
Welcome to 
the exciting 
world of CMIV
ANNUAL SCIENTIFIC REPORT 2021



The image shows a 3D image of the heart and lung vessels from our photon 
counting detector CT, NAEOTOM Alpha, by Anders Persson, CMIV.

Project Leader CMIV: Maria Kvist

Production: LiU-Tryck

Graphic design: Tomas Hägg, LiU-Tryck

Photography: CMIV, Emma Busk Winquist, Thor Balkhed, John Sandlund.

Cover Image: Our new photon counting detector CT NAEOTOM Alpha by Siemens Healthineers 
with guest researcher Ronald Booij from Erasmus MC, University Rotterdam.  

Print: LiU-Tryck, May 2022

Fonts: Korolev, Miller, Paper: Galerie Art Silk

Visiting address: Linköping University Hospital, 
Entrance 7, floor 11, Linkoping, Sweden.

Postal address: Linkoping University, CMIV, 
University Hospital, 581 85 Linkoping, Sweden

info@cmiv.liu.se / www.liu.se/cmiv



Table of Contents

4
 

PREFACE
Anders Persson, the director of 
CMIV, summarizes the year.

6
 

HIGHLIGHTS 
The CMIV infrastructure expanded 
with the installation of the world’s 
first clinical photon counting detector 
computed tomography, which 
was inaugurated in November.

11
 

THE CMIV LANDSCAPE 
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.

17
 

FLAGSHIP PROJECTS 
The 2021 flagship projects represent the 
broad and multi-disciplinary research 
at CMIV well. The first uses quantitative 
MRI on the brain, the second is a 
demontstrator platform in precision 
medicine and the third is focusing on 
musculoskeletal CT exams, mainly 
with the photon counting detector CT.

31
 

RESEARCH PROJECTS 
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.

107
 

CMIV POST-DISTANCE MODE 
Finally we are back at work with the 
possibility to interact with each other.

111
 

WHY BE A PART OF CMIV 
RESEARCH SCHOOL ? 
Meet Chiara Trenti and Ann-Sofi 
Björkman, two of the PhD students 
in our research school.

115
 

THE CMIV RESEARCH SCHOOL 
A basic principle for our doctoral 
program is the translational approach, 
where we encourage projects to have 
a close connection to the clinic.

133
 

DISSERTATIONS 
During 2021 two of the CMIV PhD 
students have finished their studies 
and defended their theses.

136
 

EQUIPMENT 
Through a unique collaboration with 
the industry, it is possible for CMIV to 
continue to be in the forefront of research.

140
 

ORGANIZATION 
The CMIV board of directors and 
the scientific council as well as 
all affiliated researchers, PhD 
students and core staff are listed.

143
 

PUBLICATIONS 
The CMIV research efforts lead to a 
steady stream of scientific publications. 
This is an overview of the 2021 production.

150
 

ANNUAL ACCOUNTS
Facts and figures of the fiscal year of 2021.



Preface

4



 COVID-19 has spread rapidly throughout 
the world, prompting CMIV to take un-
precedented measures in response. These 

measures have adversely affected the healthcare 
in our region and society. Clinical examinations 
have been prioritized at CMIV and operating 
restrictions were imposed to protect health and 
safety of CMIV’s researchers and clinical employ-
ees. The researchers have been able to work re-
motely from home most of the time and this has 
made it possible to further expand the clinical 
translational research. At the end of September, 
we could finally put an end to the remote work 
and return and meet in person again. The most 
important creative meeting place, our coffee 
room is now more filled with people than be-
fore. Despite the challenging situation during 
the year I see amazing accomplishments, both 
from CMIV as a whole but also from individual 
research groups and supporting staff. 

In August, a new high-end modality was in-
stalled, the world’s first photon-counting com-
puted tomography (CT) with Quantum Tech-
nology that has the potential to revolutionize 
CT. The system has replaced the previous pho-
ton-counting prototype at CMIV. The amount of 
active ongoing research projects has increased to 
exceed 140. Among these the scientific council 
has elected the three flagship projects of 2021. As 
usual they complement each other and well rep-
resent CMIV in showing different areas and how 
we work close to the clinic combining technical 
and medical knowledge. 

The first project “Advanced Quantitative MRI 
of the Brain” is a new and promising technique 
to diagnose and prognose disease, but also a 
way of determining treatment and monitoring 
the chosen therapy. 

The second project Medical Digital Twin 
(MeDigiT) is a platform with the aim of facili-
tating the use of personalized digital models in 
healthcare as well as for education of healthcare 
professionals, patients, and the general public. 
The platform is a meeting place for stakehold-
ers in the subject of medical digital twins where 
technical solutions and applications may be dis-
cussed. 

The third flagship project “Musculoskele-
tal Imaging Using Computed Tomography” is 
above all focusing on the new technology with 
our photon counting CT. 

All in all, 2021 has been an exceptional 
yet demanding year. Nevertheless, many new 
research projects were initiated during the 
year and research activities developed to new 
heights. Without the fantastic collaboration be-
tween all stakeholders; university, health care, 
industry, individual research groups and sup-
porting staff, these steps would not have been 
possible to take.

Anders Persson  
director of cmiv
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Highlights 
As always, a lot of things have happened during the past year. The 
CMIV infrastructure expanded with the installation of the world’s first 
photon counting detector computed tomography, NAEOTOM Alpha 
with Quantum Technology, which was inaugurated in November. 
Here you can read about this and more highlights of the year. 
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Unique photon counting detector CT 
inaugurated – a milestone for CT imaging
In August CMIV received the world’s 
first clinical photon counting detector 
CT (PCD-CT) and on November 15, 
we finally inaugurated the NAEOTOM 
Alpha by Siemens Healthineers.

The X-ray photons are converted 
directly into electrical signals and then 
counted without information loss. This 
improves image sharpness and contrast, 
and the images include more relevant 
information. The new technique offers 
twice as sharp images at 40 % less dose 
and enables precise noninvasive exami-
nations for more patients. This truly is a 
quantum leap for CT imaging. 

The PCD-CT was inaugurated by 
Per-Olof Brehmer, Deputy Vice-Chancel-
lor for Research at Linköping University, 
Mats Ulfendahl, Research Director at 
Region Östergötland, and Rolf Östlund, 
Director of Development at Region 
Östergötland.

High resolution images from CMIV’s photon counting CT. The interface between bone and implant could be evaluated and could potentially help in the 
assessment of preoperative hip implant loosening. Mischa Woisetschläger, Jörg Schilcher, Anders Persson 
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Anders Persson
received the Erna Ebeling Award 2021
Congratulation Prof Anders Persson, 
who has been awarded the Erna Ebeling 
Award 2021.

The award is presented by the Board 
of the Swedish Medical Technology 
Association and the Swedish Society of 
Medicine with the motivation: “For out-
standing research and development in the 
borderland between radiology, medical 

imaging and visualization with clinical 
applications in cardiology and post-
mortem imaging, among other things. 
He has also initiated and run several 
collaborations with the medical technol-
ogy industry and developed Center for 
Medical Image Science and Visualization 
at Linköping University.”

Article from CMIV is listed among the top 50 
achievements since the first MRI in 1973
Physical and technical aspects of human magnetic resonance imaging: present status and 50 years historical review
This paper reviews the historical de-
velopments, current status and future 
prospects within MRI and an article from 
CMIV is listed among the top 50 achieve-

ments since the first MRI in 1973. It is the 
research Warntjes JB, Dahlqvist Leinhard 
O, West J, Lundberg, P. Rapid magnetic 
resonance quantification on the brain: op-

timization for clinical usage. Magn Reson 
Med. 2008;60:320–329 which has made 
it on the list. 
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AIDA Data Hub Has Become 
a SciLifeLab Facility
As of July 2021, the Data Hub of AIDA 
has been given the status of an official 
facility of SciLifeLab. This means that 
the long-term funding for the Data Hub 
has been secured, and that the AIDA 
community now has a direct connection 
to resources and expertise at SciLifeLab. 

The AIDA Data Hub offers data shar-
ing, policy support, and compute services 
for medical imaging AI, including the 
currently largest national AI research 
system for sensitive personal data. The 
Data Hub was started with seed funds 
from VINNOVA, with the ambition to 
establish a permanent setup elsewhere 
after the start-up phase. 

In 2020, SciLifeLab announced a call 
for proposals about additional facilities, 
in which the AIDA Data Hub ended 
up being one of the few selected for 
inclusion. The AIDA Data Hub is part of 
the SciLifeLab Bioinformatics Platform 
(NBIS) and its BioImage Informatics 
facility, while remaining fully connected 
to all other AIDA activities, which reside 
in the Medtech4Health program.

CMIV part of 
BIGPICTURE
At the end of January, it was revealed 
that CMIV together with Sectra, Region 
Östergötland and other players engage in 
the new project BIGPICTURE led by the 
Innovative Medicine Initiative to con-
struct a large-scale database of pathology 
images enabling development of AI 
methods. The 6-year, €70 million project 
will herald a new era in pathology. 

CMIV is responsible for the techni-
cal infrastructure in collaboration with 
the SciLifeLab Bioinformatics platform 
NBIS and ELIXIR-SE and the Finnish 
ELIXIR node CSC.

Great Achievements of 
Leah Mayo
Assistant professor Leah Mayo at CSAN 
received the Somerfeld-Ziskin Research 
Award for her outstanding research 
investigations in biological psychiatry. 

The Somerfeld-Ziskind Award from 
the Society of Biological Psychiatry offers 
an annual award of 5000 dollars. She 
received the award for best published 
article in 2020 on her main research 
goal to improve clinical care for patients 
suffering from post-traumatic stress dis-
order (PTSD). Leah Mayo also was the 
winner of the Young Investigator Award 
by European Behavioural Pharmacology 
Society (EBPS) in the fall of 2020. 

sek 4.8 million from Swedish Research Council to
Petter Dyverfeldt
The purpose of this project is to enable 
rapid quantification and visualization of 
turbulence in cardiovascular blood flow 
by developing a novel method termed 
magnetic resonance (MR) turbulence 
angiography. This will be achieved 
through rapid MR data acquisition and 
automated quantification and visu-

alization of turbulence in all cardiac 
chambers and major vessels. Successful 
accomplishment of this project will offer 
a new paradigm in the evaluation of 
several cardiovascular diseases by rapidly 
quantifying and visualizing turbulent 
blood flow.
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Håkan Gustafsson in our 
Photon Counting Detector 
CT NAEOTOM Alpha

10



The CMIV 
Landscape 

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.
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 Today, CMIV conducts focused front-line 
research within multidisciplinary pro-
jects providing solutions to tomorrow’s 

clinical issues. The mission is to develop future 
methods and tools for image analysis and visu-
alization for applications within health care and 
medical research. 

CMIV has a unique constellation in which 
research at the university provides health care 
with the opportunity of clinical benefits, while 
the industry gain from the research with e.g., 
spin-offs. The activities aim to combine differ-
ent demands where the university strives for 
scientific publications in high quality journals 
and development of new products, and Region 
Östergötland expects the research and develop-
ment to come to patient benefit. CMIV’s organ-
ization, fully embedded in the university hospi-
tal, 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 de-
scribed as links in a sequential imaging chain. 
Projects move dynamically through the chain 
and researchers from different disciplines work 
together to reach the goal of patient benefit. 
Nowadays, the imaging chain perspective is 
complemented with additional research areas 
like artificial intelligence and precision medi-
cine. 

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 re-
search 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 advances in precision 
medicine are due to rapid development in a 
number of important areas that are ground-
breaking by themselves. But their impact can 
also be greatly magnified if they are wisely com-
bined. These areas include molecular biology, 
large-scale genetic sequencing and artificial in-
telligence. 

Precision medicine can be defined as clin-
ical, therapeutic and diagnostic methods for 
optimal disease management based on the 
patients’ individual variations, often includ-
ing a genetic profile. It provides more effective 
treatments, fewer adverse effects and increased 
survival. Examples of other advantages of pre-
cision medicine are increased possibilities 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 catego-
rized as they move dynamically over research 
areas, always looking for new ideas from oth-
er 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 in-
volve. The categories used are divided in three 
main research areas; imaging data source, bi-
omedical research area and technical research 
area. The main research areas consist of a num-
ber of sub-areas. 
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IMAGING DATA SOURCE
The overall dominating data source at CMIV 
is magnetic resonance imaging (MRI). The 
method is versatile and allows great opportu-
nities for project specific development. Another 
advantage is the use of volunteers not being re-
stricted by radiation dose. In computed tomog-
raphy (CT), the development of low dose CT has 
opened up for larger prospective studies and 
at the same time clinical examinations can be 
used for potent simulations. Since 2020, CMIV 
is one of the few clinical research centers in the 
world that has access to new photon-counting 
CT technology. The most recent photon-count-
ing CT is approved for clinical use and has two 
X-ray tubes and two detectors and offers unim-
aginable possibilities. 

 CMIV has several exciting new studies in 
all of these fields. Another interesting field with 
an increasing contribution is microscopy, where 
the ongoing digitization of the clinical routine 
has opened up for new applications in image 
analysis and deep learning. 

Cardiovascular Magnetic Resonance group meeting with Tino Ebbers, Sophia Bäck, 
André Da Luz Moreira, Kajsa Tunedal, and Federica Viola on the screen.

BIOMEDICAL RESEARCH AREA 
CMIV has strong traditions in the fields of 
cardiovascular and neurology research. Other 
strong areas are musculoskeletal and gastroin-
testinal research. However, with new constella-
tions forming, projects are less focused on indi-
vidual organs and instead have a more holistic 
approach. 

TECHNICAL RESEARCH AREA 
A foundational aspect of CMIV is that the re-
search spans all the technical areas involved in 
the imaging chain. This type of cross-discipli-
narity means that scientific efforts in one tech-
nology domain at CMIV is enriched by in-depth 
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.
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A SELECTION OF CMIV PROJECTS 
DEVIDED BY RESEARCH AREA

IMAGING DATA SOURCE BIOMEDICAL RESEARCH AREA TECHNICAL RESEARCH AREA
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Statistical Analysis of NeuroImaging Data

Pathophysiology Behind Prolonged Whiplash Associated Disorders

High Resolution MR Quantification 

Image-Based Biomarkers of Brain Disorders

Clinical Application of Synthetic MRI on Malignant Gliomas

Localization of Seizure Onset Zone in Focal Epilepsy

Emotion Regulation in PTSD

The behavioral and neural mechanisms of alcohol choice preference

Experiencing the self through touch

Detection and Neurological Effects off Manganese

SouthEast Sweden Neuroinflammation Cohort

Investigating Neurological Disease Using Amino Proton Transfer Chemical Exchange Saturation Transfer 

Developing 3D qMRI

Abdominal Synthetic MRI

Photon Counting in Pancreatic Ductal AdenoCarcinoma (PhDAC)

Semiautomatic Liver Volume Determination and Segmentation

Optimizing Hepatobiliary Contrast in Liver Imaging

Liver Function Evaluation

Assessment of Hepatic Function in Health and Disease

Evaluation of reconstruction methods in CT

MR Mammography

Evaluation of Photon Counting CT in Spinal Deformities

CT-MOCAP: Visualization of Skeletal Joint Movement

Health Effects of Resistance Training in Post-menopausal Women

Bone Structure Analyses for Reducing Future Osteoporotic Fractures

Post-Surgical Visualization of Tibial Plateau and Pilon Fractures

Carotid MRI

Ascending Aortic Dilation

SCAPIS-HEALTH

Diffuse Myocardial Fibrosis

Swedish CArdioPulmonary bioImage Study (SCAPIS) in Linköping

Tissue Classification Using DECT and MBIR

Evaluation of New Brachytherapy Planning Methods

CTTechIQ

BigPicture

AIDA

EPSONiP
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Erik Tesselaar in the Photon 
Counting Detector CT 
with a wrist phantom.
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Flagship Projects 
The 2021 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.
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Neuroradiology is the part of radiology that focuses on 
the diagnosis and characterization of abnormalities 
of the central nervous system consisting primarily 
of the brain and the spinal cord. Magnetic resonance 
imaging (MRI) is a common modality in neuroradiology. 

This project is focusing on Quantitative MRI of the brain. 
Quantitative MRI is a novel and promising technique for 
diagnose or prognose disease and to determine the choice 
of therapy, or to monitor the result of the chosen therapy. 

>>

Advanced 
Quantitative 
MRI of the Brain
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Anders Tisell, PI
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 When talking about quantitative MRI 
(qMRI) we mean methods that 
measures the relaxation values. In 

contrast, to weighted images which are depend-
ent on many more factors than relaxation such 
as patient size, scanner imperfections. This 
gives us measurable values and help the radiol-
ogist to understand if the suspected tumor for 
example really is a tumor, which can be hard to 
tell by just looking at the image. Anders Tisell, 
PI for this project and adjunct senior lecturer is 
involved in many of the qMRI research projects 
at CMIV.

Previously we have worked with a technique 
which was based on the two-dimensional tech-
nique of thick slices of the whole brain. This has 
now been developed into the three-dimensional 
technique we call QALAS, where the informa-
tion is gathered as a volume with one-millime-
ter isotropic resolution of the whole brain. 

After we have measured, we can still create 
weighted MR images by calculating them from 
the qMRI and this is called synthetic MRI. 

From the qMRI we can also calculate the 
amount of myelin, which is the fatty insulat-
ing layer formed around nerves in the brain 
and spinal cord, Anders explains. The myelin 
helps speeding up the nerve impulse. Multipel 
Sclerosis (MS) breaks down the myelin and we 
have a technique to measure these damages or 
scarrings, so called MS lesions. We can see if 
the amount of myelin starts to decrease or re-
main stable. By following the patients, we can 
discover early signs of MS lesions so that the 
treatment might be changed, if necessary, An-
ders continues. With new drugs coming, we can 
help monitoring to see if they can maintain the 
amount of myelin. 
Another project also using the same technique 
with 3D QALAS is monitoring brain tumors. 

The radiologist sees the tumor since the tu-
mor loads contrast agents. By using the quanti-
tative technique mentioned above, it is possible 
to see that outside the part of the tumor that the 

radiologist sees we can see that there are more 
tumors. Tumors in the brain are often very ag-
gressive and even if the neurosurgeon removes 
everything that we can see, we know that there 
is still tumor tissue left. 

– With the new 3D-technique we get better 
resolution and hope that we in that way will be 
able to see where the tumor will continue to 
grow, that we will be able to detect the real tu-
mor border, Anders continues. 

Yet another example of how this technique 
is used is in radiation therapy, where patients 
who are in the middle of radiation therapy or 
who have finished it are followed. Due to the 
radiation that is given during therapy it looks 
as if there are contrast agents loaded. This is a 
reaction to radiation, so called pseudo progress. 
Due to this pseudo progress MRI is not per-
formed one month after surgery but only after 
three months, when the pseudo progress is de-

Example images of a 33 years old MS patient. All images are 
calculated from a single 6 minute QALAS scan. In the top row 
quantitative parameter maps, in the middle row synthetic 
contrast images and in the bottom row the myelin volume.
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MRI Neurology Oncology Metabolism Acquisition
Imaging Biomarkers

Project information
PROJECT NAME
Advanced Quantitative MRI of the Brain

PROJECT LEADER
Anders Tisell, Department of Medical and Health 
Sciences, Division of Radiological Sciences

MAIN PROJECT PARTICIPANTS
Marcel Warntjes (CMIV), Peter Lundberg (CMIV, MSF), Ida 
Blystad (CMIV, Rtg), Charalampos Georgiopoulos (CMIV, 
Rtg), Maria Kristoffersen Widberg (Rtg), Johan Mellergård 
(Neurologen), Fredrik Lundin (Neurologen), Rafael 
Holmgren (NK), Angie Landgren Liu (Rtg), Anna Ljusberg 
(MSF), Frederik Testud (Siemens)

GRANTS
ALF

KEY PUBLICATIONS
Anders Tisell, Peter Lundberg, Marcel Warntjes, Frederik 

Testud. 3D Quantitative MRI of the Brain: Effects of B1 
Inhomogeneity in 3D-QALAS. ISMRM; 2021.

Blystad I, Warntjes M, Smedby O, Lundberg P, Larsson 
E. M, Tisell A. Quantitative MRI using relaxometry in 
malignant gliomas detects contrast enhancement 
in peritumoral oedema. Sci Rep 10, 17986 (2020). 
https://doi.org/10.1038/s41598-020-75105-6.

Håkansson I, Tisell A, Cassel P, Blennow K, Zetterberg 
H, Lundberg P, Dahle C, Vrethem M, Ernerudh J. 
Neurofilament levels, disease activity and brain 
volume during follow-up in multiple sclerosis. J 
Neuroinflammation. 2018 Jul 18;15(1):209.

Anders Tisell, Marcelo Pereira Martins, Anna Ljusberg and Peter Lundberg.

creased. With these patients you must wait even 
though the diagnosis is not so good, so it would 
be much more preferred if you did not have to 
wait. 

– With the qMRI, both 2D and 3D, we hope 
to see already after one month if it is pseudo 
progress or tumor progress. We are right now 
evaluating this new technique, Anders says. 

It is well known that radiation therapy caus-
es tissue damages. Another aspect of the project 
is also to investigate these damages and see how 
the tissue is affected by radiation. If it is possible 
to see damaged tissue, there might be a possibil-
ity to change the dose plan and treat the tumor 
from another angle. 

Still with the same the same technique there 
are ongoing research with Parkinson’s disease 
which is a progressive nervous system disorder 
that effects movement. Today there are no MRI 
examination that can specifically diagnose Par-
kinson’s disease. The symptoms starts gradually 
and by looking at the substantia nigra there are 
hopes of early detection of changes. Is there a 
difference between healthy volunteers and pa-
tients? If the project turns out well this exami-
nation method could be implemented clinically. 

Patients suffering from hydrocephalus i.e., 
when there is excessive cerebrospinal fluid 
(CSF) in the brain which can cause gait difficul-
ties and mild dementia, are often treated sur-
gically by inserting a shunt to relieve pressure 
on the brain. There are problems with monitor-
ing the pressure to find the optimal state in the 
ventricles. With QMRI it is possible to see CSF 
as well as white and gray matter and hopefully 

also the ventricular volume to help deciding the 
optimal pressure state. 

There is so much going on and still much to 
do, Anders conclude. 
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Medical Digital Twin  
– MeDigiT

Sophia Bäck,  
Tino Ebbers, PI and 
Gunnar Cedersund
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Now more than ever digital twin has become a buzz 
word. At CMIV there has been a research platform named 

Medical Digital Twin since early 2019. In the movement 
towards precision medicine, it has become more and 

more important to create a digital copy of the patient, a 
digital simulation of a patient’s health. That digital replica 
learns through simulation and gives the possibility to test 

interventions at a minimal risk but with greater benefit. 

>>
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“The body is a very complex system with many physiological 
interconnected networks that need to be simulated.” 

Tino Ebbers

 A prerequisite for being able to maintain 
cost-effectiveness and high qualitative 
healthcare is to make the treatment of 

patients more individualized. Advanced data 
driven techniques offer the possibility to meas-
ure and quantify the course of disease. Howev-
er, it is difficult to make a diagnosis based on 
measurements as local ailments often affect the 
whole body. In addition, patients seldom have 
only one ailment but several at the same time. 
To be able to understand and use all these data, 
a tool is needed that can evaluate and visual-
ize the entire patient's complex anatomy and 
physiology. A common solution for this in the 
industry is to create a digital twin, a replica in 
a computer. In the same way this is applied to 
medicine. 

Thus, in a clinical environment it is possible 
to simulate different treatment scenarios by us-
ing a digital twin of a patient. This digital mod-
el can be used to optimize treatment but also 
to gain insight on how different treatments for 

different diseases affect each other. In the de-
velopment of medical digital twins, health care 
and MedTech companies need to work together. 
That cooperation is a prerequisite for moving 
forward. 

Tino Ebbers, professor in physiological 
measurements, with special research interest 
in cardiovascular imaging with focus on assess-
ment of blood flow dynamics and tissue charac-
terization, is leading the MeDigiT platform. The 
goal is to enable the use of individual-specific 
digital models in healthcare to facilitate diag-
noses, more individualized treatment of differ-
ent illness and improved training of healthcare 
staff.

The platform consists of five demonstrator 
projects, Tino explains. One of the projects is a 
collaboration with Sectra and Region Östergöt-
land and focuses on the use of time-resolved 
digital twins of the body’s joints in teaching. 

Another demonstrator is focusing on CM-
IV’s cutting edge research on imaging of the 

André Da Luz Moreira, Sophia Bäck, Tino Ebbers, Gunnar Cedersund, Marie Waltersson and Kajsa Tunedal.
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Project information
PROJECT NAME
Medical Digital Twin

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

MAIN PROJECT PARTICIPANTS
Marie Waltersson, Anders Persson, Nils Dahlström, Faisal 
Zaman, André Da Luz Moreira, Federica Viola, Mariana 
Bustamante, Several participants from companies

GRANTS
Visual Sweden 2019-2022

KEY PUBLICATIONS
Lantz J, Bäck S, Carlhäll CJ, Bolger A, Persson A, 

Karlsson M, Ebbers T. Impact of prosthetic mitral 
valve orientation on the ventricular flow field: 
Comparison using patient-specific computational 
fluid dynamics. Journal of Biomechanics 116, 2021.

Cedersund G, Casas B, Bauer S, Kanebratt K, Huldt 
CW, Magnusson L. Insulin resistance and type 
2 diabetes studied using a new combination of 
microphysiological systems and mathematical 
modelling. DIABETOLOGIA 64 (SUPPL 1), 190-191 2021.

Pieper IL, Sonntag SJ, Meyns B, Hadi H, Najar A. 
Evaluation of the novel total artificial heart Realheart 
in a pilot human fitting study. Artificial Organs, 44 (2), 
p174-177, 2020.

cardiovascular system. By simulating the heart 
flow based on examinations in the computed 
tomography (CT) scanner, individualized dig-
ital twins are tested for diagnosis and treat-
ment evaluation in heart disease. The goal is to 
improve valve surgery and risk assessment of 
blood clot formation in atrial fibrillation. 

The third demonstrator is a collaboration 
with Scandinavian Real Heart. This demon-
strator strives to improve the design of medi-
cal implants as for example the artificial heart 
by using magnetic resonance imaging (MRI), 
conventional CT as well as the new photon 
counting detector CT (PCD-CT). The entire 
measuring equipment is huge for two reasons 
(see image above). One is that it is a heart with a 
motor in it and that motor cannot be in the MR 
scanner. The second is that to test a heart, you 
need to have the whole system around in order 
to simulate the vascular system. It must work 
with a certain pressure, Tino explains. 

In the Whole-body demonstrator a SheDig-
iT and a HeDigiT are created. It also develops a 
platform to enable the creation of digital twins 
of patients with public diseases. 

Last there is a new demonstrator of the 
whole-body composition digital twin, which is 
focusing on body composition measurements in 
cooperation with AMRA Medical.

The main objective with MeDigiT is to cre-
ate and promote a network for the exchange of 
knowledge and experience between Linköping 
University, Region Östergötland and compa-
nies in medical visualization. 

– The most important thing about the platform 
is that we create a network where we can learn 
from each other, Tino concludes.
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Musculoskeletal imaging is an important part of the clinical 
diagnosis of diseases or structural damage in bones, joints, 
ligaments and tendons. This flagship is an umbrella project 

of several different research projects all involved in the new 
photon counting detector computed tomography (PCD-CT), 

which is especially well suited for musculoskeletal imaging. 
The enhanced resolution of the system and the capability of 

giving a very detailed image of the anatomy provides many 
opportunities for new research projects within this area.

>>

Musculoskeletal 
Imaging Using CT
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 Medical physicist Erik Tesselaar is prin-
cipal investigator of the musculoskel-
etal imaging project using computed 

tomography (CT) and above all photon count-
ing detector computed tomography (PCD-CT). 

– The availability of the new PCD-CT at 
CMIV has created a massive interest to start 
new research projects, and many of the pro-
jects are still in a very early phase, Erik says. We 
know that the new system has a better perfor-
mance than current CT scanners, but what we 
do not know how much better it is, and in which 
areas it adds the most value.

For musculoskeletal imaging there are two 
major advantages of PCD-CT. The first is the 
increased spatial resolution, which makes it 
possible to visualize smaller structures, and es-
pecially the microstructure on the inside of the 
bones called the trabecular bone, which is the 
porous and spongy bone tissue.

The second is the possibility to separate dif-
ferent photon energies. The ability of the detec-
tor to analyze the absorption of different photon 
energies in the body provides much more infor-
mation about different materials in the body. 

– Separating different materials in bone 
structures is very useful when looking at small 
fractures that cannot be distinguished on plain 
radiographs, Erik explains. With PCD-CT you 
can not only see smaller fractures, due to the 

Mårten Sandstedt, Nina Kämmerling, Eva Klintström,  
Ronald Booij and Simon Farnebo

“This new PCD-CT will have a direct impact on patient 
care, eventually leading to improved quality of life.” 

Erik Tesselaar

better resolution of the images, but it is actu-
ally possible to see ‘bone bruising’, which is the 
buildup of blood and fluid in and around the in-
jured bone. We expect that the PCD-CT may of-
fer a good alternative to magnetic resonance im-
aging in the diagnosis of these small fractures.

One of the sub-projects is specifically look-
ing into osseointegration, which is the function-
al connection between bone and a load-bearing 
implant e.g., in orthopedic hip replacements. If 
a patient needs to replace the hip with an im-
plant, it is important that the interface between 
the bone and the implant is stable. When the 
osseointegration fails the hip implant becomes 
loose and this can cause a lot of pain. It is hard 
to diagnose this condition, and we think that 
PCD-CT may offer a better way to evaluate the 
osseointegration. 

For complicated fractures near joints more 
advanced imaging techniques are required and 
CT is the most used modality both for preoper-
ative as well as postoperative planning to verify 
the result.

After surgery of a knee or an ankle there are 
often screws or plates attached to the bone and 
the metal causes artifacts making it hard to see 
the healing process. By using the PCD-CT the 
metal artifacts can be substantially reduced. 

Yet another project is looking at osteopo-
rosis, a disorder that results in fragile bones 
that easily break. Elderly people are sometimes 
screened for osteoporosis with Dual-energy 
X-ray absorptiometry, (DXA) by looking at the 
amount of bone mineral. The microstructure of 
the bone, the trabecular bone is very important 
when looking for the risk of future fractures. In 
this project the DXA measurements are com-
pared with the images obtained with different 
CT scanners: dual energy CT, cone bean CT 
(CBCT) and the new PCD-CT. 
In the last project Erik himself is involved. 
In this project the visualization of small bone 
structures in the wrist is compared between 
PCD-CT and the best conventional CT that we 
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Project information
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Musculoskeletal Imaging Using Computed Tomography
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Erik Tesselaar, Department of Biomedical and Clinical 
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Nina Kämmerling, Simon Farnebo, Mårten Sandstedt, Eva 
Klintström, Lilian Henriksson, Anders Persson, Ronald 
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Gauffin, Alexandr Malusek

KEY PUBLICATIONS
Eva Klintström, Benjamin Klintström, Dieter Pahr, Torkel 

B Brismar, Örjan Smedby, Rodrigo Moreno. Direct 
estimation of human trabecular bone stiffness using 
cone beam computed tomography, Oral surgery, oral 
medicine, oral pathology and oral radiology, ISSN 2212-
4403, E-ISSN 2212-4411, Vol. 126, nr 1, s. 72-82, 2018.

Indranil G, Klintström B, Klintström E Zhang X, Smedby Ö, 
Moreno R, Saha P. A comparative study of trabecular 
bone micro-structural measurements using different 
CT modalities Physics in Medicine and Biology, ISSN 
0031-9155, E-ISSN 1361-6560, Vol. 65, nr 23 2020.

Nina Kämmerling, Mårten Sandstedt, Simon Farnebo, 
Anders Persson, Erik Tesselaar. Improved delineation 
of bone structures in the wrist using photon-counting 
CT. Poster presented at RSNA 2021.

currently have in Linköping, the Siemens So-
matom Force. 

– We scanned wrist specimens on both sys-
tems and asked five radiologists to evaluate the 
image quality by looking at the visualization of 
the bones, the trabecular bones, the nutritional 
channels in the bones and the amount of noise. 
It was very clear both in terms of spatial res-
olution and contrast-to-noise ration that the 
PCD-CT was better for this imaging task, Erik 
explains. 

The next step will be to study patients with 
traumatic wrist injuries. At Vrinnevi Hospi-
tal in Norrköping, all patients with a suspect-
ed fracture of the wrist are examined by using 
CBCT, which is a small CT scanner available in 
the emergency department. In the CBCT, frac-
tures can be more accurately diagnosed since 
the resolution is much better than regular ra-
diographs, but very small fractures in some of 
the bones of the wrist may still be missed due to 
the limited image quality. In this new study, we 
work together with the orthopedic surgeons in 
Norrköping. They will ask all patients examined 
in the CBCT to be examined in the PCD-CT at 
CMIV as well. We expect that with PCD-CT, we 
will see the same fractures much better and that 
we will detect fractures in other wrist bones that 
are not visible on the CBCT images. 

– With this new technology we also hope 
that we will be able to track subtle signs of heal-
ing so that hand surgeons easier can decide on 
when the fracture is sufficiently healed so that 
the cast may be removed. 

This new PCD-CT will have a direct impact on 
patient care, eventually leading to improved 
quality of life, Erik concludes.

Figure 1. Axial slice of a wrist specimen with the distal part of the ulna (green boxes) magnified. Images on 
the left acquired by conventional, state-of-the art CT, whereas the middle and right images are acquired 
using photon-counting detector CT using a medium and sharp reconstruction kernel, respectively.
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Mattias Ekstedt, Nils 
Dahlström, Peter Lundberg, 
Bengt Norén and Patrik Nasr
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Research Projects 
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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Statistical Analysis of 
NeuroImaging Data
Functional magnetic resonance imaging 
(fMRI) is a popular tool for studying 
brain activity, as it can non-invasively 
image the human brain without any 
ionizing radiation. Similarly, diffusion 
MRI (dMRI) is a popular tool for stud-
ying 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 spatio-temporal 
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 calculate 
brain activity maps for brain tumor 
patients, and use the activity maps as 
risk organs in Elekta’s software Leksell 
GammaPlan. The result is a treatment 
plan that will still kill the tumor cells, but 
will avoid damaging important areas in 
the brain.

MRI Neurology Modeling
AI/Data analytics

Project information
PROJECT NAME
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
VR (2018 – 2021) 
VINNOVA/ITEA3 ASSIST (2021 – 2024) 
CENIIT (2018 – 2023)

KEY PUBLICATIONS
Abramian D, Larsson M, Eklund A, Aganj I, 

Westin C F, Behjat H. (2021). Diffusion-
informed spatial smoothing of fMRI data 
in white matter using spectral graph 
filters. NeuroImage, 237, 118095.

Sidén P, Lindgren F, Bolin D, Eklund A, Villani  
M. (2021). Spatial 3D Matérn priors for 
fast whole-brain fMRI analysis. Bayesian 
Analysis, 1(1), 1-28.

Wilzén J, Eklund A, Villani M. Physiological 
Gaussian process priors for the 
hemodynamics in fMRI analysis, Journal 
of Neuroscience Methods, 2020.

POPULAR SCIENTIFIC SUMMARY
Anders Eklund
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Left: Treatment plan from Elekta’s software Leksell GammaPlan, for a rather large brain tumor (marked by the red 
contour). Note that the gamma radiation will also affect the green area in the middle (representing brain activity in the 
supplementary motor area, SMA). Right: Treatment plan when using the brain activity maps as risk organs in the treatment 
plan optimization. The gamma radiation will now not be applied to the SMA, which is good for the patient.
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Pathophysiology Behind 
Prolonged Whiplash 
Associated Disorders
There is insufficient knowledge of patho-
physiological 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 imag-
ing and molecular biomarkers, cervical 
kinaesthesia, postural sway and the as-
sociation with pain, disability and other 
outcomes in individuals with longstand-
ing WAD before and after a neck-spe-
cific intervention. Another purporse 
is to compare individuals with WAD 
with healthy controls. The participants 
are a sub-group (n=30) of individuals 
recruited from an ongoing randomized 
controlled study (RCT). Measurements 
in this experimental prospective study 
will be made at baseline (before inter-
vention) and at 3 months follow-up (end 

of physiotherapy intervention) and will 
include muscle structure and inflamma-
tion using magnetic resonance imaging 
(MRI), brain structure and function 
related to pain using functional MRI 
(fMRI), muscle function using ultra-
sonography, biomarkers using samples 
of blood and saliva, cervical kinaes-
thesia using the “Butterfly-test” and 
static balance test using an iPhone app. 
Association for other measures (self-re-
ported and clinical measures) obtained 
in the RCT (e.g., background data, pain, 
disability, satisfaction with care, work 
ability, quality of life) may be investigat-
ed. Healthy volunteers matched for age 
and gender will be recruited as controls 
(n=30). The study results may contrib-
ute to the development of improved 
diagnostics and improved rehabilitation 
methods for WAD.

MRI Neurology Imaging Biomarkers

Project information
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Associated Disorders

PROJECT LEADER
Anneli Peolsson, Department of Health, 
Medicine and Caring Sciences, Division of 
Prevention, Rehabilitation and Community 
Medicine

MAIN PROJECT PARTICIPANTS
Anette Karlsson, Bijar Ghafouri, Tino Ebbers, 
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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.

POPULAR SCIENTIFIC SUMMARY
Anneli Peolsson
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Figure: From superficial (closest to the skin) to deep (closest to the vertebrae) dorsal neck muscles: green= trapezius, 
blue/purple=splenius, yellow/orange Semispinalis capitis and cervicis, red= multifidus muscle.
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In the regular clinical workflow MRI is 
typically used as a qualitative method, 
where images are subjectively interpret-
ed by a radiologist. At CMIV a method 
was developed to actually measure physi-
cal properties instead, in order to provide 
numbers and statistics of a patient rather 
than user-dependent interpretation. 
This method, MDME, was based on 
a multi-slice TSE approach, meaning 
that relatively thick slices were acquired 
to show an image. Nowadays there is a 
great need for 3D approaches, where the 
same resolution is obtained in all direc-
tions, in order to visualize the patient 
in 3D. Therefore, a new sequence was 
developed, which can obtain high resolu-
tion in full 3D within an acceptable scan 
time. The scan time for the 3D sequence 
is 6-8 minutes, measuring the most im-
portant 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 sequence can 
generate conventional contrasts such as 
T1W, T2W, FLAIR, but even Double IR 
and Phase-Sensitive 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, addition-
ally, to provide more objective means of 
patient follow-up. Examples of tissue rec-
ognition are brain volume measurement, 
myelin detection and GD-enhancement 
detection. These clinical parameters can 
be used for monitoring development and 
degeneration of the brain, for example in 
pediatrics, Multiple Sclerosis, hydro-
cephalus, cancer and dementia. Quan-
tification also provides robust input to 
recognize pathologies automatically.

A spin-off company, SyntheticMR 
AB, was created to ensure an installable, 
safe product including the necessary reg-
ulatory requirements for several markets 
around the globe. The 3D sequence is 
now available on all major vendors and 
clinical evaluation has started. It has 
been shown that the quantitative values 
from Siemens, GE and Philips scanners 
are identical. Also, the image quality of 
the synthetic images greatly improved. 
Currently, clinical evaluation is in 
progress to fit this new method into the 
clinical workflow.

In the recent year the image qual-
ity, accuracy and precision of the 3D 
acquisition was greatly improved. Also, a 
verification was preformed to make sure 
that the measured values of R1, R2 and 
PD, and in turn the brain segmentation, 
were equal on all vendors. Fully function-
al prototypes now exist on Siemens, GE 
and Philips scanners.

High Resolution MR 
Quantification in 3D

MRI Neurology Oncology Acquisition
Modeling Visualization Simulation
Imaging Biomarkers

Project information
PROJECT NAME
High Resolution MR Quantification in 3D

PROJECT LEADER
Marcel Warntjes, Department of Medical and 
Health Sciences, Division of Cardiovascular 
Medicine

MAIN PROJECT PARTICIPANTS
Ida Blystad, Peter Lundberg, Anders Tisell, 
Peter Johansson, Catharina Petersen, 
Johanna Alfredsson, Ken Hwang, Borjan 
Gagoski, Shohei Fujita

KEY PUBLICATIONS
Fujita S, Hagiwara A, Hori M et al. Three-

dimensional high-resolution simultaneous 
quantitative mapping of the whole 
brain with 3D-QALAS: An accuracy and 
repeatability study. Magnetic Resonance 
Imaging 2019;63:235–243.

Ouellette R, Mangeat G, Polyak I, et al. 
Validation of Rapid Magnetic Resonance 
Myelin Imaging in Multiple Sclerosis. Ann 
Neurol. 2020;87:710-724.

Granziera C, Wuerfel J, Barkhof F, Calabrese 
M et al. Quantitative magnetic resonance 
imaging towards clinical application in 
multiple sclerosis. Brain 2021;144:1296–
1311.

POPULAR SCIENTIFIC SUMMARY
Marcel Warntjes
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Fig.1. Example of the 3D MR quantification on various vendors. The sequence provides the physical properties R1, R2 and PD, 
after which synthetic images such as the T1W on the left can be generated. Moreover, further modeling provides, for example, 
a measure for myelin partial volume (right), which is important to monitor in neurodegenerative diseases. MR quantification 
results in the removal of scanner imperfections, such that the data is identical for all vendors, leading to unification of MR 
imaging. The resolution of the 3D approach is 1.2 mm in all directions, obtained in 6 minutes acquisition time.
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Image-Based Biomarkers 
of Brain Disorders (IBBB)
Functional MRI (fMRI) is a method for 
visualisation of brain activation. fMRI 
is widely applied in research and in the 
clinic, yet the biological mechanisms be-
hind fMRI are largely unknown. We have 
only little knowledge about the relation 
between activated neuronal cells and the 
subsequent changes in blood oxygenation 
i.e., the neurovascular coupling under-
lying the blood oxygen level dependent 
(BOLD) response in fMRI.

This lack of knowledge can be over-
come by mathematical modelling where 
different hypotheses describing 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 metabo-
lism. If a model cannot explain data the 
hypothesis is rejected, if a model can 
explain the data the model is further in-
vestigated and tested against new exper-
imental data. In this way, we can deepen 
our knowledge about mechanisms and 
obtain model-based biomarkers.

Our first model could reject the 
hypothesis of brain metabolism being 
the driving force behind the BOLD re-
sponse. We have also shown that neural 
inhibition can explain so-called negative 
BOLD responses, thus providing a more 
complete explanation of fMRI data (Sten 
et al., 2017). 

Recent research has been focused on 
explaining interactions between excit-
atory and inhibitory neurons, and their 
influence on the neurovascular coupling, 
including explanations of changes in 
vascular dynamics in response to an an-
esthetic agent (Sten et al., 2020). More 
recently, we have extended the quantita-
tive model and included mechanisms in 
different neural cell types, cerebral oxy-
genation, metabolism, and vascular dy-
namics in different blood vessels, as well 
as a comprehensive model for the fMRI 
signal (Fig. 1). By this multi-dimensional 
model, we were able to explain several 
datasets from different experimental 
conditions (Sten, 2021). In addition, we 
have added a metabolic model by which 
we can explain time-dependent MRS 
data of glucose, lactate, aspartate, and 
glutamine in addition to BOLD response 
data (Sundqvist et al., submitted).

In summary, by our modelling 
approach we can firmly reject hypoth-
eses that cannot explain data and we 
can obtain new knowledge about brain 
mechanisms. We can also explain phar-
macologically induced brain responses. 
We are aiming to define model-based 
biomarkers of brain function, biomarkers 
that can express brain activation in terms 
of biological properties.

MRI Neurology Metabolism Acquisition
Modeling AI/Data analytics Simulation
Imaging Biomarkers

Project information
PROJECT NAME
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PROJECT LEADER
Maria Engström, Department of Health, 
Medicine, and Caring Sciences, Division 
of Diagnostics and Specialist Medicine/
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MAIN PROJECT PARTICIPANTS
Gustav Magnusson, Gunnar Cedersund, 
Fredrik Elinder, Henrik Podéus, Nicolas 
Sundqvist, Charalampos Georgiopoulos

GRANTS
Swedish Research Council 
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Swedish Brain Foundation 
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KEY PUBLICATIONS
Sebastian Sten, Henrik Podéus, Nicolas 

Sundqvist, Fredrik Elinder, Maria 
Engström, Gunnar Cedersund. A 
multi-data based quantitative model 
for the neurovascular coupling in the 
brain. BioRxiv, 2021. doi: https://doi.
org/10.1101/2021.03.25.437053.

Sebastian Sten, Gunnar Cedersund, Fredrik 
Elinder, Maria Engström. A quantitative 
analysis of cell-specific contributions 
and the role of anesthetics to the 
neurovascular coupling. NeuroImage, 
2020; 215:116827. 

Sebastian Sten. Mathematical modeling 
of neurovascular coupling. Linköping 
University Medical Dissertation No. 1742, 
2020.

POPULAR SCIENTIFIC SUMMARY
Maria Engström

38 CMIV ANNUAL SCIENTIFIC REPORT 2021



Schematic picture of the research approach. A) Hypotheses are formulated from multimodal data of the neurovascular 
coupling. B) Brain activation is measured by fMRI. C) The hypotheses are formulated as mathematical equations 
and fMRI measurements are used for hypothesis testing. Image courtesy Nicolas Sundqvist.
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Clinical Application of Synthetic 
MRI on Malignant Gliomas
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 se-
quence with a scan time of approximate-
ly 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 high-grade malig-
nant gliomas (primary brain tumors) 
are treated with surgery, chemo- and 
radiotherapy and then followed with 
MRI-examinations to evaluate treatment 
response and to detect early signs of tu-
mor recurrence. Due to their infiltrative 
nature, gliomas are difficult to treat and 
to assess. Surgery aims for maximum 
safe resection of the tumour, and com-
plete removal of the contrast-enhancing 
portion is regarded as radical resection. 
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However, glioma infiltration extends 
beyond the visibly contrast enhancing 
border of the tumour, and these changes 
are not easily differentiated from the 
peritumoral oedema on conventional 
MR images. Using quantitative MR 
techniques, tumour infiltration can be 
analysed for diagnosis and prognosis, 
and during recent years, such new quan-
titative MRI sequences using relaxome-
try have been applied for brain tumour 
analysis in research. In this project, we 
follow patients with malignant gliomas 
from diagnosis during the follow-up 
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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Localization of Seizure Onset 
Zone in Focal Epilepsy
EEG-fMRI is a method that combines 
EEG (electroencephalogram) and fMRI 
(functional magnetic resonance imag-
ing) 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 uncon-
trolled electric activity in the cortex of 
the brain. In most people with epilepsy, 
the seizures are controlled by medica-
tion. 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. 
Epilepsy 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 EEG-fMRI 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 chang-

es in oxygen consumption and blood 
flow, which alters the BOLD-signal (the 
hemodynamic response function). The 
EEG defines the time for epileptiform 
discharges and fMRI is recorded contin-
uously. Studies in other centers have con-
cluded that this method can accurately 
localize the seizure onset zone. It is diffi-
cult 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 recording of EEG 
in the MR scanner. 

Method: With an MR safe EEG cap, 
EEG is recorded with 64 electrodes dur-
ing fMRI scanning (3T) for 30 minutes. 
Offline analysis of EEG to identify epi-
leptiform discharges and timing of these 
events. Analysis of fMRI data with differ-
ent 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, 19 patients with epilepsy have been 
examined. 

Results: The EEG has been exam-
ined and in seven patient there were 
sufficient amount epileptiform activity 
during scanning to analyze the correla-
tion between epileptiform activity and 
BOLD-changes. Preliminary results from 
two patients are shown in figure 1 and 2.
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Figure 1. The most significant BOLD-changes correlated to epileptiform activity in a patient with 
epilepsy that was earlier operated for focal cortical dysplasia in the left frontal lobe. 

Figure 2. The most significant BOLD-changes correlated to epileptiform activity in a patient with 
epilepsy that was earlier operated for focal cortical dysplasia in the right occipital lobe.

Patient and nurses by the MR scanner. 
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Emotion Regulation in PTSD
Posttraumatic stress disorder (PTSD) 
is a debilitating condition that occurs 
in a subset of people after exposure to a 
life-threatening event or threat of serious 
bodily injury. The course of PTSD is 
chronic and often severe, with many 
patients taking decades to achieve remis-
sion, and remission is frequently incom-
plete. New, more effective treatments for 
PTSD are desperately needed. The goal 
of our current study is to meet this need 
by evaluating a novel treatment strategy 
for PTSD patients.

In this RCT, we are evaluating a 
novel endocannabinoid compound (JNJ-
42165279) that elevates levels of the 
endocannabinoid anandamide (AEA), 
the body’s own cannabis-like substance. 
Our goal is to use this compound to-
gether with internet-delivered cognitive 
behavioral therapy to improve treatment 
outcomes for PTSD patients. A total of 
90 patients will be recruited and rand-

omized under double-blind conditions to 
receive JNJ-42165279 or placebo daily 
for a total of 12 weeks. Following the first 
4 weeks of pharmacological treatment, 
patients will come in to complete an 
fMRI scan consisting of an emotion reg-
ulation task to assess emotional reactions 
and the ability to regulate them. Sub-
sequently, patients will continue taking 
medication and also undergo an 8-week 
internet-delivered cognitive behavioral 
therapy. We will then determine whether 
the effect of JNJ-42165279 on neural 
indices of emotion regulation at 4 weeks 
of treatment is predictive of a reduc-
tion in symptoms following the 8-week 
cognitive behavioral therapy. Together, 
this study will provide new insights into 
the role of the endocannabinoid system 
in PTSD and may provide a completely 
novel treatment option for this patient 
population.
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Study design
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The Behavioral and Neural 
Mechanisms of Alcohol 
Choice Preference
Alcohol addiction has a deleterious 
impact on individuals and on society. 
Alcohol dependent patients often face in-
terpersonal, economic and health issues. 
These issues strongly affect patients’ 
quality of life and are themselves a major 
cause of relapse, setting up a vicious cir-
cle. Despite these negative consequences, 
alcohol dependent patients continue to 
consume alcohol and prioritize alco-
hol over healthy rewards, features that 
set alcoholism apart from recreational 
alcohol use. It is therefore important to 
characterize in humans the mechanisms 
behind the decision making that results 
in choosing alcohol at the expense of 
valuable alternative rewards.

Research in rodents has shown that 
the concurrent availability of alternative 
valuable rewards is a crucial determinant 
of drug related behaviors, such as drug 
seeking and taking. Our Center has iden-
tified in rodents that self-administration 
of alcohol is markedly reduced when 
a high value alternative reward (e.g. 
sweet solution) is concurrently present 
(Augier et al. 2018, Science). When the 
sweet solution was available, only 15% 
of rodents continued to choose alcohol, 
a percentage which is similar to human 
alcoholism rates. The phenotype of the 
alcohol-choosing rats was associated 
with decreased expression of γ-aminobu-
tyric acid (GABA) transporter GAT-3 in 
the central nucleus of amygdala. 

This project builds on the evidence 
in rodents reviewed above. It aims to 
characterize the behavioral and neural 
correlates of alcohol choice preference 
in humans using two paradigms in two 
populations of light and heavy social 
drinkers (N=60 in total). The first par-
adigm, the “Concurrent Choice Alcohol 
Food (CCAF)” task, modified from 
Hogarth et al. 2018, investigates the de-
cision-making process behind choosing 
between two mutually exclusive alter-
native rewards presented concurrently 
(Figure 1). The second paradigm, the 
“Alcohol Food Incentive Delay (AFID) 
task”, is specifically tailored to probe 
reward-related neural processes (Grodin 
et al., 2018, BC:CNNI). A secondary aim 
of this project is to investigate the mech-
anisms behind the interpersonal issues 
that people with alcohol addiction often 
face. Our Center has shown a negative 
bias in processing social situations in a 
population of adolescents who engage in 
nonsuicidal self-injury (NSSI), a problem 
behavior that is associated with increased 
risk of developing substance use disor-
ders (Perini et al. 2019, EClinical Medi-
cine). Building from these results, we will 
use the Online Game task to determine 
whether individuals who engage in heavy 
drinking might present a negative bias in 
perceiving social judgment from others.
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Concurrent Choice Alcohol Food (CCAF) design. In this task, participants are instructed to accumulate points associated 
with alcohol or snacks. The points can then later be redeemed at the end of the session, with the respective reward.

47RESEARCH PROJECTS 



Experiencing the Self 
through Touch
Somatosensation and interoception 
are necessary for the establishment of 
the bodily self. To develop a functional 
bodily self, humans need to identify the 
boundaries of their body and differenti-
ate ”self ” from “others”. Disturbed tactile 
self-other-distinction might affect the 
establishment of the bodily self, and even 
of the higher-order self. Such dysfunc-
tional self-processes constitute a core 
symptom in many psychiatric disorders, 
e.g. in schizophrenia. 

Here, we study the neural mecha-
nisms of bodily self-perception and its 
dysfunction, focusing on three questions: 

I) Using the novel method of simul-
taneous functional imaging of the cortex 
and the spinal cord: How do the spinal 
cord and the cortex interact to differenti-
ate between self and other? 

II) Using ketamine to induce tran-
sient dissociative symptoms during func-
tional imaging of healthy participants: 
Does a reduction in the experienced 
boundary of the bodily self alter tactile 
self-other-distinction? 

III) Using functional imaging and 
somatosensory evoked potentials: Is 
self-other-distinction reduced in patients 
with schizophrenia? If so, can signs of 
this be found at the spinal cord level and 
does the reduction relate to dysfunction-
al self-processes?

This project lays the groundwork for 
the development of novel interventions 
for treating the symptom domain of the 
bodily self, which is affected in many 
psychiatric disorders, and substantially 
enhances our understanding of the sense 
of self.
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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 systems 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 man-
ganese. 

In working environment, exposure to 
manganese-containing dust and smoke 
occur mainly during welding, but also 
within the steel and smelting industry. 
Via inhalation of dust and smoke, man-
ganese can be deposited in the respira-
tory 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 accumulation of 
manganese in the brain. When exposure 
is terminated, manganese is only gradu-
ally 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 
influence on motor and cognitive func-

tions, 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 demonstrated and there are 
indications that these effects may persist 
even when the exposure ceases. Com-
pared 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 cognitive effects thereof, in the brains 
of welders with certain types of occupa-
tional 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.
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Welding in progress.
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SouthEast Sweden 
Neuroinflammation Cohort
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 degenerative features 
even at early stages and the clinical 
picture may vary substantially between 
patients and over time. A well-known 
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 long-term prognosis. 

There are an increasing number of 
immunomodulatory treatments avail-
able for inflammatory active MS, but 
guidelines on how these potent therapies 
should be used are often lacking as are 
data on long-term outcome and side-ef-
fects of these drugs. 

Taken together, there is consequently 
a need for reliable non-invasive meth-
ods to describe MS pathology in more 
detail and to develop and evaluate novel 
imaging biomarkers for prognosticat-
ing the disease course and monitoring 
treatment. 

MS brain lesions cannot be detected by 
conventional non-quantitative MR. This 
advocate a shift from conventional MRI 
to the use of more advanced MR-meth-
ods 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 accu-
rate measures are critical when deter-
mining 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 suit-
able mathematical model for mapping 
myelin, based on our time-efficient 
qMRI-technique. 

The MR methods used in this project 
are combined with extended blood and 
CSF profiles for determining tissue deg-
radation products and immunological 
parameters. A better definition of path-
ogenic mechanisms may characterize 
subtypes of MS and identify new targets 
for both prediction and treatment.

MRI Neurology Acquisition
Imaging Biomarkers

Project information
PROJECT NAME
SouthEast Sweden Neuroinflammation 
Cohort (SESNIC)

PROJECT LEADER
Anders Tisell, Department of Medical and 
Health Sciences, Division of Radiological 
Sciences

MAIN PROJECT PARTICIPANTS
Johan Mellergård, Peter Lundberg, Jan 
Ernerudh, Ida Blystad, Magnus Vrethem, 
Angie Liu, Jonas Lind, Maria Kristoffersen 
Wiberg, Marcel Warntjes, Kristina Söderberg, 
Azad Mohammad and Anna Eklund

GRANTS
Swedish Research Council 
FORSS 
ALF

KEY PUBLICATIONS
Max Borgström, Anders Tisell, Hans Link, 

Elisabeth Wilhelm, Peter Lundberg, Yumin 
Huang-Link. Retinal Thinning and Brain 
Atrophy in Early MS and CIS. Acta Neurol 
Scand. 2020;10.1111/ane.13282.

Håkansson I, Tisell A, Cassel P, Blennow 
K, Zetterberg H, Lundberg P, Dahle C, 
Vrethem M, Ernerudh J. Neurofilament 
levels, disease activity and brain volume 
during follow-up in multiple sclerosis. J 
Neuroinflammation. 2018 Jul 18;15(1):209.

Mellergård J, Tisell A, Blystad I, Gronqvist A, 
Blennow K, Olsson B, Dahle C, Vrethem 
M, Lundberg P, Ernerudh J (2017) 
Cerebrospinal fluid levels of neurofilament 
and tau correlate with brain atrophy in 
natalizumab-treated multiple sclerosis. 
Eur J Neurol 24: 112-121.

POPULAR SCIENTIFIC SUMMARY
Anders Tisell

52 CMIV ANNUAL SCIENTIFIC REPORT 2021



QALAS images of a 33 years old MS patient. In the red circle a lesion showing low myelin 
content. All images are calculated form on single acquisition of 6 min
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Quantitative MRI on Brain Tumors
Standard treatment for a high-grade 
brain tumor glioblastoma consists of 
radical surgical resection, followed by 
adjuvant radiation- and chemotherapy 
with temozolomide. Despite this, tumor 
recurrence is expected in these patients, 
and the median survival is therefore 
only 15 months. Moreover, up to 30% 
of the patients develop 'pseudoprogres-
sion' due to a treatment-related effect 
from chemo- and radiation therapy that 
mimics tumor recurrence on convention-
al MRI. 

Pseudoprogression is often correlat-
ed with an effective treatment response 
and confirms that the planned adjuvant 
chemotherapy should be continued. In 
contrast, true tumor 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 non-invasive imaging method for 
distinguishing pseudoprogression from 
tumor progression is essential. 

One promising novel method is ‘Chem-
ical Exchange Saturation Transfer’ 
(CEST) imaging, a new MRI contrast 
approach in which natural compounds 
containing exchangeable protons are 
selectively saturated. 

CEST is a merge of MR-Spectroscopy 
(MRS) and MRI (Imaging), whereas 
quantitative MRI (qMRI) is a pure 
imaging technique. Following frequency 
specific saturation, selective saturation of 
magnetization is transferred, and subse-
quently 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 Transfer-CEST' 
(APT-CEST) can potentially be used as 
an imaging biomarker for distinguishing 
pseudoprogression from true progres-
sion in glioma patients. The aim of 
this project is therefore to determine if 
APT-CEST, separately, or in combination 
with qMRI, is able to distinguish tumor 
recurrence from pseudoprogression.
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Images calculated for the 6 minutes qMRI examination. In the top row data from of a patient with 
pseudoprogression, in the bottom row data from a patient with tumor-progression.
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Developing 3D qMRI
Conventional MRI-examinations relies 
on the neuroradiologist ability to recog-
nise subtle patterns by visual assessment. 
A new approach is qMRI. The underly-
ing contrast mechanism in MR are quan-
titatively measured by relaxometry, using 
qMRI, in contrast to the conventional 
use which just results in image grey-scale 
image contrast. 

Previously the 2D qMRI method 
QRAPMASTER was implemented on 
CMIV and is now clinical available for 
all vendors worldwide. We have so-
far showed that qMRI can potentially 
detect tumor infiltration invisible on 
conventional MRI. We have also shown 
that MR-contrast agent uptake can 
quantitatively be measured using qMRI 
images post-GD potentially giving higher 
sensitivity of infiltrating tumor

In this project, the aims were to further 
develop the qMRI method and im-
plement a 3D qMRI method QALAS 
(3D-QuAntification using an interleaved 
Look-locker Acquisition Sequence with 
T2 preparation pulse) on the Siemens 
MR systems. 

A 3D qMRI method with a whole 
brain coverage and isotropic resolution 
will enable us to analyse the brain images 
in the three anatomical planes (axial, 
coronal, sagittal), as well as providing 
greater detail of the tissue structure due 
to the higher resolution. This will hope-
fully enable a better delineation of the 
tumor before surgery and provide quan-
titative tissue information which can 
help the neuroradiologist, neurooncolo-
gist, and neurosurgeon in the treatment 
decisions of these difficult cases.

MRI Neurology Acquisition

Project information
PROJECT NAME
Implementing QALAS on Siemens

PROJECT LEADER
Anders Tisell, Department of Medical and 
Health Sciences, Division of Radiological 
Sciences

MAIN PROJECT PARTICIPANTS
Peter Lundberg, Frederik Testud, Marcel 
Wrantjes

GRANTS
ALF

KEY PUBLICATIONS
Anders Tisell, Peter Lundberg, Marcel 

Warntjes, Frederik Testud. 3D 
Quantitative MRI of the Brain: Effects of 
B1 Inhomogeneity in 3D-QALAS. ISMRM; 
2021.

POPULAR SCIENTIFIC SUMMARY
Anders Tisell

56 CMIV ANNUAL SCIENTIFIC REPORT 2021



QALAS sequence model and data: (top panel) the signal model for the QALAS sequence is shown with M =1, describing the effect of different flip angles 
(different colours), and the corresponding measured data. (bottom) QALAS data from an MS patient showing the signal maps for the individual dynamics.
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Abdominal Synthetic MRI
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 acquisition, instead 
of 3 different acquisitions as made today. 
The method also provides the opportu-
nity to quantify T1, T2 and PD relaxation 
times, which are tissue-specific param-
eters, which can theoretically be used to 
distinguish different tissues in the body. 
With this technology, it is thus possible 
to differentiate 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 confi-
dence 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, fol-
low-up, treatment planning and evalua-
tion 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 standard 
clinical examinations (MR cervix, MR 
prostate and MR rectum).

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 correlat-
ed with different clinical parameters, as 
well as probability assessments of tumor 
disease (i.e. PI-RADS, Li-RADS).

Knowledge gains: If the quantita-
tive information from synthetic MRI 
sequences is stable and reliable, this 
information can possibly be used in radi-
ation planning, prediction of treatment 
results, detection and segmentation of 
MRI images and more secure separation 
of healthy from pathological tissue.

MRI Oncology Gastrointestinal
Acquisition Imaging Biomarkers
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 Image 1: 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. 

Image 2: 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. 

Image 3: 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). 

Image 4: 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.

Image 5: Segmentet transitional zone of a prostate in T2 
weighted images (developed from a suntetic MRI scan) with 
the R1 and R2 values in the insert diagram, as well as the color 
mapped quantitative images from the synthetic scan. 
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PhDAC
Pancreatic ductal adenocarcinoma 
(PDAC) is one of the most lethal malig-
nancies, and is expected to be the second 
most common cause of cancer related 
death within short. Approximately 50 % 
of the newly diagnosed patients present 
with metastasized disease and locore-
gional disease, respectively. The latter 
group can be further divided into resect-
able, borderline resectable and locally 
advanced PDAC depending mainly on 
extent of tumour vessel involvement (e.g. 
coeliac trunk, superior mesenteric artery 
and hepatic artery. The assessment of 
these parameters is today done with CT 
images taken at different contrast phases 
with conventional CT machines. The 

restricted resolution of today’s CT ma-
chines makes the evaluation of certain 
parameters, as for example the involve-
ment of vessel structures uncertain. In 
this project we want to evaluate if the 
increased resolution of the Naeotom 
photon counting CT might be able to 
increase the reliability of overgrowth 
information and by that enhance the 
selection process for surgical or onco-
logical therapy. We will also study if the 
increased quantitative information from 
the Naeotom CT together with radiomics 
information and AI information might 
be used as an imaging biomarker for the 
prediction of possible therapy outcomes.

Computed Tomography Oncology
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AI/Data analytics Imaging Biomarkers
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Figure 1. Recontructions of a pancreatic tumor with a photon counting CT at different kernels.

Figure 2. Recontructions of a pancreatic tumor with a regular CT machine (Siemens Somatom Force) at different kernels.
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Semiautomatic Liver 
Volume Determination 
and Segmentation
A common 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 diseases 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 treat-
ed, 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 evalua-
tion 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 liver function, it 
is important to estimate the total liver 
volume and preferably also liver segment 
volumes. Although tools for liver seg-
mentation using datasets from com-
puted tomography have become easily 
available, useful applications aimed at 
MRI datasets are lacking. A sub-project 
within the Liver Function Evaluation 
project was formed to evaluate availa-
ble 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 vol-
umes from several semi-automatic liver 
segmentation tools and a fully automatic 
application (developed in-house), 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 semi-automatic ap-
plications 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 es-
timates in quantitative MRI studies (e.g., 
LIFE and HIFI), and also introduce the 
means for segment-based liver function 
modeling. 

In 2016 the in-house application was 
extended to include segmentation of the 
liver into the classical Couinaud seg-
ments, producing 3D masks defining the 
shape and volume of each segment. This 
feature is currently not readily available 
for MRI datasets in clinical segmenta-
tion or surgery planning applications, 
which rely on CT studies. The measure-
ment of liver segmental volumes will per-
mit segmental liver function assessment 
in the NILB, LIFE and HIFI studies. In 
2018, the project began further explo-
ration and testing of new algorithms for 
automatic segmentation.

MRI Gastrointestinal AI/Data analytics
Visualization
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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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Optimizing Hepatobiliary MRI 
in Metastatic Liver Disease
Colorectal cancer is the third most com-
mon form of cancer worldwide. Though 
mortality has been relatively stable in the 
last decade, significant improvements 
have been achieved in terms of long-term 
survival. 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, chal-
lenging interpretation and overall high 
costs involved have severely limited the 
use of this modality in cancer patients 
and restricted it mainly to radiology de-
partments of major hospitals or universi-
ty 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 greatly 
reducing 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 with-
out 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 (sensitivity) 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 treat-
ment 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.

MRI Gastrointestinal Visualization
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Figur 1 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.
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Liver Function Evaluation
The liver is an important organ involved 
in vital processes as metabolism and 
removal of toxins. The western way of life 
is putting a high strain on the organ and 
liver diseases are consequently increas-
ing. Liver Function Evaluation is a clini-
cal research project that with the help of 
magnetic resonance (MR) will develop 
new methods for diagnosing liver dis-
ease. 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 
during 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 

Example of DCE-MRI images 20 minutes after bolus gadoxetateinjection for both pre- and post resectivesurgery, 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]

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 sur-
gery when the rough estimate suggests 
that they will not survive the procedure. 
With a better estimate of size and func-
tion in the liver residue more patients 
could be surgical candidates.

With the help of MR it is possible to 
measure several parameters in the liver 
without invasive procedures. The MR 
also enables a better overview of the liver 

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg
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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 is devel-
oped. 

One of the MR methods used is 
elastography. The examination shows fi-
brosis, formation of connective tissue, in 
the liver. The connective tissue makes the 
liver less flexible and impairs its normal 
elasticity. During MR mechanical vibra-
tions are sent into the patient´s body. 
The vibrations are propagated differently 
depending on the flexibility of the tissue. 
Through registration of the different 
vibrations the MR-scanner can separate 
healthy from diseased tissue regions.
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Assessment of Hepatic Function 
in Health and Disease
The long-term purpose of this project 
is to achieve the procedural means for a 
thorough understanding of the complex 
both short time-scale and long-time-
scale events involved in liver disease, es-
pecially early stages, and to devise a both 
comprehensive and non-invasive method 
for their quantification. Major aims of 
the project are to allow the early detec-
tion of liver inflammation and fibrosis as 
proxies for chronic liver disease, and also 
to be able to understand the underpin-
nings of the consequences of fibrosis 
and fat storage on up-stream events 
including portal hypertension. Portal 
hypertension is clinically highly signif-
icant and early signs are therefore of 
importance. Quantitative measurement 
of hepatic blood flow would be useful to 
the understanding of disease progression 
in the cirrhotic liver, particularly the 
early development of fibrosis and inflam-

mation, 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 being a devel-
opmental phase involving different pro-
tocols and healthy research subjects, and 
the second clinical patients. The research 
will in the early phase mainly focus on 
the challenges of developing, implement-
ing and validating the technologies for 
measurements of dynamic characteristics 
of disease including restrictions of flow. 
Four-dimensional flow (4D-Flow) MRI 
is an emerging method for quantitative 
evaluation of hemodynamics of in the liv-
er 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 acquisition 
acceleration that is gaining in popularity 
in abdominal imaging.

MRI Gastrointestinal Acquisition
Modeling Visualization
Imaging Biomarkers

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

PROJECT LEADER
Peter Lundberg, Department of Medical and 
Health Sciences, Division of Radiological 
Sciences

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

GRANTS
Swedish Research Council (VR/NT)  
(2021 – 2024/2025 etc) 
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 elastography. Scan J 
Gastroenterology, https://doi.org/10.1080/
00365521.2020.1786599.

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).

POPULAR SCIENTIFIC SUMMARY
Peter Lundberg

68 CMIV ANNUAL SCIENTIFIC REPORT 2021



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. [Tellman, unpublished]
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Evaluation of Reconstruction 
Methods in CT
In all diagnostic x-ray examinations ion-
izing radiation, it is imminent to produce 
images of good diagnostic quality while 
simultaneously keeping the radiation 
dose to human organs as low as reason-
ably achievable (ALARA principle) to 
minimise detrimental radiation effects. 
Abdominal and thoracic Computed To-
mography (CT), are common examina-
tions and irradiate radiosensitive tissues 
in humans. 

Image quality in CT is related to the 
radiation exposure. A reduced expo-
sure can increase the image noise and 
hence may reduce the image quality and 
visibility of anatomical structures as well 
as pathology. Therefore, reductions in 
patient exposure need to be evaluated 
carefully without impairment in diagnos-
tic 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 evaluate the performance 
and dose reduction potential of advanced 
modeled iterative reconstruction (AD-

MIRE); a model-based reconstruction 
algorithm used by radiology departments 
in Region Östergötland.

 In prospective visual grading 
experiments, radiologists evaluated the 
clinical image quality by comparing 
images of the same patient, simultane-
ously exposed to different doses using a 
novel technique with two x-ray 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 regres-
sion models. This allows computation of 
potential patient dose reduction from the 
regression’s coefficients of the statistical 
model.

Current published literature was 
reviewed to assess the performance of 
ADMIRE in abdominal CT (Kataria et 
al. 2021). The review highlighted a varie-
ty of methodologies can be used to assess 
image quality and to estimate potential 

FBP ADMIRE 3 ADMIRE 4

Patient images from a Thoracic CT examination using reconstruction algorithms Filtered Back 
Projection (FBP) and iterative reconstruction (ADMIRE) strengths 3, 4 and 5.

dose reduction in studies performed in 
human subjects or phantoms. Objective 
quantitative measurements in anthropo-
morphic phantoms do, to some extent, 
support our results from the qualitative 
subjective assessment by radiologist, but 
subtle changes in noise texture due to the 
reconstruction algorithm indicate that 
phantom measurements alone are not 
sufficient, but need to be complemented 
with evaluations in human subjects. Sub-
stantial dose reductions are possible with 
ADMIRE, however, for optimisation of 
clinical protocols visual grading studies 
performed on human subjects should be 
considered as the “in vivo” assessment 
task is more complex compared to lesion 
assessments in phantoms.

Our experimental design has been 
successful, and the novel statistical anal-
ysis is presently being used to optimise 
thoracic CT protocols. The imaging data 
from CT Thorax examinations (Figure 
1) is under evaluation by radiologists 
and preliminary results will be available 
in the first quarter of 2022. Another 

POPULAR SCIENTIFIC SUMMARY
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ongoing study explores the possibility 
of a learning curve for image quality 
produced by ADMIRE over time. Do 
radiologists’ adapt to the image quali-
ty produced by the higher strength of 
ADMIRE when evaluating image quality 
over time? To study the change in radi-
ologist evaluation of image quality over 
time, a reanalysis of the data from two 
studies (Kataria et al, 2018, 2020) were 
performed. Preliminary results suggest 
that radiologists increasingly dislike the 
image quality produced by the higher 
strength of the algorithm over time.

The important conclusion is that the 
model-based reconstruction algorithm, 
ADMIRE improved image quality in 
abdominal CT allowing for significant 
dose reductions (30%) which have been 
implemented clinically. Potential dose 
reduction can be estimated using ordinal 
regression models as they also allow for 
simultaneous analysis of several param-
eters.
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MR-Mammography
Breast cancer is the most common form 
of cancer in women with a life-time 
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, including collagen, 
and less fat tissue. Conflicting results 
regarding a difference in the amounts 
of epithelial cells have been reported, 
although it varies only between 1-6% and 
the proliferation 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 microenvi-
ronment has also been associated with 
increased risk of cancer and a reduced 
risk of breast cancer has been reported 
in women who regularly use anti-inflam-
matory drugs. 

Despite the wide use of mammogra-
phy as a general screening tool for breast 
cancer, this method has a painfully high 
false-negative rate (about 10-25%). 

Today, there is growing interest in using 
Magnetic Resonance (MR) for breast 
cancer screening, in particular in the 
younger population as the higher den-
sity 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 MR-based risk assessment and 
diagnosis, a clinically useful MR protocol 
has recently been developed. The pro-
tocol has been developed, implemented 
at CMIV and used in a pilot study on 40 
female subjects. Furthermore, meth-
ods for quantifying clinically relevant 
parameters from the MR data have been 
explored. 

The aims of BREASA are to further 
validate a comprehensive MR proto-
col, and also to investigate the clinical 
relevance for the derived MR-based 
parameters in a cohort of subjects that 
are treated using an anti-inflammatory 
agent. Will the treatment affect the levels 
of inflammatory biomarkers, and will 
it affect the quantitative assessment of 
stroma, associated imaging biomarkers 
and the tissue? The ultimate long-term 
end-point is whether the treatment will 
reduce the risk for breast cancer.

MRI Oncology Acquisition Modeling
Imaging Biomarkers
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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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Evaluation of Photon Counting 
CT in Spinal Deformities
Scoliosis is a three-dimensional de-
formity affecting the spine in both the 
coronal, sagittal and axial plane. Patients 
with scoliosis are usually adolescent or 
younger. The magnitude of the deformity 
increases as the patient grows. Different 
treatment options are available depend-
ing on the severity of the deformity 
ranging from conservative treatment to 
bracing and corrective surgery. Patients 
with scoliosis are subjected to many radi-
ological examinations during the period 
of follow up. In case corrective surgery is 
required the patient is subjected to addi-
tional examinations. At our department, 

these examinations include low-dose CT 
scans pre- and postoperatively. Conse-
quently, patients with scoliosis receive 
considerable additional radiation expo-
sure compared to peers.

Photon counting CT is a novel 
modality with promising properties 
regarding image resolution and reduced 
radiation dosage.

To further reduce the radiation ex-
posure to patients with scoliosis and also 
possibly obtain additional radiological 
information, the aim of this project is to 
investigate the viability of photon count-
ing CT in the assessment of scoliosis.

Computed Tomography Musculoskeletal
Visualization
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Example of scoliosis.
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Visualization of Skeletal 
Joint Movement
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 computerized tomography (CT) 
or magnetic resonance imaging (MRI), 
can assist in understanding the under-
lying 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 movement 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 or radiation, 
limited period and movement range of 
motion. It would be of incredible added 
benefit if, by some means, we could 
combine standard clinical imaging with 
the well-established motion capture 
methodology. The capture of whole body 
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 generally, 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 standard CT images 
taken as part of the standard clinical care 
and combining that with the information 
from the motion capture system. By com-
bining these two applications we could 
generate a visualization of the patients’ 
skeleton movements while performing 
daily clinically relevant movements. 

In addition to optimizing and sim-
plifying the methodology, we need to 
focus on minimizing errors. For example, 
the errors introduced because our skin 
moves relative to our bones (soft tissue 
artifacts). Up to now these artifacts 
prohibit an acceptable visualization of 
skeletal motion. Further work has to be 
done improving programming. Our plan 
is to use a constrained model. The hip 
joint location is “locked” in the biome-
chanical model.

Computed Tomography Musculoskeletal
Visualization
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Pelvis and hip visualized by CT. Passive markers are seen on the segments.
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Health Effects of 
Resistance Training in 
Postmenopausal Women
After menopause most women will suffer 
from hot flushes and sweating which 
may be very disturbing and may persist 
for > 5-7 years (median) up to life-long. 
These hot flushes have been suggested to 
be a separate riskfactor for cardiovascu-
lar disease. Furthermore, the hormonal 
changes related to menopause increase 
bone loss, affect lipoprotein metabolism 
negatively, and have impact on neuronal 
tissue with increased risk for neuro-
degeneration. Hormone therapy with 
estrogen combined with a progestogen 
is helpful but may not be used by all 
women due to contraindications or side 
effects.

Based on the mechanisms behind 
the hot flushes, stemming from the 
thermoregulatory center in the brain 
(hypothalamus) we have tried to treat the 
hot flushes with 15 weeks of resistance 
training. About 60 women were included 
in a randomized controlled trial and 
were after randomization either treated 

with 60 min/day, 3 days/week super-
vised resistance training or asked to keep 
low physical activity in a control group. 
They all answered questionnaires, blood 
samples were drawn, and they were 
asked to undergo MRI at baseline, after 
15 weeks intervention and after another 
24 months.

This far we have found that the hot 
flushes decreased to about half after the 
15 weeks intervention, that quality of life 
was significantly increased, that muscle 
strength and muscle volume increased, 
lipoprotein metabolism changed to a 
more beneficial profile and that markers 
of inflammation decreased. Measure-
ments of telomer length, changes in fat 
distribution, change from white to brown 
fat are underway. One PhD student has 
been graduated with projects from this 
study, another three are working with 
projects based on the study and still an-
other Ph student will be involved within 
a few months.

MRI Musculoskeletal Gynecollogical
Metabolism AI/Data analytics
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Whole-body magnetic resonance images showing a middle-aged woman. The top row shows segmentation of muscles, 
and the lower row shows segmentation of fat deposits. The difference between subcutaneous fat and visceral fat 
is visualized as red and blue (West J. et al. https://doi.org/10.1371/journal.pone.0192495.g001 CC BY 4.0)
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Bone Structure Analyses 
for Reducing Future 
Osteoporotic Fractures
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 content. The 
internal bone microstructure consists of 
a network of thin bone structures called 
trabeculae. This network of trabeculae 
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 mi-

cro-computed tomography (micro-CT) of 
specimens removed from the body. 

This project aims to study this 3D 
structure in living humans, by using 
methods available in a radiological de-
partment, 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 
techniques for as accurate measurements 
as possible using these image data sets.

Data from dental cone beam CT 
(CBCT) shows very strong correlations 

3D images from a bone specimen, PCDCT micro-CT, a foto, CBCT, MSCT

for bone microstructure when com-
pared to micro-CT 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 resolu-
tion is photon-counting detector (PCD) 
CT. This is a very novel technique avail-
able only in 2-3 radiology departments 
around the world. One of the devices is 
installed on CMIV. This technique is very 
promising since it allows high resolution 
of central body parts like the hip and ver-
tebrae where osteoporotic fractures are 
common. All other devices, so far, have 

POPULAR SCIENTIFIC SUMMARY
Eva Klintström
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Computed Tomography Musculoskeletal
Acquisition Visualization
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been able to image bone microstructure 
only in the peripheral skeleton like wrist 
and forearm. Studies on bone micro-
structure on this PCD-CT device have 
started just recently and show promising 
results.

A clinical study on patients visiting 
the Department of Endocrinology at 
Linköping University for osteoporosis 
examinations is ongoing. CBCT data of 
forearm and mandible is compared to 
dual energy X-ray absorptiometry (DXA) 
data. 

On the segmented CT-data sets, we 
also analyses bone strength by finite ele-
ment modeling (FEM), a computational 
method that requires long time even 

on very fast computers. Our segment-
ed 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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Post-Surgical Visualization of 
Tibial Plateau and Pilon Fractures
Bone fractures are common and often 
require surgical treatment with plate 
and screws (called orthopedic hardware) 
as well as long-term follow-up. Plain 
radiographs are the cornerstone of im-
aging. However, complex fractures near 
joints often require a more advanced 
imaging technology, such as computed 
tomography (CT) to visualize fracture 
morphology and to verify or exclude 
possible joint involvement. Therefore, 
in these complex and often complicated 
fractures, CT is the imaging method of 
choice for both primary diagnosis and 
preoperative planning. Postoperative 
CT is often performed to ensure and 
verify the operative results. In the case 
of intra-articular factures, it is of utmost 
importance to restore the joint surface 
geometry. However, orthopedic hardware 
may degrade the CT image quality sub-
stantially, or even make this important 
evaluation impossible. To overcome these 
problems, the novel photon-counting CT 
(PCT) will be used in this project. It is a 
novel imaging method, which is not yet 
in full clinical use. There are only a few 
of these in the world for research use, of 
which one is at the CMIV. The unique 
thing about the PCT is that the detector 

counts the exact number of incoming 
X-ray photons and their energy individ-
ually compared to the current conven-
tional CT. The photon-counting detector 
has several important improvements 
compared to conventional CTs. First, it 
provides better resolution so that smaller 
structures can be seen, the lack of noise 
make images clearer and crisper, the 
radiation dose is decreased, and lastly, 
the metal artifacts have the potential 
to be reduced substantially. Moreover, 
even major improvements in imaging of 
soft-tissues, such as muscles, ligaments, 
and cartilage are expected.
In our project we are going to evaluate 
the reduction of artifacts caused by or-
thopedic hardware in patients with lower 
extremity fractures near the major joints, 
such as the knee and ankle. 
The capabilities and advantages of this 
machine are obvious. 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 ide-
al position to bring the musculoskeletal 
imaging into the future. This will have a 
direct impact on patient care, eventually 
leading to improved quality of life.

Computed Tomography Musculoskeletal
Visualization No Method Development
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An image from the PCT showing the knee of a cow with a metal screw crossing a fracture line and almost no metal artifacts.
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Carotid MRI
Atherosclerosis is caused by accumula-
tion of fat, primarily cholesterol in the 
wall of arteries. When the fat builds up 
in the arterial wall it causes thickening 
of the vessel wall and the thickened 
area bulges out into the vessel. These 
thickened areas are called atherosclerotic 
plaques. 

Strokes resulting from blood clots 
that migrate to the brain from plaques 
in the carotid arteries cause 2.5% of all 
deaths. Today, plaques that cause more 
than 70% constriction of the carotid in 
stroke patients are removed surgically 
to avoid future strokes. However, size 
does not tell the whole story. In addition 
to size, the composition of the plaque 
is a major determinant of rupture risk. 
Plaques with a large amount of fat and 
blood are considered hallmarks of vul-
nerable plaque phenotypes that are more 
prone to rupture. Furthermore, the blood 
flow around the plaque also is an im-
portant factor for the risk of thrombotic 
complications. Disturbed blood flow 
may erode the plaque surface and lead to 
thrombotic events even in patients with 

stable plaque phenotypes. Unfortunately, 
current clinical tools are insensitive to 
these effects. Consequently, there is a 
clear and urgent need to improve carotid 
plaque assessment in order to more 
accurately assess risk of progression and 
rupture in patients as well as to improve 
risk management in patients with carotid 
plaques. 

In this project we aim to improve 
carotid plaque risk assessment both for 
better assessment of overall cardiovascu-
lar risk and for better decision support in 
which patients will benefit from surgery.

We have recently developed tools for 
automated visualization and quantifica-
tion of carotid plaque composition and 
hemodynamic effects on the vessel wall 
by combining advanced quantitative 
magnetic resonance imaging methods 
with novel image analysis. We are now 
applying these novel methods to patients 
with carotid atherosclerotic plaques so 
as to increase our understanding carotid 
atherosclerotic disease and its relation-
ship to disturbed blood flow.

MRI Other Cardiovascular
AI/Data analytics Imaging Biomarkers
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Challenge! Here you see overview images of the carotid arteries in 24 individuals. 23 of these individuals are between 
50-64 years old and one of these individuals is 25 years old. Can you find the 25 year old? Hint: Increased tortuosity 
(twistedness) is a hallmark of vascular ageing, but young individuals have straight blood vessels.
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Ascending Aortic Dilation
Background: Aneurysmal dilation of 
the ascending aorta (AscAo) is a silent, 
asymptomatic, disease that is often 
not detected until a fatal dissection or 
rupture occurs. While almost certainly 
multifactorial, basic vessel dimensions 
are the primary measurement used 
clinically to risk-stratify patients. But 
dimensions do not tell the whole story. 
We and others have previously leveraged 
the unique assessment of hemodynamics 
afforded by cardiac magnetic resonance 
(CMR) imaging to explore the role of 
abnormal hemodynamics in AscAo dila-
tion. As a result of those previous studies, 
hemodynamics is increasingly believed to 
contribute to disease progression in As-
cAo dilation. However, studies on patient 
cohorts that are representative of the 
broader population are needed to further 
elucidate the role of hemodynamics and 
circulating biomarkers in AscAo dilation.

Purpose and hypotheses: The overall 
purpose of this project is to identify novel 
markers of mild to moderate AscAo 
dilation and growth with the unique 
assessment of hemodynamics afforded 
by cardiac magnetic resonance (CMR) 
imaging.

We hypothesize that:
– Hypothesis 1. Patients with mild 

to moderate AscAo dilation are charac-
terized by altered AscAo hemodynamics 
when compared to matched controls

– Hypothesis 2. Circulating markers 
of pathological processes in the vessel 
wall are a) different in patients with mild 
to moderate AscAo dilation when com-
pared to matched controls and b) related 
to abnormal hemodynamics in patients 
with AscAo dilation

– Hypothesis 3. Growth of AscAo 
dilation occurs in regions with abnormal 
hemodynamics

Method: We will investigate our 
hypotheses by using CMR to compre-
hensively map AscAo hemodynamics in 
a unique cohort of individuals with and 
without mild to moderate AA dilation 
and analyze plasma samples in the two 
groups. Progression of AscAo dilation 
will be monitored on an annual basis and 
used to establish relationships between 
abnormal hemodynamics and growth.

Significance: AscAo diameter is a 
blunt and insufficient measure to ap-
propriately risk-stratify AscAo dilation. 
Successful accomplishment of this study 
of a well-defined population-based 
cohort of individuals with mild to mod-
erate AscAo dilation will contribute to 
a greater understanding of the role of 
altered hemodynamics and circulating 
biomarkers in AscAo dilation. This may 
facilitate development of best practices 
and effective clinical guidelines, and in 
so doing, optimize clinical outcomes for 
patients with AscAo dilation.

MRI Cardiovascular AI/Data analytics
Imaging Biomarkers
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Project overview. Improved characterization and risk-stratification of mild-to-moderate ascending aortic (AA) 
dilation 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.
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Scapis-HEALTH
Swedish Cardio Pulmonary bioImage 
Study (SCAPIS), is a large-scale national 
population study initiated by The Swed-
ish Heart and Lung Foundation and sup-
ported by the Wallenberg Foundation. 
The study is lead by a national research 
group in collaboration with the Universi-
ty Hospitals in Sweden. 

SCAPIS is aiming for improved di-
agnosis and treatment of cardiovascular 
and lung disease. In total 30 000 healthy 
individuals in the age of 50-64 years will 
be examined in the study. Of these 5000 
will be examined in Linköping. The 
participants’ lungs and cardiovascular 
system are examined with computed 
tomography and ultrasound. All the col-
lected data will be saved in a knowledge 
bank, which will be a national resource 
used for research. 

The overall aim of the HEart-Adi-
pose tissue-Liver TrusT (HEALTH) pro-
ject is to establish a relationship between 
cardiovascular 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 MRI-
based measurements of the heart, liver 
and body composition in combination 
will relate stronger to adverse cardiac 

remodeling, cardiovascular events, and 
metabolic disease compared to individu-
al mesurements. 

At CMIV in Linköping we intend to 
study the relationship between measure-
ments with highly advanced MR meth-
ods on heart (e.g., myocardial deforma-
tion / 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 MRI-based 
measurements, individually and in vari-
ous combinations, can relate to adverse 
heart remodeling, cardiovascular events 
and metabolic disease.

It would also be of great value to sup-
plement with a longitudinal follow-up 
of the same research subjects after 3-4 
years to study how long-term 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 per-
sons with T2DM (as reported in SCAPIS 
forms) and 46 matched control subjects 
without T2DM.
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Cardiac fat images in transversal view from a 3D Dixon sequence, showing the fat fraction image (left) and the 
segmented image (right) where the fat is color coded (purple) and the epicardial border outlined (green).
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Diffuse Myocardial Fibrosis
Approximately 1 800 aortic valve im-
plantations are performed every year in 
Sweden, the majority due to aortic valve 
stenosis. Symptoms and/or impairment 
of left ventricular function are indica-
tions 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 exercise 
capacity.

The overall purpose of the project 
is to improve patient management by 
generating knowledge on how diffuse 
myocardial fibrosis affects cardiac func-
tion and physical capacity over time, and 
how fibrosis is affected by surgical inter-
vention. 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 endomyocardi-
al biopsy, fibrosis has a prognostic value 
for post-operative heart function and 
aerobic exercise capacity.

The preliminary results showed that our 
novel automated assessment support for 
diastolic function proved to be consist-
ent for the analysis of a larger group of 
patients with aortic stenosis pre- and 
postoperatively. The algorithm is freely 
available for researchers and clinicians 
on-line (https://liu.se/en/research/
left-ventricular-diastolicfunction-deci-
sion-support).

Analyses of a subgroup of CMR 
examinations pre- and postoperatively 
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 implantation. 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 echocardiogra-
phy, cardiopulmonary exercise testing 
and CMR. We also perform myocardial 
biopsy in the same patients, making it 
possible to gain new insights into the 
functional consequences of fibrosis, the 
effects of valve surgery, and ultimately, 
optimize pre- and post-operative treat-
ment for patients with aortic stenosis.

MRI Cardiovascular
No Method Development
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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.
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Swedish CArdioPulmonary 
bioImage Study (SCAPIS) 
in Linköping
SCAPIS is a collaborative project 
between six Swedish universities. We 
randomly invited 30,000 individuals 
from the general population living in six 
Swedish university cities (Gothenburg, 
Linköping, Malmö/Lund, Stockholm, 
Umeå and Uppsala), aged 50–64 years. 

In Linköping we included 5058 study 
participants during 2015 and 2018 with 
a participation rate of 58%.

In addition to determining the tra-
ditional cardiovascular risk factors, the 
participants underwent extensive imag-
ing, including non-contrast and con-

Distribution of coronary computed tomography angiography–detected atherosclerosis. Frequency of atherosclerosis in the 11 most proximal coronary 
segments in men (n=12 444) and women (n=12 738) in the SCAPIS cohort. The heat map refers to the frequency of any form of coronary computed 
tomography angiography–detected atherosclerosis. The numbers within boxes indicate the frequency of different degrees of vessel stenosis (white 
box, ≥50% stenosis; black box, any form of coronary computed tomography angiography–detected atherosclerosis). Circulation. 2021;144(12):916-929

trast-enhanced 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.
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In addition to the core study protocol, we 
have in SCAPIS-Linköping added several 
optional investigations as home blood 
pressure recordings (7 days), measuring 
stress exposure by cortisol levels in hair, 
echocardiography, microcirculatory func-
tion by integrated laser Doppler flow-
metry and diffuse reflectance spectros-
copy in a fiberoptic probe for skin, and 
determination 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 calci-
um 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%.

At national level we are currently 
planning for a physical follow-up and a 
re-examination of the SCAPIS cohort. 
The re-examination will most likely 
start in the beginning of 2024 and 
broadly follow the baseline protocol and 
include a fasting blood samples for both 
immediate analysis and stored in a bio-
bank for later analyses, anthropometry, 
blood pressure, accelerometry, dynamic 
spirometry and imaging of heart (in-
cluding coronary arteries), lungs and fat 
depots with computed tomography.

Thus, we are investigating the pre-
requisites for performing a re-investiga-
tion of the SCAPIS cohort at Linköping 
University Hospital starting in 2024.
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Tissue Classification 
Using DECT and MBIR
Today’s computed tomography (CT) im-
ages are affected by inaccuracies and ar-
tifacts caused by the use of polyenergetic 
photon beams. Despite active research in 
this field, even the most advanced image 
reconstruction algorithms still do not 
provide quantitatively accurate CT num-
bers. We have developed a dual-energy 
iterative image reconstruction algorithm 
(DIRA) which improves the accuracy of 
CT numbers by modeling the material 
composition of the imaged object. The 
improvement can be seen when com-
pared to both the Monoenergetic Plus 
and Alvarez-Macovski based reconstruc-
tions, see Figures 1 and 2.

In DIRA, image pixels of patients 
are typically classified into the bone and 
soft tissue. Bone pixels carry information 
about percentages of compact bone and a 
mixture of red and yellow bone marrow. 
Soft tissue pixels carry information 
about percentages of water, protein, and 
lipid. Other organ-specific classification 
schemes are possible.

The estimated material composi-
tion can be used for improved medical 
diagnosis and treatment. For instance, 
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 low-energy photons; a high calcium 
content in the prostate changes the spa-
tial distribution of absorbed dose since 

the dose strongly depends on the tissue’s 
atomic number. DIRA is also useful in 
proton radiation therapy since the posi-
tion of the dose maximum is sensitive to 
the material composition of the patient 
tissues.

DIRA is a proof-of-concept code 
for testing various data processing 
approaches. For instance, we devel-
oped a method for the segmentation of 
bones using a deep learning algorithm 
(González Sánchez et al, 2020) (Figure 
3) and we work on deep learning meth-
ods for the segmentation of other tissues 
and the determination of elemental com-
position. To compare the performance of 
DIRA with clinically used algorithms, we 
enhance DIRA (Magnusson et al 2019) 
so that it can work with data produced 
by CT scanners using energy integrating 
detectors and energy-resolving pho-
ton-counting detectors. In the latter case, 
DIRA is being extended to work with 
multi-energy CT data.

The advanced algorithms used in 
DIRA are time demanding. To shorten 
the reconstruction time, we develop a 
deep learning algorithm capable of mim-
icking the performance of DIRA. Such 
an algorithm would perform the image 
reconstruction and determination of the 
elemental composition of tissues in a 
fraction of time only. In this effort, DIRA 
is used for the generation of training data 
for this algorithm.

Computed Tomography Oncology
Musculoskeletal Modeling
AI/Data analytics Simulation
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Figure 1. Images of a cylindrical PMMA phantom containing aluminium, low density polyethylene, and Teflon inserts 
reconstructed at 40 keV using Monoenergetic Plus (a) without and (b) with iBHC, and (c) DIRA. The range of CT numbers 
has been adjusted to emphasize the beam hardening artifact. Taken from (Magnusson et al 2021) under CC BY.
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Figure 2. Images of a cylindrical protein phantom containing water, bone and iodine solution inserts reconstructed at 50 
keV by the Alvarez-Macovski method using (a) the (water, bone) and (b) (water, iodine) doublets. (c) A reconstruction 
by DIRA using the (lipid, protein, water) triplet in the protein region, (water, bone) doublet in the bone region, and (iodine, 
water) doublet in the iodine region. Taken from Magnusson et al, doi.org/10.1093/rpd/ncab097 under CC BY.

a b c

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. Taken from (González Sánchez et al, 2020) under CC BY.
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Evaluation of New Brachytherapy 
Planning Methods
High dose rate brachytherapy is a form 
of radiation therapy commonly used as a 
boost to external beam radiation therapy 
in treating prostate and cervical cancer. 
A small (dimensions of mm) sealed 
radioactive source of the isotope 192Ir, 
emitting photons at an average energy of 
350 keV is used. Brachytherapy is some-
times called interior radiation therapy. 
Invasively inserted catheters or anatomy 
shaped applicators are inserted and pro-
vides the possible positions to place the 
source in the patient. Advantages over 
external beam radiotherapy is the capaci-
ty to better conform the dose to the treat-
ment volume (the target), lower dose 
to healthy tissue and less problem with 
organ motion (as the catheters move 
with the target). Three-dimensional (3D) 
imaging with ultrasound, magnetic res-
onance or computed tomography is used 
to assist catheter placement and to delin-
eate the volume to be treated (the target) 
and the nearby healthy organs at risk. 
The dwelling time of the single 192Ir 
source is varied dependent on location in 
the patient to create the final dose distri-
bution. Treatment planning amounts to 
decide source positions and source dwell-
ing times in a way that yields best com-
promise between high dose to the target 
volume and doses to organs at risk low 
enough to limit the risk for severe side ef-
fects. Manual methods or methods based 

on mathematical optimization are used. 
Benefits of the latter is that it goes faster 
(of advantage in brachytherapy as the 
patient awaits treatment in anesthesia), 
is more consistent and less dependent on 
staff experience. Our group works on de-
veloping improved methods and models 
for automated brachytherapy treatment 
planning based on mathematical opti-
mization and the aim of this project is 
to evaluate and further develop them in 
clinical context. Automated treatment 
planning is prone to yield uneven distri-
bution of dwelling times, giving rise to 
regions with high dose, often resolved by 
manual fine-tuning. Currently we work 
on evaluating an in-house developed 
adjustment tool, developed to improve 
clinical treatment plans upon spatial 
properties (Morén et al 2019). A paired 
observer study is under setup, to validate 
the performance of the adjustment 
tool against original clinical approved 
prostate treatment plans. Observers are 
radiation oncologists experienced with 
prostate brachytherapy from three Swed-
ish hospitals. Visual grading methods 
with origin in radiology will be used, 
to our knowledge such methods have 
not before been investigated in grading 
radiotherapy treatment plans.

Computed Tomography MRI Ultrasound
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A dosimetric audit of prostate brachytherapy treatment planning has been conducted to study 
differences in approach (Dohlmar et al 2021). The six Swedish clinics performing prostate brachytherapy 
planned a treatment on the same “patient” (a phantom with contoured prostate (the target), urethra 
and rectum). One slice from the resulting 3D treatment plans with the dose in color wash is shown 
here. All plans fulfilled dosimetric constraints. Taken from Dohlmar et al (2021) under CC BY.
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Comparison of CT 
Technical Image Quality 
of Using PCCT and EID
The clinical use of computed tomog-
raphy (CT) increases steadily which 
favors the patient since CT is a quick and 
non-invasive examination. Previously 
we have evaluated the benefits of using 
two energies of the X ray beam to more 
reliably separate human tissues for more 
accurate patient dose delivery in proton 
radiotherapy. We have also explored the 
positive effects on image quality of using 
advanced image reconstruction methods 
by reducing the noise in the images and 
hence enabling significant reductions in 
patient exposure to minimize radiation 
risk. 

The introduction of new types of CT 
photon counting detectors (PCD) have 
many advantages, such as potentially 
sharper images and less image noise. 
We have explored the noise properties 
of a prototype CT scanner from Siemens 

Healthineers (SOMATOM Count Plus) 
and compared it to a CT scanner with 
conventional energy integrating detec-
tors (SOMATOM Force). 

Quantitative measurement of the 
noise properties (noise power spectrum, 
Elgström et al. 2021) provides valuable 
support to explain the findings from 
surveys of clinical image quality when 
images are assessed by radiologists. The 
use of so-called model observers, where 
a computer algorithm mimics the radi-
ologists, minimizes the bias found with 
human observers. 

With the 2021 new clinically released 
photon counting CT system with a strong 
focus on research, we aim to further ex-
plore the noise advantages of using pho-
ton counting detector in clinical patient 
trials to further improve patient safety.

Computed Tomography Acquisition
Modeling Visualization
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Figure 1 (Nordström 2021) shows the results of 11 radiologist combined perception of how well the liver is visualized in an 
anthropomorphic phantom. The results show that the prototype CT-scanner (PCD) was significantly better when compared to the 
traditional scanner with image reconstruction using filtered back projection, FBP, at the same patient dose. However, using model-
based iterative image reconstruction (ADMIRE 3 and 5) with the conventional CT scanner, improved visualization of the liver.

Figure 2 (Wang 2021) shows the detectability of low-contrast details (lesions) in a semi-anthropomorphic phantom using a model observer 
(computer algorithm). The area under the Receiver Operating Characteristic curve, AUCROC is a measure of lesion detectability. The detectability 
increases (AUCROC closer to 1) with increasing patient dose, D (D/2, D and 2D) and with iterative reconstruction strength AD1 to AD5. By reliably 
tuning the model observer AUCROC to radiologist’s evaluation would enable quick, and systematic assessment of lesion detectability in CT.
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BIGPICTURE
To take AI development in pathology to 
the next level, a European consortium 
combining leading European research 
centres, hospitals as well as major phar-
maceutical industries, is going to develop 
the world’s biggest repository for sharing 
of pathology data. The 6-year, €70 
million project called BIGPICTURE, will 
herald a new era in pathology.

Center for Image Science and Visu-
alization (CMIV) at Linköping Univer-
sity engages heavily in BIGPICTURE. 
CMIV is responsible for the technical 
infrastructure in collaboration with the 
SciLifeLab Bioinformatics platform 
NBIS and ELIXIR-SE and the Finnish 
ELIXIR node CSC.

The project partly builds on experi-
ences from the CMIV-hosted AIDA Data 
Hub. The CMIV efforts include close col-
laboration with BIGPICTURE partners 
Region Östergötland and Sectra.

To allow the fast development of AI 
in pathology, the BIGPICTURE project 
aims to create the first European, ethical 
and GDPR-compliant (General Data 
Protection Regulation), quality-con-

trolled platform, in which both large-
scale data and AI algorithms will coexist.

The BIGPICTURE platform will be 
developed in a sustainable and inclu-
sive way by connecting communities of 
pathologists, researchers, AI developers, 
patients, and industry parties.

The project is divided into four main 
aspects that concern the large-scale 
collection of data. First, an infrastructure 
(hardware and software) must be created 
to store, share and process millions of 
images that can be gigabytes each. 

Second, legal and ethical constraints 
must be put in place to ensure adequate 
usage of data while fully respecting 
patient’s privacy and data confidentiality. 
Then, an initial set of 3 million digital 
slides from humans and laboratory 
animals will be collected and stored into 
the repository to provide data for the de-
velopment of pathology AI tools. Finally, 
functionalities that aid the use of the da-
tabase as well as the processing of images 
for diagnostic and research purposes will 
be developed.

This project has received funding from the Innovative Medicines Initiative 2 Joint Undertaking under grant agreement 
No 945358. This Joint Undertaking receives support from the European Union’s Horizon 2020 research and 
innovation program and EFPIA (www.imi.europa.eu). This communication reflects the consortium’s view. Neither IMI 
nor the European Union or EFPIA are responsible for any use that may be made of the information contained therein.
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Digital image of a tissue sample of colon cancer from the BIGPICTURE predecessor AIDA Data Hub.
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AIDA
Analytic Imaging Diagnostic Arena 
(AIDA) is a national arena for research 
and innovation in medical image 
analysis. AIDA is a cross-disciplinary 
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 
perfectly into the healthcare vision of 
“precision medicine”, the fully tailored 
treatment for each patient. Very few 
modern AI solutions have yet, however, 
reached actual use in imaging diagnos-
tics. The reason is that the step from 
experiments to clinical routine entails 
many challenges. Even the most power-
ful algorithms need to be carefully placed 
in a context of workflow and interaction 
innovations to be useful.

AIDA’s objective is to develop AI-
based decision support solutions for 
imaging diagnostics that reach all the 
way to clinical use. An underpinning 
fundamental insight is that this complex 
challenge requires both interdisciplinary 
and cross-sectoral collaboration.

AIDA activities can be divided into 
three areas. Most resources are used for 
projects developing AI-based decision 
support solutions. These are run by 
research groups in industry and academ-
ia across Sweden, in collaboration with 
healthcare providers. The second area 

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.

is clinical competence development, to 
give healthcare the right knowledge base 
to drive the AI development in the most 
effective direction. AIDA offers clinical 
fellowships where care provider employ-
ees carry out an individual project as 
continued education. AIDA also regular-
ly organizes AI courses for physicians.

A third area was started in 2021, 
an incubator for validation platforms. 
The challenge targeted is the ability of 

Swedish healthcare to validate existing 
AI products. The platforms developed 
within the incubator will provide ready-
to-use curated datasets and methods for 
high-quality validation.

The AIDA operations are support-
ed by the core AIDA environment at 
CMIV. There is a tailor-made technology 
platform for efficient AI development, 
with the flagship resource being the 
heavy-load computational system DGX-

POPULAR SCIENTIFIC SUMMARY
Claes Lundström
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AIDA Data Hub has facilitated legal and ethical data sharing with researchers in 22 countries across five continents.

Computed Tomography MRI Digital Microscopy Ultrasound Other Cardiovascular
Neurology Oncology Musculoskeletal Gastrointestinal Gynecollogical Pulmonary
AI/Data analytics Visualization

Project information
PROJECT NAME
Analytic Imaging Diagnostic Arena

PROJECT LEADER
Claes Lundström, Department of Science 
and Technology, Media and Information 
Technology

MAIN PROJECT PARTICIPANTS
Caroline Bivik Stadler, Joel Hedlund, 
Catrin Nejdeby, Håkan Gustafsson, Maria 
Kvist, Jonas Unger, Gabriel Eilertsen, 
Shreyas Shivakumara, Betül Eren Keskin, 
Marie Waltersson, Darren Treanor, Petter 
Dyverfeldt, Evren Özarslan, Anders Eklund, 
Tino Ebbers, Martin Lindvall, Karin Stacke

GRANTS
VINNOVA Medtech4Health, SciLifeLab 
VINNOVA Innovation environments in 
precision health

KEY PUBLICATIONS
Jakub Olczak, John Pavlopoulos, Jasper 

Prijs, Frank FA Ijpma, Job N Doornberg, 
Claes Lundström, Joel Hedlund, Max 
Gordon. Presenting artificial intelligence, 
deep learning, and machine learning 
studies to clinicians and healthcare 
stakeholders: an introductory reference 
with a guideline and a Clinical AI 
Research (CAIR) checklist proposal. Acta 
orthopaedical (2021).

Joel Hedlund, Anders Eklund, Claes 
Lundström. Key insights in the AIDA 
community policy on sharing of clinical 
imaging data for research in Sweden. 
Nature Scientific Data (2020).

Caroline Bivik Stadler, Martin Lindvall, 
Claes Lundström, Anna Bodén, Karin 
Lindman, Jeronimo Rose, Darren 
Treanor, Johan Blomma, Karin Stacke, 
Nicolas Pinchaud, Martin Hedlund, Filip 
Landgren, Mischa Woisetschläger, Daniel 
Forsberg. Proactive Construction of an 
Annotated Imaging Database for Artificial 
Intelligence Training. Journal of Digital 
Imaging (2020).

2 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 envi-
ronment, where workshops and meet-
ups are frequently organized, providing 
valuable knowledge and exchanges.

AIDA is an initiative within the 
Strategic innovation program Medtech-
4Health, jointly supported by VINNO-
VA, Formas and the Swedish Energy 
Agency. The AIDA Data Hub is from July 
2021 a part of the BioImage Informatics 
Facility within SciLifeLab.
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EPSONIP
In EPSONiP (Evaluate Prevalence and 
Severity of Non-Alcoholic Fatty Liver 
Disease in Primary Care) the latest 
magnetic resonance imaging (MRI) 
techniques are used to investigate 400 
patients with diabetes type 2. The 
patients are identified in primary care 
ensuring a representative selection of 
typical Swedish diabetes patients. The 
MR technique can measure body com-
position and map fat content in different 
adipose tissue throughout the body, such 
as intra-abdominal and gluteal. Moreo-
ver, we can with great detail measure fat 
content within several internal organs, 
such as the liver. 

Fatty liver is the most common liver 
disease worldwide. One in five have fatty 
liver with a risk of developing diabetes, 
cardiovascular disease, and severe liver 
disease. Fatty liver is the fastest growing 
indication for liver transplantation in 
Sweden. There is a strong link between 
diabetes and fatty liver, but it is not 
known how many diabetes patients that 

are affected. Even though fatty liver is 
very common, only a minority develop 
severe liver disease. 

Fatty liver is closely related to the 
metabolic syndrome and share several 
risk factors for developing cardiovascular 
disease. This project will investigate fat 
infiltration in the heart as well as meas-
urement of cardiac function using MR 
imaging. Through EPSONiP we will gain 
a unique insight into the relationship 
between fat distribution and develop-
ment of liver and cardiovascular disease 
in diabetic patients. 

Recruitment is ongoing and we 
have currently included 150 individuals, 
whereof 120 individuals have complet-
ed all parts of the study protocol. A 
sub study within the EPSONIP, EP-
SONIP-SLEEP, has started with the aim 
to study sleep patterns in patients with 
type 2 diabetes with and without fatty 
liver disease.

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

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
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ALF-Grant 
Mag-tarmfonden 
Rut och Rikard Juhlin

KEY PUBLICATIONS
Nasr P, Iredahl F, Dahlström N, Rådholm K, 

Henriksson P, Cedersund G, Dahlqvist 
Leinhard O, Ebbers T, Alfredsson J, 
Carlhäll CJ, Lundberg P, Kechagias S, 
Ekstedt M. Evaluating the prevalence 
and severity of NAFLD in primary care: 
the EPSONIP study protocol. BMC 
Gastroenterol. 2021 Apr 20;21(1):180. 
doi: 10.1186/s12876-021-01763-z. PMID: 
33879084; PMCID: PMC8056630.

POPULAR SCIENTIFIC SUMMARY
Mattias Ekstedt
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Image A shows the representative water MR image with 547 the placement of a proton magnetic resonance 
spectroscopy (¹H-MRS) voxel in the right hepatic lobe. Image B shows in vivo 1H-MRS spectrum for water and fat. Image 
C shows MRE for a cirrhotic NAFLD patient. Image D shows a whole-body water-fat separated imaging for quantification 
visceral and subcutaneous adipose tissue volume. And image E shows a 4D flow image of a healthy heart.
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Sandra Fornell, Anders Persson, 
Maria Kvist, Mona Cederholm 
and Marcelo Pereira Martins
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CMIV  
Post-Distance 

Mode 
At last we were able to return to work and meet 

again after a long period of distance work.
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 At the end of September, the scientific 
council together with the CMIV re-
search school and the management 

group had an internal conference in Vadstena.
Nothing beats the actual physical meeting 

even though the meeting through teams and 
zoom now has turned into being the new nor-
mal and has proven to work much better than 
expected at first. 

It was great to finally being able to meet 
again and to have fruitful discussions together, 
sitting in the same room. CMIV is the mix of 
people. That is what makes us unique, the twin-

ning in the research school with PhD students 
with both technical and medical background 
and the pairing of supervisors. 

Our new chairman and vice chairman of the 
research school, Sophia Bäck and Milda Poce-
vičiūtė have done an excellent work engaging 
the PhD students. They all presented their PhD 
projects to the scientific council and the man-
agement group with a short pitch, which was a 
very good way to present. 

The research school then had some team-
building activities together outside in the beau-
tiful surroundings of Vadstena.

Chiara Trenti, Deneb Boito, Ann-Sofi Björkman and Milda Pocevičiūtė
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Marie Waltersson, Caroline Bivik Stadler, Håkan Gustafsson and Catrin Nejdeby

Gustav Magnusson, David Abramian and Kajsa Tunedal David Abramian and Gustav Magnusson

Sophia Bäck, Sofia Jarkman, Robin Kämpe and Iulian Emil Tampu
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Milda Pocevičiūtė and 
Chiara Trenti
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Why be a part of 
CMIV Research 

School ? 
Read about what two of our PhD students think about our research school.
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Sophia Bäck, Milda Pocevičiūtė, Ann-Sofi Björkman and Chiara Trenti

Ann-Sofi Björkman and Chiara Trenti
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 I n 2020, the scientific council took the deci-
sion to reorganize the research school and 
let the PhD students take a bigger respon-

sibility on how to develop the research school. 
Sophia Bäck and Milda Pocevičiūtė were ap-
pointed chairman and vice chairman and in 
2021 they started their new part time job. It was 
not such an easy task since we were in distance 
mood, but they have succeeded in tightening 
the group and carry through distance PhD stu-
dent seminars. 

Now when we are back at CMIV again, it is 
very pleasing to see how the group has grown 
and that there are many activities adjacent 
to the seminars with pizza evenings and film 
events. 

Master in Biomedical engineering Sophia 
and Milda interviewed Chiara Trenti, from It-
aly and Ann-Sofi Björkman, radiologist from 
Linköping on how they see on the research 
school. Both of them were enrolled in the re-
search school during the pandemic in 2020.

What research are you doing in your PhD?
 Chiara Trenti: In my PhD, I use 4D flow cardi-
ovascular magnetic resonance imaging to assess 
hemodynamics and biomechanics of healthy 
and diseased aorta.

Ann-Sofi Björkman: My research is about 
improving musculoskeletal imaging using a new 
type of CT, the photon counting detector CT.

How do you benefit from being a member of 
the CMIV research school?
 Chiara Trenti: My research benefits from it in 
several ways. I am using CMIV’s infrastructure 
(CMIV scanner, CMIV network). But CMIV 
is also a place where I meet people from oth-
er fields. We have monthly meetings with PhD 
students from the research school, where we 
present our research and listen to other's pres-
entations. It is a good opportunity to train your 
presenting skills and get inspiration from other 
research fields. 

Ann-Sofi Björkman: It gives me contact with 
other researchers in CMIV, provides an oppor-
tunity to present my research as well as to listen 
to presentations about research done by others.

One key concept of the CMIV research school 
is that every student has a technical and a 
medical supervisor
Since you have a technical background, how 
does your medical supervisor support you in 
your research?
Chiara Trenti: My medical supervisor helped 
me to keep my research more clinically relevant. 
For example, I created visualizations of aortic 
blood flow, and my supervisor gave me some 
feedback on what can be interesting and what 
can be understandable in the clinic.

Since you have a medical background, how 
does your technical supervisor support you 
in your research?
Ann-Sofi Björkman: My technical supervisor 
helps me with concepts that relate to physics 
concerning the new CT machine that we are 
studying.

Would you recommend other students to 
join the CMIV research school? If so, why?
Chiara Trenti: I would definitely recommend 
other students to join CMIV research school! It 
is really important for a PhD to be part of a com-
munity. It is great to share ideas, experi ences. It 
helps you to learn to explain your research to 
people that are not from your same field.

Ann-Sofi Björkman: I recommend being 
part of the CMIV research school for several 
reasons. First of all, it provides a platform for 
meeting other PhD students. Secondly, it gives 
insights into the CMIV environment by provid-
ing news of what’s going on. Finally, CMIV re-
search school gives the PhD students the means 
to interact with the CMIV scientific council 
which has an important strategic position.
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PhD Student Seminar with 
Milda Pocevičiūtė, David 
Abramian, Iulian Emil 
Tampu, Sophia Bäck, Kajsa 
Tunedal, Deneb Boito and 
Gustav Magnusson
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The CMIV 
Research School 
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 30 PhD students admitted to the 
research school. Here a selection of them presents their research.
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fMRI Methods for Brain Tumour Treatment

David Abramian

� Functional magnetic resonance im-
aging (fMRI) is an MRI modality used to 
reveal the location of brain activity when 
a subject performs a certain task. Its use 
has revealed a lot about functional local-
ization in the brain, but its application is 
generally limited to the gray matter, one 
of the two main tissue types of the brain. 
Gray matter is found in the outer layers 
of the brain, and is where brain process-
ing takes place. However, the brain is 
also composed of white matter, 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 generated in this 
tissue, as well as the weakness of these 
signals in comparison to those generated 

in gray matter. Nevertheless, the devel-
oping 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. Because 
white matter is made of long axonal 
strands, it has a very directed structure, 
and recent studies have shown that the 
fMRI signal in white matter follows this 
structure. To incorporate this knowl-
edge into a standard fMRI processing 
pipeline, we devised a novel filtering 
approach informed by diffusion-weight-
ed MRI, a modality that encodes the 
direction of the neuronal axons at every 
point in the brain. We evaluated our fil-

PROJECT INFORMATION

Project
Methods for Analyzing fMRI d´Data – with 
Applications to Brain Tumour Treatment

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

Short CV
Master of Science in Electrical Engineering 

(double degree studies), Lund 
University, Lund, Sweden 2017

Master of Science in Telecommunications 
Engineering, Technical University of 
Madrid, Madrid, Spain 2017

Bachelor’s Degree in Telecommunications 
Engineering, Technical University of 
Madrid, Madrid, Spain 2015

Figure 2: Example group white matter activations with conventional methods (top) and the proposed method (bottom). Conventional methods are 
less capable of detecting activity in white matter, while the proposed method is capable of finding sizeable and subtle detections over a range 
of filter sizes. In this figure, our method detects a thin elongated activation, which goes mostly undetected by the conventional approach.

Figure 1: 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.

tering 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.
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Wolf Claus Bartholomä

Prediction of posthepatectomy liver 
failure with hepatobiliary MRI
� Posthepatectomy liver failure (PHLF) 
describes a life-threatening condition 
that occurs after part of the liver has 
been removed surgically. In these pa-
tients, the liver remnant is insufficient to 
sustain adequate liver function, resulting 
in liver failure. 

To ensure sufficient liver function 
post hepatectomy, various methods have 
been and still are used to help assess 
preoperative liver function and estimate 
the minimum size of the remnant liver, 
such as CT volumetry or indocyanine 
green (ICG) test. Yet, even using these 
criteria recent studies indicate that the 
incidence of post hepatic liver failure 
is around 20% with a mortality rate of 
1.7%. Clearly, there still is a need for a 
more accurate predictor of post hepatec-
tomy liver function.
Several studies have reported that liver 
function can be predicted using MRI 
with liver specific contrast – both in 
patients with colorectal metastases (that 
usually have an otherwise healthy liver), 

as well as patients with hepatocellular 
cancer and biliary cancer (that usually 
have diffuse liver disease (HCC) or very 
heterogenous liver parenchyma due to 
biliary disease (biliary cancer). These 
studies have been, however, quite limited 
in the number of patients that have been 
studied, with the number of patients ex-
amined averaging around 70 individuals.

Our PHLF study, internally called 
LIFE2, is a retrospective Nordic multi-
center study where CMIV and Linköping 
University Hospital are cooperating 
with hospitals in Stockholm, Göteborg, 
Uppsala, Copenhagen, Oslo and Helsinki 
to examine the predictability of posthe-
patic liver failure in patients that have 
received resective liver surgery. We are 
using both the established HUI index 
model of function prediction as well 
our own dynamic liver function model 
developed in house at CMIV to analyze if 
we can better predict PHLF. To achieve 
this, we have registered in excess of 280 
patients with the aim to verify whether it 

PROJECT INFORMATION

Project
Optimizing hepatobiliary MRI in metastatic 
liver disease (Livermet)
Prediction of posthepatectomy liver failure 
with hepatobiliary MRI (Life2)

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

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

European Diploma in Radiology, 2016
ESGAR Certificate of Excellence in 

Abdominal Radiology, Level II, 2021

is possible to preoperatively predict post 
hepatic liver failure in patients stemming 
from a large and diverse group of pa-
tients more reflective of a typical patient 
population in a national liver center. This 
can help optimizing liver surgery and 
preoperative planning to help further 
reduce live threatening complications 
caused by posthepatectomy liver failure. 

Typical ROI distribution for assessment of liver function in LIFE 2 study.
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PROJECT INFORMATION

Project
Diffusion MRI with general gradient 
waveforms (DGGW)

Supervisors
Evren Özarslan, Ida Blystad, Anders Eklund, 
Magnus Herberthson

Short CV
Master’s Degree in Biomedical Engineering, 

2018, Linköping University
Bachelor’s Degree in Biomedical 

Engineering, 2015, University of 
Padova

Neural Tissue Composition via Diffusion MRI

Deneb Boito

� Diffusion MRI is an imaging tech-
nique that allows the study of heteroge-
nous media by probing the random mo-
tion of water molecules in the scanned 
specimen. Its non-invasive character 
makes it a powerful tool for characteriz-
ing the brain microstructure without the 
use of ionizing radiation. Diffusion MRI’s 
potential as a tool for exploring the brain 
architecture both in terms of neural 
connections and local structure has been 
proven over the years. Many models and 
methods have been proposed to estimate 
meaningful parameters from diffusion 
sensitized images. Recent advances in 
diffusion encoding lead to the develop-
ment of new methods able to resolve 
microscopic features of the scanned 
specimen otherwise unachievable using 
conventional acquisition schemes. Ideal-
ly, such features can provide new insights 
especially in cases where the neural 
microstructure is altered due to different 
diseases. One such framework maps the 

brain microstructure at the sub-voxel 
scale as a collection of small separate 
domains. By using this approach it 
is possible to obtain parameters that 
provide a description of the neural tissue 
at the cellular scale. However, the results 
obtained with commonly employed 
implementation of this method yield 
mathematically unacceptable results and 
are susceptible to noise. We therefore 
developed an estimation framework in 
which positivity constraints are enforced, 
providing increased reliability and ro-
bustness. The Figure shows an example 
of how the results obtained with the 
proposed estimation framework retain a 
higher degree of information compared 
to the current implementation when less 
and less data are available. We envi-
sion the deployment of the developed 
framework to facilitate the translation of 
this method into clinical practice, where 
acquisition time is a major limitation.

The figure shows a comparison between microscopic fractional anisotropy maps estimated using the 
commonly employed and the developed methods (QTI+) on progressively fewer numbers of volumes.
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Cardiac Blood Flow During Atrial 
Fibrillation Therapy

Sophia Bäck

� Arial fibrillation (AF) is a very com-
mon diseases of the heart. It is charac-
terized by an irregular contraction of the 
atria of the heart. This changed motion 
can lead to blood coagulation, which can 
cause stroke. 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 measure 
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 
direct 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 high-resolution 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 computation 
time, in order to be able to apply the 
technique in a larger cohort of patients. 
We developed a technique to calculate 
the flow through the mitral valve and the 
LAA orifice based on time resolved CT 
and compared it to 4D flow MRI. In the 
future, we will apply this technique to 
patients with atrial fibrillation to inves-
tigate the relation of the flow field and 
blood markers related to higher blood 
coagulation. This information might 
lead to improved patient selection and 
therapy of atrial fibrillation.

PROJECT INFORMATION

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

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

Short CV
Chair of CMIV research school, January-

December 2021
 PhD student Linköping University, Since 
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 Research engineer at Linköping University, 
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 Master of Science, Mechanical 

Engineering, RWTH Aachen, Germany 
October, 2016–June 2018

 Bachelor of Science, Mechanical 
Engineering, RWTH Aachen, Germany, 
October 2012–September 2016

Geometry of the left heart at late diastolic filling with flow rate though 
mitral valve and LAA orifice derived from time resolved CT
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Elin Good

PROJECT INFORMATION

Project
CARMA-PET Study

Supervisors
Ebo de Muinck, Petter Dyverfeldt
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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.

18FDG Uptake in Carotid 
Plaques Using PET/MRI
� Background: Death in cardiovascular 
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, no-one has previously assessed 
the quantitative relationships between 
plaque inflammation and plaque compo-
nents like fat and blood. 

Aim: Since this is not previous-
ly done, we wanted to explore a new 
method for investigating the quantita-
tive relationship between fat and blood 
inside carotid plaques and inflammation 

Image 1. 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.

Image 2. 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.

in the same plaques. To this end we 
used a simultaneous whole-body 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 magnetic 
resonance imaging (MRI) technique, in 
a stand-alone 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 im-
ages were then synchronized to generate 
localized plaque data both for inflamma-
tion 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.

120 CMIV ANNUAL SCIENTIFIC REPORT 2021



Lilian Henriksson

Coronary Computed Tomography:  
Stenosis Evaluation and Calcium Score
� A healthy coronary artery wall does 
not contain calcifications. If calcifications 
are present this is a specific sign of cor-
onary artery disease (CAD). The extent 
of coronary artery calcifications (CAC) 
has also shown to be proportional to the 
degree of CAD. The amount of CAC can 
be measured with calcium scoring com-
puted tomography (CSCT) which is an 
ECG triggered examination of the heart. 
The CAC evaluation is usually done 
using semiautomatic software. It is a task 
which is not considered to be particularly 
difficult but still needs to be performed 
by a specialized radiologist.

The Swedish cardio pulmonary 
bioimage study (SCAPIS) is a unique 
study within the cardiopulmonary field 
that includes 30000 randomly chosen 
research subjects in the age group 50-64 
years of age. The study is a collaboration 
between the Universities in Gothenburg, 
Lund, Linköping, Uppsala, Umeå and 
Karolinska institutet in Stockholm. It is 
also a collaboration between the univer-
sity hospitals in the same cities. A pilot 
project was conducted in 2012 and data 
inclusion of study baseline examinations 
carried on from 2013 to 2018.

These baseline examinations in-
clude a number of tests e.g. computed 
tomography (CT) of the heart. SCAPIS 
data have resulted in a database located 
at Gothenburg University which can be 
used for studies of population diseases 
such as cardiovascular disease in order 
to gain better understanding of disease 
mechanisms as well as preventive meas-
ures and treatments.

International guidelines are advo-
cating CSCT for an improved CAD risk 
estimation for individuals without symp-
toms but with an intermediate risk based 
on their traditional CAD risk evaluation. 
This means that we are probably going 
to see an increased use of CSCT. An 
automated evaluation of the CAC extent 
would therefore be of use in order to 
unburden the radiologist and to increase 
efficiency thus contributing to improved 
health economy. Recently published 

studies have shown excellent results for 
automatic evaluation e.g. lung cancer in 
CT images using artificial intelligence 
(AI) base software.

This aim of this project is to use 
about 5000 CSCT examinations per-
formed within the SCAPIS study in 
Linköping to evaluate the precision of an 
AI-software for CAC scoring compared 
to conventional semi-automatic evalu-
ation. The agreement and correlation 
between the AS, number of calcifications 
and the placement of the calcifications 
will be evaluated.

PROJECT INFORMATION
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Semi-automatic evaluation of coronary artery calcifications (CAC). All pixels in 
the image with an attenuation value above 130 HU are automatically segmented 
by the software. The reader selects and marks pixels representing CAC and 
the results are presented as per vessel and total Agatston score.
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Deep Learning as an Aid for the 
Pathologist in Cancer Diagnostics
� Clinical pathology is essential for 
diagnosing cancer. Today, demands on 
pathology increases with more requests 
of parameters, and at the same time 
there is a shortage of pathologists. The 
introduction of digital pathology opens 
opportunities of novel workflows and 
potentially enhanced diagnostics. Digital 
pathology means that histopathological 
glass slides are scanned with a high-res-
olution glass slide scanner, and the 
pathologist analyses the slides directly 
on a computer screen instead of using a 
microscope. The pathology department 
in Linköping have been scanning all 
the histopathological glass slides since 
2011, making over 2 million digital slides 
stored in the digital archive. To fully 
reach the potential of digitized patholo-
gy, the next step is introduction of image 
analysis, that potentially could lead to 
more efficient and accurate diagnostics. 
Today computational pathology research 
groups develop image analysis tools 
based on machine learning algorithms 
and so called deep convolutional neural 
networks, also called deep learning. Deep 
learning image analysis studies have 
been performed on digitized histopa-
thology cases, for example for detecting 
prostate cancer and lymph node metas-
tases. But still, not many algorithms have 
reached the pathologist clinical praxis.

In this project we aim to develop and 
evaluate algorithm-based 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 by 
the Computational Pathology group 
at Radboud University medical center 
in Nijmegen in the Netherlands. An 
important step is to be able to transfer or 
generalize an algorithm to material from 
another setting. A large dataset of digi-
tized histopathological slides of axillary 

lymph nodes from breast cancer cases 
was during 2019 collected, anonymized, 
and transferred from the clinical digital 
archive to a research environment 
similar to the clinical working environ-
ment (AIDA PACS) and published on 
the AIDA Datahub. Lymph nodes with 
metastases were detailed annotated by 
a pathologist (resident) with correlation 
to an immunohistochemical stain that 
indicates breast cancer cells. The perfor-
mance of the algorithm on the clinical 
material without retraining or adjust-
ment will be evaluated, and the result 
also analyzed by a pathologist. Further 
steps will be to evaluate the clinical usa-
bility of the algorithm.

Example of lymph node with breast cancer metastasis with corresponding 
algorithm prediction (blue lines) and ground truth annotation (green area).
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Deep Learning Applied to Large and Small 
Multimodal Datasets in Psychiatry

Robin Kämpe

� 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 higher risk of suicide for 
people suffering from depression, but it 
is also caused by depression’s negative 
effect on work and family relations. 
Scientists have for a long time tried to 
understand the underlying brain mech-
anisms 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 learning 
methods that could help us address these 
challenges. Our plan is to apply a deep 
learning algorithm to a large, open re-
pository of structural and functional neu-
roimaging data from depressed and nev-
er-depressed persons. This deep learning 
algorithm can detect patterns that are 
often undetectable when using more tra-
ditional “mass univariate” methods. The 
algorithm will first be trained and tested 
using only anatomical data, and next on 
the neural functional data and, finally, on 
a combined anatomical plus functional 
dataset. We can then compare what 
kind(s) of data result in the best per-
formance of the deep learning network 

in terms of distinguishing healthy from 
depressed persons. Provided that one or 
more modalities of neuroimaging data 
are useful in distinguishing depressed 
from never-depressed categories, we can 
advance the theoretical neuroscience 
of MDD by determining which neural 
features most inform accurate categori-
zation of disordered and non-disordered 
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 different kind of deep learning 
network: A network that produces arti-
ficial brains. Specifically, this generative 
network will be trained to translate from 
a healthy brain to a depressed brain. 
Then, by subtracting 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, for example, find the neural 
differences between depressed people 
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.

The image shows one of the top 
25 components from a group 
independent component analysis. 
High values (red) are highly 
correlated with the posterior node 
of the default mode network. 
Multiple networks like these 
will be fed into a convolutional 
neural network, and compete in 
classifying depressed individuals 
from healthy controls.
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Verifiable AI-Assistance for 
Biomarker Quantification
� Cell-based biomarker quantification 
through immunohistochemistry (IHC) 
assays has important prognostic and 
predictive uses in routine diagnostics. 
Recent advancements in image analysis 
have made automated quantification a 
viable alternative to the current practice 
of manual scoring. While automated 
scoring of thousands of cells can increase 
reproducibility and scalability, it offers 
challenges when manual oversight is 
needed. For instance, verifying automat-
ed outputs for thousands of individual 
cells might prove more time-consuming 
than standard manual scoring protocols.

This project explores visualizations and 
interactions that enhance manual over-
sight and control in automated scenarios. 
User studies involving pathologists are 
currently evaluating several potential 
strategies for reducing the verification 
and correction effort. These include 
systematic spatial sampling, unsuper-
vised clustering of similar decisions, and 
interactive machine learning.

The results aim to inform how we 
might use imperfect AI efficiently and 
confidently in future routine diagnostics.

Prototype for AI-assisted PD-L1 biomarker quantification. Cells are systematically sampled for verification and correction 
(right). Further simplifying the workload, the user can work with batches of visually similar cells (left).
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Cerebralvascular Reactivity Studies
� We are looking at the possibility to 
probe the health of blood vessel in the 
brain of Subarachnoid Hemorrhage 
(SAH) in a technique called Cerebrovas-
cular Reactivity (CVR). The idea is to 
stimulate the blood vessel and measure 
the corresponding change in blood flow. 
The hope is that this reactivity meas-
urement can be used to earlier asses the 
risk for secondary complication for this 
patient group, such as delayed ischemia. 

To stimulate the blood vessel, small 
amount carbon dioxide is introduced 
through inhalation. The blood vessels 
have built in mechanism to sense the 
amount of carbon dioxide in circulation 
and, if functioning properly, will dilate as 
a response. The corresponding change in 
blood flow is measured in a MR-camera 
where the patient is laying during the 
full exam. Maps of the cerebrovascular 
reactivity can then be constructed from 
the measured blood flow and informa-
tion about the stimulus. 

Our current focus is the technical 
aspect of building the necessary equip-
ment. What is different from CVR-exper-
iment done elsewhere is that our solution 
needs to work together with a ventila-
tor. We hope to soon start testing our 
equipment on healthy volunteers before 
moving on to the target patient group. 
The final goal of project is to evaluate the 
CVR-technique and its diagnostic power 
for SAH-patients.

Gustav Magnusson
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Illustration of our CVR setup outside of the MRI camera. The patient is breathing by 
assistant of the ventilator shown in the middle of the image. The two gas tubes shown 
in the left portion of the image contains carbon dioxide and nitrogen, respectively. 
By mixing the flow from these two gas tubes, plus an additional flow of oxygen from 
the hospital wall outlet (not shown), into the ventilator gas stream, the content of 
the inhaled gas by the patient can be controlled. By this method, a precise carbon 
dioxide stimulus can be administered to the patient. If then the blood flow response 
is measured inside an MR-camera (not shown), CVR-maps can be constructed.

A schematic skis of the CVR system. To the left, three different sources of gas are 
shown, oxygen from the hospital wall outlet, nitrogen from a gas tube and carbon 
dioxide from a gas tube. The flows of these gases are controlled three by mass flow 
controllers (MFC) which is in turn is controlled by a computer. The flows from the MFCs 
are guided into MR Room where the ventilator is located and added to the ventilator 
gas stream to the patient. By measuring the flow from the ventilator, the computer 
calculates the necessary flow for the three MFCs to achieve the desired gas content in 
the inhaled gas. The inhaled gas is continuously sampled through the sampling port at 
the face mask, right part of image, to make sure the system is working as intended.
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The Pathomechanism of Idiopathic Scoliosis
� Scoliosis is a disorder of the spine 
characterized by a deformity in three di-
mensions. While some forms of scoliosis 
have a known origin, e.g., due to neuro-
muscular disease or congenital defects, 
the cause of idiopathic scoliosis remains 
unknown. Potential factors for disease 
and deformity progression includes 
genetics, the musculoskeletal system, the 
hormonal system and the connective tis-
sues. An established driver for deformity 
is the so called Heuter-Volkmann princi-
ple which states that compression 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 
he both the pathogenesis of idiopathic 

scoliosis and the effects of the above 
treatment methods we want to study the 
deformity using visualization techniques 
and biomechanical modelling. To our 
help we have radiology including com-
puted tomography as well as a motion 
lab with an optical motion tracking 
system. Here we use a 10-camera system 
which registers reflective markers placed 
on anatomical landmarks on the skin of 
the patient. This gives us plenty of infor-
mation on joint kinematics and can be 
combined with force plates to measure 
the forces on the ground exerted by the 
patient. Combining this with biome-
chanical modeling we can investigate 
the compressive and shear forces acting 
on the separate spinal segments during 
movement, physiotherapy, corset treat-
ment or before and after surgery. Under-
standing these forces that are acting on 
the spine may elucidate the pathomech-
anism of idiopathic scoliosis and clarify 
the effects of our treatment methods.

We have also developed a novel 
method, “CT-mocap” which essentially is 

a fusion of optical motion tracking and 
computed tomography. This allows us to 
visualize the patient’s own skeletal sys-
tem 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.

Figure 1: 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 visualization of previously tracked movements.

Figure 2: A 3D CT 
reconstruction of a 
scoliotic curve showing 
the deformity in the frontal, 
sagittal and axial plane.
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Per Nyman

Brain Tumours in Children: Clinical Applications 
of Novel Magnetic Resonance Biomarkers
� This research seeks to validate new 
techniques (including qMRI and APT-
CEST) for more precise imaging of CNS 
tumour diagnosis in children and young 
adolescents (0–18 years of age). Thus, we 
will have to introduce and implement 
novel means of detecting and visualizing 
MR-contrast-enhancing mechanisms 
based on tumour-associated molecular 
parameters. One method, APT-CEST 
(APT-Chemical Exchange Saturation 
Transfer), enables us to determine 
tumour-specific chemical exchange in 
tumour and adjacent affected tissues. 
Other techniques are microdiffusion, to 
depict tissue alterations, and a qMRI 
method (QALAS) developed at Center 
for medical image science and visu-
alization (CMIV) here in Linköping, 
synthetic MR, which can quantitate 
imaging biomarkers such as degree of 
myelination (and changes thereof). The 
ultimate aim of this project is to expand 
our capability for early detection of brain 
tumours in the pediatric population and 
to define the tumour’s spatial extension 
into the brain parenchyma by the imple-

mentations and ap-plication of proce-
dures that are not currently available in 
conventional clinical MR examinations. 
It is essential to be able to determine the 
spatial relationship between the lesion 
and adjacent func-tional tissue for ade-
quate planning of treatment, using these 
methods we believe that we will be able 
to achieve this.

We also try to correlate the q MR 
measurements (QALAS) and function-
al MR to assessments by the clinical 
multidisciplinary pediatric CNS tumour 
team, which conducts standard evalua-
tion includ-ing educational performance, 
physiotherapist and neuropsychologi-
cal testing. This includes com-parison 
of the 2-year and 5-year MR imaging 
post-treatment control. Moreover, we 
have initiated a collaboration with the 
Swedish Childhood Tumor Bank (Barn-
tumörbanken, BTB). BTB is a national 
biobank for pediatric tumors in Sweden 
that collects and distributes material for 
research. The bi-obank includes approx-
imately 500 histology whole slides from 
pediatric brain tumors.
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XAI Applied to Histopathology Image Analysis
� Introduction of digital pathology 
enabled 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 result 
in a more reliable diagnosis as well as 
a better-chosen treatment. However, 
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 
understandability, transparency and reli-
ability of the AI tools that are developed 
for assisting the work of pathologists. In 
order to do this, the methods of explaina-
ble AI (XAI) and uncertainty estimation 

H&E stained section of lymph node with breast cancer metastasis. The green, yellow, and red squares indicate 
the level of uncertain of an AI algorithm (green for least uncertain, red – most uncertain). This can be used 
in clinical practice to skip the predictions from the most uncertain regions as they are least reliable.

are explored with the aim to apply them 
in AI solutions for digital pathology. 
What is Explainable AI? It is an active 
research 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 
example, in tumour diagnosis, it would 
provide an insight into why a whole slide 
image (WSI) has been labelled as con-
taining a “benign tumour”. The methods 
achieve this by creating a heatmap on 
the original image, generating synthetic 
visualisations or providing some other 
scores.

Another important aspect of XAI is 
understanding the limitations of an AI 
tool. This is crucial for a safe deployment 
these tools to clinical practice. What hap-
pens if an AI algorithm encounters some 
data samples that are significantly dif-
ferent from what it has seen so far? Can 
we catch when the algorithm is making 

a wrong prediction? In our projects, we 
are using uncertainty and out-of-distri-
bution detection to develop methods for 
capturing and understanding situations 
when AI predictions are unreliable.
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Iulian Emil Tampu

Segmentation of Brain Tumor Structure 
Using MRI and Deep Learning
� Medical images are common sources 
of information used every day by clini-
cians to design and follow- up treatment 
planning. In research, medical images 
are used, for example, to investigate 
efficient ways for diagnosing diseases 
and design tools to help clinicians in 
their daily work. The use of deep learn-
ing for medical image analysis expands 
the frontier of what applications can be 
developed that exploit the information 
contained in the image data even more 
and automatize certain tasks to assist 
clinicians.

One clinical scenario where medical 
images are necessary is during diagnos-
tic procedure of a brain tumor. Using 
magnetic resonance imaging (MRI), cli-
nicians can visualize the tumor structure 
inside the patient’s brain. From these im-
ages the tumor border and substructures 
are identified and used for treatment 
planning, i.e., radiotherapy and surgery. 

Unfortunately, the manual annotation of 
the tumor is a time-consuming task, af-
fected by the experience of each clinician 
and by what is visible in the images.

In this project, deep learning-based 
methods for brain tumor segmenta-
tion are explored with the purpose of 
overcoming the limitations of manual 
annotation and improving the cur-
rent available deep-learning methods. 
Context-aware strategies are currently 
an emerging topic in deep learning appli-
cations, to allow models to use infor-
mation from the surrounding context. 
To investigate the concept, the impact 
of anatomical contextual information 
on segmentation accuracy is tested, 
where white matter, gray matter and 
cerebrospinal fluid masks or probabil-
ity maps are added to the model input 
during training [1]. Another approach 
is to provide the model with more data 
originating from different MR acquisi-
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[1] Tampu IE, Haj-Hosseini N, Eklund A. Does Anatomical Contextual Information Improve 3D U-Net- Based Brain Tumor Segmentation? Diagnostics. 2021; 11(7):1159.

tion modalities, such as quantitative MR. 
By using different combinations of input 
data, we study the impact of the different 
modalities on model performance.

Brain tumor segmentation pipeline. In addition to conventional MR images, other information can be used to train the 
model for segmenting the tumor. For example, anatomical contextual information and quantitative MR data.
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Nonsize Factors in Aortic Dilation
� Aneurysmal dilation of the aorta is 
an asymptomatic disease that is often 
not detected until a fatal dissection 
or rupture occurs. Current 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 dissection present 
with an aneurysm diameter of < 5.5 cm 
and thus do not fall within the current 
guidelines for elective aneurysm sur-
gery1. We lack scientific understanding 
and clinical tools to properly manage 
individuals with aortic dilation. 

The main objective of this project is 
to investigate if aorta dilation is related 
to alterations in aortic wall properties or 
blood flow. We want to achieve this aim 
by means of advanced cardiovascular 
magnetic resonance (CMR) imaging. By 
improving our understanding of aortic 
dilation and exploring new measures to 
discriminate between cases and controls, 
this project may lead to new ways to im-
prove risk stratification for subjects with 
aortic dilation.

In a first study, we investigated the 
altered hemodynamics in patients with 
abdominal aortic aneurysm. 18 patients 
and 23 age- and sex-matched controls 
with abdominal aortic diameters ≥3.5 cm 
and <3.5 cm, respectively, were recruited 
from a screening program at our institu-
tion. The selected cohort has undergone 
a defined CMR imaging protocol, in-
cluding time-resolved three-dimensional 
phase-contrast magnetic resonance 
imaging with three-directional velocity 
encoding (4D flow CMR), an advanced 
CMR technique that allows for quantifi-
cation of blood flow. 4D Flow CMR im-
ages were properly processed in order to 
compute wall shear stress (WSS), which 
represent the friction force of blood on 
the aortic wall.

Patients with dilated abdominal aor-
ta experienced significantly low velocities 
and WSS in the abdominal infrarenal 
aorta compared to controls. Peak systolic 
streamlines highlight the presence of 
altered swirling flow, which results in 
low and oscillating WSS vectors (Figure). 
Future studies will focus on correlating 
locations of low and oscillating WSS with 
aneurysm growth and rupture.

Peak systolic velocities, represented 
as streamlines (right), and wall 
shear stress (WSS), as vectors 
(left), for a healthy control (upper 
row) and a patient with abdominal 
aortic aneurysm (bottom row). 
Due to the expansion of the 
vessel, velocities are reduced 
inside the aneurysm and the 
altered flow generates vortices, 
resulting in low and non-uniformly 
oriented WSS at the vessel wall.
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Kajsa Tunedal

� High blood pressure, or hypertension, 
is one of the most common health issues 
today with 22% of all adults worldwide 
affected and it is twice as common in 
patients with type 2 diabetes (T2D). 
In Europe, hypertension is defined as 
systolic blood pressure above 140 mmHg 
or diastolic blood pressure above 90 
mmHg. Blood pressure and blood flow 
dynamics, together called hemodynam-
ics, are 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 cardiovascular diseases such 
as coronary artery disease, heart failure, 
and renal failure.

The basic causes of hypertension, 
such as hemodynamic changes due to in-
creased blood volume and aortic and vas-
cular stiffness, are known. Nonetheless, 
hypertension treatment is usually based 
on a trial- and error approach including 
lifestyle changes and testing of various 
anti-hypertensive drugs. There is a need 

A Cardiovascular Model for Blood 
Pressure Regulation

for a deeper understanding of the chang-
es in hemodynamics during hypertension 
and especially during T2D. Detailed 
hemodynamic data can be acquired with 
non-invasive measurements such as 3D 
imaging of blood flow over time, four-di-
mensional magnetic resonance imaging 
(4D Flow MRI). However, 4D Flow MRI 
cannot directly measure blood pressure 
or aortic stiffness.

In this project, we combine 4D flow 
data with a cardiovascular model (Figure 
1) to extract information that otherwise 
is hard to measure non-invasively. Such 
a cardiovascular model that can describe 
person-specific hemodynamics in healthy 
individuals was previously developed 
in the group. The model is now further 
developed to investigate blood flow 
dynamics in hypertensive and non-hy-
pertensive individuals, and T2D patients 
and controls. This allows for assess-
ment of model-derived hemodynamic 
parameters such as the contraction and 
relaxation of the left ventricle, which are 
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compared between the groups. The study 
can bring new insights into the hemody-
namic mechanisms behind hypertension 
in patients with or without T2D and may 
provide a new clinical tool for the assess-
ment of personalized hemodynamics.

A) The mathematical model of the cardiovascular system. B) Personalized model simulations of blood flow in 
the mitral valve, aortic valve and ascending aorta show good agreement with 4D flow MRI measurements. C) 
Each part of the model corresponds to a part in the heart and cardiovascular system (color coded).
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PhD student Marco Domenico 
Cirillo is defending his thesis 
on the day of his dissertation.
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Dissertations 
During 2021 two of the CMIV PhD students have 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.
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PhD student Martin Lindvall is nailing his thesis to the public to scrutinize three weeks before his public defense.
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� Advancements in machine learn-
ing (ML) have dramatically increased 
artificial intelligence (AI) capabilities 
for medical diagnostic tasks. Recent 
research has shown that AI adequately 
trained can make assessments on par 
with experts when, for instance, grading 
and detecting cancers. However, several 
challenges remain for translating those 
AI capabilities into usable tools fit for 
routine workflows in clinical practice. 
This thesis explores how human-centred 
design methods might resolve some of 
those challenges.

Martin Lindvall
linköping university, department of science and technology

Designing with Machine Learning in 
Digital Pathology: Augmenting Medical 
Specialists through Interaction Design

� The number of medical images that 
clinicians need to review on a daily 
basis has increased dramatically during 
the last decades. Since the number of 
clinicians has not increased as much, it 
is necessary to develop tools which can 
help doctors to work more efficiently. 
Deep learning is the last trend in the 
medical imaging field, as methods based 
on deep learning often outperform more 
traditional analysis methods. However, 
in medical imaging a general problem 
for deep learning is to obtain large, 
annotated datasets for training the deep 
networks. 

This thesis presents how deep learn-
ing can be used for two medical prob-
lems: assessment of burn wounds and 
brain tumors. The first papers present 

Marco Domenico Cirillo
linköping university, department of biomedical engineering

A path along deep learning for 
medical image analysis
With focus on burn wounds and brain tumors

methods for analyzing 2D burn wound 
images; to estimate how large the burn 
wound is (through image segmentation) 
and to classify how deep a burn wound 
is (image classification). The last papers 
present methods for analyzing 3D mag-
netic resonance imaging (MRI) volumes 
containing brain tumors; to estimate 
how large the different parts of the tu-
mor are (image segmentation). 

Since medical imaging datasets are 
often rather small, image augmentation 
is necessary to artificially increase the 
size of the dataset and, at the same time, 
the performance of a convolutional neu-
ral network. Traditional augmentation 
techniques simply apply operations such 
as rotation, scaling and elastic deforma-
tions to generate new similar images, but 

One challenge is to make AI-assisted de-
cision making better than either human 
or AI acting alone. While some predic-
tive models might consistently perform 
above human experts, many are less than 
perfect, regularly failing in unexpected 
ways or delivering mediocre performanc-
es, leading to time-consuming human 
verification. The thesis shows that user 
interface design can make AI-assisted 
decision making efficient if guided by an 
understanding of the specific task, the 
human expert, and AI imperfections.

Another challenge is that ML-derived 
models typically learn from input-output 
examples. The implication for software 
design methods is that responsibility is 
shifted from programmers expressing 
logical statements towards medical 
professionals providing annotated data. 
The thesis makes several contributions 
concerning this novel machine teaching 
aspect, including designing and evalu-
ating an efficient annotation tool, seven 
datasets, and identifying success factors 
for continuous learning in deployed 
products.

it is often not clear what type of augmen-
tation that is best for a certain problem. 
Generative adversarial networks (GANs), 
on the other hand, can generate com-
pletely new images by learning the high 
dimensional data distribution of images 
and sampling from it (which can be seen 
as advanced augmentation). GANs can 
also be trained to generate images of type 
B from images of type A, which can be 
used for image segmentation. 

The conclusion of this thesis is that 
deep learning is a powerful technology 
that doctors can benefit from, to assess 
injuries and diseases more accurately 
and more quickly. In the end, this can 
lead to better healthcare for the patients.
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Equipment 
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.

Martin Norling de Brun 
and Tobias Ekholm in 
the 4K projector room

CT
CT 1 – Siemens Healthineers NAE-
OTOM Alpha. This is a first-generation 
dual source CT scanner with photon 
counting technology. The photon count-
ing detectors have 4 main advantages 
compared to conventional (scintillator 
based) CT detectors. The pixels of the 
detectors are much smaller than before 
without radiation dose penalty. This 
leads to images with spatial resolution 
at a new level. Each photon´s energy 
is measured and therefore images are 
created without electronic noise. The 
energy information of the photons can be 
used for advanced spectral applications, 
such as k-edge imaging. Moreover, the 
detector is more sensitive for low-ener-
gy photons, which makes it possible to 
reduce the radiation dose and contrast 
media dosage drastically.

CT 2 – Siemens Healthineers SO-
MATOM Force. This CT enables routine-
ly performed exams at low kV settings 
(70–90 kV), even in adults. This is due to 
the system being equipped with powerful 
generators and X-ray 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 
SOMATOM Force renders images with 
high spatial resolution and soft-tissue 
contrast. It contains two X-ray sources 
and two detectors, which can be used 
simultaneously. This in combination 
with a broader detector enables faster 
scans. High speed scanning is necessary 
for cardiac examinations as well as for 
restless patients. The two X-ray sources 
also provide the possibility for dual ener-
gy examinations with improved spectral 
separation.

MRI
MR 1 – 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 

concept also offers high coil density 
using parallel transmit technology called 
TimTX TrueShape for cardiac, abdomi-
nal and musculoskeletal examinations.

MR 2 – 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 
analog-to-digital 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 
fiber-optic cable. 

MR 3 – 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. 
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Advanced fMRI research is possible 
using video glasses with built-in eye-
sight correction as well as eye-tracking, 
and it is also possible to combine these 
measurements with simultaneous 
multichannel MR-EEG. Other specialty 
equipment includes several MR-elastog-
raphy (MRE) systems for both 1.5 T and 
3 T, based on both electrodynamic and 
gravitational transducers. Our MRE-ca-
pability 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 
multinuclear MR spectroscopy, allowing 
us to investigate both static and dynamic 
energy metabolism in tissues. The latter 
is highly facilitated by our MR-compat-
ible MR-ergometers for quantitative 
cardiac and muscle research.

A full research agreement with 
Philips Medical Systems and Siemens 
Healthineers allows all possible clinical 
as well as critical technical research 
applications.

DIGITAL PATHOLOGY 
AND ANNOTATION
For histo-pathology CMIV has a glass 
scanner from Hamamatsu. The Nano-
zoomer 2.0HT convert glass slides into 
high-resolution digital data by highspeed 

scanning and has a capacity of scan-
ning up to 210 glasses automatically. In 
addition, 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 
provides instant access to all the tools 
needed integrated on the desktop – in-
cluding RIS and clinical applications. A 
number of advanced diagnostic work-
stations are available 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 dp4k-30L 
6P Laser projector (21 000 lumens light 
output), with 4K resolution (4 096 Å~ 
2 160). The Barco Laser 3D has a native 
6-primary color-3D 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 Lightware mx-33R Digital 
Crosspoint matrix. The Wirecast 7.3 
Recorder system allows recording and 

online streaming. During 2018 Wranne 
was upgraded to an advanced Zoom 
room enabling remote meetings and 
education. In addition to the theatre 
there is also a 55" Sectra visualization 
table and a wall mounted 85" Sectra 
visualization monitor with ten fingers 
multi-touch. 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 
hosting servers for secure handling of 
sensitive 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 high-end 
GPUs 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 DGX-2 system 
was installed in the hospital's server hall 
at the end of 2020 for increased techni-
cal and physical security.
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Mats Jonsson and Mirjana 
Vukusic are preparing a 
patient for an MR elastography 
exam in the 3T MR scanner
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Jahan Abtahi Department of Oral and Maxillofacial 
Surgery, Region Östergötland

Gudrun Alm 
Carlsson HMV, Division of Diagnostics and Specialist Medicine
Caroline Bivik 
Stadler HMV, Division of Diagnostics and Specialist Medicine
Hanna Björnsson 
Hallgren BKV, Division of Surgery, Orthopedics and Oncology
Ida Blystad HMV, Division of Diagnostics and Specialist Medicine
Magnus Borga IMT, Division of Biomedical Engineering
Mariana 
Bustamante HMV, Division of Diagnostics and Specialist Medicine
Hans Peter Bögl BKV, Division of Surgery, Orthopedics and Oncology
Rebecca Böhme BKV, Center for Social and Affective Neuroscience
Carl-Johan Carlhäll HMV, Division of Diagnostics and Specialist Medicine
Åsa Carlsson 
Tedgren HMV, Division of Diagnostics and Specialist Medicine
Gunnar Cedersund IMT, Division of Biomedical Engineering
Olof Dahlqvist 
Leinhard HMV, Division of Diagnostics and Specialist Medicine
Nils Dahlström HMV, Division of Diagnostics and Specialist Medicine
Örjan Dahlström IBL, Division of Psychology
Jakob De Geer Department of Radiology, Region Östergötland
Ebo De Muinck HMV, Division of Diagnostics and Specialist Medicine
Petter Dyverfeldt HMV, Division of Diagnostics and Specialist Medicine
Tino Ebbers HMV, Division of Diagnostics and Specialist Medicine
Gabriel Eilertsen ITN, Media and Information Technology
Gillian Einstein Tema Gender Studies
Anders Eklund IMT, Division of Biomedical Engineering
Mattias Ekstedt HMV, Division of Diagnostics and Specialist Medicine
Pernilla Eliasson BKV, Division of Surgery, Orthopedics and Oncology
Maria Engström HMV, Division of Diagnostics and Specialist Medicine
Jan Engvall HMV, Division of Diagnostics and Specialist Medicine
Mikael Forsgren HMV, Division of Diagnostics and Specialist Medicine
Charalampos 
Georgiopoulos HMV, Division of Diagnostics and Specialist Medicine
Björn Gerdle HMV, Division of Prevention, Rehabilitation 

and Community Medicine
Håkan Gustafsson HMV, Division of Diagnostics and Specialist Medicine
Neda Haj-Hosseini IMT, Division of Biomedical Engineering
Sven-Patrik Hallsjö HMV, Division of Diagnostics and Specialist Medicine
Paul Hamilton BKV, Center for Social and Affective Neuroscience
Mats Hammar BKV, Division of Children’s and Women’s Health
Joel Hedlund ITN, Media and Information Technology
Markus Heilig BKV, Center for Social and Affective Neuroscience
Markus 
Henningsson HMV, Division of 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, Division of Biomedical Engineering
Micael Karlberg HMV, Division of Diagnostics and Specialist Medicine
Anette Karlsson Department of Medical Radiation 

Physics, Region Östergötland
Matts Karlsson IEI, Applied Thermodynamics & Fluid Mechanics
Thomas Karlsson IBL, Disability Research
Bharti Kataria HMV, Division of Diagnostics and Specialist Medicine
Johan Kihlberg HMV, Division of Diagnostics and Specialist Medicine
Eva Klintström HMV, Division of Diagnostics and Specialist Medicine
Hans Knutsson IMT, Division of Biomedical Engineering
Laura Korhonen BKV, Center for Social and Affective Neuroscience
Seppo Koskinen HMV, Division of Diagnostics and Specialist Medicine
Maria Kristoffersen 
Wiberg HMV, Division of Diagnostics and Specialist Medicine
Joanna Kvist HMV, Division of Prevention Rehabilitation 

and Community Medicine
Jeroen van der Laak HMV, Division of Diagnostics and Specialist Medicine
Anne-Marie 
Landtblom Uppsala University
Hans Lindehammar Department of Clinical Neurophysiology, 

Region Östergötland
Peter Lundberg HMV, Division of Diagnostics and Specialist Medicine
Fredrik Lundin Department of Neurology, Region Östergötland
Claes Lundström ITN, Media and Information Technology
Maria Magnusson ISY, Computer Vision
Alexandr Malusek HMV, Division of 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, Division of Children’s and Women’s Health
Bengt Norén Department of Radiology, Region Östergötland
Fredrik Nyström HMV, Division of Diagnostics and Specialist Medicine
Miguel Ochoa 
Figueroa Department of Radiology, Region Östergötland
Håkan Olausson BKV, Center for Social and Affective Neuroscience
Torsten Olbers BKV, Division of Surgery Orthopedics and Oncology
Anneli Peolsson HMV, Division of Prevention, Rehabilitation 

and Community Medicine
Irene Perini BKV, Center for Social and Affective Neuroscience
Anders Persson HMV, Division of Diagnostics and Specialist Medicine
Lennart Persson HMV, Division of Diagnostics and Specialist Medicine
Hans Ringertz Karolinska Institutet
Mary Rudner IBL, Disability Research
Jerker Rönnberg IBL, Disability Research
Michael Sandborg HMV, Division of Diagnostics and Specialist Medicine
Mårten Sandstedt Department of Radiology, Region Östergötland
Jörg Schilcher BKV, Division of Surgery, Orthopedics and Oncology
Rozalyn Simon HMV, Division of Diagnostics and Specialist Medicine
Èva Tamas HMV, Division of Diagnostics and Specialist Medicine

Researchers

Organization 
CMIV is governed by its 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.
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David Abramian IMT, Division of Biomedical Engineering
Thord Andersson IMT, Division of Biomedical Engineering
Ann-Sofi Björkman Department of Radiology, Region Östergötland
Anna Bodén Department of Pathology, Region Östergötland
Sophia Bäck

HMV, Division of Diagnostics and Specialist Medicine
Deneb Boito IMT, Division of Biomedical Engineering
Frida Dohlmar HMV, Division of Diagnostics and Specialist Medicine
Marco Domenico 
Cirillo IMT, Division of Biomedical Engineering
Diana Fraser Department of Radiology, Region Östergötland
Marcus Gjerde HMV, Division of Diagnostics and Specialist Medicine
Elin Good

HMV, Division of Diagnostics and Specialist Medicine
Lilian Henriksson HMV, Division of Diagnostics and Specialist Medicine
Erica Holmberg HMV, Division of Diagnostics and Specialist Medicine
Sofia Jarkman Department of Clinical Pathology, 

Region Östergötland
Johan Jönemo IMT, Division of Biomedical Engineering
Nina Kämmerling Department of Radiology Region Östergötland
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, Division of Prevention, Rehabilitation 

and Community Medicine
Gustav Magnusson HMV, Division of Diagnostics and Specialist Medicine 
Marcus Malmqvist 
Isopoussu BKV, Division of Surgery, Orthopedics and Oncology
Azad Najar HMV, Division of Diagnostics and Specialist Medicine
Per Nyman Pediatric Department, Region Östergötland
Eva Olsson HMV, Division of Diagnostics and Specialist Medicine
Milda Poceviciute ITN, Media and Information Technology
Christian 
Simonsson IMT, Division of Biomedical Engineering
Susann Skoog Department of Radiology, Region Östergötland
Mats Svantesson BKV, Center for Social and Affective Neuroscience
Iulian Emil Tampu IMT, Division of Biomedical Engineering
Chiara Trenti HMV, Division of Diagnostics and Specialist Medicine
Kajsa Tunedal IMT, Division of Biomedical Engineering
Per Widholm HMV, Division of Diagnostics and Specialist Medicine

PhD Students

CHAIRMAN OF THE BOARD
Katrine Riklund Umeå University, Diagnostic Radiology

MEMBERS
Mathias Axelsson Department of Radiology, Region Östergötland
Ann-Sofi Björkman Department of Radiology, Region Östergötland
Lena Jonasson Faculty of Medicine and Health 

Sciences, Linköping University
Torbjörn Kronander Sectra AB
Maria Kvist Secretary, CMIV
Robin Kämpe BKV, Center for Social and Affective Neuroscience
Mats Ulfendahl Region Östergötland
Johan Ölvander Institute of Technology, Linköping University

CO-OPT
Håkan Gustafsson Chairman of the Scientific Council, 

Region Östergötland
Catrin Nejdeby Financial Officer, CMIV
Anders Persson CMIV Director, HMV, Division of 

Diagnostics and Specialist Medicine

Board of Directors

Ida Blystad Department of Radiology, Region Östergötland
Rebecca Böhme BKV, Center for Social and Affective Neuroscience
Tino Ebbers HMV, Division of Diagnostics and Specialist Medicine
Mattias Ekstedt HMV, Division of Diagnostics and Specialist Medicine
Håkan Gustafsson Chairman, HMV, Division of Diagnostics 

and Specialist Medicine
Anette Karlsson Department of Medical Radiation 

Physics, Region Östergötland
Maria Kvist Secretary, CMIV
Claes Lundström ITN, Media and Information Technology
Ebo De Muinck HMV Division of Diagnostics and Specialist Medicine
Irene Perini BKV, Center for Social and Affective Neuroscience
Anders Persson HMV, Division of Diagnostics and Specialist Medicine
Mårten Sandstedt Department of Radiology, Region Östergötland
Anders Tisell HMV, Division of Diagnostics and Specialist Medicine
Karin Wårdell IMT, Division of Biomedical Engineering
Carl Johan Östgren HMV, Division of Prevention, Rehabilitation 

and Community Medicine

Scientific Council

Sophia Bäck  Chairman of the Research School
Mona Cederholm  Head of Research Booking
Tobias Ekholm  IT Manager
Sandra Fornell  Head of Research Booking
Paul Hamilton  Senior Staff Scientist
Markus 
Henningsson  Senior Staff Scientist
Håkan Gustafsson  Deputy Director
Daniel Karlsson  IT Technician
Maria Kvist  Coordinator
Robin Kämpe  Senior Staff Scientist
Catrin Nejdeby  Financial Officer
Martin Norling 
de Brun  IT Manager
Anders Persson  Director
Milda Poceviciute  Vice Chairman of the Research School
Marie Waltersson  Research Coordinator
Marcel Warntjes  Senior Staff Scientist

Core Staff

Erik Tesselaar BKV, Division of Surgery, Orthopedics and Oncology
Magnus Thordstein BKV, Division of Neurobiology
Anders Tisell HMV, Division of Diagnostics and Specialist Medicine
Darren Treanor BKV, Division of Inflammation and Infection
Hans Tropp BKV, Division of 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 Ettinger 
Veenstra

HMV,, Division of Prevention, Rehabilitation 
and Community Medicine

Ludvig Vavruch Department of Orthopaedic Surgery, 
Region Östergötland

Susanna Walter BKV, Division of Inflammation and Infection
Chen Wang Department of Radiology, Region Östergötland
Marcel Warntjes HMV, Division of Diagnostics and Specialist Medicine
Janne West IMT, Division of Biomedical Engineering
Mischa 
Woisetschläger HMV, Division of Diagnostics and Specialist Medicine
Karin Wårdell IMT, Division of Biomedical Engineering
Anders Ynnerman ITN, Media and Information Technology 
Carl Johan Östgren HMV, Division of Prevention, Rehabilitation 

and Community Medicine
Evren Özarslan IMT, Division of Biomedical Engineering
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Anders Persson and Håkan 
Gustafsson by the Photon 
Counting Detector CT
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Publications 
The CMIV research efforts lead to a steady stream of scientific 

publications. An overview of the 2021 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.
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Bibliometric Analysis

Basis for analysis, 2017-2021

The analysis is based on sources [1]–[4], listed below. Different 
sources are used for different parts of the analysis. A criterion for in-
clusion is that publications have been registered in DiVA for the time 
period covered in the analysis. Publication types that are included in 
the analysis are:
– Refereed journal articles and reviews
– Scholarly book chapters
– Scholarly books
– Refereed conference publications

[1] Publications in DiVA
[2] Publications based 

on the Norwegian model

DiVA

Norwegian

WoS

WoS(Cit)

[3] Publications in Web of Science

[4] Publications in citation analysis

[1]  Publications in DiVA according to the selection stated above.
[2]  Publications in [1] included in the Norwegian model.
[3]  Publications in [2] indexed in Web of Science.
[4]  Publications in [3] where we have access 

to normalized citation data.

At each new section of the analysis, the symbol in the top right corner 
will mark the selection being used.

Norwegian model, 2017–2021 
DiVA

Norwegian
WoS

WoS(Cit)

Publications published in 
journals and by publishers 
in the Norwegian list

Number of 
publications

Number of 
publication 

fractions
Share of 

level 2

Journal articles 287 116,8 29 %
Conference publications 27 14,2 0 %
Chapters 6 2,8 6 %
Books 0 0,0 0 %

Share of level 2, total: 25 %

0

5

10

15

20

25

30

0
5

10
15
20
25
30
35

2017 2018 2019 2020 2021

Nu
m

be
r o

f P
ub

lic
at

io
n 

Fr
ac

tio
ns

Sh
ar

e 
of

 L
ev

el
 2

Journal articles Conference publ. Chapters

Books Share of level 2

20

40

60

80

0

20

40

60

80

100

0
2017 2018 2019 2020 2021

Nu
m

be
r o

f p
ub

lic
at

io
ns

Sh
ar

e 
of

 p
ub

lic
at

io
ns

Publications Share of 1-2 authors

Share of first/last Total share of major contrib.

Publication fraction refers to the share of a publication originating 
from the department. For example, if two out of four authors are 
affiliated with the department, the fraction is 0.5.

In the Norwegian model, the included publication channels are di-
vided into two levels – 1 (scientific) and 2 (scientific and leading in its 
field of research). Level 2 publication channels comprise a maximum 
of 20 percent of channels in their research field.

Share of level 2 refers to the share of fractionalized publications in 
level 2 journals/publishers. At a higher aggregate level, the expected 
share is 20 percent.

Open access, 2017-2021 
DiVA

Norwegian
WoS

WoS(Cit)

Share of open access publications (incl. OA after an embargo period):

Journal articles 84%
Conference publications 44%
Chapters 33%
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Under embargo Non OA

Open Access (OA) publications have been identified with the help of 
data from Unpaywall (unpaywall.org). The diagram shows articles 
according to Open Access type. OA data for articles has been supple-
mented with data from our own customized algorithm. Gold Open 
Access is defined as articles published in journals openly accessible 
in their entirety. Hybrid Open Access is defined as openly accessible 
articles published in subscription-based journals. Green Open Access 
is defined as the accepted version of articles published in online 
repositories.

Coverage in Web of Science, 2017-2021 
DiVA

Norwegian
WoS

WoS(Cit)

Number of 
publications

Number of  
publication fractions

Journal articles and 
conference publications * 289 119,6

Coverage

Journal articles: 95 %
Conference publications: 55 %

*Articles, reviews, letters, proceedings papers in WoS.
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The analysis is based upon Clarivate Analytics Web of Science. For 
a citation analysis to be relevant and reliable, a sufficient basis is 
required. To give an indication of the coverage of journal articles in 
the database, the number of publications/fractions in the database is 
displayed. All citation indicators are fractionalized, i.e. the number of 
authors affiliated with the department is taken into account. Self-cita-
tions are excluded.

Citation analysis, 2017-2019 
DiVA

Norwegian
WoS

WoS(Cit)

Number of 
publications

Number of  
publication fractions

Journal articles * 134 57,0

Results, field-normalized

Field-normalized citation rate (crown): 1,06
Share of highly cited articles (top 10 %): 15 %
Share of uncited articles: 0 %
Field-normalized journal citation rate (journal crown): 1,07
Ranking of Journal Impact Factor (JIF), average: 0,67

*Articles, reviews and letters in WoS.

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0

5

10

15

20

25

2017 2018 2019

Nu
m

be
r o

f P
ub

lic
at

io
n 

Fr
ac

tio
ns

Fi
el

d-
no

rm
al

iz
ed

 c
ita

tio
n 

ra
te

WoS articles Crown

When publication fractions are less than 10, the citation indicators 
are not displayed. If the basis is small, individual items can have a 
high impact on averages.

• Field-normalized citation rate (Crown): a measure of impact of 
articles included in the analysis that provides a comparison with 
the international average for the same subject area, year and type 
of article, where 1 is the global average. Field normalized rate of 
citation is fractionalized, i.e. the number of authors affiliated with 
the department is taken into account. Self-citations are excluded. 
The average field normalized citation rate for universities in Sweden 
during 2016-2019 was 1.12, according to basic funding allocation 
data from 2021 from the Swedish Research Council.

• Share of highly cited articles (top 10 percent): share of publications 
in the top 10 percent of the most highly cited publications in the 
research subject within the time period, i.e. publications with high 
impact.

• Share of uncited articles: indicates how citations are distributed, 
i.e. if citations are evenly distributed among articles, or if a small 
number of articles account for the majority of citations.

• Field-normalized journal citation rate (Journal crown): A measure 
of impact of the journals chosen for publication. It provides a com-
parison for the average number of citations for the journals chosen 
for publication with the global average number of citations for 
journals in the same field. I.e, a value of 0.9 means that the chosen 
journals for publication are on average cited 10% less than journals 
in the same field(s).

• SNIP: normalized journal indicator based on data from Scopus.
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PEER-REVIED ORIGINAL 
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Bergström G., Persson, M., Björnson, 
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Publications 2021

CMIV affiliated researchers are written in bold.
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from the PsyMRI consortium. 
Translational Psychiatry, Vol. 11, nr 1, 
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During the fiscal year 2021 CMIV had 
several ongoing grant research projects 
and also received some new funding. 

AIDA – Analytic Imaging Diagnostics Arena 
continued its work, being funded by VINNO-
VA. Ten projects funded by AIDA together with 
one clinical fellowship and three clinical evalu-
ation projects started during 2021. 

Genomic Medicine Sweden funded a re-
search project concerning Synthetic dataset 
for experimental research and clinical business 
development on broad panels (GMC Sydöst), 

SciLifeLab started funding of AIDA data hub 
and VINNOVA started funding an Incubator 
for national platforms for systematic clinical 
validation of AI within imaging. 

Research projects SCAPIS (Swedish Heart-
Lung Foundation), MeDigiT (Visual Sweden) 
and SCAPIS-AI platform (VINNOVA) contin-
ued during 2021. 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.

ECONOMIC SUMMARY 2017 2018 2019 2020 2021

Total revenue 48,165 52,059 56,266 55,007 57,384

EXPENSES
 Staff expenses -15,772 -16,711 -20,390 -22,480 -23,660
 Cost of premises -6,472 -6,657 -5,752 -6,647 -6,474
 Misc. Operating expenses -16,765 -18,704 -18,848 -17,928 -19,551
 Depreciation expenses -7,819 -8,129 -8,440 -7,848 -6,878
 Financial expenses -36 -151 -126 -11 -4

Total expenses -46,864 -50,051 -53,556 -54,913 -56,568

Result of operations 1,300 2,008 2,710 95 815

Annual accounts
During 2021 CMIV had a turnover of more than 57 million.  
The financial result for CMIV in 2021 was SEK 815 thousand.

150 CMIV ANNUAL SCIENTIFIC REPORT 2021



Research Funding at 
CMIV 2010-2021
CMIV receives funding from research 
funds and the industry both directly to the 
R&D platform and to specific research pro-
jects. In addition, the affiliated researchers 
have their own funding; these grants will, 
however, not be presented here.

 External funds: kSEK 140,408 
 Industrial funds: kSEK 89,102

Distribution on Research on the MR Scanners (%)

CT Research and Clinic (%)

2021

 Research, 23
 Clinic, 65
 Special exams only at CMIV CT, 12

2020

 Research, 24
 Clinic, 66
 Special exams only at CMIV CT, 10

2021

 Neuro, 51
 Musculoskeletal, 6
 Cardiovascular, 22

 Gastro, full body, 16
 Development, 5

2020

 Neuro, 59
 Musculoskeletal, 6
 Cardiovascular, 15

 Gastro, full body, 11
 Development, 9
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