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Preface 
Ate Haraldsen, head consultant  

Michael Werenberg Mikkelsen, head biomedical laboratory scientist

In our long term planning for the 
development of our Department of 
Nuclear Medicine & PET-Centre, 2020 
was supposed to be a year of 
professional consolidation and 
community building after the very 
intense relocations in 2018 and 2019. 

However, this careful planning survived 
only a very short confrontation with 
reality as 2020 soon became the year 
of the Covid-19 pandemic!  

Having longed for cohesion through the 
many years the Department has been 
located at physically separate sites, the 
order to work from home and an almost 
total stop for physical meetings could 
not have come at a worse time than 
when we finally had finished the 
physical merger of the Department. 

All healthcare professionals and life 
science researchers are dependent on 
close collaboration with good 
colleagues, a common goal and the 
possibility for immersion in the complex 
challenges we face in our efforts in 
modern clinical molecular imaging-
based diagnostics and research. And 
although we do prefer our daily 
routines, it has been very impressive to 
witness how our dedicated staff seized 
the opportunity for immersion while 
working from home.  
And being an internationally oriented 
department we already had good 
experience with online meetings, so the 
transition to full scale virtual 
collaboration has been less challenging 
than feared and in some cases actually 
improved the pace of collaborative 
solutions.   

Ate Haraldsen & Michael Werenberg Mikkelsen
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We are very grateful for the readiness 
for quick change all members of staff 
have shown throughout what proved to 
be a very different year in the annals of 
the Department of Nuclear Medicine & 
PET-Centre at Aarhus University 
Hospital. 

Hopefully the worst parts of the 
Covid-19 pandemic are behind us, and 
we can once again bring our full 
attention to our strategic ambitions of 
continuous development of our portfolio 
of clinical examinations based 
research, translational research and 
basic research utilizing our skills and 
knowledge in molecular imaging.  

And at the same time as we strive to 
excel in these important matters of 
modern healthcare, we wish to be 
equally ambitious regarding the 
wellbeing of our excellent staff, without 
whom there is no excellence in clinic 
and research. So although both we and 
our dedicated staff are eager to get 
back to exploring the full potential of 
molecular imaging in personalized 
medicine, we do need to prioritize time 
and energy in 2021 to re-boarding our 
staff and strengthen the internal 
collaborations between the many 
professional branches within our 
department, after the drastic changes 
caused by the handling of Covid-19. 

 

Despite Covid-19 stole the headlines of 
2020, our department did manage to 
make significant progress in the past 12 
months.  

We are especially proud of the 
transition to full scale usage of O-15 
labelled water in daily clinical cardiac 
PET/CT. In close collaboration with 
Danish start-up company MedTrace, we 
have replaced Rb-82 with a novel bed-
side production of 15O-H2O enabling us 
to perform 1500 annual state-of-the-art 
clinical examinations of patients 
suffering from myocardial ischemia with 
the non-invasive gold standard 
perfusion tracer.  

In 2020 we also performed the first 
clinical treatments on prostate cancer 
patients with Lu-177-PSMA in close 
collaboration with good colleagues 
from the Department of Oncology. 
These 2 examples show how modern 
nuclear medicine is developing through 
close collaboration with industrial, 
academic and clinical partners working 
together to develop technical 
innovations and modern personalized 
medicine. 

Once again, we warmly thank our staff 
and colleagues from collaborating 
departments for their great effort.  The 
close collaboration with Aarhus 
University is fundamental for the 
excellent research achievements and 
we are grateful for the support from 
Aarhus University. And we thank the 
management of the hospital for their 
extensive support throughout a very 
busy and difficult year. 








Lars P. Tolbod Ole L. Munk Søren B. Hansen
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Highlights 2020

February 
Lars Poulsen Tolbod , Ole Lajord Munk & Søren Baarsgaard Hansen were appointed 
associate professors at Aarhus University and Aarhus University Hospital .

February 
Maria H. Leidicke graduated as medical secretary.

January 
Rola Ismail: PhD defence 
Supervisor: Professor David J. Brooks 
 
Study of the temporal and spatial relationships between 
neuroinflammation, beta-amyloid and tau aggregation in 
mild cognitive impairment and Alzheimer’s disease – a 
longitudinal PET-study.

May 
Medical student Søren Klingenberg finished his Research 
Year (forskningsårsstuderende).  
 
Søren defended his report “PSMA PET/CT new tumor markers 
in prostate cancer” and received Health 
Studenterforskningspris 2020. 
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May/December 
The transition from 82Rb to 15O-H2O cardiac 
PET  was completed with the 
implementation of a novel automated 15O-
H2O bedside system and the aQuant 
analysis software (MedTrace Pharma). 

June 
The first patient underwent 
Lu-177-PSMA therapy in 
collaboration with the 
Department of Oncology, as part 
of a multi facility study.

September 
Majken Borup Thomsen: PhD defence 
Supervisor: Associate Professor Anne M. Landau 
 
Imaging synaptic dysfunction in naïve animals and in 
models of Parkinson's disease.

October 
 The switch from 68Ga-PSMA  to 18F-PSMA doubled the number of available examinations.

December 
Mads Ryø Jochumsen: PhD defence 
Supervisor: Professor Jens Sørensen 
 
Non-invasive measurement of tumor blood flow with 
82Rubidium PET in prostate cancer.

December 
Chief radiochemist Dirk Bender celebrated his 
25´th anniversary at the department. 

Photo: Tonny Foghmar
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Afsaneh Otroosh, Biomedical 
Laboratory Scientist ● Allan Kjeldsen 
Hansen, MD, PhD ● Anders Floor 
Frellsen, Chemist, PhD ● Anders 
Hørning Ridder ● André H. Dias, MD, 
Specialist Registrar , PhD Student ● 
Andreas Wiggers Nielsen,  MD ● Anja 
Abildgaard Gregersen, Biomedical 
Laboratory Scientist ● Anna Christina 
Schacht, Radiochemist ● Anne Sofie 
Møller Andersen, PA to David Brooks/
Research Coordinator ● Anne Kirstine 
Arveschoug, Senior Consultant ● Anne 
Charlotte Bekker, Biomedical 
Laboratory Scientist ● Anne Haahr 
Mellergaard Eriksen, MD ● Anne 
Marlene Landau, Associate professor, 
Assistant Professor ● Anne Lynge 
Schultz, Medical Secretary student ● 
Annette Dysterdich, Biomedical 
Laboratory Scientist ● Arne Møller, 
Associate Professor, MD ● Ate 
Haraldsen, Head Consultant, MD ● 
Birgitte Maria Nielsen, Secretary ● 
Birthe Hedegaard Jensen, Research 
Coordinator  

Brita Kragh Fælled, Biomedical 
Laboratory Scientist ● Camilla Molich 
Hoff, MD, PhD, Registrar ● Carsten 
Gleesborg, PhD student ● Cecilie Mai 
Bæk, Biomedical Laboratory Scientist ● 
Charlotte Maria Koldsø Jensen, 
Biomedical Laboratory Scientist ● 
Christian Flø, Medical Physicist  
Christian Østergaard Mariager, MR-
Physicist, PhD ● Christian Skyum A. 
Juhl, Biomedical Laboratory Scientist  
Christina Bach Kjeldsen, Medical 
Secretary ● David James Brooks, 
Professor, MD, DMSc ● David Lyse 
Overgaard, MD ● Dirk Andreas Bender, 
Chief Radiochemist, QM, PhD ● Dorte 
Hvid Schmidt, Biomedical Laboratory 
Scientist ● Dorte Schmidt Jespersen, 
Biomedical Laboratory Scientist ● Edda 
Rún Guðmundsdóttir, Biomedical 
Laboratory Scientist ● Elisabeth Jemima 
Rønne, Medical Secretary ● Emil Holm 
Kirk, Chemist ● Erik Nguyen Nielsen, 
Radiochemist ●  Freja Frederikke 
Pinderup

Photo: Michael Harder

Staff & Organisation
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Gitte Viola Jensen, Medical Secretary ● 
Gitte Munkebo Kodahl, Biomedical 
Laboratory Scientist● Gustav Bak 
Spaanhede, Electronics Engineer ● 
Hanne Døssing Prahl, Biomedical 
Laboratory Scientist ● Hanne Juul 
Nielsen, Medical Secretary ● Hélène 
Jaqueline Audrain, Radiochemist, 
Production Manager, PhD ● Helle 
Danielsen, Biomedical Laboratory 
Scientist ● Helle Søgaard, Biomedical 
Laboratory Scientist ● Henriette Dam 
Heinsvig, Biomedical Laboratory 
Scientist ● Henrik Bluhme, Medical 
Physicist, PhD ● Irene Qvistgaard, 
Biomedical Laboratory Scientist ● 
Jacob Horsager, PhD Student ● Jacob 
Stilling Laursen, Electronics Engineer 
●Jan Jacobsen, Radiochemist ● Janni 
Thor, Biomedical Laboratory Scientist 
●Jeanette Würts, Chemist ● Jens 
Sørensen, Professor, MD, DMSc ● Jeppe 
Lund Schaldemose, PhD Student ● 
Jeppe Madsen, Biomedical Laboratory 
Scientist ● Jeppe Wehner, Biomedical 
Laboratory Scientist ● Jette Holberg 
Rasmussen, Biomedical Laboratory 
Scientist● Joel Fredrik Astrup Aanerud, 
MD, Specialist Registrar ● Julie Stenbak 
Mouritsen, Biomedical Laboratory 
Scientist● Jørgen Frøkiær, Professor ● 
Kamilla Løhde Tordrup Svendsen ● 
Karen Margrethe Kristensen,  Cleaning/
Support Worker  Karin Hjorthaug, MD, 
Senior Consultant ● Karina Højrup Vase, 
Radiochemist, QA, PhD ● Karina 
Stensgaard Bjørnholdt Biomedical 
Laboratory Scientist ● Karoline Knudsen, 
Biomedical Laboratory Scientist, PhD ● 
Karsten Olav Frederiksen, Biomedical 
Laboratory Scientist ● Kaspar Pahira 
Vraa, Biomedical Laboratory Scientist 
Kathrine Andersen, PhD Student ● 
Khalida Akbari, Biomedical Laboratory 
Scientist ● Kim Vang Hansen, Master of 
Engineering ● Kirsten Bouchelouche, 
Senior Consultant, Associate Professor, 

MD, DMSc ● Kristian Platz Petersen ● 
Kristian Stær, PhD Student ● Lars 
Christian Gormsen, Associate Professor , 
MD, Consultant, PhD ● Lars Poulsen 
Tolbod, Medical physicist, PhD ● Lasse 
Madsen, PhD Student ● Lene Elsebeth 
Nielsen, Biomedical Laboratory Scientist 
● Lene Haslam Nielsen, Medical 
Secretary ● Line Bendtsen Rasmussen, 
Department Biomedical Laboratory 
Scientist ● Lone Winkler Møller, 
Biomedical Laboratory Scientist ● Lotte 
Lux Larsen, Medical Secretary ● Louise 
Forsmann Grønnemark, Biomedical 
Laboratory Scientist  ● Louise Laura 
Kristensen, Medical Secretary● Mads 
Larsen ● Mads Ryø Jochumsen, MD, 
Registrar, PhD ● Maiken Nybo Moll 
Petersen, Biomedical Laboratory 
Scientist ● Majken Borup Thomsen, PhD 
Student  ● Malene Wittendorf Johnsen, 
Biomedical Laboratory Scientist ● 
Marlene Quach ● Margit Haislund , 
Radiographer● Maria Balshøj Sørensen, 
Biomedical Laboratory Scientist ●Maria 
Hedegaard Liedecke, Medical 
Secretary ● Maria Louise Flink Schwartz, 
Biomedical Laboratory Scientist ● 
Mariam Hassan Abdo, Biomedical 
Laboratory Scientist ● Marianne 
Daugaard Junge, Biomedical 
Laboratory Scientist ● Marie Louise 
Olesen, Radiochemist, Production 
Manager ● Marlene Behrend Øllgaard, 
Biomedical Laboratory Scientist Martin 
Byskov Kinnerup, PhD Student ● Mette 
Louise B.G. Kjærulff, PhD Student ● 
Mette Abildgaard Pedersen, PhD 
Student ● Mette Flarup Pedersen, 
Biomedical Laboratory Scientist ● Mette 
Irene Theilgaard Simonsen, Biomedical 
Laboratory Scientist ● Michael Alle 
Madsen, MD, Specialty Registrar ● 
Michael Werenberg Mikkelsen, Head 
Biomedical Laboratory Scientist ● 
Michael Volmer, Electronics Engineer 
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Michael Winterdahl, Associate Professor, 
PhD ● Michele Gammeltoft, PA to 
Michael Werenberg Mikkelsen/
Research Secretary ● Mie Ringgaard 
Dollerup, Biomedical Laboratory 
Scientist ● Mie Kristine Just Pedersen, 
PhD Student ●  Mikkel Holm Vendelbo, 
MD, PhD, Specialty Registrar ● Morten 
Gersel Stokholm, MD, PhD Student ● 
Naja Enevold Olsen, MD ● Nana Louise 
Christensen, Biomedical Laboratory 
Scientist, PhD student ● Nanna Quist 
Hansen, MD ● Nanna Østergaard 
Johnsen ● Nanna Elgaard Toft, 
Biomedical Laboratory Scientist ● 
Natalie Friborg, Biomedical Laboratory 
Scientist ● Natalie Van Den Berge, 
Postdoc ● Nicola Pavese, Associate 
Professor, MD, PhD ● Niels Nielsen, 
Electronics Engineer ● Niels Okkels, PhD 
Student ● Nohadra Younan, Biomedical 
Laboratory Scientist ● Ole Lajord Munk, 
Medical physicist, PhD ● Otto Bennike 
Kær, Biomedical Laboratory Scientist  ● 
Per Borghammer, Clinical Professor, MD, 

PhD, DMSc ● Pernille Harbo 
Christensen, Biomedical Laboratory 
Scientist ● Pernille Helga Juel-
Jespersen, Biomedical Laboratory 
Scientist ● Pernille Nielsen , Biomedical 
Laboratory Scientist ● Pernille Louise 
Kjeldsen, PhD Student ● Peter Frøhlich 
Staanum, Medical Physicist, PhD ● Peter 
Iversen, MD, Specialist Registrar, PhD ● 
Peter Parbo, MD, PhD ● Pia Bliesmann 
Kithler, Cleaning/Support Worker ● Pia 
Kjær Kristensen, Medical Secretary ● 
Pia Loft Raunkjær, Cleaning/Support 
Worker ● Rikke Bertelsen, Biomedical 
Laboratory Scientist ● Rikke Kraack, 
Biomedical Laboratory Scientist ● Rola 
Ismail, MD, PhD student ● Shakti Nicolai 
Johansen, Biomedical Laboratory 
Scientist ● Simon Madsen, MD, PhD 
Student Simon Maretti Tornbjerg, MD, 
Registrar ● Simone Larsen Bærentzen, 
PhD Student ● Steen Jakobsen, 
Radiochemist, PhD ● Steffan Bruun 
Jensen, Electronics Engineer● Stine 
Mark Nielsen Gunni, Medical Secretary

Staff & Organisation
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Stine Kramer, MD, Consultant ● Stine 
Ledet Methmann, Veterinary Nurse ● 
Susanne Djursland, Medical Secretary ● 
Susanne Hansen, Biomedical 
Laboratory Scientist ● Susanne 
Hvidegaard Søby,  Biomedical 
Laboratory Scientist ●Søren Baarsgaard 
Hansen, Medical Physicist, PhD ● Tanja 
Würtz Rasmussen, Department 
Biomedical Laboratory Scientist  
Tatyana D Fedorova, MD, PhD student ● 
Thanussan Tharumathas Thea Pinholt 
Lillethorup, PhD Student  Thien Vinh 
Luong, MD, PhD Student ● Thomas 

Knak, Electronics Engineer ● Thorbjørn 
Hubeck-Graudal, MD ● Tina Bahn 
Larsen, Biomedical Laboratory Scientist 
Tina Brang Christensen, Medical 
Secretary ● Tine Nygaard Gregersen, 
MD, Registrar, PhD ● Trine Ørhøj 
Barkholt, MD ● Trond Velde Bogsrud, 
MD, Consultant, PhD  ● Vikie Engelbrekt 
Larsen, Biomedical Laboratory Scientist 
Aage Kristian Olsen Alstrup, 
Veterinarian
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Nuclear Cardiology 
Lars Christian Gormsen, MD, PhD, professor, consultant 

Lars Poulsen Tolbod, Medical Physicist, PhD, associate professor 
 Kirsten Bouchelouche, MD, DMSc, associate professor, consultant

In Denmark, cardiovascular disease is 
still the leading cause of mortality and 
morbidity, and precise diagnostics are 
therefore important to guide 
increasingly diverse treatment 
strategies. In the Nuclear Cardiology 
Section of the Department of Nuclear 
Medicine & PET-Centre, we collaborate 
with our clinical counterparts from the 
Cardiology Department and the 
Department of Endocrinology and 
Internal Medicine to diagnose and risk-
stratify patients with ischemic heart 
disease (IHD), cardiac deposition 
diseases, and inflammatory myocardial 
disease.  

The main bulk of patients are referred 
for non-invasive assessment of 
myocardial perfusion due to suspected 
IHD. These patients have traditionally 
been investigated using radiotracers 
(99mTc-SESTAMIBI or 82Rb) trapped in the 
myocardium in proportion to 
myocardial blood flow (MBF). However, 
we recently installed a fully automated 

15O-H2O generator and are now able to 
accurately measure MBF by dynamic 
15O-H2O PET, considered the reference 
standard for perfusion imaging. The 
system is now fully operational with a 
capacity of 1500 patients/year. In 
addition, we estimate viable and 
hibernating myocardium in patients 
with ischemic heart failure using state-
of-the-science hyperinsulinemic-
euglycemic clamping combined with 
MBF and 18F-FDG PET imaging. 

Cardiac amyloidosis is increasingly 
recognized as a non-ischemic cause of 
heart failure, and pharmaceutical 
treatment options are widening rapidly. 
As part of the diagnostic work-up of 
elderly patients with suspected 
transthyretin amyloidosis heart failure, 
we perform 99mTc-DPD cardiac SPECT. 
In younger patients suspected of AL-
amyloidosis, 11C-PIB PET is used with 
pathology thresholds obtained through 
a collaborative study with Uppsala 
University Hospital. 

Photo: Tonny Foghmar
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Cardiac inflammatory and infectious 
diseases (primarily cardiac sarcoidosis) 
are investigated by 18F-FDG PET 
preceded by starch-low dieting and 
prolonged fasting. If physiological 
cardiac 18F-FDG is present despite 
fasting, we use 68Ga-DOTATOC to 
image active macrophage 
accumulation in the sarcoid 
granulomas. 

We have a longstanding record of 
collaborating with the Cardiology 
Department and the Department of 
Endocrinology on proof-of-concept PET 
studies designed to study the 
pathophysiological processes causing 
heart failure and IHD. Our 
radiochemistry section has developed 
an array of radiotracers with the 
potential to measure all aspects of 
cardiac metabolism, oxygen 
consumption and efficiency (11C-
palmitate, 11C-hydroxybutyrate, 11C-
acetate), which has enabled us to 
perform one-day protocols involving 5 
radiotracers. Validation of functional 
parameters from 15O-H2O is being 

studied using the department’s hybrid 
PET/MRI system. Our metabolic 
research programme encompasses 
basic and translational cardiac studies 
of such diverse conditions as fatty liver 
disease, metformin treatment and 
hyperketosis. 

Today, we are also expanding into 
more population-based research 
aimed at determining both the 
diagnostic accuracy of 82Rb or 15O-H2O 
PET and the prognostic impact of 15O-
H2O PET. Both smaller and larger cohort 
studies are now firmly anchored within 
the Department of Nuclear Medicine & 
PET Centre through dedicated PhD 
students and main supervisors.   

Our present research programmes are 
supported by grants from the Novo 
Nordisk Foundation. 

Patient with mediastinal sarcoidosis referred for FDG PET on suspicion of cardiac involvement. The 
FDG PET revealed several sarcoid granulomas in the inter-ventricular septum and in the right 
ventricle.
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Molecular imaging of Brain Disorders 
Per Borghammer, MD, PhD, DMSc, professor, consultant 

David J. Brooks, MD DSc FRCP(UK) FMedSci(UK) FEAN, professor 
Nicola Pavese, MD, PhD, FRCP, FEAN, professor  

Joel Aanerud, MD, PhD, consultant 

Nuclear medicine is important for 
proper diagnosis in multiple brain 
disorders including dementia, 
Parkinson’s disease, and brain tumors.  
In collaboration with the Departments 
of Neurology and Neurosurgery, we are 
constantly focusing on improving and 
refining examinations to provide 
optimal information to the benefit of our 
patients. 

We utilize [18F]FDG glucose PET scans 
to diagnose Alzheimer’s disease and 
other, more rare types of dementia. 
Using [18F]PE2I PET, we can accurately 
detect damage to the dopamine 
system, which is a gold standard 
method to assist diagnosis of 
Parkinson’s disease and other 
movement disorders. Amino acid PET 
tracers such as [18F]FET are used to 
define the true extent of brain tumours, 
which can be difficult to localize 
precisely on MRI scans. 

Our department has a longstanding 
research tradition in the field of 
neuroscience with particular emphasis 
on neurodegenerative disorders 
including Alzheimer’s disease and 
Parkinson’s disease. Clinical and 
translational scientific projects are 
carried out in collaboration with 
national and international partners and 
span the full range from tracer 
discovery and animal studies to 
validation and implementation in 
clinical practice.  

We run an extensive research program 
within Parkinson’s disease (PD) 
including advanced imaging studies of 
prodromal, early-stage and late-stage 
patients to understand how various 
neuronal systems undergo 
degeneration as the disease 
progresses, and also how these systems 
are differentially affected in different 
subtypes of PD. 

[18F]FET PET shows increased amino acid uptake in a malignant brain tumour. MRI demonstrates 
contrast enhancement suggestive of blood brain barrier disruption. On the fused images the FET-
uptake extends beyond the contrast enhancement suggestive of tumour.
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We have recently demonstrated that 
PD probably consists of several 
subtypes, and that the disease can 
start in the gut with secondary 
spreading to the brain, or alternatively, 
start in the brain with secondary 
spreading to the gut. We were also the 
first team to show that the brain’s own 
immune system is activated in the 
dopamine system of PD patients 
several years before diagnosis. These 
findings provide new clues about 
which factors are important for 
initiating and aggravating the disease. 
Such factors are therefore possible 
treatment targets in future studies. 

In parallel, we study how molecular 
and structural imaging can be best 
used to support diagnoses of 
Alzheimer’s disease (AD) years before 
the dementia appears. Using PET, we 
can visualize and measure the 
characteristic pathologies - β-amyloid 
plaques, intraneuronal tau tangles, 
activated immune cells, and changes 
in microscopic vessels in the brain of 
AD patients.  

To date, we have found that two thirds 
of patients with minimal cognitive 
complaints show evidence of amyloid 
deposition and 80% of these have 
associated areas of activated immune 
cells in the brain – again suggesting 
that therapies targeting the immune 
system could become important 
disease-modifying treatments in the 
future. 

Our research programmes are 
supported by grants from the Lundbeck 
foundation, Independent Research 
Fund Denmark, The Danish Parkinson 
Association, and The Olav Thon 
Foundation. 
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Nuclear Medicine & Clinical Physiology 
Anne Arveschoug, MD, PhD, specialty consultant 

Michael Allé Madsen, MD, specialty registrar 
Peter Iversen, MD, PhD, specialty registrar

Many patients pass through the nuclear 
medicine section each day offering up 
to 20 different examinations within a 
wide range of specialties. Most patients 
are referred from outpatient clinics and 
general practitioners in Central 
Denmark Region.  

Collaboration between the various 
professional groups regarding 
everything from referral, booking, 
procedure and writing a medical report 
form the backbone of the nuclear 
medical section. 

There is a constant focus on study 
quality, patient-friendly procedures and 
timing.  
 
The implementation of new studies, 
expansion of indication areas and 
acquisition of new equipment are often 
areas of work for the nuclear medicine 
operational group who ensures that the 
best treatment is offered to the patient. 

Gastrointestinal examinations 
Many different examinations exist for 
the assessment of various diseases of 
the gastrointestinal tract and various 
research areas are well established 
especially concerning Se-HCAT, where 
close collaboration with the 
Department of Gastroenterology and 
Hepatology has played a major role for 
expansion of the indication area and 
the continuous research. 

Nephrology and urology 
Kidney function can be assessed using 
different techniques. Knowing the exact 
kidney function is important, for 
instance during treatment with 
nephrotoxic chemotherapy, in possible 
kidney donors, and in children with 

different urologic malformations. The 
glomerular filtration rate (GFR) 
measured by different clearance 
studies is considered the gold standard 
for measuring total kidney function. In 
addition, how the kidneys handle the 
tracers can be visualized in a 
renography study. This provides 
valuable information on the relative 
kidney function as well as the grade of 
an obstructive uropathy. 

Paediatric nuclear medicine 
Our department has a team of 
specialized medical laboratory 
technicians with great experience in 
pediatric nuclear medicine.  We work 
closely together with the Department of 
Pediatrics in order to plan and carry out 
the examinations as gently as possible 
for the children. We perform a wide 
variety of examinations in children with 
kidney disease, liver disease, different 
cancers, as well as more acute 
diseases, e.g. severe gastrointestinal 
bleeding and biliary atresia in 
newborns. In addition, our department 
participates in several pediatric 
multidisciplinary team conferences in 
order to provide the best possible care 
for children. 
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Parathyroid scintigraphy 
There has been a steady increase in the 
number of parathyroid scintigraphies 
during the last decade, and more than 
200 patients undergo the examination 
each year. The preoperative 
localization of the diseased parathyroid 
gland has evolved from a 2D 
examination based on planar 
scintigraphy to a 3D hybrid scan with a 
structural and uniform description using 
a localization template and weekly 
multidisciplinary conferences with 
participation of all relevant specialists. 
More than 300 patients with 
hyperparathyroidism in the Central 
Denmark Region are admitted for 
elective surgery by the ENT department 
at AUH.         

Thyroid scintigraphy 
A thyroid scintigraphy is carried out on 
patients with a wide range of 
indications/symptoms. This 
examination is one of the most frequent 
in the department with a range of 
diagnostic opportunities depending on 
the clinical case, with the possibility of 
improving the diagnostic precision 
using 3D-imaging to compare with 
other imaging modalities. 

• 72-year-old patient with hyperparathyroidism. Preoperative localization of pathologic parathyroid 
glands prior to parathyroidectomy. 

• A parathyroid adenoma is clearly visible behind the middle part of the right thyroid lobe. The 
patient is there for a candidate for  a minor unilateral surgical procedure.
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Nuclear Medicine & Clinical Physiology 
Anne Arveschoug, MD, PhD, specialty consultant 

Michael Allé Madsen, MD, specialty registrar 
Peter Iversen, MD, PhD, specialty registrar

Sentinel node scintigraphy 
The department is collaborating with 
the Department of Oral and 
Maxillofacial Surgery and the 
Department of Plastic and Breast 
Surgery for sentinel node localization in 
oral/oropharyngeal squamous cell 
carcinoma and cutaneous melanoma, 
respectively.  
The department offers both 1- and 2-
day protocols according to the 
international guidelines. The 1-day 
protocol has been optimized to offer a 
fast track for the patient by performing 
the sentinel node scintigraphy early in 
the morning, making the patient ready 
for sentinel node biopsy a few hours 
later. 

Skeletal disorders 
Bone scintigraphy utilizes a bone 
seeking tracer whereby bone turnover 
can be studied. The vast majority of 
scans are performed in cancer patients 
to evaluate bone metastases. However, 
the scan can also be used in non-
cancerous diseases. For instance, in 
patients with complex regional pain 
syndrome, a neurological syndrome 
with chronic severe pain following a 
trauma, a three-phase bone 
scintigraphy can be used to support the 
diagnosis. In addition, the bone 
scintigraphy is also used to evaluate 
patients with metabolic bone disease, 
patients suspected for loosening of hip 
and knee prosthetics and to evaluate 
the perfusion and vitality of the femoral 
head in children after osteosynthesis.  

Distal blood pressure/peripheral 
circulation 
Peripheral arterial disease is a relatively 
common disease with a prevalence of 
around 10% in males between 65-74 
years. It is associated with increased 
morbidity and mortality. Symptoms vary 
from decreased walking distance due 
to ischemia to ischemic foot ulcers 
which if left untreated may lead to 
amputation. We collaborate with the 
Department of Endocrinology and 
Internal Medicine in managing patients 
with ischemic foot ulcers as well as the 
Department of Cardiothoracic and 
Vascular Surgery and the Department 
of Orthopaedic surgery.  

Our department has recently acquired 
state-of-the-art equipment for 
measuring distal blood pressure as well 
as transcutaneous oxygen tension.  
Our department also has the setup to 
investigate and to confirm the diagnosis 
of arterial endofibrosis in professional 
cycling athletes.  
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Inflammation & Infection 
Lars Christian Gormsen, MD, PhD, professor, consultant 

Mikkel Holm Vendelbo, MD, PhD, associate professor, specialty registrar

Inflammatory diseases are often 
characterized by systemic and vague 
symptoms, but are nonetheless 
associated with serious morbidity for 
affected patients.  Consequently, a 
range of drugs and biological 
compounds have been developed to 
treat the most prevalent inflammatory 
diseases such as rheumatoid arthritis, 
polymyalgia rheumatica (PMR), 
spondylarthritis and large vessel 
vasculitis (LVV). However, most of these 
disease modifying anti-inflammatory 
drugs are either very expensive or have 
side-effects, and accurate pre-
treatment diagnosis of the inflammatory 
disease is therefore important. In this 
context, molecular imaging by PET is 
gaining increasing importance. 

Most patients are referred for 18F-FDG 
PET/CT in the diagnostic work-up of LVV 
or PMR, both of which are characterized 

by constitutional and sometimes focal 
symptoms.  
Often patients have undergone 
extensive prior examinations including 
contrast-enhanced CT, vascular 
ultrasound and biochemical profiling. A 
large fraction of patients has been 
treated with corticosteroids. We are 
therefore collaborating closely with 
regional rheumatological departments 
on several prospective clinical studies 
designed to evaluate the impact of 
corticosteroid treatment on the 
diagnostic accuracy of FDG PET/CT in 
both LVV and PMR.  
In addition, we are exploring whether 
using PET/MRI add to the overall 
diagnostic performance of imaging 
cranial and cerebral vasculitis (see 
figure below). We aim to recruit as 
many patients as possible referred to 
our department with suspected 
inflammatory diseases to any of these 
ongoing trials. 

Hybrid PET/MR imaging in a patient with suspected cranial artery vasculitis. The various MR 
sequences are designed to reveal changes in vessel morphology whereas the FDG PET 
assesses acute inflammation.
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Infections with no known focus, fever of 
unknown origin and spondylodiscitis 
are also increasingly prevalent 
indications for 18F-FDG PET/CT. Patients 
with infectious diseases are frequently 
hospitalized and may require added 
surveillance by out-of-department 
anesthesiologists and nurses. In 
addition, the PET scan report will often 
have to be prepared immediately 
following the examination, which 
present logistical challenges unfamiliar 
to the work-flow of oncology PET. At 
present, most research on the 
diagnostic capabilities of 18F-FDG PET/
CT is retrospective but several 
prospective studies are planned in 
collaboration with the Department of 
Infectious Diseases.  

In tandem with the increasing PET/CT 
scanner capacity, activity within the 
field of infectious and inflammatory 18F-
FDG PET/CT has been increasing 
steadily for the past decade and has 
now reached ~750/year.  

By contrast, SPECT scans with white 
blood cell labelled with 111In Tropolone 
has decreased and is now reserved for 
select indications such as suspected 
arthroplasty infections. This 
development is generally welcomed, 
since the radiation burden of PET is 
substantially lower than for SPECT and 
patient logistics are simpler. 

It is our expectation that molecular 
imaging with 18F-FDG PET/CT will 
continue to be a valued part of pre-
therapy work-up in patients with 
particularly inflammatory diseases. 
Furthermore, we believe the imminent 
introduction of total-body PET scanners 
will allow for the use of PET isotopes 
with longer half-lives (89Zr and 64Cu) 
well suited to trace immune cells and 
specific antibodies, thereby 
circumventing the problem of 18F-FDG 
PET/CT relative non-specificity. 
Introduction of antibody-PET will thus 
truly change the field of non-oncology 
PET. 

Mikkel Holm Vendelbo & Lars Christian Gormsen
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PET/CT in Oncology 
Joel Aanerud, MD, PhD, consultant 

Karin Hjorthaug, MD, specialty consultant 
Kirsten Bouchelouche, MD, DMSc, associate professor, consultant 

Mikkel Holm Vendelbo, MD, PhD, associate professor, specialty registrar  
Stine Kramer, MD, consultant 

Positron Emission Tomography (PET)-CT 
has increasingly become a mainstay 
modality in oncological diagnostics, 
treatment planning, and response 
assessment over the last two decades, 
with the number of PET-CT scans in our 
institution, expanding from 2400 scans 
in 2005 to 5600 in 2020. 

In order to optimize oncological 
treatment, disease staging is 
paramount, and PET-CT is an excellent 
tool for both staging and restaging a 
wide range of cancers. The glucose 
analogue (FDG) is by far the most 
commonly used PET tracer since most 
cancers show avid FDG uptake. 
However, a number of malignant 
diseases do not metabolize glucose at 
a rate sufficiently high to be visualized 
with FDG-PET, so a variety of other PET 
tracers have been developed (Table 
below). 

Our physicians are involved in the 
development of national clinical 
practice guidelines for several cancer 
types and we continuously work on 
ensuring the right indications for the use 
of PET-CT in oncology.  

Multidisciplinary Team (MDT) 
Conferences are also a vital tool in 
planning a diagnostic approach and 
determining best treatment options for 
cancers. Participating in these 
conferences is a major part of 
practicing nuclear medicine as clear 
and precise communication of PET 
results increases the likelihood of 
correct disease staging. In our 
department, nuclear medicine 
specialists participate in 13 different 
PET-related MDTs each week, and are 
thereby involved in the clinical 
management of most cancer patients. 

 
Photo: Tonny Foghmar

PET tracer Type of cancer

DOTATOC Neuroendocrine Tumors (NET)

PSMA Prostate Cancer

F-DOPA Pheochromocytoma and medullary thyroid carcinoma

FES (new as of 2020) Breast Cancer

FET Primary Brain Cancers

FDGal Hepatocellular Carcinoma

H2O Tumor perfusion in different cancer types
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PET-CT is widely used to guide 
radiotherapy management and target 
delineation. Defining targets for 
radiotherapy (i.e. tumors) with high 
accuracy is one of the major challenges 
in radiation oncology. Therefore, target 
delineation is assisted by nuclear 
medicine specialists at daily MDTs with 
Dept. of Oncology (photon therapy) 
and Danish Centre for Particle Therapy 
(proton therapy). 

We continuously work on improving PET 
image quality. For example, we use 
respiratory gating technology to  

minimize loss of PET signal due to 
movement during the scan. In addition, 
we have an ongoing project with 
dynamic PET-acquisition to investigate 
whether parametric imaging can 
increase specificity in distinguishing 
between malignant and non-malignant 
PET-findings. Furthermore, we develop 
and evaluate new PET agents for 
oncology purposes, and several 
oncological preclinical and clinical 
research projects are ongoing in 
collaboration with various clinical 
departments. 

FES-PET: Breast cancer 
(red arrow) and 
metastasis  
in right axilla (blue 
arrow). 

FDG-PET: Tumor in leA 
lung (red arrow) and 
metastases in lymph 
nodes (blue arrow).

F-DOPA-PET: 
Pheochromocytoma in 
right adrenal gland.

DOTATOC-PET: Several 
metastases from NET 
in liver, right lung and 
lymph nodes.
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Therapy 
Anne Arveschoug, MD, PhD, specialty consultant 

Peter Iversen, MD, PhD, specialty registrar

Several hundred different therapies are 
performed each year at the 
Department of Nuclear Medicine & PET-
Centre.  
Therapies are performed each day and 
form an essential and growing part of 
the daily work for the many professional 
groups involved. 

There is a continuous development in 
the field of therapy, where those 
professionally responsible are 
constantly striving to offer therapy 
according to existing guidelines.  

New therapies have been introduced, 
always in collaboration with referring 
clinical departments.  These new 
therapies together with the extensive 
use of interdisciplinary dialogue 
regarding indications, preparations and 
control, have led to close collaborations 
in the field of therapy. 

Peptide-Receptor-Radionuclide-
Therapy (PRRT) 
At Aarhus University Hospital ENETS 
Center of Excellence, we have treated 
neuroendocrine neoplasms (NEN) 
patients with PRRT since 2008, and 
more than 400 hundred NEN patients 
have been treated with over 800 
treatments. 
PRRT has evolved from a few clinical 
treatments to an area which also 
includes randomised clinical projects 
with dosimetry-based treatments 
offered to PRRT-naïve patients with 
NEN. 
Combination therapies with different 
isotopes and with chemotherapy are 
now also included in the wide range of 
treatment options for all types of NEN. 

Betalutin 
The department is currently part of a 
multicenter phase I/II study of lutetium-
lilotomab satetraxetan (Betalutin) 
antibody-radionuclide-conjugate for 
the treatment of relapsed non-Hodgkin 
lymphoma showing a good potential 
for future clinical use. 

Iodine-131 therapy 
The department has many years of 
experience as the largest center in 
Denmark for treating patients with 
differentiated thyroid cancer and for the 
treatment of hyperthyroid disease and 
nontoxic goitre. 

Therapy in prostate cancer 
Radium-223 (XOFIGO) 
Xofigo is a bone seeking radioactive 
pharmaceutical for PC patients with 
symptomatic bone metastasis and no 
disease outside the skeleton, i.e. lymph 
node or organ metastases. Xofigo 
(Ra-223) is being offered as a last line 
therapy. Since 2017, 73 patients have 
been treated at the department 
including patients from Central 
Denmark Region. 

PSMA-directed radioligand therapy 
(PRLT) 
The department has been part of a 
phase 3 multicenter PRLT study using 
Lu-177 PSMA-617 in a selected group 
of patients to evaluate the efficacy of 
the drug compared to a standard of 
care therapy. The implications of 
theranostics in the radiotherapy of 
prostate cancer are wide, and it’s likely 
that this or other similar radioactive 
pharmaceuticals will be part of a future 
clinical setting. It is expected that results 
from the study will be presented in 
2021.



Below: 68-year-old patient with primary liver cancer in the right hepatic lobe, referred for 
evaluation for Selective-Internal-Radio-Therapy (SIRT). 
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Selective-Internal-Radiation-Therapy 
(SIRT) 
As the only hospital in Denmark, AUH 
can offer SIRT. 
It is a catheter-guided treatment 
offered to selected patients with 
primary and secondary liver 
malignancies. The treatment is 
performed in close collaboration 
between the departments of 
Hepatology and Gastroenterology, 
Radiology and Nuclear Medicine & PET-
Centre. 

In Aarhus SIRT is primarily offered to 
patients with hepatocellular carcinoma 
and often to patients with portal venous 
thrombosis, a selective patient group 
with very few treatment options.  
SIRT is also performed in patients with 
NEN, especially patients with liver-
dominant disease.  
Patients with colorectal liver metastasis 
are offered SIRT as part of a clinical 
project in collaboration with the 
Department of Oncology and the 
Department of Gastroenterology and 
Hepatology. 

Diagnostic CT (arterial phase) 
with visualization of the 
cancerous nodule in the right 
liver lobe. 

Test treatment with 99mTc-
MAA- scintigraphy after 
injection of 99mTc-
macroaggregated albumin 
intra-arterially into the tumor-
feeding liver artery.  

Bremsstrahlung 
scintigraphy, performed 
after SIRT treatment with 
90Yttrium microspheres, with 
visualization of the 90Yttrium 
microspheres in the liver 
tumor. 
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PET/MRI 
Christian Østergaard Mariager, MR physicist, PhD 

Søren Baarsgaard Hansen, medical physicist, PhD, associate professor

The year 2020 was the first year of full 
operation of the recently installed Signa 
PET/MRI scanner from GE Healthcare.  

As anticipated, a substantial amount of 
effort has been invested in the 
exploration of MRI as a new and 
exciting imaging modality in the 
department. The combination of PET 
and MRI into one system allows for the 
detailed investigations of disease, 
utilizing the metabolic imaging 
capabilities of PET with state of the art 
functional and anatomical MRI 
imaging. Initial work in the department 
has focused on preparation and 
optimization of protocols and working 
procedures around the scanner in order 
to ensure safe and smooth operation as 
well as the best image quality.  

In particular, the following topics have 
been addressed: 

• Administration of PET tracer and 
measurement of activity 

• Acceptance test and 
application training for in-room 
Hidex Radiowater Generator. 

• Design and manufacturing of 
MRI compatible trolleys, lead 
shields, and other accessories 
for the scanner room 

• Practical handling and 
monitoring of laboratory 
animals (pigs) 

• Full integration with local IT 
facilities (RIS and PACS) 

• Image QA program and 
procedures 

Photo: Tonny Foghmar
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In order to expand our knowledge 
about the rather extensive and complex 
field of MRI, numerous scans of 
volunteers have been performed and 
protocols have been continually 
optimised. This also includes magnetic 
resonance elastography (MRE), where 
valuable information was gathered 
during a one-day excursion to the 
radiology department at Aalborg 
University hospital. In addition, 
preliminary work has been made with 
protocols for measurement of free fat 
proton density, diffusion and perfusion 
measurements. The development and 
optimization of sequences and 
protocols for MRI imaging takes place in 
close collaboration with the radiology 
department and the MRI center at 
Aarhus University Hospital. 

In addition to methodological 
development, a number of clinical 
research projects have been either 
planned or initiated. These span both 
completely in-house research projects, 
as well as collaborations with industry. A 
wide range of applications for the PET/
MRI modality is being explored, 
including investigations of disease in 
the heart, kidney, liver, bladder and the 
brain. Additionally, selected clinical 
patient examinations are also 
performed on the system. 

Lastly, the scanner software has been 
upgraded to version MP26_R02 offering 
a number of enhancements to the 
system. This includes greater flexibility 
regarding combination of RF-coils, data 
processing and management, and 
daily MRI quality assurance. The 
upgrade was followed by additional 
application training from the vendor.

Example of optimization of MR protocols targeted for diagnosis of cerebral and cardiothoracic 
vasculitis (inflammation of the walls of blood vessels). Traditionally MR has been the prefered 
imaging approach due to high tissue contrast and the possibility to apply numerous sequences for 
visualizing different pathological changes. (The displayed patient does not show signs of vasculitis).
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Preclinical research unit 
Aage Kristian Olsen Alstrup, Veterinarian, PhD, associate professor 

Mikkel Vendelbo Holm, MD, PhD, associate professor, specialty registrar

The preclinical research unit is used to 
test newly developed tracers and to 
investigate specific physiological and 
pathophysiological research questions. 
Preclinical testing is essential for the 
development of new tracers used in 
nuclear medicine. The radiotracers can 
be used to characterize normal 
physiology, study pathophysiological 
mechanisms, and be used as 
diagnostic tools in future clinical work. 
The preclinical facilities are therefore 
used by researchers from both Aarhus 
University and Aarhus University 
Hospital to explore their specific cell- or 
animal models and further substantiate 
their scientific work. 

Cells 
Cell cultures are widely used in 
research. With a LigandTracer 
apparatus (photo below), real time 
detection of radioactivity in cells is used 
as an established technique to measure 
radiotracer binding or uptake. The 
technique can be used to determine 
radiotracer association and dissociation 
curves in order to characterize 
physiological mechanisms and 
pharmacokinetics in specific cells. 

MicroPET and Autoradiography 
Several small animal projects from the 
Department of Clinical Medicine and 
the Department of Biomedicine at 
Aarhus University as well as 
collaborators from international 
research institutes around the world use 
our microPET/MRI system. Many of the 
projects are not feasible in a human 
set-up and utilize genetically modified 
rodents to study pathophysiological 
mechanisms and controlled disease 
induction. The measurements obtained 
by the microPET/MRI modality have the 
potential to substantially increase our 
knowledge of in vivo processes. Both 
radiotracer biodistribution by use of 
dynamic imaging and long-term 
development of pathophysiology can 
be quantified and significantly improve 
study quality. Autoradiography can 
further improve and validate the in vivo 
scans with ex vivo examination of thin 
tissue slices and with this technique it is 
also possible to use different isotopes 
and not only positron emitters as with 
the scanner. 

Mikkel Holm Vendelbo
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Small animal facility 
A small animal annex, also known as 
the PET housing facility, is used for 
housing mice and rats. The animals are 
housed in individually ventilated cages 
(IVC). The PET housing facility is located 
close to the preclinical laboratories, to 
minimize stress to the animals during 
transport. 

Pig experiments 
Our department has a long tradition 
and experience in scanning pigs. 
Furthermore, we have the possibility to 
PET, MRI and CT scan pigs. Pigs are 
always under full anaesthesia when 
scanned and are closely monitored 
during anaesthesia to ensure useful 
research data and good animal 
welfare. We use pigs for the 
development and testing of new 
tracers, and such pig studies are a final 
springboard for later studies performed 
on voluntary subjects and clinical 
patients.  

The minipigs are primarily used as 
animal models for human diseases. For 
example, we have developed several 
pig models of Parkinson´s disease, and 
we are testing the implantation of 
dopaminergic stem cells into the brain 
as a new treatment, as well as studying 
the mechanisms behind deep brain 
stimulation. 

Improve disease specific knowledge 
As outlined above, our preclinical 
facility is optimized to characterize 
radiotracer uptake with several different 
techniques in order to describe 
physiology, pathophysiology, and 
pharmacokinetics in everything from 
cells to larger animals. Our goal is to 
improve disease-specific knowledge by 
using techniques that are not feasible in 
humans and to facilitate the process of 
developing new radiotracers before 
moving on to use in humans.

Photo: Tonny Foghmar
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Radiochemistry unit 
Dirk Bender, Chemist, PhD, chief chemist

2020 was the first year after the 
successful move from Nørrebrogade 44 
to the new facilities at Palle Juul-
Jensens Boulevard. Under normal 
circumstances, a normalisation of 
production conditions would have been 
expected. However, the world was hit 
by a pandemic, which affected 
Radiochemistry from March 2019.  
As a consequence, the first lock-down 
production was somewhat reduced. 
Furthermore, the completion and 
certification of two remaining 
laboratories were considerably delayed 
and not expected to be finished until 
sometime in 2021. Otherwise, 
radiochemistry managed to come 
through the pandemic mildly. Only one 
member was infected and productions 
were performed smoothly under the 
given Covid-19 restrictions.  

Despite Covid-19 restrictions, the 
number of productions was increased 
by 15%. 

In terms of tracer productions, PET 
tracers were supplied again every 
working day, meaning no down-time 
was observed. Besides the kit-based 
preparations, the department's 9 
radiochemists, 8 radiochemistry 
technologists and 4 other technologists, 
taking care of the FDG morning 
production, performed over 2200 tracer 
productions, dedicated for use in 
patients and healthy control subjects, 
only 100 productions less than 2018. 
The radiotracer portfolio of tracers 
produced within delivery permits or 
marketing authorization increased to 52 
compounds in 2020. From this 
radiotracer portfolio, 26 different tracers 
were used in 2020.  

Four milestones are noteworthy in 2020.  

From January 2020, DaTSCANs in 
clinical patients were substituted with 
[18F]FE- PE2I scans and more than 500 
patients were scanned with PE2I in 
2020.  
From early 2020 a clinical trial involving 
Lu-177 Dotatoc was initiated and the in 
house production of the compound 
came back on track. In May 2020, 
Rb-82 cardiac PET was phased out and 
replaced by O-15 water PET, first using 
the department's 20-year-old 
automatic O-15 water generator and 
after acceptance by the Danish 
Medicines Agency from November 
2020 with a new MedTrace™ O-15 
water generator.  
The Danish Medicines Agency granted 
the use of F-18 FPSMA-1007 in August 
2020 and Ga-68 PSMA-11 scans were 
replaced with F-18 FPSMA-1007 in 
October 2021. 

In terms of doses, FDG was also the 
dominating PET tracer in 2020 with 
12990 doses (66.7%).  Due to cardiac 
perfusion studies, O-15 water (1853 
doses, 9.5%) was in 2020 the second 
most used radiopharmaceutical.  All 
other tracer productions varied from 
few produced doses to several 100 in 
2020.  

In 2020, the validation of another O-15 
water generator, Hidex™ RWG, was 
started. In contrast to departments other 
O-15 water generating systems, Hidex™ 
RWG is MRI compatible and intended 
to be used in combination with the 
departments PET-MR system. 
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In 2020 the department continued to 
supply radiotracers out-of-house to up 
to 8 different user sites. The total 
number of radiotracer deliveries was 
1143. The main out-of-house user sites 
were Aalborg University Hospital, 
Regional Hospital West Jutland, 
Regional Hospital Viborg, Nuclear 
Medicine & PET-Centre, AUH and the 
Department of Oncology, AUH, each 
with more than 200 deliveries per year. 
In 2020, the total number of delivered 
doses was 8797 doses, ca. 20% higher 
than 2019. A new delivery agreement 
regarding the F-18 FAZA 
radiopharmaceutical to Herlev was 
signed in 2020. However, delivery was 
postponed due to Covid-19. 

In terms of research activities, the 
department's radiochemistry continues 
its program for the development of new 
labelling techniques and tracer 
development. However, research 
activities were reduced in 2020 due to 

the work load with the licensing of O-15 
water by the Danish Medicines Agency 
and the Covid-19 situation.  
 
These research activities are performed 
in department internal collaborations, 
AUH internal collaborations, joint 
projects with Aarhus University 
departments and other universities both 
in Denmark and Europe. For 2021, 
increased research activity is expected. 
Besides restrictions and workload one 
thesis student was accepted to carry 
out a master thesis in the radiochemistry 
section. 

Within teaching obligations, the PhD 
course, “Introduction to GMP”, 
introduced in 2016, was held again in 
2020. Due to Covid-19 restrictions this 
course was on-line in 2020. Again this 
course was a success and will be 
available again in September 2021. 

Photo: Michael Harder
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Physics Unit 
Christian Flø, Medical Physicist 

Christian Østergaard Mariager, MR physicist, PhD 
Henrik Bluhme, Medical Physicist, PhD 

Lars Poulsen Toldbod, Medical Physicist, PhD, associate professor 
Ole Lajord Munk, Medical Physicist, PhD, associate professor 

Peter Frøhlich Staanum, Medical Physicist, PhD 
Søren Baarsgaard Hansen, Medical Physicist, PhD, associate professor

The Physics Group works on location 
and in close collaboration with 
physicians and medical laboratory 
technologists on continuously 
optimising our clinical work to provide 
the best diagnostic imaging and 
personalised treatments. The physicists 
typically work project-oriented, 
individually or in teams of two. We are 
responsible for our department’s 
radiation safety, patient dosimetry and 
QC procedures on our equipment, and 
we work to ensure quality and 
regulatory compliance. 

Nuclear medicine is an evolving 
speciality with new technological 
advances within imaging, and new 
diagnostic and therapeutic agents. The 
department has a significant scientific 
production, and we contribute to 
clinical and preclinical research by 
optimizing data acquisition protocols 
and image reconstruction and assisting 
with data analyses and interpretation. 
We implement the newest methods into 
clinical use in collaboration with 
industrial partners and through research 
projects with students and academic 
colleagues from national and 
international institutions. 

In 2020, we worked on a plan for 
decommissioning the cyclotron bunkers 
located at the former premises in 
central Aarhus, and radiation safety 
assessments for our three cyclotrons at 
our new department to obtain 
authorization from the Danish Radiation 
Protection Authorities. The department 
also underwent a 3-day general 
radiation protection inspection from the 
authorities in the autumn. 

We have been setting up procedures 
for daily operation and image quality 
assurance on the new GE Signa PET/
MR scanner. A MRI-compatible Hidex 
Radiowater Generator has been 
optimized and acceptance tested. The 
physicists support new and ongoing 
PET/MR research with technical 
knowledge, data analysis, protocol and 
MRI sequence optimization and 
implementation, and we expand our 
own expertise, specifically within MRI 
pulse sequence programming and 
reconstruction. 

With the PET/CT scanners, we have 
validated image reconstruction 
techniques with respiratory motion 
compensation techniques based on 
data-driven gating, and we have 
explored the clinical feasibility of 
dynamic whole-body 18FDG PET/CT 
scanning allowing for quantitative 
parametric imaging that complements 
the standard SUV images.  

The transition from 82Rb to 15O-H2O 
cardiac PET was completed with the 
implementation of a novel automated 
15O-H2O bedside system and the 
aQuant analysis software (MedTrace 
Pharma). Cardiac analysis tools for 
viability and amyloidosis were 
developed and implemented 
extending the available tools for 
quantifying metabolism. 
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Dosimetry plays a vital role in 
radionuclide therapy. In peptide-
receptor radionuclide therapy of 
neuroendocrine tumors, kidney 
dosimetry is routinely performed using 
quantitative SPECT/CT imaging of 177Lu. 
The first patients were included in a 
research trial set up to compare a fixed 
activity treatment to a personalized 
treatment based on the patient's kidney 
dosimetry. In selective internal radiation 
therapy of liver cancer, a dosimetry-
based, patient specific activity 
prescription improves patient survival 
and always involves a medical 
physicist. 

The Physics Group takes part in the 
education and training of medical 
laboratory technologists, nuclear 
medicine physicians, master and PhD 
students by giving lectures at our 
department, at Aarhus University 
(Graduate School of Health + 
Biomedical engineering), and at the 
Sino-Danish Center for Education and 
Research, Beijing. 1 bachelor and 5 PhD 
students were supervised by physicists 
in 2020.

Photo: Michael Harder
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Education 
Anne Arveschoug, MD, specialty consultant  
Annette Dysterdich, Educational supervisor 

Camilla Molich Hoff, MD, specialty registrar 
Christian Skyum Abildgaard Juhl, Educational supervisor 

Edda Rún Guðmundsdóttir, Clinical supervisor 
Gitte Munkebo Kodahl, Clinical supervisor 

Rikke Birkegaard Bertelsen, Clinical supervisor 
Stine Mark Nielsen Gunni, Supervisor 

Training and teaching are highly 
prioritized by our department. The 
department offers teaching on pre- and 
postgraduate levels to many different 
groups including medical doctors from 
many specialties, medical students, PhD 
students, medical laboratory 
technologists, molecular medicine 
students, medical secretaries, 
radiologists, physicists and chemists. 
The department receives excellent 
evaluations from the young doctors in 
the nationwide evaluation system. 

On the basis of an interdisciplinary 
educational strategy at hospital level, 
the department has established an 
interdisciplinary training team 
composed of the consultants 
responsible for training; the senior and 
junior doctor who coordinates training, 
the medical laboratory technician 
responsible for training, the medical 
laboratory technician instructor together 
with the medical secretary responsible 
for students.  The team ensures the 
sharing of knowledge and establishes 
interdisciplinary learning areas. A 
common learning area for all subject 
groups has been identified, radiation 
protection, and important topics within 
this area are addressed twice each 
year in interdisciplinary group 
assignments. 

Medical laboratory technologists and 
radiography 
The department plays an important role 
in the education and training of 
medical laboratory technologists.  

The students come from VIA University 
College, Aarhus at different stages in 
their education.  During selected 
periods of training, the department 
collaborates with the Department of 
Cardiology. In 2020, there were 28 
students who had their clinical 
placement in the department. The 
placements lasted between 3 and 14 
weeks. 
Throughout the last few years, the 
mandatory assignments and the 
number of ECTS points for medical 
laboratory technologists that the 
department handles has increased 
steadily, and 2020 was no exception. 
This has been due to a larger intake of 
students from VIA University College, 
Aarhus combined with an unchanged 
number of training departments in the 
Central Denmark Region. 
In 2020 ,18 radiography students from 
University College of Northern Denmark, 
Aalborg (UCN) were on a clinical 
placement at the department. 

Besides Christian Juhl who is 
responsible for the clinical education, 
Annette Dysterdich also has an 
important role in the planning of the 
training program. 
The department has three clinical 
supervisors, Rikke Bertelsen, Malene W. 
Johnsen/replaced by Edda Rún 
Guðmundsdóttir and Gitte Kodahl. Their 
role in the department's educational 
tasks is essential, as they facilitate and 
support the important learning space in 
the clinic. 
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Specialist training 
Work-based training of 5-10 junior 
doctors in specialist medical education 
is a natural part of the daily routine. 
Junior doctors describe many of the 
examinations performed and their work 
is supervised by a specialist or an 
experienced junior doctor, resulting in 
instant feedback and fast learning 
progression. 
Scheduled meetings for all specialists 
and main supervisors are well 
established and within the department 
a certified specialist provides feedback 
after the mandatory 360-feedback 
evaluation which all young doctors 
have as part of their training.   
Medical doctors in specialist training in 
other specialties, especially urology, 
internal medicine and endocrinology 
visit the department on focused 
educational stays. 
As part of the medical specialist training 
program, the department offers courses 
in renal physiology and 
pathophysiology and brain disorders, 
both courses in collaboration with the 
nuclear medicine departments in 
Aalborg and Copenhagen. 
An extended course in radiation, 
medical isotopes and radiation 
protection, that qualifies for becoming 
certified by the Danish authorities to 

handle radioactive isotopes is also 
offered. 
The department also houses part of a 
two sectioned 3-day course for doctors 
in early training describing the 
theoretical background for basic 
nuclear medicine examinations. 

Medical secretaries 
Each year 30-35 medical secretary 
students complete their training at 
Aarhus University Hospital.  
Stine Gunni is responsible for the 
training of medical secretary students at 
the department. Together with the 
department’s other medical secretaries 
she ensures that the students receive 
the appropriate training throughout 
their stay. The students also participate 
in the clinic.  
Training is well established and well 
integrated throughout the department 
with focus on learning and feedback as 
well as the ongoing implementation of 
different systems, logbooks and 
supervisor interviews. The politically 
determined and mandatory goals of 
the training program are also taken into 
account.  
In 2020, there were two medical 
secretary students on an 8-month stay 
in the department. 

Anne Arveschoug, Christian Juhl, Gitte Kodahl & Annette Dysterdich
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Publications & Study data

In 2020, Nuclear Medicine and PET published 227 research outputs. 

The department has associated 5 professors, 4 associate professors, 2 postdocs and 
21 PhD students (3 of which got their titles). 

Selected research outputs, 

Alzheimer's disease 

• The relationships between neuroinflammation, beta-amyloid and tau deposition 
in Alzheimer’s disease – a longitudinal PET study. / Ismail R, Parbo P, Madsen LS, 
Hansen AK, Hansen KV, Schaldemose JL, Kjeldsen PL, Stokholm MG, Gottrup H, 
Eskildsen SF, Brooks DJ. J Neuroinflammation 2020; 17(1): 151 

“Evidence that inflammation independently accompanies both amyloid and tau 
deposition in early Alzheimer patients", says David Brooks. 

• First demonstration of imaging activated glutamate NMDA channels with GE179 
PET during electrical hippocampal stimulation with and without ketamine 
blockade. / Parbo P, Madsen LS, Ismail R, Zetterberg H, Blennow K, Eskildsen SF. 
Vorup-   Jensen T, Brooks DJ. Low plasma neurofilament light levels associated 
with raised   cortical microglial activation suggest inflammation acts to protect 
prodromal Alzheimer's disease. Alzheimers Research and Therapeutics 2020; 12: 
3 

• NMDA receptor ion channel activation detected in vivo  with [18F]GE-179 PET 
after electrical stimulation of rat hippocampus. / Vibholm AK, Landau AM, Møller 
A, Jacobsen J, Vang K, Munk OL, Orlowski D, Sørensen JCH, Brooks DJ.  J 
Cereb.Blood Flow Metabol. 2020; 41(6): 1301-1312 

"Evidence that inflammation in early Alzheimer’s disease may be protective", 
says David Brooks.

Basic metabolism 

• Acute hyperketonemia does not affect glucose or palmitate uptake in abdominal 
organs or skeletal muscle, JCEM 2020 PMID: 32161953 

”Described as ”a conveyor belt of PET scans” by the Swedish assessor during 
Katrine M. Lauritsen’s PhD defense, this paper truly highlights the unique 
capability of PET to measure tissue metabolism within a short time span by a 
range of radiotracers”, says Lars Christian Gormsen.
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Cardiac perfusion and viability  

• Activity regimes for 82Rb cardiac PET: Effects on absolute MBF and MPI Camilla 
M Hoff, Jens Sørensen, Nana L Christensen, Kirsten Bouchelouche, Lars Tolbod J 
Nucl Cardiol 2020 Jul 16. 

"The study examines the effect on absolute myocardial blood flow, 
myocardial flow reserve and relative myocardial perfusion imaging of 
reducing dose of 82Rb. The dose regime recommended by providers of 
rubidium generators should be shifted towards lower activities to 
accommodate the range of modern scanners", says Kirsten Bouchelouche. 

• Myocardial Viability Testing by Positron Emission Tomography: Basic Concepts, 
Mini-Review of the Literature and Experience from a Tertiary PET Center Simon 
Madsen, André H Dias, Katrine Meyer Lauritsen, Kirsten Bouchelouche, Lars 
Poulsen Tolbod, Lars C Gormsen. Semin Nucl Med. 2020 May;50(3):248-259 

"Our department is highly experienced in cardiac PET for measurement of 
myocardial perfusion and viability. This paper reviews the basic concepts and 
current evidence for using PET to assess myocardial hibernation and discuss 
the various methodologies used to process the perfusion/metabolism PET 
images. Finally, is presented our experience in conducting PET viability 
testing", says Kirsten Bouchelouche.

New diagnostic imaging  
  
• Intravenous and oral copper kinetics, biodistribution and dosimetry in healthy 

humans studied by [64Cu]copper PET/CT. / Kjærgaard K, Sandahl TD, Frisch K, 
Vase KH, Keiding S, Vilstrup H, Ott P, Gormsen LC, Munk OL. EJNMMI 
Radiopharm Chem. 2020 Jun 18;5(1):15. doi: 10.1186/s41181-020-00100-1. 
PMID: 32556736; PMCID: PMC7303253. 

“This first study to investigate the biodistribution of copper in healthy humans 
following a natural oral administration lays the foundation for studies in 
patients with Wilson disease”, says Ole Lajord Munk.
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Parkinson's disease 

• Brain-first versus body-first Parkinson's disease: a multimodal imaging case-control 
study. / Horsager J, Andersen KB, Knudsen K, Skjærbæk C, Fedorova TD, Okkels N, 
Schaeffer E, Bonkat SK, Geday J, Otto M, Sommerauer M, Danielsen EH, Bech E, 
Kraft J, Munk OL, Hansen SD, Pavese N, Göder R, Brooks DJ, Berg D, Borghammer 
P.Brain. 2020 Oct 1;143(10):3077-3088. 

"This highly advanced multi-modal imaging study delivered the first strong 
evidence to suggest that Parkinson's disease starts in the gut in some patients but 
inside the brain in others", says Per Borghammer. 

• Cholinergic denervation in patients with idiopathic rapid eye movement sleep 
behaviour disorder. / Gersel Stokholm M, Iranzo A, Østergaard K, Serradell M, Otto 
M, Bacher Svendsen K, Garrido A, Vilas D, Fedorova TD, Santamaria J, Møller A, 
Gaig C, Hiraoka K, Brooks DJ, Okamura N, Borghammer P, Tolosa E, Pavese N. Eur J 
Neurol. 2020 Apr;27(4):644-652. 

"We demonstrated in vivo the occurrence of brain cholinergic dysfunction in 
patients with REM sleep behaviour disorder, a condition recognized to be an 
early stage of the most common types of Parkinsonism", says Nicola Pavese.

Preclinical imaging 

• Effects of Long-term Anesthesia, Blood Sampling, Transportation, and Infection 
Status on Hearts and Brains in Pigs Inoculated with Staphylococcus aureus and 
Used for Imaging Studies. / Alstrup, Aage Kristian Olsen; Afzelius, Pia; Jensen, 
Svend Borup; Leifsson, Páll S.; Wegener, Karen Malene; Nielsen, Ole Lerberg. I: 
Journal of the American Association for Laboratory Animal Science, Bind 59, Nr. 1, 
01.2020, s. 74-84.  

"This study investigated the consequences of long term-anaesthesia of pigs in 
used in PET imaging studies", says Aage Kristian Olsen Alstrup. 

• [99mTc]-labelled Interleukin-8 as a Diagnostic Tool Compared to [18F]FDG and 
CT in an Experimental Porcine Osteomyelitis Model. / Afzelius, Pia; Heegaard, Peter 
M. H.; Jensen, Svend Borup; Alstrup, Aage Kristian Olsen; Schønheyder, Henrik Carl; 
Eek, Annemarie; Boerman, Otto; Nielsen, Ole Lerberg. I: American Journal of 
Nuclear Medicine and Molecular Imaging, Bind 10, Nr. 1, 2020, s. 32-46.  

"This study is part of the osteomyelitis pig studies for the development of new PET 
and SPECT tracers to detect infections in bones and soft tissue", says Aage Kristian 
Olsen Alstrup.
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Covid-19 had a relative small impact on the Departments clinical activities, due to 
the critical nature of the diagnosis of the patients, who are referred to our 
department. 

Referring partners in Denmark 
The vast majority of examinations and therapies referred to the Department are from 
patients in Central Region Denmark: 

Table 1. Referrals to the Department expressed as number of examinations. Note that 1 
patient may receive more than 1 examination. 

Referring partners within Central Denmark Region 
Within Central Denmark Region, the majority of patients are resident at Aarhus 
University Hospital, but it's also notable how the Department supports all of Central 
Denmark Region with molecular imaging: 

Table 2. Referents within Central Denmark Region expressed as number of examinations. 
Note that 1 patient may receive more than 1 examination. 

Site/Year 2019 2020

Central Region Denmark 42.112 (94,41%) 41.469 (94,47%)

Capital Region Denmark 28 (0,06%) 32 (0,07%)

The North Denmark Region 35 (0,08%) 33 (0,08%

Region of Southern Denmark 159 (0,36%) 145 (0,33%)

Zealand Region Denmark 12 (0,03%) 4 (0,01%)

General Practitioners 2.003 (4,49%) 1.930 (4,40%)

Private hospitals 255 (0,57%) 283 (0,64%)

Total examinations 44.604 43.896

Site/Year 2019 2020

Aarhus University Hospital 32.615 (77,45%) 33.220 (80,11%)

Regional Hospital Randers 4.499 (10,68%) 4.145 (10,00%)

Regional Hospital Horsens 2.372 (5,63%) 2.441 (5,89%)

Regional Hospital of West Jutland 647 (1,54%) 460 (1,11%)

Regional Hospital of Viborg, Skive and Silkeborg 1.890 (4,49 %) 1.146 (2,76%)

Psychiatry Central Denmark Region 89 (0,21%) 57 (0,14%)

Total examinations 42.112 41.469

Data
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Development in the Departments clinical activity: 
Over the past years there has been a transformation from conventional Nuclear 
Medicine examinations to PET based clinical examinations in the Department. 
Examples of this are the change from DAT-skan to PE2I and bone scan to PSMA PET. 
There was a small decrease in number of therapies in 2019 due to the relocation of 
the Department and the introduction of Lutathera in Denmark, which is a more 
expensive option than the in-house product Lu-177-Dotatoc. 

Development in patient visits at the Department. At each visit the patient may receive more 
than one examination. 

Value of clinical activities 
In Denmark all clinical activity is priced in the DRG system, which serves to express 
the load of a given patient to the total health care system. This is done by estimating 
the total cost of each examination and diagnosis. The greater complexity of PET can 
be seen quite clearly in the figure below. 

DRG value patient visits at the Department. 

When comparing the Departments three main clinical areas, NM, PET and Therapies, 
by DRG values it's also clear that radio-therapy is a very complex and challenging 
clinical area. The average NM patient is priced at 2.766 DKr., the average PET 
patient is priced at 7.199 DKr. and the average patient undergoing radio-therapy is 
priced at 26.739 DKr!
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Development in the Departments Research activity: 
The Department has a strong tradition of performing high-impact research. Over the 
last decade, this tradition has expanded and the quality of our research activities 
has enabled us to attract better funding which in turn, has enabled us to perform 
more research as seen in the figure below. The relocation of the Departments PET 
radiochemistry in 2019 halted the research temporarily, but in 2020 the activity was 
back on track.  

Development of research PET scans in the Department. 

Research is an integrated part of our Department, and is therefore also an integrated 
part of the Departments finances. Our ambition is not to make a profit on research, 
but we monitor the turnover from research so that there is a link between the 
turnover and the resources we allocate to research. The development in turnover is 
shown in the figure below. 

Turnover from research scans.

Human PET scans in research
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GMP productions: Distribution per radioisotope for 2019 and 2020. The 
transformation of cardiac perfusion studies from Rb-82 to O-15 is quite visible. 

GMP produced doses: Distribution per radioisotope for 2019 and 2020 
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