A basic principle for our doctoral 
program is the translational approach where we encourage 
projects to have a close connection to the clinic. Currently 
there are around 25 PhD students admitted to the research 
school. Here a selection of them presents their research.

The CMIV  

 Research 
School

113cmiv annual scientific report 2020  The CMIV Research School



114

fMRI Methods for Brain Tumour Treatment

Functional magnetic resonance im
aging (fmri) is an mri modality 
used to reveal the location of brain 

activity when a subject performs a cer
tain task. Its use has revealed a lot about 
functional localization in the brain, but 
its application is generally limited to the 
gray matter, one of the two main tissues 
types of the brain. Gray matter is found in 
the outer layers of the brain and is where 
brain processing takes place. However, 

PROJECT INFORMATION

Supervisors
Anders Eklund, Evren Özarslan, 
Ida Blystad, Hamid Behjat

Project
Methods for analyzing fMRI data 
— with applications to brain tumour 
treatment

Short CV
Master of Science in Electrical Engi-
neering (double degree studies), 
Lund University, Lund, Sweden 2017
Master of Science in Telecommu ni  - 
cations Engineering, Technical Uni-
versity of Madrid, Madrid, Spain 2017
Bachelor’s Degree in Telecommu ni - 
cations Engineering, Technical Uni-
versity of Madrid, Madrid, Spain 2015

David Abramian

Illustration of the range of shapes that filters can take with the proposed method. 
While conventional fMRI analyses rely on isotropic (i.e., round) filters, our approach 
enables the definition of very slender filters that closely follow the orientation of 
neuronal axons.

Example of white matter activations detected with conventional methods (top) and 
the proposed method (bottom). Conventional methods result in blob-like detections 
and are incapable of separating signals from distinct but adjacent sour ces. On the 
other hand, our approach results in filters that adapt to the orientation of the signal 
and is capable of finding much subtler detections (lines, dots). In this figure, our 
method detects two separate parallel elongated activations on the bottom left of 
the brain, whereas these appear joined together for the conventional approach.

the brain is also composed of white mat
ter, which constitutes around 50% of 
the brain mass, and serves to connect 
gray matter regions. This tissue has until  
recently been neglected in fmri studies, 
due to questions about the mechanism 
by which the relevant signals are genera
ted in this tissue, as well as the weakness  
of these signals in comparison to those 
generated in gray matter. Nevertheless, 
the developing consensus is that these 

signals are meaningful, so the attention 
has to shift to the development of methods 
to address their weakness.

In our work we developed an improved 
method for detecting these signals that 
relies on knowledge of their spatial shape 
in white matter. Since white matter is 
made of long axonal strands, it has a 
very directed structure, and recent stud
ies have shown that the fmri signal in 
white matter follows this structure. To 
incorporate this knowledge into a stand
ard fmri processing pipeline, we devised 
a novel filtering approach informed by 
diffusionweighted mri, a modality that 
encodes the direction of the neuronal ax
ons at every point in the brain. We evalu
ated our filtering approach on carefully 
constructed simulated data, as well as 
on real fmri data from 100 subjects. Our 
results show that our method is capable 
of detecting very subtle activations that 
conventional methods cannot detect.

Recent advances in the study of fmri 
in white matter can provide new ways of 
characterizing the brain and diagnosing 
diseases. Our work incorporates several 
of these advances, and we believe it can 
be helpful in reaching this goal. 

τ =4τ =3τ =2τ =1

FWHM=1 mm

Subject 280739, Gambling task, win condition

DS
S

GS
S

FWHM=2 mm FWHM=3 mm FWHM=4 mm FWHM=5 mm FWHM=6 mm

6
4
2
0

–2
–4
–6

6
4
2
0

–2
–4
–6

τ =5 τ =6

τ =3 τ =5 τ =7

α  =
0.

95
α  =

0.
90

α  =
0.

85

1

0.8

0.6

0.4

0.2

0

1

0.8

0.6

0.4

0.2

0

1

0.8

0.6

0.4

0.2

0

1

0.95

0.9

0.85

0.8
1

0.95

0.9

0.85

0.8
1

0.95

0.9

0.85

0.8



cmiv annual scientific report 2020  The CMIV Research School 115

PROJECT INFORMATION

Supervisors
Peter Lundberg, Nils Dahlström, Per Sandström, Mischa Woisetschläger

Project
Optimizing the Use of Hepatobiliary Contrast in Metastatic Liver Disease (LiverMet)

Short CV
Medical degree, Medical School, Justus-Liebig University, Gießen, Germany, 2002
Radiologist, Department of Radiology, University Hospital, Linköping, Sweden, 2010
Consultant Radiologist, Department of Radiology, University Hospital, Linköping, 
Sweden 2014—present

Wolf Claus Bartholomä

Optimizing Hepatobiliary 
Contrast in Liver Imaging

A T2-weighted image in the transversal 
plane showing the right liver lobe with a 
metastasis (marked with a dashed circle). 
The metastasis is well demarcated and is 
brighter than the surrounding liver tissue.

The metastasis is seen here in a T1-
weighted image acquired 20 minutes after 
i.v. injection of the liver-specific contrast 
agent Gd-EOB-DTPA (Primovist®, Eovist®). 
Normal liver tissue and biliary ducts have 
high signal (light grey and white), whereas 
the metastasis has very low signal (black 
or dark grey) since it has no uptake of the 
contrast agent.

Colorectal cancer is the third most 
common form of cancer world
wide. Though mortality has been 

relatively stable in the last decade, signif
icant improvements have been achieved 
in terms of longterm survival. Key to im
proved survival is the detection of meta
static disease as early and completely as 
possible. In colorectal cancer, the most 
common site of metastatic disease is the 
liver, and the best method to detect metas
tases in this organ is mri with hepatobil
iary contrast media. However, the method 
is underutilized due to high cost, complex
ity and challenging interpretation.

We aim to show that a shortened ver
sion of the regular mri protocol with liv
er specific contrast can preserve compa
rable levels of sensitivity for metastases 
to the complete protocol while reducing 
complexity and scanning times. This 
will enable more patients to be evaluat
ed without the need for more equipment 
and open the examination for acquisition 
at minor hospitals that normally would 
avoid these complex examinations. 

Due to the nature of the shortened 
protocol, a drop in specificity is expect
ed and will be measured. However, in 
real life, clinical decisionmaking never 
happens in isolation and always in the 
context of all available information and 
clinical data. 

It is the aim of the next part of the pro
ject to study how a shortened protocol 
will affect the clinical decision making 
and treatment process of cancer patients. 
The patients will be presented in a sim
ulated multidisciplinary team meeting, 
using all relevant clinical data and pri

monetary factor as of now that cannot 
be reduced – will be evaluated. In the 
last part, we will study if large scale in
troduction of such a method would be a 
financially viable and sustainable option 
for the public health service. 

or examinations to evaluate if and how 
clinical management of the patient will 
actually differ when using a shortened 
rather than the complete protocol.

Finally, economic impact of using a 
more expensive contrast media – the only 
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Cardiac Blood Flow During 
Atrial Fibrillation Therapy

PROJECT INFORMATION

Supervisors
Tino Ebbers, Carl-Johan Carlhäll, Matts Karlson, Anders Persson

Project
Simulation of time-resolved, three-dimensional cardiac blood flow from Computed 
Tomography (4D flow CT)

Short CV
PhD student Linköping University, since November 2019
Research engineer at Linköping University, August 2018—October 2019
Master of Science, Mechanical Engineering, RWTH Aachen, Germany, 
October 2016—June 2018
Bachelor of Science, Mechanical Engineering, RWTH Aachen, Germany, 
October 2012—September 2016

Sophia Beeck

Arial fibrillation (af) is a very com  
  mon disease of the heart. It is 
   characterized by an irregular 

contraction of the atria of the heart. This 
changed motion can lead to blood coag
ulation, which can cause stroke or myo
cardial infarction. In this project, we want 
to understand how the motion of the left 
atrium influences the blood flow and how 
the blood flow is changed in patients with 
atrial fibrillation. 

We focus especially on a structure 
in the left atrium called left atrial ap
pendage (laa). The shape of left atrial 
appendage differs between people, but 
there are also differences in the contrac
tion patterns. 

There are two techniques to meas
ure the geometry and motion of the 
heart in people: Computed tomography 
(ct) and magnetic resonance imaging 
(mri). With mri it is possible to directly 
measure the blood velocity in the heart 

(4D flow mri), however, the resolution 
of the images is relatively low, and it is 
difficult to measure low speeds. Ct on 
the other hand produces images with a 
high resolution but does not provide di
rect velocity information and it exposes 
the patient to radiation. With the use of 
modern computers, we can calculate the 
velocity of blood inside the heart based 
on the highresolution ct images. This 
way, we can also calculate the blood flow 
in regions where the blood speed is low 
and the risk for blood coagulation is high. 

In the current stage of the project, we 
focus on improving the preprocessing of 
the data and decreasing the computa
tion time in order to be able to apply the 
technique in a larger cohort of patients. 
This will allow us to study the relations 
between the blood flow in the left atrium 
and the risk of stroke. This information 
might lead to improved patient selection 
and therapy of atrial fibrillation. 

Blood flow in the left heart at end diastole 
and end systole, calculated based on time 
resolved CT images.
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Spectral CT for the 
Musculoskeletal System

PROJECT INFORMATION

Supervisors
Anders Persson, Seppo K Koskinen, Håkan Gauffin, Alexandr Malusek

Project
Bone Cartilage Soft Tissue Photon Counting (BoCaSt)

Short CV
Doctor of Medicine (MD), Linköping University, 2010
Resident in Radiology, Radiology Department at Linköping University Hospital, 
2012—2020
Radiologist, Radiology Department at Linköping University Hospital, 2020—
PhD student, 2020

Ann-Sofi Björkman

Images of the knee joint from a cow speci-
men obtained with the Photon Counting 
Detector CT.

3D reconstructed images of the skeleton 
of a chicken specimen obtained with the 
Photon Counting Detector CT.

Magnetic resonance imaging 
(mri) has been the modality 
of choice for imaging of soft 

tissues such as muscles, ligaments, and 
menisci as well as cartilage because of 
its unparalleled soft tissue contrast. The 
drawback is that it is usually less availa
ble, the cost is relatively high, and patients 
must be able to lie still to avoid reduced 
image quality due to motion. Metal im
plants and cardiac pacemakers can make 
mri contraindicated or reduce image 
quality significantly.

Computer tomography (ct), on the 
other hand, is readily available, cheaper, 
and fast. To the present its usefulness in 
musculoskeletal imaging has been most
ly limited to fracture detection. Soft tis
sue contrast between different tissues is 
low meaning many abnormalities cannot 
be visualized. Ct also imposes radiation 
whereas mri does not.

Therefore, new types of ct scanners are 
being developed e.g., the PhotonCount
ingDetectorbased ct (pcd-ct). Such a 
research machine has recently been in
stalled at cmiv as one of very few whole
body pcd-ct in the world. It differs from 
conventional ct in that the xray photons 
are no longer converted to visible light 
before generating an electrical signal. 
Instead the incoming photon directly 
generates the electrical impulse. This 
increases the spatial resolution, reduces 
image noise and radiation dose. Also, the 
pcd-ct has the potential to discriminate 
different types of tissue as well as to re
move certain elements from the image, 
such as calcium in bone, to visualize pre
viously hidden information.

The BoCaSt project aims at developing 
imaging for the musculoskeletal system 
and more specifically visualizing liga
ments and cartilage in the knee joint us
ing the pcd-ct. First this will be done on 
animal tissue followed by human studies. 
Other uses within the musculoskeletal 
system would be maintaining details 
while markedly reducing radiation dose 
as well as improving imaging of bone ad

jacent to metal implants, such as screws 
and protheses, which now is obscured by 
metal artefacts.

The possible capabilities and advan
tages of this machine are thrilling. As 
this is one of very few machines of that 

kind in the world and with the research 
environment provided by the cmiv we 
possess an ideal position to bring imag
ing into the future with decreased radi
ation, higher precision, and revelation of 
previously hidden information. 
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Marco Domenico Cirillo

Deep Learning for Image Segmentation

PROJECT INFORMATION

Supervisors
Anders Eklund, Göran Salerud, Ida 
Blystad

Project
Methods in Neuroimaging

Short CV
Bachelor’s degree in Information 
Technology at the University of 
Padova, Italy, 2013
Master’s degree in Bioengineering at 
the University of Padova, Italy, 2016
PhD student in Biomedical Engine e-
ring at Linköping University,  
Sweden (ongoing)

Four training examples in the BraTS 2020 dataset. 
From left to right: T1W, T2W, T1w with contrast, T2W FLAIR, ground-truth segmentations. 
Peritumoural edema (ED), necrotic and non-enhancing tumor core (NCR/NET), and 
GD-enhancing tumor (ET) are highlighted in silver, dark grey and white respectively.

My research focuses on medical 
image segmentation using 
artificial intelligence, deep 

learning to be specific. Segmentation is 
important for many medical applications, 
since the type of treatment often depends 
on how big a brain tumor is, or how large 
a burn wound is. Despite this fact, image 
segmentation is often performed manually 
by a medical doctor, but manual segmen
tation is very time consuming, especially 
in 3D. It is therefore of interest to develop 
automatic segmentation algorithms, that 
can save time for medical doctors.

In my most recent work, I started doing 
image segmentation in 3D to segment 
brain tumors from multichannel mr  
images, see figure. I developed a Gene
rative Adversarial Network (gan), which 
is a network composed by two convolu
tional neural networks (cnn:s), called 
generator and discriminator, respec
tively. The first cnn generates the brain 
tumor segmentation, whereas the second 
certifies that the generated image looks 
like a rea listic segmentation. Moreover, 
I also focused on image augmentation, 
which is a technique used to increase 

the size of the available image dataset. 
Often, in medicine the number of images 
provided for research is not sufficient to 
train a deep network. 

Image augmentation transformations 
such as rotation, flipping, elastic defor
mations, brightness changes, etc., are 
therefore essential to give to the network 
more images to train with, and also to 
avoid under and overfitting. I therefore 
investigated which kind of image aug
mentation techniques that are useful 
for 3D brain tumor image segmenta
tion, using the Brain Tumor Segmen
tation (Brats) 2020 challenge dataset. 
Even though the Brats dataset contains 
training data from 369 brain tumor  
patients, we show that augmentation can 
significantly improve the segmentation 
accuracy. 
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Elin Good

18FDG Uptake in Carotid 
Plaques, Using PET/MRI

PROJECT INFORMATION

Supervisors
Ebo de Muinck, Petter Dyverfeldt

Project
CARMA-PET Study

Short CV
Degree of Master of Science in 
Medicine. Medical School, Linköping 
University, 2012
Resident physician in cardiology 
and internal medicine, Department 
of Cardiology, Region Östergötland, 
2015—present

Background: Death in cardiovascu
lar disease is often caused by the 
rupture of atherosclerotic plaques 

resulting in a heart attack or stroke. 
Plaques with a high content of fat and 
blood (caused by bleedings inside plaque) 

are known to be especially vulnerable and 
it is also known that inflammation is a 
process that accelerate the plaque towards 
rupture. However, noone has previo  
usly assessed the quantitative relation
ships between plaque inflammation and 

Fusion image of PET and T1W 
sequences from the simultaneous whole-body PET/MRI scanner. 
Neck region with the carotid arteries from a coronal plane is shown.

The figure illustrates the segmentation and fusion methodology applied in the current 
study. Segmented carotid plaque is shown in red. Axial, coronal and sagittal planes are 
automatically aligned for PET, fat, R2* and T1W images.

plaque components like fat and blood. 
Aim: Since this is not previously done, 

we wanted to explore a new method for 
investigating the quantitative relation
ship between fat and blood inside carotid 
plaques and inflammation in the same 
plaques. To this end we used a simulta
neous wholebody pet/mri scanner that 
has the possibility to generate both mri 
and pet images at the same time. This 
current study is a pilot study.  

Methods: Twelve patients with high
grade carotid artery stenosis were en
rolled in the study. The extent of fat and 
blood was quantified from a previously 
validated but new quantitative magnet
ic resonance imaging (mri) technique, 
in a standalone mri scanner. Pet/mri 
was used to measure 18f-fdg uptake (a 
measure for inflammation) in the plaques 
alongside t1w sequences for anatomical 
bearings. The different images were 
then synchronized to generate localized 
plaque data both for inflammation and 
for plaque components.

Results and conclusion: It were pos
sible to access reliable and quantitative 
data from the carotid plaques using our 
method. The plaques were heterogenous 
with respect to their volumes and com
position. The results we received did not 
indicate any linear relationships between 
fdg, fat and blood. However, this pilot 
study was not powered for statistically 
significant correlations and for a thor
ough analysis of the interdependence of 
these plaque characteristics a larger and 
adequately powered study would need to 
be done. 
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Lilian Henriksson

PROJECT INFORMATION

Supervisors
Anders Persson, Jan Engvall, Tino Ebbers, Mischa Woisetschläger

Project
Measurement of the Transluminal Attenuation Gradient (TAG)

Short CV
Radiology nurse, 2005 
Master’s degree, 2013 
CT Research nurse, 2015

Improving the Accuracy 
of Coronary CT Angiography

Coronary computed tomography 
angiography (ccta) is a noninva
sive examination method used to 

detect coronary artery plaques that might 
cause stenoses. Iodine contrast is inject
ed intravenously during the examination 
making it possible to see plaques in the 
vessel wall. Ccta has a high sensitivity 
for detection of coronary stenoses whilst 
the specificity is lower due to a tendency 
to overestimate the stenosis degree. 

As a result patients sometimes end up 
being unnecessarily sent for further evalu
ation with invasive coronary angiography.  
Coronary angiography is considered to be 
the reference method for stenosis evalu
ation when the Fractional Flow Reserve 
(ffr) i.e., pressure drop caused by the 
stenosis is measured. 

Figure 1. Receiver operating characteristic curves for the diag-
nostic accuracy of semi-automatic TAG including attenuation 
measure ments of the entire ostium around the centerline and 
manually measured TAG using fractional flow reserve (FFR)  
measurements ≤0.80 as reference.

Figure 2. Receiver operating characteristic curves for the diagnos-
tic accuracy of probability values derived by logistic regression 
between the coronary CT angiography (CCTA) assess ment and 
semi-automatic TAG including attenuation measurements of 
the entire ostium TAG in a 3x3 pixel patch around the centerline 
and manually measured TAG using fractional flow reserve (FFR) 
measurements ≤0.80 as reference.

A method for improving the accuracy 
of ccta is highly sought after. Measure
ment of the transluminal attenuation 
gradient (tag) has been proposed as an 
alternative to other existing methods i.e., 

ct perfusion and ct ffr. The theory  
behind tag is that the contrast atten
u ation in the vessel ref lects the f low  
of contrast through that vessel. 

By measuring the attenuation at small 
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Erica Holmberg

PROJECT INFORMATION

Supervisors
Éva Tamás, Jan Engvall, Eva Nylander, Hans Granfeldt, Tino Ebbers 

Project
Diffuse myocardial fibrosis and heart function in patients with aortic stenosis

Short CV
Medical degree, 2009 
Licensed physician, 2011 
Specialist in cardiothoracic surgery, 2018 
Physician at the Thoracic Clinic, the University Hospital, Linköping, 2011—ongoing 

Fibrosis and Heart 
Function in Aortic Stenosisintervals throughout the vessel it is pos

sible to calculate the linear regression 
coefficient. A stenosis will decrease the 
contrast flow and thereby increase the 
regression coefficient. There is no stand
ardized method established regarding 
the ccta for tag measurements. 

One factor that probably affects the  
results is whether the ccta was acquired 
during one or multiple heart beats since 
every heart beat changes the contrast 
attenuation slightly. The purpose of this 
project was to evaluate the incremental 
value of three types of tag in high pitch 
spiral ccta with invasive ffr measure
ments as reference. Tag was measured 
using two semiautomatic and one man
ual method. A receiver operating char
acteristic (roc) analysis was made to 
determine the usefulness of tag alone 
as well as tag combined with ccta for 
detection of significant coronary artery 
stenoses defined by an invasive ffr value 
≤0.80. 

A total of 51 coronary vessels in 37  
patients were included in this retrospec
tive study.  Hemodynamically signifi– 
cant stenoses were found in 13 vessels 
according to ffr. The roc analysis tag 
alone resulted in area under a curve 
(auc) of 0.530 and 0.520 for the semi 
automatic tag and 0.557 for the manual 
tag (Figure 1). Tag and ccta combined 
resulted in auc:s of 0.567, 0.562 for 
semiautomatic tag and 0.569 for the 
manual tag (Figure 2). The results from 
our study showed no incremental value of 
tag measured in single heartbeat ccta 
in determining the severity of coronary 
artery stenosis degrees. 

We believe that tag, at least in the 
present form, should not be used as an al
ternative to ct perfusion and ct-ffr. 

Aortic stenosis (as) has a prevalence 
  of 12% at the age of 75 and  
     increases along with the elderly 

population. The only treatment for severe 
aortic stenosis is prosthetic implantation, 
aortic valve replacement (avr). Intra 
operative risk is low, but studies have 
shown the presence of focal myocardial 
fibrosis in approximately one fifth of the 
patients undergoing avr. Focal fibrosis is 
known to cause impaired left ventricular 
function (lvf) and shorten survival. As 
causes pressure overload in the left ven
tricle (lv). Compensatory mechanisms in
clude concentric hypertrophy and diffuse 
interstitial fibrosis. In literature there is 
little information available on how the dif
fuse fibrosis (df) affects lvf and wheth
er these changes are reversible over time. 
Cardiac magnetic resonance tomography 
(cmr) is a promising way to image the dif
fuse fibrosis, but the optimal cmr method 
for clinical use has not been established 
yet.  The aim of the doctoral thesis is to 
demonstrate the presence of diffuse my

ocardial fibrosis and to investigate how it 
affects cardiac function before and after 
surgical intervention.

60 patients with severe aortic stenosis 
are included in the study. Preoperative
ly, 3 and 12 months postoperatively, pa
tients undergo cmr to image the diffuse 
fibrosis and evaluate the left ventricle 
remodelling. Echocardiography exami
nation is also performed to evaluate the 
lv function and remodelling. Inclusion 
is finished but we are awaiting the last 
follow ups. We have started the image 
processing and data extraction from the 
examinations performed.

Present guidelines recommend avr 
when symptoms or lv dysfunction is 
present. The risk of permanent scaring 
is imminent. There is a need to develop 
noninvasive diagnostic tool for better 
understanding the heart’s adaptation to 
as both before and after surgery. This 
project has the potential to improve car
diac imaging techniques of patients with 
aortic valve disease. 
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Sofia Jarkman

Deep Learning as an Aid for the 
Pathologist in Cancer Diagnostics

PROJECT INFORMATION

Supervisors
Jeroen van der Laak, Darren Treanor, Claes Lundström

Short CV
Residency in Clinical Pathology, Linköping University Hospital, 2016—present
Medical degree, Lund University, 2013

Example of annotated metastasis (stained with hematoxylin and eosin respectively 
immunohistochemical stain.

Clinical pathology is essential for 
diagnosing cancer. Today, the de  
mands on pathology increases 

with more requests of parameters and 
analyses, and at the same time there is a 
shortage of pathologists. The introduction 
of digital pathology opens up opportuni
ties of novel workflows and potentially 
enhanced diagnostics. Digital pathology 
means that histopathological glass slides 
are scanned with a highresolution glass 
slide scanner, and the pathologist analyses 
the slides directly on a computer screen 
rather than using a microscope. At the 
pathology department in Linköping they 
have been scanning all the histopatholog
ical glass slides since 2011, making over  
2 million digital slides stored in the digital 
archive. To fully reach the potential of dig
itized pathology, the next step is the intro
duction of image analysis, that potentially 
could lead to more efficient and accurate 
diagnostics. Today computational pa
thology research groups develop image 
analysis tools based on machine learning 
algorithms. The field is moving towards 
more complex analysis options, applying 
so called deep convolutional neural net
works, also called deep learning. Studies 
with deep learning image analysis have 
been performed on digitized histopatholo
gy cases, e.g., for detecting prostate cancer 
and lymph node metastases. 

In this project we aim to develop and 
evaluate algorithmbased tools to aid 
pathologists in diagnosing and staging 
cancer. Important questions are: How 
accurate are algorithms at detecting 
cancer cells on digitized histopathology 
material? How can we transfer image 
analysis algorithms to clinical settings?

We initially focus on evaluating an 
algorithm for detecting lymph node 
metastases in breast cancer cases. The 
algorithm is developed and trained at 
Radboud University Medical Center in 
Nijmegen in the Netherlands. An impor
tant step is to be able to transfer or gen
eralize the algorithm to material from 
another setting. During 2019, a large da
taset of digitized histopathological slides 
of axillary lymph nodes from breast can
cer cases was collected, anonymized, 
and transferred from the clinical digital 
archive to a research environment simi

lar to the clinical working environment 
(aida pacs). The dataset is published on 
the aida Datahub. Lymph nodes with 
metastases are detailed annotated by a 
pathologist (resident) with help from an 
immunohistochemical stain that indi
cates breast cancer cells. The algorithm 
will then be evaluated and the consist
ency with the pathologist annotations 
but also with already reported findings. 
Inconsistent results will be reexamined. 
Further actions will be studying steps to
wards implementing an algorithmbased 
tool in a clinical setting. 
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Johan Jönemo

Imaging data and 
genetic data can be 
combined in a deep 
neural network, by de-
riving an image feature 
vector and a genetic 
feature vector that are 
then combined prior to 
the final dense layers.

Neuroimaging Genetics

The project aims to develop ways 
of detecting diseases of the brain 
in early stages by combining 

imaging data with genetic information. 
A combination of new developments in 
machine learning and the advent of sever
al open brain imaging databases makes it 
feasible to train machine learning models 
to predict conditions such as Alzheimer’s 
disease, Autism Spectrum Diseases, Par
kinson’s disease, Schizophrenia etc.

Magnetic resonance imaging has pro
vided medicine with a method to rela
tively economically get images superi
or to Xrays and its newer 3Dversion 
computed tomography, without expos
ing patients to ionizing radiation. The 
technology is still advancing, and better 
images and new sorts of images are being 
developed all the time. While this project 

is not concerned with the acquisition of 
such images, we do use this material as 
it is being made available to us.

Genetic sequencing has provided us 
with an even more exact knowledge not 
only about the genome of a human, but of 
the total variability of the genome taken 
over the entire human population. With 
this sort of information readily available 
from free databases and the availabili
ty of biochips that cheaply can analyze 
genetic variations in 105–106 positions 
spread over the entire genome, this is also 
a very promising source of information.

Machine learning has been advancing 
by leaps and bounds over the last dec
ade. Driven by both hardware develop
ment and the demand from companies 
for trainable models of everything, from 
recommending music to producing real

istic human speech or even imagery. We 
are trying to put these techniques to use 
for transforming the different sources of 
information available to high quality pre
dictions about conditions of the brain. 

PROJECT INFORMATION

Supervisors
Anders Eklund, Markus Heilig, 
Evren Özarslan

Short CV
Master of Science, Chemical 
engineering, Lund University
Master of Science, Bioinformatics, 
Lund University
MD, Copenhagen & Lund University
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Robin Kämpe

Deep Learning Applied to 
Multimodal Datasets in Psychiatry

PROJECT INFORMATION

Supervisors
Markus Heilig, Anders Eklund, Paul Hamilton

Project
Deep learning applied to large and small multimodal datasets in psychiatry

Short CV
Center for Medical Image Science and Visualization (CMIV) and Affective Neuro-
science, Part time employee, Linköping University, Research Engineer, 2019—present
Center for Social and Affective Neuroscience (CSAN), Linköping University
Research Engineer, 3/2015—present
Department of Medical Radiation Physics, Lund University, Stipend worker,  
7/2014—3/2015
Radio Therapy Center, Linköping University Hospital, Medical assistant, summers  
of 2013—2014
Master of Science (M.Sc) Medical Physics, Lund University, 2014 Licensed Medical 
Physicist

Among all medical conditions,  
major depressive disorder (mdd) 
is a world leader in terms of 

years of productive life lost due to illness. 
This loss of productive life is due to a high
er risk of suicide for people suffering from 
depression, but it is also caused by depres
sion’s negative effect on work and family 
relations. Scientists have for a long time 
tried to understand the underlying brain 
mechanisms of depression and have made 
important advances. There are, however, 
still no good objective biomarkers that 
can determine if someone has depres
sion or predict whether a patient could 
benefit from a specific treatment. In this 
project we want to develop deep learn
ing methods that could help us address 
these challenges. Our plan is to apply a 
deep learning algorithm to a large, open 
repository of structural and functional 
neuroimaging data from depressed and 
neverdepressed individuals. 

This deep learning algorithm can de
tect patterns that are often undetectable 
when using more traditional “mass uni
variate” methods. The algorithm will first 
be trained and tested using only anatom
ical data, and next on the neural func
tional data and, finally, on a combined 
anatomical plus functional dataset. We 
can then compare what kind(s) of data 
result in the best performance of the deep 
learning network in terms of distinguish
ing healthy from depressed individuals. 

Provided that one or more modalities 
of neuroimaging data are useful in dis
tinguishing depressed from neverde
pressed categories, we can advance the 
theoretical neuroscience of mdd by de
termining which neural features most 
inform accurate categorization of disor
dered and nondisordered subjects. 

What region or brain function allows 
us to tell the difference between a healthy 

and depressed individual? A question 
like this can be addressed by using a dif
ferent kind of deep learning network: A 
network that produces artificial brains. 
Specifically, this generative network will 
be trained to translate from a healthy 
brain to a depressed brain. Then, by sub
tracting the fake depressed brain from 
the real healthy brain we will be able 
to tell what the deep learning network 

changed in the healthy brain in order to 
make it look depressed. By applying the 
same kind of approach, we could, e.g., 
find the neural differences between de
pressed individuals, who respond well to 
a specific treatment and others who did 
not respond to this treatment.

Applying techniques such as those 
presented here could strongly advance 
personalized medicine in psychiatry. 

A synthetic 3D image of a brain created with a progressive growing GAN network. 
Training the algorithm took four days using a 4 Tesla V100 graphics card.
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Martin Lindvall

Human-AI Interaction 
for Medical Imaging

The last decade’s advancements in 
machine learning (ml) has led to 
a dramatic increase in ai capabil

ities and the viability of learning by exam
ple. However, despite impressive technical 
advances and many successful research 
projects, machine algorithms for medical 
diagnostics are to a very small extent used 
in healthcare today. One challenge is that 
for ml algorithms with less than 100% 
sensitivity and specificity the clinical user 
needs effective means to assess the validity 
of results and incorporate this knowledge 
within the broader context of their diag
nostic process.

This research project explores the 
technical and human factors that lead 
to successful humanmachine cooper
ation when humans interact with nar
row artificial intelligence. The research 
subjects are primarily human computer 
interaction and technological design. 
Secondarily the research involves medi
cal visualization, machine learning and 
artificial intelligence.

With roots in constructive design re
search, projects are done in tight cohe
rence with demonstrators and proof 
ofconcepts for medical decision sup
port within imaging disciplines such as  
pathology and radiology.

Preliminary approaches involve view
ing this interaction as a process that un
folds over time enabling reciprocal and 
continuous learning as well as framing 
machine learning as material in the de
sign process and investigating the limits, 
extent and characteristic of the design 
space that this new material affords. 

Description of the key elements for an iter a- 
tive design process for software with predic-
tive capabilities through applying machine 
learning in the development process.

User interface for rapidly staging lymph node sections for metastasis. The pathologist is 
guided through a ranked list of detection candidates. The sensitivity can be increased if 
the preliminary results indicate the patient is close to a decision-cutoff. This allows an 
adaptable pace of work, working fast when possible and slow when needed.

PROJECT INFORMATION

Supervisors
Jonas Löwgren, Claes Lundström, 
Darren Treanor, Anders Ynnerman

Project
AIDA Datahub

Short CV
M.Sc, Cognitive Science, Linköping 
University, Sweden, 2012
Senior Software Engineer at Sectra
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Marcus Malmqvist Isopoussu

The Pathomechanism 
of Idiopathic Scoliosis

PROJECT INFORMATION

Supervisors
Hans Tropp, Ludvig Vavruch, Jörg Schilcher, Allan Abbott, Stefan Lindholm

Project
Idiopathic scolioisis — pathomechanism and morphology

Short CV
Medical School, Linköpings University, 2014—2019
Assistant Physician, Linköping University Hospital, 2020—present

Scoliosis is a disorder of the spine 
characterized by a deformity in  
three dimensions. While some forms 

of scoliosis have a known origin, e.g., due 
to neuromuscular disease or congenital 
defects, the cause of idiopathic scolio
sis remains unknown. Potential factors 
for disease and deformity progression 
includes genetics, the musculoskeletal 
system, the hormonal system and the 
connective tissues. An established driver 
for deformity is the so called HeuterVolk
mann principle which states that com
pression forces inhibit skeletal growth and 
tensile forces stimulate skeletal growth.

The treatment of idiopathic scoliosis 
varies depending on curve severity. A 
mild curve may be observed and if there 
is progression corset treatment may be 
an option. If the curve progress further, it 
may be necessary to surgically correct the 
deformity. The result of physiotherapy is 
currently conflicting and is under further 
evaluation in controlled studies. 

To increase the understanding on both 
the pathogenesis of idiopathic scoliosis 
and the effects of the above treatment 
methods we want to study the deform
ity using visualization techniques and 
biomechanical modelling. To our help 
we have radiology including comput
ed tomography as well as a motion lab 
with an optical motion tracking system. 
Here we use a 10camera system which 
registers reflective markers placed on  
anatomical landmarks on the skin of 
the patient. This gives us plenty of in
formation on joint kinematics and can 
be combined with force plates to measure 
the forces on the ground exerted by the 
patient. Combining this with biomechan
ical modeling we can investigate the com
pressive and shear forces acting on the 

Pictured above is a 3D CT scan of the 
pelvis, femora and tracking markers, each 
segmented individually. Here shown using 
specific Unity software to allow for visua-
lization of previously tracked movements.

A 3D CT reconstruction of a scoliotic curve 
showing the deformity in the frontal, sagit-
tal and axial plane.

separate spinal segments during move
ment, physiotherapy, corset treatment or 
before and after surgery. Understanding 
these forces that are acting on the spine 
may elucidate the pathomechanism of 
idiopathic scoliosis and clarify the effects 
of our treatment methods.

We have also developed a novel method, 

“ctmocap” which essentially is a fusion 
of optical motion tracking and computed 
tomography. This allows us to visualize 
the patient’s own skeletal system during 
actual movement. We have applied this 
method to the hip and knee joint and we 
are currently working on optimizing the 
method in order to apply it to the spine. 
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Milda Poceviciute

XAI Applied to 
Histopathology Image Analysis

PROJECT INFORMATION

Supervisors
Claes Lundström, Stina Garvin, 
Gabriel Eilertsen

Project
Explainable AI applied to histo-
pathology image analysis

Short CV
Lancaster University, BSc Hons. 
Financial Mathematics 2011—2014
MSc. Statistics and Machine Learn-
ing, Linköping University 2017—2019

Comparison of four healthy and two 
tumour histopathology patches (the left 
column) and their reconstructions by 
three frameworks: f-Anogan, pg-AnoGAN 
and s2-AnoGAN (ours). All the frameworks 
fail to reconstruct the unseen tumour 
patches well which indicates that they 
may detect anomalies.

Introduction of digital pathology ena
bled research in Artificial Intelligence 
(ai) assistance tools for a pathologist. 

There have been several studies showing 
that the diagnoses done by pathologists 
tend to be biased: different doctors pro
vide different assessments of the same 
patient. Therefore, ai tools combined 
with a pathologist’s expertise could re
sult in a more reliable diagnosis as well 
as a betterchosen treatment. Howev
er, bringing these tools to hospitals has 
additional challenges. The algorithms 
should not only have high performance 
(high accuracy of predictions) but also be 
transparent, understandable and reliable 
from a physician’s point of view. 

This project focuses on the issue of un
derstandability and transparency of the 
ai tools that are developed for assisting 
the work of pathologists. In order to do 
this, the methods of explainable ai (xai) 
are explored with the aim to apply them 
in AI solutions for digital pathology. 
What is Explainable ai? It is an active re
search field that aims to provide means of 
understanding the reasoning behind the 
predictions, inner workings as well as the 
limitations of an AI algorithm. For exam
ple, in tumour diagnosis, it would provide 
an insight into why a whole slide image 
(wsi) has been labelled as containing a 
“benign tumour”. The methods achieve 
this by creating a heatmap on the orig
inal image, generating synthetic visual
isations or providing some other scores.

Understanding the limitations of an AI 
tool is crucial for its safe deployment to 
clinical practice. What happens if an ai 
tool encounters some data samples that 
are significantly different from what it 
has seen so far? In these scenarios, the 
algorithm lacks the information to make 
an informed prediction, and hence, it is 
unreliable. In our project we developed 
a method for detecting such anomalous 
data samples. We trained an ai to recon

struct the images and developed a metric 
to determine when the reconstruction 
failed. The failure indicates that the sam
ple is significantly different from all the 
data that was used in the training. The 
future work will aim to make ai solutions 
more transparent by combining xai with 
anomalous data detection methods. 
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Mårten Sandstedt

Coronary Calcification Quantification 
using Photon-Counting Detector CT

PROJECT INFORMATION

Supervisors
Anders Persson, Cynthia McCollough, Shuai Leng

Project
The study is a cooperative project, and was performed at the Mayo Clinic, 
Minnesota, USA

Short CV
Specialist Medical Radiology, 2008
PhD, 2020

Coronary artery disease (cad) is the 
leading cause of death worldwide. 
The presence of coronary artery 

calcifications (cac) is a specific feature 
of cad, and the extent of CAC is an im
portant predictor of cardiovascular risk. 
Computed tomography (ct) is clinically 
used for cac imaging, but has a limited 
spatial resolution (imaging of small de
tails), which may lead to overestimation 
of cac estimation and quantification. 

Photoncounting detectorct (pcd-
ct) is an emerging technology, which uti
lizes detector elements smaller than con
ventional ct, and can thereby improve 
the spatial resolution. So far, the pcd-ct 
technology has exclusively been used for 
research. The purpose of this study was 
to compare the accuracy of cadaveric 
coronary calcification quantification, 
imaged with both a conventional ct that 
is commercially available and a research 
pcd-ct. The study was performed at the 
Department of Radiology, Mayo Clinic, 
Rochester, Minnesota, usa.

Coronary specimens were resected 
from three cadavers and scanned with 
both conventional ct and pcd-ct. A 
total of 13 calcifications were included. 
The scanning and reconstruction pa
rameters for the conventional ct and 
pcd-ct were closely matched, using the 
same radiation dose and a quantitative 
reconstruction kernel (D50). The pcd-
ct images were additionally reconstruct
ed using a sharper kernel (D60), which 
was not available for the conventional 
ct. To obtain a standard reference, all 
calcifications were also scanned with a 
microct, which has the ability to obtain 
images with a very high resolution, near 
histological level of details. All calcifi

cations were segmented using an atten
uationbased, half maximum threshold 
technique. After segmentation, the cal
cified volumes were compared. Also, the 
image noise was measured and compared 
among the conventional ct and pcd-ct 
image sets.

Most calcifications (12/13) had seg
mented calcified volumes measurements 
largest in conventional ct (D50 kernel), 
followed by pcd-ct (D50 kernel), pcd-
ct (D60 kernel) and microct. With 
matched scanning and reconstruction 
parameters, pcd-ct had lower image 
noise than conventional ct.

The results show that the highresolu
tion abilities of pcd-ct can provide more 
accurate cac quantification than con
ventional ct, and a sharper kernel could 
further advance the pcd-ct accuracy. 
The findings indicate a potential for the 
pcd-ct to improve cac estimation and 
clinical cardiovascular risk estimations. 
Moreover, with matched prerequisites, 
the pcd-ct exhibited less noise than con
ventional ct, which is highly beneficial to 
optimize clinical reading. 

A calcification imaged with computed 
tomography (CT), photon counting detector 
(PCD)-CT and micro-CT. The half maximum 
attenuation thresholds (HMT) are overlaid. 
A.  The HMT for EID-D50 is indicated in 

green, representing 88 segmented 
calcified voxels. 

B.  The HMT for PCD-D50 is indicated in red, 
representing 66 segmented calcified 
voxels. 

C.  The HMT for PCD-D60 is indicated in blue, 
representing 55 segmented calcified 
voxels. 

D. Corresponding micro-CT image. 

A

C
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Christian Simonsson

Modeling and Multi-Modal MRI 
— Investigating NAFLD

PROJECT INFORMATION

Supervisors
Gunnar Cedersund, Peter Lundberg, Mattias Ekstedt, Elin Nyman, Peter Gennemark

Projects
Liver intrinsic function evaluation (LIFE)
Hepatic inflammation and fibrosis investigation (HiFi)
Heart, adipose tissue, and liver thrust (HEALTH)
Evaluation of prevalence and severity of NAFLD in primary care (EPSONIP)

Short CV
M.Sc. in Engineering Biology, Linköping University, 2018

BAObesity is increasing worldwide 
and is one of the biggest health 
risks today. Because of this, one 

of the most common liver diseases is 
nonalcoholic fatty liver disease (nafld). 
Fatty liver is not inherently dangerous but 
can in some cases promote the develop
ment of chronic inflammation in the liv
er, nonalcoholic steatohepatitis (nash). 
nash causes damage in the liver, inducing 
the formation of scar tissue denoted liv
er fibrosis and cirrhosis in severe cases. 
Fibrosis and cirrhosis are nonreversible, 
and in some cases the only treatment is 
a livertransplantation. Because nafld 
is becoming more prevalent it is of im
portance to increase the understanding 
of what underlaying metabolic changes 
occur during the disease progression. To 
limit the development into the more se
vere conditions, it might be of importance 
to have precise and noninvasive clinical 
methods to be able to detect high degrees 
of inflammation early on. 

In my PhD project I am involved in 
several clinical studies which focuses 
on collecting nafld related data with 
different mri methods. In all studies we 
include 3D magnetic resonance elastog
raphy (mre) for the detection of fibrosis 
(figure). Recently, there have been studies 
that indicate that it is possible to meas
ure the degree of hepatic inflammation 
using mre. We are aiming to expand 
upon these studies and investigate if the 
same methodology can be used to detect 
inflammation in our own study subjects. 
Also, to try to better understand the un

derlaying metabolic change brought on 
by the progression of nafld we use a 
system biology approach. Here, I work 
on constructing mathematical models 
describing hepatic metabolism and the 
changes brought on by nafld. With the 
use of the insights from our clinical stud

ies and the use of nafld data from other 
types of experiments e.g., animalmod
els and micro physiological systems, we 
hope to be able to construct mathemati
cal models capable of describing the un
derlying mechanism of nafld and the 
progression into nash and fibrosis. 

MRE images from a subject in the HIFI study (unpublished). A. Magnitude image during MRE 
sequence, the liver is visible in the left side of the image. B. Reconstructed elastogram for 
56Hz 3D-MRE showing the liver stiffness (kPa). Higher stiffness correlates to higher de-
grees of fibrosis. The color gradient shows the differences in stiffness values over the liver.
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Chiara Trenti

Nonsize Factors in Ascending 
Aorta Dilation Assessed by 
Magnetic Resonance Imaging (MRI)

PROJECT INFORMATION

Supervisors
Petter Dyverfeldt, Lena Jonasson, Tino Ebbers

Project
Ascending Aortic Dilation – AscA project 

Short CV
Master’s degree in biomedical engineering, Biomechanics and Biomaterials, 
Politecnico di Milano University, Milan, Italy
Erasmus, Universiteit Twente, Enschede, Netherlands

Background and Aim: Aneurys
mal dilation of the ascending 
aorta (aa) is an asymptomatic 

disease that is often not detected until a 
fatal dissection or rupture occurs. Cur
rent guidelines traditionally depend on 
diameter based criteria for stratification 
towards surgical intervention. However, 
size alone is not a sufficient predictor for 
complications. For example, the majority 
of patients with ascending aorta dissec
tion present with an aneurysm diameter 
of < 5.5 cm and thus do not fall within the 
current guidelines for elective aneurysm 
surgery. We lack scientific understanding 
and clinical tools to properly manage indi
viduals with mild to moderate aa dilation.

The main objective of this study is to 
investigate if asymptomatic ascending 
aorta dilation is related to alterations 

Figure 2. Example of preliminary results. 
Blood velocity magnitude (up) and tur-
bulent kinetic energy (bottom) at peak 
systole are shown for one control (left) 
and one case (right).

Figure 1. Project overview. Main quantitative parameters that are computed from CMR images. 
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Kajsa Tunedal

A Cardiovascular Model for 
Blood Pressure Regulation

PROJECT INFORMATION

Supervisors
Gunnar Cedersund, Tino Ebbers, 
Carl-Johan Carlhäll

Project
The cardiovascular functional 
avatar in action (Avatar)

Short CV
Bachelor’s degree in Engineering 
Biology, Linköping University, 
2015—2018
Research preparatory course 
I and IIb, 2018—2019

in aortic wall properties or blood flow. 
We want to achieve this aim by means 
of advanced Cardiovascular Magnetic 
Resonance (cmr) imaging.

Study Population: The project’s study 
cohort is a subsample from the Swed
ish CardioPulmonary BioImage Study  
(scapis) cohort in Linköping, including 
5,000 individuals. Subjects in scapis 
with aa diameter ≥ 40 mm at ct or echo
cardiography have been included in the 
study as cases (n = 70). An age and sex 
matched control group with nondilated 
aa (n = 147) has been recruited from the 
same population. 

Cardiovascular Magnetic Resonance 
Imaging: The selected cohort will under
go a defined cmr imaging protocol, in
cluding timeresolved threedimensional 
pc-mri with threedirectional velocity 
encoding (4D flow mri), an advanced 
cmr technique that allows for offline 
quantification of blood flow. Images will 
be properly processed in order to compute 
relevant quantitative parameters, report
ed in Figure 1.

Significance: By improving our under
standing of aa dilation and exploring new 
measures to discriminate between cases 
and controls, this project may lead to new 
ways to improve risk stratification for sub
jects with aa dilation.

Preliminary Results: In Figure 2 an 
example of preliminary results is repre
sented. Maximum intensity projection 
images of blood velocity magnitude (up) 
and turbulent kinetic energy (bottom) 
are shown for one control (left) and one 
case (right). We can clearly visualize the 
altered flow in the dilated patient, which 
seems to be associated to higher turbu
lence. 

High blood pressure, or hyperten
sion, is one of the most common 
health issues today with 22% 

adults affected worldwide, and is twice as 
common in patients with type 2 diabetes 
(T2D). Hypertension is defined in Europe 
as a systolic and/or diastolic blood pres
sure persistently above 140/90 mmHg. 
Blood pressure and blood flow is tightly 
interconnected, and a high blood pressure 
requires the heart to work harder to pump 
blood through the body. Uncontrolled 
hypertension is a risk factor for cardio
vascular diseases such as coronary artery 
disease, heart failure, and renal failure.

The basic underlying mechanisms 
of hypertension such as a dysregulated 
hormone system, alterations in nervous 
system activity and disturbed salt bal
ance are known. However, the connec
tion to other cardiovascular diseases is 
complex. Additionally, the treatment of 
hypertension usually involves lifestyle 
changes and trial and error by testing 
several antihypertensive drugs. There 
is a need of deeper understanding of the 
changes in flow and pressure regulation 
during hypertension and especially in 
T2D patients.

Therefore, the goal of this project is 
to further understand the mechanisms 
behind regulation of blood pressure and 
what happens when the blood pressure 
gets too high. The first step is to investi
gate blood flow dynamics in hypertensive 
and nonhypertensive individuals, and 
T2D patients and controls. Blood flow 
can be measured noninvasively using 
fourdimensional magnetic resonance 
imaging (4D Flow mri) which allows for 
3D visualization of blood flow over time. 
By combining this flow data with a car

diovascular mathematical model, more 
information can be extracted that other
wise is hard to measure noninvasively. 
For instance, parameters of the contrac
tion and relaxation of the left ventricle 
and propagation of the pressure wave can 
be extracted.

A cardiovascular model that can de
scribe the flow and pressure dynamics 
of healthy individuals is previously de
veloped in the group. The model is now 
further developed to create personalized 
blood flow models for T2D patients and 
controls. This gives assessment of new 
modelderived biomarkers, which are 
compared between hypertensive and 
nonhypertensive individuals, as well 
as between T2D patients and controls. 
The study has the potential to bring new 
insights to the mechanisms of flow and 
pressure regulation behind hypertension 
with and without T2D, and to provide a 
new clinical tool for diagnostics. 



132 PhD student Mårten Sandstedt defending his thesis via zoom on the day of his dissertation.
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During 2020 four of the CMIV PhD students finished their 
studies and defended their theses. The PhD students and 
the research school are an important part of CMIV and we 
are proud to present their theses here.

Dissertations
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There is a large and unmet need for 
diagnostic tool that can be used to 
characterize chronic liver diseases 

(cld). In the earlier stages of cld, much 
of the diagnostics involves performing bi
opsies, which are evaluated by a histopa
thologist for the presence of e.g., fat, iron, 
inflammation, and fibrosis. Performing 
biopsies, however, have two downsides: 
I) biopsies are invasive and carries a small 
but nonnegligible risk for serious compli
cations, II) biopsies only represents a tiny 
portion of the liver and are thus prone to 
sampling error. 

Moreover, in the later stages of cld, 
when the disease has progressed far 

The brain is critically dependent on 
the continuous supply of oxygen 
and glucose, which is carried and 

delivered by blood. When a brain region 
is activated, metabolism of these sub
strates increases rapidly, but is quickly 
offset by a substantially higher increase 
in blood flow to that region, resulting in a 
brief oversupply of these substrates. This 
phenomenon is referred to as functional 
hyperemia and forms the foundation of 
functional neuroimaging techniques, 
such as functional Magnetic Resonance 
Imaging (fmri), which captures a Blood 
Oxygen LevelDependent (bold) signal. 
fmri exploits these bold signals to infer 
brain activity, an approach that has revo
lutionized the research of brain function 
over the last 30 years. Due to the indi

enough, the ability of the liver to perform 
its basic function will be compromised. 
In this stage, there is a need for better 
methods for accurately measuring liver 
function. Additionally, measures of liv
er function can also be used when de
veloping new drugs, as biomarkers for 
druginduced liver injury (dili), which 
is a serious drugsafety issue.

Magnetic resonance imaging (mri) is a 
noninvasive medical imaging modality, 
which have shown much promise with 
regards to characterizing liver disease in 
all of the above mentioned aspects. The 
aim of this PhD project was to develop 
and validate mrbased methods that can 

rect nature of this measure, a deeper un
derstanding of the connection between 
brain activity and hemodynamic changes 
– a neurovascular coupling (nvc) – is 
essential in order to fully interpret such 
functional imaging data. Nvc connects 
the synaptic activity of neurons with local 
changes in cerebral blood flow, cerebral 
blood volume, and cerebral metabolism 
of oxygen, through a complex signaling 
network, consisting of multiple different 
brain cells which release a myriad of dis
tinct vasoactive messengers with specific 
vascular targets. 

To aid with this complexity, mathe
matical modeling can provide vital help 
using methods and tools from the field 
of Systems Biology. Previous models of 
the nvc exist, conventionally describing 

 Markus Karlsson
 Linköping University, Deparment of Medicine, Health and Caring Sciences

Non-Invasive Characterization of Liver 
Disease: By Multimodal Quantitative 
Magnetic Resonance

 Sebastian Sten
 Linköping University, Deparment of Medicine, Health and Caring Sciences

Mathematical Modeling of 
Neurovascular Coupling

quasiphenomenological steps trans
lating neuronal activity into hemody
namic changes. However, no mecha
nistic mathematical model describing 
the known intracellular mechanisms 
or hypotheses underlying the nvc, and 
which can account for a wide variety of 
nvc related measurements, currently  
exists. Therefore, in this thesis, we apply 
a Systems Biology approach to develop 
such intracellular mechanismsbased 
models using in vivo experimental data 
consisting of different nvc related meas
ures in rodents, primates, and humans.

This new modelbased understanding 
opens the door for a more integrative  
approach to the analysis of neuroimaging 
data, with potential applications in both 
basic science and in the clinic. 

be used to noninvasively characterize 
liver disease.

In paper I the mrmethod for measu ring 
liver iron content was investigated by R* 
mapping. In paper II, T1 mapping was 
used instead, whereas in paper III and 
IV the focus was to study liver function by 
dynamic contrastenhanced mri (dce
mri). Finally, in paper V a method for trans  
lating dcemri liver function parame
ters from rats to humans was developed, 
which could be useful in developing new 
drugs. In summary, this thesis has shown 
that multimodal quantitative mr has a 
bright future for characterizing liver dis
ease from a range of different aspects. 
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Computed tomography (ct) is in
creasingly used for investigations 
of patients with suspected coro

nary artery disease (cad). 
This thesis evaluated the performance 

of a computed tomographybased frac
tional flow reserve (ct-ffr) software 
(study i), an aibased, calcium scoring 
computed tomography (csct) software 
(study iii), and a photoncounting de
tector (pcd)ct (study iv). Also, the 
prognostic value of coronary computed 
tomography angiography (ccta) was 
studied (study ii). 

The performances of both software 
programs were compared with stand
ard references, being represented by 

R iecent research shows that a de
crease in muscle volume and an 
increase in fat infiltration is re

lated to several diseases and syndromes 
such as chronic pain, diabetes, inflam
mation and ageing. However, the onset 
and progression of disease and the effect 
of potential intervention effects are not  
fully understood, partly due to insufficient 
measurement tools. For early diagnosis 
and correct treatment plans we need an 
accurate and precise measurement tool 
for detecting changes in muscle compo
sition. Magnetic resonance imaging is 
an excellent tool since we can get three 
dimensional images showing both organs 
and fatty tissue. However, challenges re

fractional flow reserve (ffr) measure
ments (study i), and coronary ar
tery calcifi cation (cac) scores from a 
semiautomatic software (study iii), re
spectively. The pcd-ct performance on 
cac quan tification was compared with 
corresponding results from an energy 
integrating detector (eid)ct, using mi
croct as the standard reference (study 
iv). The prognostic study merged regis
tries to identify major adverse cardiac 
events (mace), having a followup time 
of up to 7.5 years (study ii). 

The ct-ffr and csct software corre
lation and agreement to corresponding 
standard references were good and ex
cellent, respectively. Also, both software 

main, and this thesis is about solving some 
of them. 

One challenge is to make the result 
quantitative since the signal will not be 
equal between the mr scans. Therefore, 
a technique that calibrates every im
age element based on its fat content is 
used. It is shown in the thesis that the 
method was insensitive to changes in 
both field strength and image resolu
tion. Another challenge is to make the 
muscle compo sition analysis effective. 
Since it is extremely time consuming to 
delineate muscles in mr images, another 
aim of this thesis was to develop an au
tomatic muscle delineating method. The 
developed method is used in the, to date, 

 Mårten Sandstedt
 Linköping University, Deparment of Medicine, Health and Caring Sciences

Computed Tomography of the 
Coronary Arteries: Developmental 
and Prognostic Investigations

 Anette Karlsson
 Linköping University, Department of Biomedical Engineering

Quantitative Muscle Analysis Using 
Magnetic Resonance Imaging

programs had timesaving potential 
(study i and iii). The cac quantification 
was more accurate using pcd-ct than 
eid-ct (study iv). The prognosis was 
excellent in patients with normal coro
nary arteries, but progressively impaired 
in patients with increasing grade of cad 
(study ii).

The thesis conveys developmental ad
vances for cad investigations and adds 
prognostic followup data. The results 
may benefit patients by an increased 
accuracy in the ct evaluation of cad 
and can contribute to a more efficient 
workf low and better clinical follow 
up strategies. 

largest imaging study of the world where 
mr scans from 100,000 individuals are 
acquired. The method was also used in 
a clinical study. Individuals with high
er selfreported disability after a whip
lashtrauma on their neck had a higher 
fat infiltration compared to individuals 
with milder symptoms and to healthy 
controls. 

In this thesis it is shown that the mus
cle composition analy sis method is accu
rate, effective and has a clinical relevance. 
The method therefore has potential to be 
used in large and/or longi tudinal clinical 
studies in order to increase the know
ledge regarding muscle related diseases 
and syndromes of today. 



Through unique collaborations with the industry, it is possible for
CMIV to always have the latest and most advanced equipment.
This is a prerequisite for the successful research carried out at CMIV.

Equipment
CT
Ct1 – Photon counting research ct  
scanner, prototype based on Siemens 
Healthi neers somatom x.cite.

Ct2 – The Siemens Healthineers  
soma tom Force enables routinely per
formed exams at low kV settings (70–90 
kV), even in adults. This is due to the 
system being equipped with powerful 
generators and Xray tubes. The low kV 
settings allow for substantial reductions 
in contrast medium dose. Improvements 
have been made on the detector side as 
well with an increased number of detec
tor rows and upgraded collimation.

The Force renders images with high 
spatial resolution and softtissue contrast. 
It contains two Xray sources and two 

detectors, which can be used simultane
ously. This in combination with a broader 
detector enables faster scans. High speed 
scanning is necessary for cardiac exam
inations as well as for restless patients. 
The two Xray sources also provide the 
possibility for dual energy examinations 
with improved spectral separation.

MRI
mr1 – The Siemens 3.0T Prisma has a 
60 cm bore and gradients with 80mT/m 
and 200 T/m/s simultaneously, which 
facilitate fmri and dti studies in a 64 
receive channels head coil. The coil con
cept also offers high coil density using 
parallel transmit technology called Timtx 

TrueShape for cardiac, abdominal and 
musculoskeletal examinations.

mr2 – The Philips Ingenia 3.0T has 
a 70 cm bore. It is equipped with Xtend 
gradient system (up to 45mT/m and 200 
T/m/s) and two parallel RF transmission 
channels (Multitransmit 4D), which 
adapt the rf signals to each patient. 
Multitransmit facilitates an increased 
image uniformity, contrast, and con
sistency, as well as faster imaging. A full 
range of receiver coils is available with 
analogtodigital converters inside the 
coils (dStream rf). This samples the mr 
signal directly in the coil on the patient 
and sends it to the reconstructor via a 
fiberoptic cable. 
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Petter Quick and Lilian Henriksson in front of the CT Force. 



mr3 – The Philips Achieva 1.5T has a 
60 cm bore and is equipped with Nova 
Dual gradients (up to 66 mT/m and 160 
T/m/s), and the latest software release 
and upgraded to dStream resulting in up 
to 40% higher snr, and a dynamic range 
that exceeds 185 dB. 

Advanced fmri research is possible 
using video glasses with builtin eye
sight correction as well as eyetrack
ing, and it is also possible to combine 
these measurements with simultaneous 
multichannel mreeg. Other specialty 
equipment includes several mrelastog
raphy (mre) systems for both 1.5 T and 
3 T, based on both electrodynamic and 
gravitational transducers. Our mre 
capability is best in class and can be used 
to quantify changes of the biomechanical 
properties of pathologies, as is caused by 
fibrosis and inflammation. We have also 
access to a unique installation of multi
nuclear mr spectroscopy, allowing us to 
investigate both static and dynamic en
ergy metabolism in tissues. The latter is 
highly facilitated by our mrcompatible 
mrergometers for quantitative cardiac 
and muscle research.

A full research agreement with Philips 
Medical Systems and Siemens Health
ineers allows all possible clinical as well 
as critical technical research applica
tions.

DIGITAL PATHOLOGY AND ANNOTATION
For histopathology cmiv has a glass 
scanner from Hamamatsu. The Nano
zoomer 2.0ht convert glass slides into 
highresolution digital data by highspeed 
scanning and has a capacity of scanning 
up to 210 glasses automatically. In ad
dition, three workstations with touch 
screens are installed for annotation work.

PACS
Sectra radiology pacs is a comprehen
sive workstation, designed to optimize 
the workflow. It ensures quick and easy 
access to patient data and images and pro
vides instant access to all the tools needed 
integrated on the desktop – including RIS 
and clinical applications. A number of ad
vanced diagnostic workstations are avail
able for clinical and research purposes.

VISUALIZATION
Cmiv has its own Virtual Reality theatre 
with a capacity of 90 persons. The theatre 
is built around Barco dp4k30L 6P Laser 
projector (21,000 lumens light output), 
with 4K resolution (4,096 Å~ 2,160). The 
Barco Laser 3D has a native 6primary 
color3D system. The system uses a Barco 
E2 Image processor, 4K Native 12 bits/
color 3D input/output. The computer to 
screen connections are run by the Light
ware mx33R Digital Crosspoint matrix. 

The Wirecast 7.3 Recorder system allows 
recording and online streaming. During 
2018 Wranne was upgraded to an ad
vanced Zoom room enabling remote 
meetings and education. In addition to 
the theatre there is also a 55" Sectra vis
ualization table and a wall mounted 85" 
Sectra visualization monitor with ten fin
gers multitouch. The Visualization Table 
is a large interactive screen with an image 
display system that enables interaction 
with 3D human body images rendered 
from ct or mr.

COMPUTING AND STORAGE
Cmiv has its own server facilities host
ing servers for secure handling of sensi
tive data, research calculations, analysis 
and nas backup. In 2019 an hp Tetralith  
supercomputer and a new data storage 
unit of 660 tb were installed.  

Cmiv is the host for the aida infra
structure, where the flagship is the dgx
2 system from Nvidia with 16 highend 
gpu:s available for all aida partners 
across Sweden to use for ai training. The 
service has been validated secure enough 
for processing sensitive personal data. 
Thanks to the good collaboration with 
Region Östergötland, the dgx2 system 
was installed in the hospital’s server hall 
in November for increased technical and 
physical security. 
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CMIV is governed by the Board of Directors, with representatives from academia,
healthcare and industry. The Scientific Council, appointed among the senior
researchers affiliated with CMIV, manages the research agenda of CMIV.
The day-to-day operations of CMIV are handled by a group of core staff.

RESEARCHERS
Jahan Abtahi Department of Oral and Maxillofacial
 Surgery, Region Östergötland
Gudrun Alm Carlsson hmv, Diagnostics and Specialist  Medicine
Caroline Bivik Stadler hmv, Diagnostics and Specialist Medicine
Hanna B. Hallgren bkv, Surgery, Orthopedics and Oncology
Ida Blystad hmv, Diagnostics and Specialist Medicine
Magnus Borga imt, Biomedical Engineering
Mariana Bustamante hmv, Diagnostics and Specialist Medicine
Rebecca Böhme bkv, Center for Social and Affective 
 Neuroscience
CarlJohan Carlhäll hmv, Diagnostics and Specialist Medicine
Åsa Carlsson Tedgren hmv, Diagnostics and Specialist Medicine
Gunnar Cedersund imt, Biomedical Engineering
Olof D. Leinhard hmv, Diagnostics and Specialist Medicine
Nils Dahlström hmv, Diagnostics and Specialist Medicine
Örjan Dahlström ibl, Psychology
Jakob De Geer Department of Radiology, Region 
 Östergötland
Ebo De Muinck hmv, Diagnostics and Specialist Medicine
Petter Dyverfeldt hmv, Diagnostics and Specialist Medicine
Tino Ebbers  hmv, Diagnostics and Specialist Medicine
Gabriel Eilertsen itn, Media and Information Technology
Gillian Einstein Tema, Gender Studies
Anders Eklund imt, Biomedical Engineering
Mattias Ekstedt hmv, Diagnostics and Specialist Medicine
Pernilla Eliasson bkv, Surgery, Orthopedics and Oncology
Maria Engström hmv, Diagnostics and Specialist Medicine
Jan Engvall hmv, Diagnostics and Specialist Medicine
Mikael Forsgren hmv, Diagnostics and Specialist Medicine
Charalampos Georgiopoulos hmv, Diagnostics and Specialist 
 Medicine
Björn Gerdle hmv, Prevention, Rehabilitation and 
 Community Medicine
Håkan Gustafsson hmv, Diagnostics and Specialist Medicine
SvenPatrik Hallsjö hmv, Diagnostics and Specialist Medicine
Paul Hamilton bkv, Center for Social and Affective 
 Neuroscience
Mats Hammar bkv, Children’s and Women’s Health
Markus Heilig bkv, Center for Social and Affective 
 Neuroscience
Markus Henningsson hmv, Diagnostics and Specialist Medicine
Frank Hernandez ifm, Molecular Surface Physics and 
 Nanoscience
Emil Holmer ibl, Disability Research Division
Kajsa Igelström bkv, Center for Social and Affective 
 Neuroscience
Johannes Johansson imt, Biomedical Engineering
Anette Karlsson Department of Medical Radiation Physics,  
 Region Östergötland

Matts Karlsson iei, Applied Thermodynamics & Fluid 
 Mechanics
Thomas Karlsson ibl, Disability Research
Bharti Kataria hmv, Diagnostics and Specialist Medicine
Johan Kihlberg hmv, Diagnostics and Specialist Medicine
Eva Klintström hmv, Diagnostics and Specialist Medicine
Hans Knutsson imt, Biomedical Engineering
Laura Korhonen bkv, Center for Social and Affective 
 Neuroscience
Maria K. Wiberg hmv, Diagnostics and Specialist Medicine
Joanna Kvist hmv, Prevention, Rehabilitation and 
 Community Medicine
Jeroen van der Laak hmv, Diagnostics and Specialist Medicine
AnneMarie Landtblom Uppsala University
Hans Lindehammar Clinical Neurophysiology, Region 
 Östergötland
Peter Lundberg hmv, Diagnostics and Specialist Medicine
Fredrik Lundin Neurology, Region Östergötland
Claes Lundström itn, Media and Information Technology
Maria Magnusson isy, Computer Vision
Alexandr Malusek hmv, Diagnostics and Specialist Medicine
Leah Mayo bkv, Center for Social and Affective 
 Neuroscience
India Morrison bkv, Center for Social and Affective 
 Neuroscience
Nina Nelson Follin bkv, Children’s and Women’s Health
Bengt Norén Department of Radiology, Region 
 Östergötland
Fredrik Nyström hmv, Diagnostics and Specialist Medicine
Miguel O. Figueroa Department of Radiology, Region 
 Östergötland
Håkan Olausson bkv, Center for Social and Affective 
 Neuroscience
Torsten Olbers bkv, Surgery, Orthopedics and Oncology
Anneli Peolsson hmv, Prevention, Rehabilitation and 
 Community Medicine
Irene Perini bkv, Center for Social and Affective 
 Neuroscience
Anders Persson hmv, Diagnostics and Specialist Medicine
Lennart Persson hmv, Diagnostics and Specialist Medicine
Hans Ringertz Karolinska Institutet
Mary Rudner ibl, Disability Research
Jerker Rönnberg ibl, Disability Research
Michael Sandborg hmv, Diagnostics and Specialist Medicine
Mårten Sandstedt Department of Radiology, Region 
 Östergötland
Rozalyn Simon hmv, Diagnostics and Specialist Medicine
Èva Tamas hmv, Diagnostics and Specialist Medicine
Magnus Thordstein bkv, Neurobiology

Organization
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Anders Tisell hmv, Diagnostics and Specialist Medicine
Darren Treanor bkv, Inflammation and Infection
Hans Tropp bkv, Surgery, Orthopedics and Oncology
Ulf Träff ibl, Division of Psychology
Jonas Unger itn, Media and Information Technology
Kajsa Uvdal ifm, Molecular Surface Physics and 
 Nanoscience
Helen van E. Veenstra hmv, Prevention, Rehabilitation and
 Community Medicine
Ludvig Vavruch Department of Orthopaedic Surgery, 
 Region Östergötland
Susanna Walter bkv, Inflammation and Infection
Chen Wang Department of Radiology, Region 
 Östergötland
Marcel Warntjes hmv, Diagnostics and Specialist Medicine
Janne West imt, Biomedical Engineering
Mischa Woisetschläger hmv, Diagnostics and Specialist Medicine
Karin Wårdell imt, Biomedical Engineering
Anders Ynnerman itn, Media and Information Technology 
Carl Johan Östgren hmv, Prevention, Rehabilitation and 
 Community Medicine
Evren Özarslan imt, Biomedical Engineering

PHD STUDENTS
David Abramian imt, Biomedical Engineering
Thord Andersson imt, Biomedical Engineering
Sophia Beeck hmv, Diagnostics and Specialist Medicine
AnnSofi Björkman  Department of Radiology, Region  
 Östergötland
Deneb Boito imt, Biomedical Engineering
Marco D. Cirillo imt, Biomedical Engineering
Diana Fraser Department of Radiology, Region 
 Östergötland
Marcus Gjerde hmv, Diagnostics and Specialist Medicine
Elin Good hmv, Diagnostics and Specialist Medicine
Lilian Henriksson hmv, Diagnostics and Specialist Medicine
Erika Holmberg hmv, Diagnostics and Specialist Medicine
Sofia Jarkman Department of Clinical Pathology, Region 
 Östergötland
Johan Jönemo imt, Biomedical Engineering
Anette Karlsson imt, Biomedical Engineering
Markus Karlsson hmv, Diagnostics and Specialist Medicine
Robin Kämpe bkv, Center for Social and Affective 
 Neuroscience
Karin Lindman Department of Clinical Pathology, 
 Region Östergötland
Martin Lindvall itn, Media and Information Technology
Nils Lund hmv, Prevention, Rehabilitation and 
 Community Medicine
Marcus M. Isopoussu bkv, Surgery, Orthopedics and Oncology
Azad Najar hmv, Diagnostics and Specialist Medicine
Eva Olsson hmv, Diagnostics and Specialist Medicine
Milda Poceviciute itn, Media and Information Technology
Mårten Sandstedt Department of Radiology, Region 
 Östergötland
Christian Simonsson imt, Biomedical Engineering
Sebastian Sten hmv, Diagnostics and Specialist Medicine
Mats Svantesson bkv, Center for Social and Affective 
 Neuroscience
Chiara Trenti hmv, Diagnostics and Specialist Medicine
Kajsa Tunedal imt, Biomedical Engineering
Per Widholm hmv, Diagnostics and Specialist Medicine

BOARD OF DIRECTORS
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Publications
The CMIV research efforts lead to a steady stream of scientific publications. 
An overview of the 2020 production is given in the following pages. As papers 
from CMIV researchers may be primarily registered under other affiliations 
the listing is not complete, but still shows a good representation of CMIV. 
The CMIV researchers have presented their work at conferences all over the 
world during the year, however, conference abstracts are not included in this 
list unless published as a conference paper.

Pathology image.
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Bibliometric Analysis
The bibliometric analysis has been provided by the Linköping University Library,
Department of Publishing Infrastructure. The citation data used in the analysis
has been supplied by KTH Royal Institute of Technology; data source: Clarivate 
Analytics Web of Science.

Norwegian Model, 2016—2020

TABLE 1

Publications published in 
journals and with publish-
ers in the Norwegian list

Number of 
Publications

Number of 
Publication

Fractions

Share of 
Level 2,

 %

Journal Articles 282 122.8 28

Conference Publications 30 16.1 0

Chapters 2 1.7 0

Books 0 0.0 0

Share of level 2 publications, total: 24%

Open Access, 2016—2020

TABLE 2

Share of publications published Open Access 
(incl. OA after an embargo period):

Journal Articles, % 75

Conference Publications, % 33

Chapters, % 50
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FIGURE 2

Publication fraction refers to the part of the publication that 
can be linked to the unit. E.g., the fraction is 0.5 if two out of four 
authors belong to the unit.

In the Norwegian model, the approved publishing channels are 
divided into two levels — level 1 (scientific channels) and level 2 
(scientific channels that are leaders in their subject area). 
Level 2 publication channels may publish a maximum of 20% 
of the publications in each field of science. 
Level 2 means the proportion of fractionalized publications 
published in journals and with publishers at level 2. At a higher 
aggregate level, one can expect the proportion to be 20%.
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Coverage in Web of Science, 2016—2020

TABLE 3

Number of 
Publications

Number of 
Publication Fractions

Articles and 
conference publications*

284 127.9

Coverage %

Journal articles 93

Conference publications 77

*Articles, reviews, letters, proceedings papers i WoS.

Citation Analysis, 2016—2020

TABLE 4

Number of 
Publications

Number of 
Publication Fractions

Articles* 284 127.9

*Articles, reviews, letters in WoS.

Results, field-normalized

Field-normalized citation rate (crown) 1.7

Share of highly cited articles (top 10%), % 13

Share of uncited articles, % 13

Field-normalized journal citation rate (journal crown) 1.04

Ranking of Journal Impact Factor (JIF), mean 0.68

cmiv annual scientific report 2020  Bibliometric Analysis

FIGURE 3

**The results from last year’s articles should be interpreted with 
caution. Since the citation numbers for new articles are generally 
low, individual values can have a high impact on average values.

With less than 10 publication fractions, no values are shown on 
the citation indicators because the data is so small that individual 
values can have a high impact on the average values.
•  Field normalized citation rate (Crown): A measure of the impact 
of the articles included in the analysis. This gives a comparative 
value with an international average for the same field, year and 
article type, where the value 1 corresponds to a world average. The 
field-normalized citation rate is reported fractionally, i.e., a weight-
ing is made based on the number of authors. Self-citations are 
excluded. The average field-normalized citation rate for universities 
and colleges in Sweden is 1.18 for the years 2015—2018, according to 
the 2020 distribution data from the Swedish Research Council.
•  Proportion of highly cited articles (top 10%): the proportion of 
publications that are among the 10% most cited works in the sub-

Open access (OA) publication has been identified using data from 
Unpaywall (www.unpaywall.org). For articles, different types of 
OA publication are shown in the graph and data from Unpaywall 
is complemented by an in-house algorithm. Gold open access is 
defined as the article being published in an open access journal. 
Hybrid open access is defined as the article being published open 
access in a subscription journal. Green open access is defined as 
the accepted version of the article being published in fulltext in a 
repository.

The analysis is based on the Clarivate Analytics Web of Science 
database. In order for a citation analysis to be relevant and provide 
reliable values, a sufficiently large basis is required. We therefore 
report the number of publications / fractions in the database and 
provide a picture of the coverage rate for the journal articles in the 
database. All citation indicators are reported fractionalized, i.e., 
a weighting is made based on the number of authors that can be 
linked to the unit. Self-citations are excluded.
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Co-Authorship — Geographical, 2016—2020

TABLE 5

Share of articles with international co-authorship, % 50

Share of articles with national co-authorship, % 22

Share of articles with local co-authorship, % 28

Interdisciplinary Authorship (LiU faculties), 2016—2020

TABLE 6

Publications with interdisciplinary authorship

Number 82

Share, % 26

FIGURE 5

ject area and time period, i.e., publications with a very high impact.
•  Proportion of unquoted articles: indicates how the citations are 
distributed, i.e., if they are evenly distributed over the articles or if 
only a few of the articles are cited.
•  Field normalized journal citation rate (Journal crown): A measure 
of the impact of the journals in which the unit has published. Pro-
vides a comparison value between the average value of citations 
for the journals in which the unit has chosen to publish and the 
average value of citations for all journals in the corresponding 
field. A value of 0.9 e.g., indicates that the journals in which the unit 
publishes are quoted 10% less than the average for the journals in 
the field as a whole.

Proportion of publications in WoS where the unit has co-published 
with international, national and local authors (within and outside 
the academy). By local authors is meant authors from LiU and that 
category also includes sole authors. International collaboration is 
reported because studies have shown a higher citation rate for 
publications with international collaboration. 

FIGURE 6
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A lynx from Kolmården Wildlife Park investigated for cancer in the PCD-CT.
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PEER-REVIED ORIGINAL ARTICLES AND PROCEEDINGS

Abramian D., Larsson M., Eklund A., Behjat H. (2020) Im
proved Functional mri Activation Mapping in White Matter 
Through DiffusionAdapted Spatial Filtering. In ieee 17th  
International Symposium on Biomedical Imaging (isbi), 2020. 

Abramian D., Sidén P., Knutsson, H., Villani M., Eklund A. 
(2020) Anatomically Informed Bayesian Spatial Priors for fmri 
Analysis. In ieee 17th International Symposium on Biomedical 
Imaging (isbi), 2020. 

Almlöv K., Woisetschläger M., Loftås P., Hallböök O., Elander 
N., Sandström P. (2020) mri Lymph Node Evaluation for  
Prediction of Metastases in Rectal Cancer. Anticancer Research, 
40(5), p. 2,757–2,763.

Andersson M., Karlsson M. (2020) Characterization of aniso
tropic turbulence behavior in pulsatile blood flow. Biomecha  
nics and Modeling in Mechanobiology. 

Andreasson AC., Sigurdsson G.V., Pegenius G., Thordstein M., 
Hallbook T. (2020) Cortical excitability measured with tran
scranial magnetic stimulation in children with epilepsy before 
and after antiepileptic drugs. Developmental Medicine & Child 
Neurology. 

Bivik Stadler C., Lindvall M., Lundström C., Boden A.,  
Lindman K., Rose J., Treanor D., Blomma J., Stacke, K., 

Pinchaud N., Hedlund M., Landgren F., Woisetschläger M., 
Forsberg D. (2020) Proactive Construction of an Annotated 
Imaging Database for Artificial Intelligence Training. Journal 
of digital imaging.

Blystad I., Warntjes M. J. B., Smedby Ö., Lundberg P.,  
Larsson E-M., Tisell A. (2020) Quantitative mri using relaxo  
metry in malignant gliomas detects contrast enhancement in 
peritumoral oedema. Scientific Reports, 10(1).

Borga M., Ahlgren A., Romu T., Widholm P., Dahlqvist  
Leinhard O., West J. (2020) Reproducibility and repeatability 
of mribased body composition analysis. Magnetic Resonance 
in Medicine, 84(66), p. 3,146–3,156. 

Borgstrom M., Tisell A., Link H., Wilhelmsson E., Lundberg 
P., Link Y. (2020) Acta Neurologica Scandinavica.

BotvinikNezer R., Holzmeister F., Camerer C. F., Dreber A., 
Huber J., Johannesson M., ... Hamilton P., ..., Schonberg T. 
(2020) Variability in the analysis of a single neuroimaging  
dataset by many teams. Nature

Böhme R., Veenstra H., Olausson H., Gerdle B., Nagi S. 
(2020) Anhedonia to Gentle Touch in Fibromyalgia: Nor
mal Sensory Processing but Abnormal Evaluation. Brain  
sciences, 10(5). 

Böhme R., FrostKarlsson M., Heilig M., Olausson H.,  

Publications 2020
cmiv affiliated researchers are written in bold.
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Johansson Capusan A. (2020) Sharpened selfother distinc
tion in attention deficit hyperactivity disorder. NeuroImage:  
Clinical, 27.

Cavaliere, C., Longarzo M., Fogel S., Engström M., Soddu A. 
(2020) Neuroimaging of Narcolepsy and Primary Hypersom
nias. The Neuroscientist.

Chougar L., Hagiwara A., Takano N., Andica C., CohenAdad J., 
Warntjes M. J. B., Maekawa T., Hori M., Koshino S., Nakazawa M., 
Abe O., Aoki S. (2020) Signal Intensity within Cerebral Venous 
Sinuses on Synthetic mri. magnetic resonance in medical 
sciences, 19(1), p. 56–63. 

Clarke E. L., Munnings C., Williams B., Brettle D., Treanor D. 
(2020) Display evaluation for primary diagnosis using digital 
pathology. Journal of Medical Imaging, 7(2).

Dahlqvist J. R., Widholm P., Dahlqvist Leinhard O., Vissing 
J. (2020) MRI in Neuromuscular Diseases: An Emerging Diag
nostic Tool and Biomarker for Prognosis and Efficacy. Annals 
of Neurology.

Deserno L., Böhme R., Mathys C., Katthagen T., Kaminski 
J., Stephan K. E., Heinz A., Schlagenhauf F. (2020) Volatility 
Estimates Increase Choice Switching and Relate to Prefrontal 
Activity in Schizophrenia. Biological Psychiatry: Cognitive Neu
roscience and Neuroimaging, 5(2), p. 173–183.

Eilertsen G., Jönsson D., Ropinski T., Unger J., Ynnerman 
A. (2020) Classifying the classifier: dissecting the weight space 
of neural networks. In: Proceedings of the 24th European 
Conference on Artificial Intelligence (ecai 2020), 325, p. 8p. 
1,119–1,926.

Eleftheriou A., Blystad I., Tisell A., Gasslander J., Lundin F. 
(2020) Indication of ThalamoCortical Circuit Dysfunction in 
Idiopathic Normal Pressure Hydrocephalus: A Tensor Imaging 
Study. Scientific Reports, 10(1).

Forsgren M. F., Nasr P., Karlsson M., Dahlström N., Norén 
B., Ignatova S., Sinkus R., Cedersund G., Dahlqvist Leinhard 
O., Ekstedt M., Kechagias S., Lundberg P. (2020) Biomarkers 
of liver fibrosis: prospective comparison of multimodal mag
netic resonance, serum algorithms and transient elastography. 
Scandinavian Journal of Gastroenterology, 55(7), p. 848–859. 

Fredwall S. O., Linge J., Dahlqvist Leinhard O., Kjonigsen 
L., Eggesbo H. B., WeedonFekjaer H., Lidal I. B., Manum G., 
Savarirayan R., Tonstad S. (2020) Cardiovascular risk factors 
and body composition in adults with achondroplasia. Genetics 
in Medicine.

Garg P., Swift A. J., Zhong L., Carlhäll C-J., Ebber T.,  
Westenberg J., Hope M. D., BucciarelliDucci C., Bax J. J.,  
Myerson S. G. (2020) Assessment of mitral valve regurgitation 
by cardiovascular magnetic resonance imaging. Nature Reviews 
Cardiology, 17(5), p. 298–312.

Gerdle B., Ghafouri B., Lund E., Bengtsson A., Lundberg P., 

Veenstra H., Dahlqvist Leinhard O., Forsgren M. (2020)  
Evidence of Mitochondrial Dysfunction in Fibromyalgia:  
Deviating Muscle Energy Metabolism Detected Using Micro
dialysis and Magnetic Resonance. Journal of clinical 
medicine, 9(11). 

Gervais N. J., Au A., Almey A., Duchesne A., Gravelsins L., Brown 
A., Reuben R., BakerSullivan E., Schwartz D. H., Evans K.,  
Bernardini M. Q., Eisen A., Meschino W. S., Foulkes W. D., 
Hampson E., Einstein G. (2020) Cognitive markers of demen  
tia risk in middleaged women with bilateral salpingooopho
rectomy prior to menopause. Neurobiology of Aging, 94.

Göransson N., Johansson J., Wårdell K., Zsigmond P. (2020) 
Postoperative Lead Movement after Deep Brain Stimulation 
Surgery and the Change of Stimulation Volume. Stereotactic 
and Functional Neurosurgery.

Ha H., Jin Park K., Dyverfeldt P., Ebbers T., Hyun Yang D. 
(2020) In vitro experiments on icosa6 4d flow mri measure
ment for the quantification of velocity and turbulence parame
ters. Magnetic Resonance Imaging, 72.

Haije T. D., Özarslan E., Feragen A. (2020) Enforcing ne cessary 
nonnegativity constraints for common diffusion mri models 
using sum of squares programming. NeuroImage, 209.

Hedlund J., Eklund A., Lundström C. (2020) Key insights in 
the aida community policy on sharing of clinical imaging data 
for research in Sweden. Scientific Data, 7.

Henningsson M., Carlhäll C-J. (2020) Inflow artifact reduc
tion using an adaptive flipangle navigator restore pulse for late 
gadolinium enhancement of the left atrium. Magnetic Resonance 
in Medicine.

Henningsson M., Carlhäll C-J., Kihlberg J. (2020) Myocar
dial arterial spin labeling in systole and diastole using flow 
sensitive alternating inversion recovery with parallel imaging 
and compressed sensing. Nmr in Biomedicine.

Henningsson M., Brundin M., Scheffel T., Edin C., Viola F., 
Carlhäll C-J. (2020) Quantification of epicardial fat using 3D 
cine Dixon mri. bmc Medical Imaging, 20(1). 

Henningsson M., Malik S., Botnar R., Castellanos D., Hussain 
T., Leiner T. (2020) BlackBlood Contrast in Cardiovascular 
mri. Journal of Magnetic Resonance Imaging.

Henriksson L., Woisetschläger M., Alfredsson J., Janzon M., 
Ebbers T., Engvall J., Persson A. (2020) The transluminal  
attenuation gradient does not add diagnostic accuracy to coro
nary computed tomography. Acta Radiologica.

Holmer E., Rudner M., Andin J. (2020) Evidence of an Effect 
of Gaming Experience on Visuospatial Attention in Deaf but Not 
in Hearing Individuals. Frontiers in Psychology, 11.

Indranil G., Klintström B., Klintström E., Zhang X., Moreno 
R., Saha P. K. (2020) A comparative study of trabecular bone 
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microstructural measurements using different ct modalities. 
Physics in Medicine and Biology.

Johansson J. D., Alonso F., Wårdell K. (2020) Open Access 
Software for PatientSpecific Deep Brain Stimulation Simu
lations: elma and dbSim. In: Nordic Baltic Conference on  
Biomedical Engineering and Medical Physics, 2020.

Jonasson H., Bergstrand S., Fredriksson I., Larsson M., 
Östgren C. J., Strömberg T. (2020) Normative data and the 
influence of age and sex on microcirculatory function in a  
middleaged cohort: results from the scapis study. American 
Journal of Physiology. Heart and Circulatory Physiology, 318 (4),  
p. H908–H915.

Jönsson D., Bergström A., Forsell C., Simon R., Engström 
M., Walter S., Ynnerman A., Hotz I. (2020) VisualNeuro: A  
Hypothesis Formation and Reasoning Application for MultiVari
ate Brain Cohort Study Data. Computer graphics forum (Print).

Kataria B., Nilsson Althén J., Smedby Ö., Persson A., Sökjer 
Petersen H., Sandborg M. (2020) Assessment of image quality 
in abdominal computed tomography: Effect of modelbased 
iterative reconstruction, multiplanar reconstruction and slice 
thickness on potential dose reduction. European Journal of  
Radiology, 122. 

Kaveckyte V., Persson L., Malusek A., Benmakhlouf H., Alm 
Carlsson G., Carlsson Tedgren Å. (2020) Investigation of a  
synthetic diamond detector response in kilovoltage photon 
beams. Medical physics (Lancaster).

Kechagias S., Nasr P., Blomdahl J., Ekstedt M. (2020) Estab
lished and emerging factors affecting the progression of non  
alcoholic fatty liver disease. Metabolism: Clinical and Experi
mental, 111.

Kihlberg J., Gupta V., Haraldsson H., Sigfridsson A., Sarvari 
S. I., Ebbers T., Engvall J. (2020) Clinical validation of three 
cardiovascular magnetic resonance techniques to measure strain 
and torsion in patients with suspected coronary artery disease. 
Journal of Cardiovascular Magnetic Resonance, 22(83).

Krynska A., Swahn E., Wallby L., Nielsen N. E., Carlhäll C-J., 
Engvall J. (2020) Threedimensional echocardiography to 
identify right ventricular dilatation in patients with corrected 
Fallot anomaly or pulmonary stenosis. Clinical Physiology and 
Functional Imaging.

Kvist J., Filbay S., Andersson C. A. Ardern C., Gauffin H. (2020) 
Radiographic and Symptomatic Knee Osteoarthritis 32 to 37 
Years After Acute Anterior Cruciate Ligament Rupture. Ameri
can Journal of Sports Medicine, 48(10), p. 2,387–2,394.

Landén Ludvigsson M., Peterson G., Peolsson A. (2020) 
Neckspecific exercise for radiating pain and neurological deficits 
in chronic whiplash, a 1year followup of a randomised clinical 
trial. Scientific Reports, 10(1). 

Lazarus J.V., Ekstedt M., Marchesini G., Mullen J., Novak K., 

Pericàs J. M., Roel E., RomeroGómez M., Ratziu V., Tacke F., 
CortezPinto H., Anstee Q. M., International Liver Foundation 
nafld Policy Review Collaborators easl. (2020) A cross 
sectional study of the public health response to nonalcoholic fat
ty liver disease in Europe. Journal of Hepatology, 72(1), p. 14–24.

Lindvall M., Sanner A., Petré F., Skoglund K., Treanor D., 
Lundström C., Löwgren J. (2020) TissueWand, a rapid histo
pathology annotation tool. Journal of Pathology Informatics, 
11(27). 

Lindvall M., Molin J. (2020) Verification Staircase: a Design 
Strategy for Actionable Explanations. In: Proceedings of the 
Workshop on Explainable Smart Systems for Algorithmic 
Transparency in Emerging Technologies colocated with 25th 
International Conference on Intelligent User Interfaces (iui 
2020), 2,582. 

Malinovschi A., Zhou X., Bake B., Bergstrom G., Blomberg A., 
..., Östgren C. J., Wollmer P., Engvall J. (2020) Assessment 
of Global Lung Function Initiative (gli) reference equations 
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Respiratory Journal, 56(2).

Mandić M., Rullman E., Widholm P., Lilja M., Dahlqvist  
Leinhard O., Gustafsson T., Lundberg T. R. (2020) Automated 
assessment of regional muscle volume and hypertrophy using 
mri. Scientific Reports, 10(1).

Maras G., Lindvall M., Lundström C. (2020) Regional lymph 
node metastasis in colon adenocarcinoma, second collection 
series. Dataset. 

McGenity C., Treanor D. (2020) Guidelines for clinical trials  
using artificial intelligence  spirit-ai and consort-ai  
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Micula A., Ning H., Ng E., ElAzm F., Rönnberg J. (2020) The 
effects of task difficulty, background noise and noise reduction 
on recall. International Journal of Audiology.
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pharmaceutical design, 26(10), p. 1,062–1,078.

Nasr P., Fredrikson M., Ekstedt M., Kechagias S. (2020)  
The Amount of Liver Fat Predicts Mortality and Development 
of Type 2 Diabetes in Nonalcoholic Fatty Liver Disease. Liver 
international (Print).

Neeland I. J., Yokoo T., Dahlqvist Leinhard O., Lavie C. J. 
(2020) TwentyFirst Century Advances in Multimodality  
Imaging of Obesity for Care of the Cardiovascular Patient. Jacc 
Cardiovascular Imaging.

Ning H., Ng E., Rönnberg J. (2020) Hearing aid experience 
and background noise affect the robust relationship between 
working memory and speech recognition in noise. International 
Journal of Audiology, 59(3), p. 208–218. 



151cmiv annual scientific report 2020  Publications 2020

Nordin T., Wårdell K., Johansson J. D. (2020) The Effect of 
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in Deep Brain Stimulation. In: 8th European Medical and Bio
logical Engineering Conference, embec 2020, p. 1,069–1,077.
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Fatigue in irritable bowel syndrome is associated with plasma 
levels of tnf and mesocorticolimbic connectivity. Brain,  
behavior, and immunity.

Ouellette R. Mangeat G., Polyak I., Warntjes M. J. B., Forslin 
Y., Bergendal Å., Plattén M., Uppman M., Treaba C. A.,  
CohenAdad J., Piehl F., Kristoffersen Wiberg M., Fredrikson 
S., Mainero C., Granberg T. (2020) Validation of Rapid  
Magnetic Resonance Myelin Imaging in Multiple Sclerosis.  
Annals of Neurology, 87(5), p. 710–724.

Ousdal O. T., Argyelan M., Narr K. L., Abbott C., Wade B., ..., 
Kämpe R., Jorgensen A., Hanson L. G., Hamilton P., Oltedal 
L., gemric. (2020) Brain Changes Induced by Electrocon
vulsive Therapy Are Broadly Distributed. Biological Psychia  
try, (87(5), p. 451–461.

Perini I., Ceko M., Cerliani L., van Ettinger-Veenstra H., 
Minde J., Morrison I. (2020) Mutation Carriers with Reduced  
CAfferent Density Reveal Cortical Dynamics of Pain 
Action Relationship during Acute Pain. Cerebral Cortex, 30(9),  
p. 4,858–4,870. 

Pocevičiūtė M., Eilertsen G., Lundström C. (2020) Survey of 
xai in digital pathology. Artificial Intelligence and Machine 
Learning for Digital Pathology. 

Ranebo M., Björnsson Hallgren H., Holmgren T., Adolfsson 
L. (2020) Surgery and physiotherapy were both successful in 
the treatment of small, acute, traumatic rotator cuff tears: a 
prospective randomized trial. Journal of shoulder and elbow 
surgery, 29(3), p. 459–470. 

Ridderström M., Svantesson M., Thorell O., Magounakis T., 
Minde J., Olausson H., Nagi S. (2020) High prevalence of  
carpal tunnel syndrome in individuals with rare nerve growth 
factorbeta mutation. Brain Communications. 

Sanchez J. C. G., Magnusson M., Sandborg M., Carlsson  
Tedgren Å., Malusek A. (2020) Segmentation of bones in  
medi cal dualenergy computed tomography volumes using the 
3D UNet. Physica medica (Testo stampato), 69, p. 241–247.

Sandstedt M., Henriksson L., Janzon M., Nyberg G., Engvall 
J., de Geer J., Alfredsson J., Persson A. (2020) Evaluation of an 
AIbased, automatic coronary artery calcium scoring software. 
European Radiology, 30(3), p. 1,671–1,678.

Scannell C. C., Correia T., Villa A. D. M., Schneider T., Lee J., 
Breeuwer M., Chiribiri A., Henningsson M. (2020) Feasi bility 
of freebreathing quantitative myocardial perfusion using  
multiecho Dixon magnetic resonance imaging. Scientific  
Reports, 10(1).

Shah A., Vogel D., Alonso F., Lemaire JJ., Pison D., Coste J., 
Wårdell K., Schkommodau E., HemmOde S. (2020) Stimu
lation maps: visualization of results of quantitative intraoper
ative testing for deep brain stimulation surgery. Medical and 
Biological Engineering and Computing. 

Signoret C., Andersen L. M., Dahlström Ö., Blomberg R., 
Lundqvist D., Rudner M., Rönnberg J. (2020) The Influence 
of Form and MeaningBased Predictions on Cortical Speech 
Processing Under Challenging Listening Conditions: A meg 
Study. Frontiers in Neuroscience, 14. 

Stacke K., Lundström C., Unger J., Eilertsen G. (2020) Evalu  
 ation of Contrastive Predictive Coding for Histopathology  
Applications. In: Neurips Workshop on Machine Learning for 
Health (ml4h). 

Stacke K., Eilertsen G., Unger J., Lundström C. (2020)  
Measuring Domain Shift for Deep Learning in Histopathology. 
ieee journal of biomedical and health informatics.

Sten S., Elinder F., Cedersund G., Engström M. (2020) A 
quantitative analysis of cellspecific contributions and the role 
of anesthetics to the neurovascular coupling. NeuroImage, 215.

Sundin J., Engvall J., Nylander E., Ebbers T., Bolger A. F., 
Carlhäll C-J. (2020) Improved Efficiency of Intraventricu lar 
Blood Flow Transit Under Cardiac Stress: A 4D Flow Dobuta  
mine cmr Study. Frontiers in cardiovascular medi-
cine, 7.

Sundstrom J., Lind L., Lampa E., Angeras O., …, Engvall J., 
Eriksson M., …, Nyström F. H., Oldgren J., Persson M.,  
Sandstrom A., Swahn E., Soderberg S., Toren K., Östgren C. J., 
Rosengren A. (2020) Weight gain and blood pressure. Journal 
of Hypertension, 38(3), p. 387–394.

SwiderskaChadaj Z., de Bel T., Blanchet L., Baidoshvili A., 
Vossen D., van der Laak J., Litjens G. (2020) Impact of re
scanning and normalization on convolutional neural network 
performance in multicenter, wholeslide classification of pros
tate cancer. Scientific Reports, 10(1). 

Tampu I. E., Maintz M., Koller D., Johansson K., Gimm O.,  
Capitanio A., Eklund A., HajHosseini N. (2020) Optical cohe
rence tomography for thyroid pathology: 3D analysis of tissue 
microstructure. Biomedical Optics Express, 11(8), p. 4,130–4,149.

Tarun A., Behjat H., Bolton T., Abramian D., Van De Ville D. 
(2020) Structural mediation of human brain activity revealed 
by whitematter interpolation of fmri. In: NeuroImage, 213. 

Tesche C., Otani K., De Cecco C. N., Coenen A., De Geer J., ..., 
Persson A., Nieman K., Schoepf U. J. (2020) Influence of Cor
onary Calcium on Diagnostic Performance of Machine Learning 
ct-ffr Results From machine Registry. Jacc Cardiovascular 
Imaging, 13(3), p. 760–770. 

Toren K., Schioler L., Lindberg A., Andersson A., Behndig 
A. F., Bergstrom G., Blomberg A., Caidahl K., Engvall J., ...,  



152

Persson L., Sandelin M., Eriksson Strom J. E., Tanash H. A., 
Vikgren J., Östgren C. J., Wollmer P., Skold C. M. (2020)  
Chronic airflow limitation and its relation to respiratory symp
toms among eversmokers and neversmokers: a crosssectional 
study. Bmj open respiratory research, 7(1).

Toren K., Schioler L., Lindberg A., Andersson A., Behndig 
A. F., Bergstrom G., Blomberg A., Caidahl K., Engvall J., ..., 
Persson L., Sandelin M., Eriksson Strom J. E., Tanash H. A., 
Vikgren J., Östgren C. J., Wollmer P., Skold C. M. (2020)  
The ratio fev1/fvc and its association to respiratory symp toms 
– A Swedish general population study. Clinical Physiology and 
Functional Imaging.

Tsirikoglou A., Stacke K., Eilertsen G., Lindvall M., Unger 
J. (2020) A Study of Deep Learning Colon Cancer Detection 
in Limited Data Access Scenarios. In: International Confer
ence on Learning Representations (iclr) Workshop on ai for  
Over coming Global Disparities in Cancer Care (ai4cc) 2020.

Veenstra H., Böhme R., Ghafouri B., Olausson H., Wicksell 
R., Gerdle B. (2020) Exploration of Functional Connectivity 
Changes Previously Reported in Fibromyalgia and Their Rela
tion to Psychological Distress and Pain Measures. journal of 
clinical medicine, 9(11). 

Vikgren J., Khalil M., Cederlund K., Sorensen K., Boijsen M., 
Brandberg J., Lampa E., Skold M. C., Wollmer P., Lindberg E., 
Engvall J., Bergstrom G., Toren K., Johnsson Å. A. (2020) Visual 
and Quantitative Evaluation of Emphysema: A Case Control 
Study of 1,111 Participants in the Pilot Swedish CArdioPul
monary BioImage Study (scapis). Academic Radiology, 27(5), 
p. 636–643.

Viola F., Dyverfeldt P., Carlhäll C-J., Ebbers T. (2020) Data 
Quality and Optimal Background Correction Order of Respirato
ryGated kSpace Segmented Spoiled Gradient Echo (sgre) and 

Virhammar J., Ahlgren A., Cesarini K. G., Laurell K., Larsson  
E-M. (2020) Cerebral Perfusion Does Not Increase after 
Shunt Surgery for Normal Pressure Hydrocephalus. Journal of  
Neuroimaging, 30(3), p. 303–307. 

Viola F., Dyverfeldt P., Carlhäll C-J., Ebbers T. (2020) 
Data Quality and Optimal Background Correction Order of  
Respi ratoryGated kSpace Segmented Spoiled Gradient Echo 
(sgre) and Echo Planar Imaging (epi)Based 4D Flow mri. 
Journal of Magnetic Resonance Imaging, 51(3), p. 885–896.

Vogel D., Shah A., Coste J., Lemaire JJ., Wårdell K., Hemm
Ode S. (2020) Anatomical brain structures normalization for 
deep brain stimulation in movement disorders. NeuroImage:  
Clinical, 27.

Wilzén J., Eklund A., Villani M. (2020) Physiological Gaus sian 
process priors for the hemodynamics in fmri analysis. Journal 
of Neuroscience Methods, 342.

Woisetschläger M., Gimm O., Johansson K., Wallin G.,  
AlbertGarcia I., Spångeus A. (2020) Dual energy 4d-ct of 

parathyroid adenomas not clearly localized by sestamibi  
scinti graphy and ultrasonography – a retrospective study.  
European Journal of Radiology, 124.

Ydrefors J., Karlsson T., Wentzel Olausson U., Ghafouri B., 
Johansson AC., Olausson H., Gerdle B., Nagi S. (2020)  
Automated Nociceptive Withdrawal Reflex Measurements Re
veal Normal Reflex Thresholds and Augmented Pain Ratings in 
Patients with Fibromyalgia. Journal of Clinical Medicine, 9(6). 

Zetterqvist M., Perini I., Mayo L., Gustafsson P. (2020) Non
suicidal SelfInjury Disorder in Adolescents: Clinical Utility of 
the Diagnosis Using the Clinical Assessment of Nonsuicidal 
SelfInjury Disorder Index. Frontiers in Psychiatry, 11.

Ziegler M., Good E., Engvall J., Warntjes M. J. B., de Muinck 
E., Dyverfeldt P. (2020) Towards Automated Quantification 
of Vessel Wall Composition Using mri. Journal of Magnetic 
Resonance Imaging, 52(3), p. 710–719. 

Zsigmond P., Wårdell K. (2020) Optical Measurements during 
Asleep Deep Brain Stimulation Surgery along VimZi Trajecto
ries. Stereotactic and Functional Neurosurgery, 98(1), p. 55–61.

Östgren C. J., Soderberg S., Festin K., Angeras O., Bergstrom 
G., Blomberg A., Brandberg J., Cederlund K., …, Ostenfeld E., 
Persson A., Persson J., Persson M., Rosengren A., Sundstrom J., 
Swahn E., Engvall J., Jernberg T. (2020) Systematic Coronary 
Risk Evaluation estimated risk and prevalent subclinical athero
sclerosis in coronary and carotid arteries: A populationbased 
cohort analysis from the Swedish Cardiopulmonary Bioimage 
Study. European Journal of Preventive Cardiology. 

DISSERTATIONS
Karlsson A. (2020) Quantitative Muscle Composition Analysis 
Using Magnetic Resonance Imaging. Linköping Studies in  
Science and Technology. Dissertations, No. 2057. Linköping 
University Electronic Press.

Karlsson M. (2019) NonInvasive Characterization of Liver 
Disease: By Multimodal Quantitative Magnetic Resonance. 
Linköping University Medical Dissertations, No. 1722. Linköping 
University Electronic Press.

Sandstedt M. (2020) Computed Tomography of the Coro 
nary Arteries: Developmental and Prognostic Investigations. 
Linköping University Medical Dissertations, No. 1752. Linköping 
University Electronic Press. 

Sten S. (2020) Mathematical modeling of neurovascular  
coupling. Linköping University Medical Dissertations, No. 1742. 
Linköping University Electronic Press. 



153cmiv annual scientific report 2020  Publications 2020

Radiografers Mirjana Vukusic and Mats Jonsson are preparing Mona Cederholm for an fMRI exam.
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Research Funding at CMIV 2010—2020 

Cmiv receives funding from research funds and the industry both 
directly to the r&d platform and to specific research projects. 
In addition, the affiliated researchers have their own funding; 
these grants will, however, not be presented here.

External Funds: kSEK 118,691
Industrial Funds: kSEK 80,941

During 2020 CMIV had a turnover of more than SEK 55 million. 
The financial result for CMIV was SEK 95 thousand. 

During the fiscal year of 2020 cmiv had several ongoing grant 
research projects. Aida – Analytic Imaging Diagnostics Arena 
continued its work, being funded by vinnova. Seven projects 
funded by aida together with two clinical and one technical 
fellowship started during 2020. 

The Visual Swedenfinanced project MeDigiT continued with 

prolonged financing during 2020. Research projects scapis 
(Swedish HeartLung Foundation) and scapisai platform 
(vinnova) continued their work during 2020. Both the Faculty 
of Medicine and Health Sciences and the Faculty of Science 
and Engineering continued to support cmiv’s work within the 
digital pathology area. 

Annual Accounts

ECONOMIC SUMMARY 2016 2017 2018 2019 2020

Total revenue 40,655 48,165 52,059 56,266 55,007

EXPENSES

Staff expenses —16,978 —15,772 —16,711 —20,390 —22,480

Cost of premises —9,135 —6,472 —6,657 —5,752 —6,647

Misc. Operating expenses —12,158 —16,765 —18,704 —18,848 —17,928

Depreciation expenses —6,781 —7,819 —8,129 —8,440 —7,848

Financial expenses —132 —36 —151 —126 —11

Total expenses —45,184 —46,864 —50,051 —53,556 —54,913

Result of operations —4,519 1,300 2,008 2,710 95

NUMBERS IN THOUSANDS OF SEK
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CT Research and Clinic, %

All data deriving from clinical exams on the cmiv ct may 
also be used for research in accordance with ethical permits 
from the Swedish Ethical Review Authority.

2020

Research, 24    
Clinic, 66    
Special exams only at CMIV CT, 10

cmiv annual scientific report 2020  Annual Accounts

Distribution on Research on the MR Scanners, %
2019

Musculoskeletal, 38 Development, 2
Cardiovascular, 11  fMRI, 11
Abdomen, full body, 16 Neuro, 2
Spectro neuro, 4  CSAN, neuro, 16

2020

Musculoskeletal, 38 Development, 1
Cardiovascular, 11  fMRI, 8
Abdomen, full body, 9 Neuro, 4  
Spectro neuro, 7  CSAN, neuro, 22



Radiographer Henrik Ekman and the Philips 3T MR Scanner.





The bridge between the new office building and CMIV. 



The new building at the University Hospital with offices for CMIV researchers.
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